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Introduction. Aviation transport safety is one of the key conditions for
the sustainable functioning of the global transport system, international
trade, tourist mobility, and the economic integration of states. Unlike many
other modes of transport, civil aviation operates in a high-risk environment
where even isolated failures in the technical, organizational, human, or
information component may have significant consequences for human life
and health, infrastructure, the international reputation of the air carrier, and
the state as a whole. For this reason, the international community has formed
a complex system of standards and recommended practices designed to
ensure a unified approach to flight safety, aviation security, personnel
certification, airworthiness of aircraft, airport operation, and the organization
of state oversight.

The contemporary development of civil aviation takes place in
conditions of growing air traffic intensity, digitalization of management
systems, automation of navigation processes, increasing cyber threats, the
transnational nature of terrorist risks, and a high degree of dependence on
international coordination. Under these conditions, ensuring aviation
transport safety can no longer be regarded solely as a technical task of
individual airlines or national regulators. It acquires the features of a multi-
level international policy within which global standards, industry audit
mechanisms, risk assessment systems, and national implementation
mechanisms must function in a coordinated manner.

A special role in this system belongs to international organizations, first
and foremost the International Civil Aviation Organization, which forms the
regulatory basis of global governance. At the same time, the standards and
practices of international professional associations, regional aviation
structures, and corporate safety management systems implemented directly
by aviation entities are also important. In this context, the study of
international aviation transport safety standards is necessary for
understanding not only formal requirements but also the institutional logic
of the contemporary safety architecture of civil aviation.

Literature Review. The literature on international aviation transport
safety demonstrates that contemporary safety regulation is no longer limited
to technical compliance or accident response. Instead, it is increasingly
interpreted as a complex and multi-level system that combines international
legal standards, institutional oversight, organizational safety management,
human factors analysis, airport and air navigation performance monitoring,
and protection against emerging threats. Within this scholarly and regulatory
field, the dominant conceptual foundation is provided by the International
Civil Aviation Organization, whose annexes to the Convention on
International Civil Aviation establish the normative basis for harmonized
global regulation of civil aviation safety and security (International Civil
Aviation Organization [[CAQO], 2024). This regulatory architecture is further
strengthened by the Global Aviation Safety Plan, which frames aviation
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safety as a continuously evolving strategic domain requiring coordinated
international action, proactive risk reduction, and measurable safety
performance improvement (ICAO, 2025a).

A major strand of the literature focuses on the transition from reactive
to proactive and predictive safety governance. In earlier regulatory models,
safety improvement was often driven by accident investigation and post-
event correction. More recent approaches emphasize safety planning, hazard
identification, risk assessment, and ongoing performance monitoring. This
evolution is clearly reflected in ICAO’s contemporary safety-management
framework, which promotes a systematic approach to managing safety
through organizational structures, accountability mechanisms, reporting
processes, and continuous improvement cycles (ICAO, 2018, 2025b).
Stolzer et al. (2023) develop this logic further by showing that safety
management systems have become one of the central managerial instruments
in aviation, enabling organizations to integrate strategic safety goals with
daily operational practice. Their work demonstrates that safety is best
understood not as a static condition but as an outcome of structured
organizational learning and controlled adaptation to operational risks.

The growing importance of safety management systems has also
generated a substantial body of more specialized research. Tyagi et al.
(2023), in a systