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© Abstract. Aviation enterprises (airports) are massive facilities with a variety of effects on the environment, yet,
those influences are significantly understudied and lack structuring, leaving the airports at low levels of sustainability
and with impaired management. Thus, the aim of this research was to compile the mind map to describe a system of
environmental impacts and problems associated with the airports. The model (map) was created by conducting complex
multi-stage expert surveys with scoping of elements of airport management system, which identified 68 factors belonging
to 8 groups. The factors are related to atmospheric air, soil and water, flora and fauna, physical impacts, organisational,
environmental, administrative, logistical and spatial issues, construction and technical solutions as well as social,
economic and human factors. With the help of ranking based on experts’ judgements, 13 most relevant (key) factors of
the impact on the environment were distinguished. To build an oriented graph of the airport management system and
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Development of a cognitive model...

analyse it, the approach of drawing arcs (arrows) of impact was used. It is found that the most influential factors tend
to be dynamic, related to the planning stages of airports and instead of purely environmental ones are interdisciplinary.
The annual passenger traffic at the airport, compliance with the standards of sanitary protection zones, airport’s capacity
and types of aircraft received by the airport demonstrated the highest impact on the airport environmental management
system. In combination with studies of the effects of individual factors and the impact of the airport on the environment,
the results of the work can be applied practically in the management and decision-making processes regarding the

environmental safety of the airport

© Keywords: mind map; aviation industry; factors of influence; expert assessment; environmental protection; decision-

making

@ Introduction

In ensuring the sustainable development of the aviation
industry, an important role is attributed to the environ-
mental vector and compliance with international standards
regarding the impact on the environment of both aircraft
and airport infrastructure. The impact of airports on the
environment is manifested both locally (pollution of the at-
mosphere, hydrosphere, soil, acoustic pollution, etc.), and
in global changes of landscapes and ecosystems, displace-
ment of populations from their natural habitats. Solving a
number of current problems in this area at the global level
can significantly improve the general environmental situ-
ation in Ukraine and the world. However, the aviation in-
dustry as a whole, airports as its principal structural units
and even individual aircrafts are extremely complex sys-
tems with many elements and influencing factors, threats
and relationships. It is essential to identify, consider, and
analyse the internal connections within those entities and
the effects of altering individual elements within them on
all other components and the system overall. Thus, the
ranking of environmental issues of the aviation industry
and its individual divisions, particularly airports, will allow
to properly determine the priorities of their solution.

The study of environmental problems of the aviation
industry is not a new topic for the scientific community.
However, as R. Qiu et al. (2021) noted, this topic always
remains relevant. For a long time, the main attention of
research was given to environmental problems related to
airplanes and the process of air transportation itself, and
not to the ground infrastructure of airports. A lot of atten-
tion is paid only to certain causes and threats that lead to
the negative impact of airport infrastructure on the envi-
ronment. N. Bahman (2023) provided an environmental
impact analysis and a life cycle assessment of auxiliary
power plants and ground support equipment at the airport,
but did not give recommendations for mitigation or man-
agement. In turn, V. Parkhomenko (2020) considered the
causes and threats that lead to the appearance of birds and
other wildlife at the field, but only brief recommendations
were given to minimise such collisions.

A significant amount of research is focused on the
problem of adverse impacts of an airport’s infrastructure on
the quality of atmospheric air on a local and regional scale.
The problem of regional air pollution by civil aviation air-
ports is discussed in the recent work by O. Zaporozhets et
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al. (2018). But the given strategy of environmental protec-
tion regulation involves the organisation of airport’s mon-
itoring system, oriented towards the established priorities
in regulating the quality of atmospheric air only. Other fac-
tors of negative influence are not considered. In conducting
this kind of research, it is quite difficult to investigate direct
cause-and-effect relationships in this system and establish,
in particular, the place of biota in the general objectives of
airport environmental management, or to investigate the
consequences of secondary effects arising from other im-
pacts as highlighted by E. Greer et al. (2020). As a result,
threats to the environment resulting from the activities of
airports are studied in isolation from each other, either very
specifically, that is, with reference to a separate airport, or
more generally, analysing all possible environmental con-
sequences.

As noted by R.C. Alberts et al. (2023), determining the
extent of impact is one of the preliminary stages of envi-
ronmental impact assessment in environmental quality
management. This is important when summarising and
assessing the significance of the potential impacts of a pro-
ject (or activity such as airport construction or operation)
and its alternatives (e.g. airport construction alternatives or
operating modes). Furthermore, R.C. Alberts et al. (2020)
emphasised that it also allows to narrow the range of is-
sues that require further consideration and careful assess-
ment, and guide subsequent decision-making processes.
E. Zarghami & D. Fatourehchi (2020) argue that impact
scoping is often considered very important (sometimes —
of utmost importance) in the general practice of environ-
mental impact assessment, but according to K. Emerson et
al. (2022) it is still understudied.

The later research indicates insufficient attention to the
environmental impact of airport operations. While various
aspects have been examined individually, there’s a lack of
efforts to consolidate these factors into a cohesive frame-
work. Such a system could reveal interconnections between
environmental issues, offering insights into their mutual
influence. To enhance aviation sustainability, creating such
a model is a pertinent scientific endeavour. Therefore, de-
veloping a comprehensive model of significant airport-en-
vironment impacts and their interactions is crucial for a
holistic environmental management system (EMYS) at air-
ports. The purpose of the study was to develop a cognitive
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model of the complex impact of the airport on the envi-
ronment. To achieve this goal, the following research tasks
were defined: to determine the main factors of airport’s im-
pact on the environment and evaluate their significance; to
develop a cognitive model for the analysis of relationships
in the EMS of the airport.

© Materials and Methods

The model for the analysis of interrelationships in the EMS
of the airport was developed using the method of con-
structing cognitive maps. This method was proposed by
R. Axelrod (1976). This study followed one of the most de-
tailed examples in Axelrod’s methodology (Chernyshev et
al., 2021). The core of the research was a series of surveys
to assess the environmental impact of airports survey by
the given methodology, involving experts in the field with
special knowledge of certain aspects of the aviation indus-
try. The surveys took place during the first half of 2021 via
correspondence (in absentia). Overall, 7 experts were ques-
tioned. All experts were informed about the anonymity of
the survey, the ways of information protection, purpose of
the investigation and related risks. They also did not have
the opportunity to participate in discussions or meetings
regarding their expertise and conducted their evaluations
independently. In the course of the surveys, the ethical
norms of social work with people were adhered (The ethics
of social work..., 1994). Due to the announcement of mar-
tial law in early 2022, Ukrainian airports have been closed,
making it impossible to conduct the second qualitative ex-
pert survey after 2021.

The experts were asked to identify, in accordance with
their expertise, the full scope of factors, which influence or
form the system of environmental management in airports.
Further, with the help of cross-examination, grouping and
clustering, the main factors of airports impact on the en-
vironment were determined. 68 influencing factors were
identified, which were grouped into 8 categories. The next
step was the ranking procedure, during which experts were
asked to evaluate the importance of all factors by two inde-
pendent scales:

@® absolute, with values from 1 (the least important
variable, the impact of the factor on the state of the en-
vironment is insignificant), to 4 (moderately important
changes in the environment status and impact), to the
highest score — 7 (the change is extremely important, the
factor has a significant qualitative and quantitative impact);

@ relative, with points from 1 to 100, by the procedure
of factor’s weight assessment. Given the division of varia-
bles into groups, it was recommended in each category to
assign 100 points to the most significant impact factor with
the greatest weight, and then evaluate other factors in the
group relative to this variable.

After ranking, all scores were collected and ordered,
rating each factor within a separate group. Based on this,
the most significant factors were defined by selecting one
to three variables from each category based on the sum
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of their average absolute and relative scores. In this way,
13 main variables were obtained. The subsequent task was
to identify interdependencies between the selected varia-
bles and to build the table of interdependencies. For this,
once more, experts were asked the following questions: “Is
there a connection between these two factors?” and “If de-
pendency exists, what is its nature/quality - is it direct or
inverse?” Then, for the processing purposes, all data (an-
swers) were placed in a table with the following symbols:
“+” - positive connection, direct impact; “-” - negative
connection, reverse effect; “0” - the impact is absent or
negligent; “?” - the relationship is uncertain, the nature of
the impact is unclear. The following rules were established
during this procedure:

@ if at least 85% of experts (6 out of 7) believe that an
impact (with a certain sign) exists, then there is an impact
curve; otherwise, the curve is not drawn;

@ the sign of the impact curve is placed only if at least
85% (6 out of 7) of the experts agree on the nature of the
influence;

@ if there is uncertainty about the nature of an impact,
but there is clear certainty (agreement) about its presence
among experts — the impact curve is drawn, but marked as
unclear (“?”);

@ if experts’ opinions were split (three different opin-
ions or more), the impact curve is not drawn at all.

At the end of the study, a cognitive map was built based
on the table of interdependencies, which reflects the system
of sources and ways of the airport’s impact on the environ-
ment from the perspective of their significance.

© Results and Discussion

68 factors of environmental impact of airports were ini-
tially identified, and were grouped into 8 groups. The 1
group of factors is related to the impact on atmospheric air.
It includes the following variables: emissions of NO , CO,
greenhouse gases, particulate matter, volatile hydrocarbons
CH, other possible pollutants (e.g. SO,, N,, O,, etc.), inte-
gral air quality index (AQI) by target pollutants, the nature
and scale of interaction of pollutants (persistence, accumu-
lation, magnification, etc.), availability and quality of work
of the atmospheric air monitoring service.

The 2" group of factors is related to the impact on soil
and water bodies. It includes the following variables: the
area of the territory with a solid cover, pollution of soils
and water bodies by heavy metals, petroleum products, an-
ti-icing and de-icing agents, the total quantity and quality
of effluents/wastewater, secondary pollution (water pollu-
tion via soil or soil pollution via water), the type of affected
soils and the class of adjacent water bodies, availability and
quality of work of the soil and water monitoring service,
the efficiency of the wastewater collection and treatment.

Impact on flora and fauna was the focus of the 3%
group of factors. It includes the following variables: the
intersection of wildlife migration routes (especially birds)
with airport (or its immediate vicinity), the number of Red
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List species in the impact zone, the abundance and density
of populations around the airport, the levels of habitat frag-
mentation and destruction, the types of surrounding eco-
systems and ecotopes, the distance to the nearest protected
areas (sites), availability of ornithological safety service,
availability and quality of functioning of ornithological
monitoring service, the overall risk (probability) of intro-
ducing invasive or pathogenic organisms into the zone/re-
gion due to airport activities.

Factors of the 4™ group are related to the physical im-
pacts caused by an airport. They include: levels of noise,
light, electromagnetic fields and radiation, heat, vibration,
visual pollution, protection from exposure to physical fac-
tors outside the airport, effectiveness of protective meas-
ures for the control of physical factors.

5% group of factors concentrated on organisational,
environmental and administrative decisions. The following
variables were included: the amount and composition of
waste generated at the airport, the method of disposal of
solid waste, the presence of solid waste sorting at the air-
port, the presence and size of payments for comprehensive
impact on the environment, the regularity of inspections
of technical equipment and airport facilities, approved en-
vironmental policy, the presence and nature of voluntary
mitigation measures, the number and complexity of addi-
tional services on the territory (aircraft repair and mainte-
nance, accommodation, etc.).

Factors related to logistical and spatial decisions are list-
ed in the 6™ group. They include the following variables: cli-
mate zone of airport, geological and geographical location of
the airport (relief and geological-dynamic situation), social

and political situation in the area (political tension in the
region, proximity to areas of armed conflicts, etc.), compli-
ance with the standards of the sanitary and protective zone
for this type of industrial objects, location of airport relative
to the nearest population centres and settlements, types of
airport commuting, location of the airport relative to large
water bodies (levels of sea/ocean etc.), location relative to
important airways/hubs (international and domestic).

Construction and technical solutions made up the 7
group of factors. In this group the following variables are
included: environmental friendliness of the airport design
(degree of its integration into the environment), number
and length of runways on the territory, total size of the air-
port, types of aircraft served by airport (by take-off weight
or passenger capacity), airport capacity (average number of
aircrafts received simultaneously, the number of terminals
and/or boarding gates), the structure of fuel depot, the type
of aircraft refuelling system, depreciation of the airport’s
ground and air equipment.

Finally, 8" group of factors is related to social, econom-
ic and human factors, and includes: average annual passen-
ger traffic at the airport; level of qualification of service
personnel; environmental training of the staff; frequency
of emergency situations; availability, quantity and quality
of environmental advocacy, general level of environmental
performance and environmental awareness of the country
hosting the airport, the image and popularity of the airport,
the level of economic development of the country hosting
the airport. The results of ranking, arrangement and selec-
tion of the most significant factors in each category are pre-
sented in Table 1 and Table 2.

Table 1. Expert assessment of the primary factors of the airport’s impact on the environment

Expert assessment

G;I(:) P Factors Absolute value (from 1 to 7) Relative value (from 1 to 100)
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Impact on atmospheric air 6 6 7 7 6 6 6 95 95 100 99 100 83 78
1 T . .
Availability and quality of air 5.7 6 7 5 6 6 8 100 8 100 75 8 76
monitoring system
Soil and water pollution by 7 7 7 7 6 6 7 100 97 100 98 91 80 98
5 petroleum products
Efficiency of wastewater 7 7 6 7 5 7 7 100 9 8 100 59 98 100
collection and treatment
Intersection of wildlife
(especially birds) migration 7 7 7 7 7 7 6 100 98 70 100 100 97 83
3 routes with the airport
Availability and quality of
functioning of the ornithological 6 7 6 4 7 7 6 9 100 100 75 99 92 85
monitoring service
Airport’s noise pollution level 6 7 7 7 7 7 7 90 100 100 100 100 99 93
4 . .
Effectiveness ofprotectlon from 7 7 6 6 6 7 7 100 99 30 94 86 100 100
exposure to physical factors
Theamountand compositionof 5, ¢, 5 g5 190 0 100 98 94 92
waste generated at the airport
> Availability of solid waste
. Y 7 6 6 6 7 6 7 9 8 60 8 97 76 93
disposal methods
L 12 Ecological Safety and Balanced Use of Resources, 2023, Vol. 14, No. 2
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Table 1. Continued

Expert assessment

G;;:) up Factors Absolute value (from 1 to 7) Relative value (from 1 to 100)
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Compliance with the standards =, o, o 50 95 100 96 99 100 76
6 of the sanitary protection zone
Location of the airport relative ” 6 7 7 7 5 5 100 80 100 92 100 69 73
to the nearest settlements
Types ofaircraftaccepted by the o0 6 00 97 100 95 99 62 76
7 airport
Airport capacity 6 6 7 6 7 7 7 9 8 9 87 98 99 9
Average annual passenger traffic 6 7 7 7 7 7 7 85 100 100 100 98 100 100
8
The general level of 7 5 6 6 6 7 6 100 8 70 85 80 96 82
environmental performance
Source: made by the authors
Table 2. The results of the assessment of significance of the primary variable (ordered ranking)
Me.:an.absolute Median position N[.ean. relative Relative
Group significance significance .
Factors . (absolute . significance
No. according to expert .. according to expert o
. significance) . position (rank)
evaluation evaluation
Impact on atmospheric air 6.29 5 92.86 5
1 o1 . .
Avall.abll_lty and quality of air 6.00 7 85.86 13
monitoring system
Soil and water pollution by 671 ) 94.86 4
5 petroleum products
Efﬁc1e1.1cy of wastewater 6.57 3 90.71 9
collection and treatment
Intersection of wildlife (especially
birds) migration routes with the 6.86 1 92.57 6
3 airport
Availability and quality of
functioning of the ornithological 6.14 6 91.57 8
monitoring service
Airport’s noise pollution level 6.86 1 97.43 2
4 . .
Effectiveness of Rrotec‘uon from 6.57 3 87.00 12
exposure to physical factors
The amount and compo§1t10n of 6.57 3 89 86 10
. waste generated at the airport
Ayallablllty of solid waste 6.43 4 8414 15
disposal methods
Comph‘ance with th.e standards of 6.86 1 95.14 3
6 the sanitary protection zone
Location of the airport relative to 6.29 5 8771 11
the nearest settlements
T.ypes of aircraft accepted by the 6.57 3 89.86 10
7 airport
Airport capacity 6.57 3 92.00 7
Average annual passenger traffic 6.86 1 97.57 1
8
The general level of 6.14 6 85.43 14

environmental performance

Source: made by the authors

Based on the data obtained in Table 1 and Table 2, the
key factors of the impact of airports on the environment

were determined - they are 20% (13 out of 68) of all the
factors, and are listed in Table 3.
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Table 3. Key factors of the airport’s impact on the environment

No. Factors
1 Average annual passenger traffic at the airport
2 Noise pollution level
3  Compliance with the standards of the sanitary protection zone
4  Soil and water pollution by petroleum products
5 Intersection of wildlife (especially birds) migration routes with the airport
6  Availability and quality of air monitoring system
7  Airport capacity (the average number of aircraft received at the same time, the number of terminals and/or departure locations)
8  Availability and quality of the ornithological monitoring service
9  Efficiency of wastewater collection and treatment system
10 The amount and composition of waste generated at the airport
11 Type of aircraft served by the airport (by take-off weight or passenger capacity)
12 Location of the airport relative to the nearest settlements

13 Effectiveness of protection from exposure to physical factors

Source: made by the authors

Having examined the identified interdependencies, a cog-
nitive map (model) was drawn up in accordance with the con-
struction method (Fig. 1). On this model the factors presented

in Table 3 are marked with numbers, regular arrows show a
positive interaction — a direct dependence, dotted arrows indi-
cate a vague influence which requires additional consideration.

Figure 1. Cognitive model (oriented graph) for the analysis of the environmental situation in the airport impact area

Source: created by the authors

When considering the results of the first stage of expert
evaluation (ranking factors by importance), it immediate-
ly becomes obvious that most experts consider the factors
that are dynamic and/or related to the planning stages of
airport facilities to be most important. That is, these are the
factors that are not changeable at the existing object, but
can be influenced at the stages of planning and construc-
tion. Even if the variable is a characteristic of an existing
facility, experts also usually prefer those that can be affected
in some way during airport operations (e.g. NO_emissions
or noise pollution levels). At the same time, a ratio of 8:5
is observed between purely environmental and interdisci-
plinary factors. This fact provides important insights into
the dependence between the environmental situation in the
airport impact area and airport management.

14

Analysis of relations between individual pairs of factors
provides mostly obvious and expected conclusions regard-
ing their interaction. However, for such key factors as 1, 3,
7 and 11 (Table 3) the number of connections and, in par-
ticular, the influence on other variables differ significantly.
In addition, all these factors are not direct environmental
indicators; rather, they are at the edge of environmental
components with organisational, technical, logistical, ad-
ministrative, etc. This means that 4 out of 5 interdiscipli-
nary factors have the highest number of interconnections in
the current system. It once again confirms the importance
of interdisciplinary factors for the environmental situation
in the airport impact area. In turn, most environmental
factors are dependent rather than influential, that is, they
play certain role in the environmental situation, but their

Ecological Safety and Balanced Use of Resources, 2023, Vol. 14, No. 2



role is passive and/or indicative, so they must be controlled
by influencing higher-order or wider-ranging components.
As a result, it is possible to formulate the following conclu-
sions, which are important for analysis, planning and deci-
sion-making regarding the management and control of the
environmental situation in the airport impact area.

Factor number one is the average annual passenger
traffic at the airport. It is related to many environmental
factors (such as noise level, water and soil pollution around
the airport, NO_emissions, waste generation, etc.). It also
has some direct interactions with other complex factors,
such as airport’s capacity or the types of aircrafts served.
Thus, this variable has significant impact on the environ-
mental situation and contributes to the overall instability of
the system (since all the identified relationships of this var-
iable are positive), as well as the complexity of its tangential
management (especially the reduction of the value). This
means that it needs to be controlled directly, for example
by setting limits on its value, in order to achieve the desired
environmental status at the airport area. This factor is also
the least manageable, as airport traffic is of primary impor-
tance to the administration.

Third factor - the compliance with the standards of san-
itary protection zones for these objects — has the opposite
situation, since most experts recognize its importance for
the environmental situation of the airport territory and the
overall stability of the system. But this variable has a high
level of uncertainty about the nature and quality of its inter-
actions, which, on the one hand, indicates their complexi-
ty and dependence on other sub-factors, and on the other
hand, provides potential opportunity for their regulation.

The situation is quite similar with factors that took the
seventh and the eleventh positions according to relative im-
portance — namely, airport capacity (average number of air-
craft received at the same time, number of terminals and/
or departure points) and types of aircraft received by the
airport (by take-oftf mass or passenger capacity), which also
occupy a prominent place in the overall system, but unlike
the factor that took the third position, these factors also have
strong destabilising effect on a number of other important
environmental indicators, but they could be managed eas-
ier by controlling variables that affect them, which to some
extent puts them in a somewhat intermediate position.

Significant number of works are dedicated to sustain-
able aviation and aircraft. However, the consideration of
airport infrastructure has begun gaining momentum only
recently. As suggested by A. Graham (2023), scientists
working in this field are in agreement that such develop-
ments call for reconsideration of airport’s EMS. Some in-
stances of knowledge generalisation on airport’s sustaina-
bility and its components were made by I. Karagiannis et
al. (2019), F. Greer et al. (2020) and S. Sreenath et al. (2021).
All those works provide valuable insights in the structure
of environmental management of airports, however they
still miss some important points on the environmental
part, while concentrating on economic, social and tech-
nical-operational ones. Their studies identify and evaluate
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sustainable practices and dimensions in airport operations
giving a thorough overview of environmental, social and
economic elements and assessing how they are implement-
ed. Yet, those researches also underline that while there are
lots of works on aircraft emissions, greenhouse gases, noise,
bird strikes — other environmental and especially interdis-
ciplinary factors still remain unexamined and ill-included.

More practical approaches to comprehensive view on
elements of the airport’s EMS are suggested in works relat-
ed to airport design and planning. Research by S.K. Kaya &
N. Erginel (2020) suggest a way of assessment and integra-
tion of sustainability requirements into the airport planning,
yet authors note that this is the sole application, meaning
the approach is not really practical in terms of management.
Investigation by S.L. Boca Santa et al. (2020) is the closest
to the given research in terms of results, as they were work-
ing on indicators — elements of airport’s sustainability, rele-
vant for EMS. Still, instead of modelling they incorporated
descriptive methods in order to establish the characteris-
tics. Thus, this and previous works lack the understanding
of interrelations between separate factors or their groups,
and they do not consider how those connections may af-
fect the whole system. Ukrainian examples by V. Isaien-
ko et al. (2019) and D. Kalnytska (2020) suggest a more
structured and mathematical approach to administration
of the airport’s technoecosystem, focusing on management
and partially addressing the interactions between different
components. Yet they consider only generalised environ-
mental and technogenic parts without an in-depth detailed
view on the actual multitudes of factors in those groups.

In contrast with all those previous studies, the given
work combines comprehensive analysis of environmen-
tal management and sustainability factors, as well as both
modelling and expert assessment offering a qualitative-
ly new view on the investigated system. Additionally, the
proposed model allows a certain degree of flexibility in
depth of examination, which can be reached by increasing
the number of relevant elements in the system. All those
components were identified and presented in the paper,
and more complex models may be built by expanding this
research and increasing the number of experts involved.

Here, it is worth noting that application of the meth-
odology of expert evaluations has certain limitations. As
mentioned by S. Durst & M. Zieba (2019), the most im-
portant are their subjective character and human factor.
Expert judgments depend on the qualifications of experts,
and in case of expert groups, rely on the assumption that if
the majority agrees, the results will be true. But in practice
this is not always the case. Thus, the higher the qualification
is, the higher the probability of reliable results will be. In
order to solve this issue, experienced scientists and envi-
ronmentalists from the aviation industry were involved in
this research.

Another significant limitation is the attitude of ex-
perts, who can either take the research and its results very
seriously or rather lightly. Additional negative point is the
discrepancy of repeated assessments, i.e. same experts may
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give different assessments of the same impact factor over
time, in case of repeated assessments. O. Boiko et al. (2021)
suggest that this problem can be managed by incentivizing
experts (e.g. remuneration), which was not the case in this
study. In this work, the basis for ensuring objectivity was
the strict rules of evaluation, work ethics and the respon-
sible nature of experts. If repeated discrepancies occurred,
they were usually resolved by repeated assessments, averag-
ing, or identification of discrepancies and their exclusion.
While drawing up this study the usefulness of individual
repeated assessments was emphasised, although this was
not required.

It should also be noted that cognitive maps themselves
have certain limitations in terms of application as stated
by G. Felix et al. (2019). They are quite complex in their
design and interpretation, and their complexity increases
proportionally to the complexity of the system under con-
sideration. Additionally, there is an increased likelihood of
deviations from the original research topic, resulting in a
final sign graph that may not accurately reflect the problem
intended for research. Finally, cognitive maps are hardly a
stand-alone scientific tool, that is, they should not be relied
upon as a single comprehensive answer to all questions.
These maps may reveal additional aspects of systems or
events, structure well-known ones, assist in decision-mak-
ing or drawing conclusions, but they are not exclusive in
nature and should be used as an additional tool to increase
reliability and efficiency.

Nevertheless, the developed model allows for new re-
search and decision-making possibilities. Suggested cogni-
tive map lays the foundation for further research of interde-
pendencies between different groups of factors that create
the environmental situation in the airport impact area. It
also has a great potential to support administrative and
managerial decisions. Thus, despite certain constraints the
model still proves to be useful, relevant and applicable both
from purely scientific and applied point of view.

© Conclusions

The given study has focused on the system analysis of
airports environmental impacts, their management and
links to sustainability. It also attempted to generalise ele-
ments and interrelations of the studied system and create

© References

its comprehensive model (cognitive map) for further use
in science, decision-making and administrative work. In
accordance with the first objective of the paper, 68 most
significant and influential system elements, grouped into 8
categories, were established via expert survey and literature
analysis, confirming that the airport’s EMS is complex and
multi-layered. Using the method of expert evaluation, the
main elements and factors of airport’s impact on the envi-
ronment were analysed and evaluated by weight and sig-
nificance and narrowed down to 13 main factors by means
of ranking. On the basis of this analysis, a cognitive model
of the relationships between the identified factors within
the airport management system was created, pursuing the
second objective of the research.

Expert evaluation reveals that factors which tend to be
dynamic, related to the planning stages of airports and in-
terdisciplinary (instead of purely environmental) have the
highest impact on the overall system (with the ratio of 8:5
between environmental and interdisciplinary factors). Key
factors — (1) annual passenger traffic at the airport, (3) com-
pliance with the standards of sanitary protection zones, (7)
airport’s capacity and (11) types of aircraft received by the
airport, — exhibit distinct connections and effects, therefore
being central to the system. Most environmental factors are
passive, necessitating control through higher-order compo-
nents. Factor (1) significantly impacts various environmen-
tal aspects, demanding direct control and management to
improve environmental performance. In contrast, factor (3)
holds importance but has uncertain interactions, being both
dependent and having potential for tangential regulation.

Further research is possible in directions of errors
identification and correction, increase in model detail,
consideration of individual factors as separate systems,
deepening the understanding of their role in the system of
environmental impacts of the airport; finding ways to apply
the achievements of this research to regulate the environ-
mental situation in the area of influence of the airport.
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© AHoTauif. Asiauiiini migupuemcrBa (aepomopTy) - 1€ MacuBHI OG'€KTM 3 PISHOMAHITHUMM BIUIMBAMM HA
HaBKOJIMIIHE CEPENOBHIIE, TPOTE, I1i BIVIMBY JOCi € HEJOCTaTHbO BUBYEHVIMIA, iX PO3ITIANY He BUCTaYa€e CTPYKTypU3aliii,
IO COPUYMHAE HM3BKY CTIMIKICTP aepoNopTiB Ta MOripIIye YHpPaBMHCBKI MOXIMBOCTI. ToMy MeTon mHaHOTO
TOCTiKeHH: OYII0 CK/IACTY KOTHITMBHY MaIly JyLA OIUCY CUCTEMY BIUIVBIB Ha HABKOJIMIIIHE CEPeOBIIIe Ta €KOTOT YHNX
mpo6sieM, OB’ sI3aHMX 3 aepornopraMu. Mopenb (Mamy) CTBOPEHO LUISIXOM IPOBEEHHs KOMIUIEKCHNX 6araToeTamHmx
eKCIIepTHUX ONUTYBAHb 3i CKOYIIIHIOM €/IeMEHTIB CUCTEMI YIIPAB/IHHS aePOIIOPTOM, Y Pe3y/IbTATi AKMX OY/I0 BUSHAYEHO
68 daxropis, W0 HamexaTb Jo 8 yMOBHUX rpyn. DakTopy IOB’A3aHI 3 BIUIMBaMM Ha aTMOCQepHe HOBiTps, I'PYHTH i
Boqy, Qropy it dayny, GisuYHUMM BIUIMBAaMM, OpPraHi3alifiHNMM, eKOJIOT{YHMMY, aiMiHiCTpaTUBHIMY, JIOTiCTUYHIMI,
IIPOCTOPOBUMIL, OYAIBEIBHIMI TA TEXHIYHMMU PIlIEHHSIMM, @ TAKOX BPAXOBAHO COL{ia/IbHi, EKOHOMIYHI Ta JIIOACHKI
¢daxrTopu. Excriepramu BumokpemsieHo 13 HaiiOinbn peneBaHTHUX (KM04oBUX) (aKTOpiB BIUIMBY Ha JOBKILIA 3a
IOIIOMOTOI0 METOAY PaHXyBaHHs. [I/is1 OOYIOBN Opi€HTOBAHOrO rpada CUCTEeMN YIPABIiHHS AePOIOPTOM Ta IOr0
aHa/Ii3y BMKOPMCTAHO HiAXin mpokaamaHHA AyT (CTpilok) BIUIMBY. BussieHo, mjo Haiibinblle Ha 3arajibHy CUCTEMY
BIUIMBAIOTh (aKTOPY, AKi MAIOTh AMHAMIYHWIT XapaKTep, 0B’ A3aHi 3i CTaliAMU IUIaHYBaHH: aepOIIOPTIB, a 3aMiCTb CYTO
€KOJIOTiYHMX € MDKIVCIMUIIIIHAPHUMU. BCTaHOBIIEHO, 1[0 piYHMII TACaKMPOIOTIK B a€PONOPTi, JOTPUMMaHHA HOPMAaTHUBiB
CaHiTapHO-3aXMCHMX 30H, MPOITYCKHA CIIPOMOXKHICTh aepoNOPTY Ta TUIIM HMOBITPAHMUX CyJeH, AKi NpUiMae aeponopT,
MalOTh HaM3HAYHIIINMII BIUIMB Ha CHCTEMY €KOJIOTiYHOTO MEHEIKMEHTY aepOIopTy. Y IOENHAHHI 3 MOCTiKEHHAMMI
BIUIMBY OKpeMux (GakTopiB Ta BIUIMBIB aepoIOPTY Ha HAaBKOJNUIIHE CepefOBMINE, pe3yIbTaT poOOTH MOXYTb
3aCTOCOBYBATHCSI IPAKTUYHO B IIPOL[eCaX YIIPABIiHHSA Ta IPUITHATTS PillleHb LIOAO eKOJIOridHOI Ge3leKy aeponopry

© KnioyoBi cnoBa: KOTHITMBHA Mara; aBialjiliHa NIPOMMC/IOBICTh; YMHHMKM BIUIMBY; €KCIIEPTHA OILIiHKa; 3aXMCT
TOBKIi/I/IA; IPUHATTA pillleHb
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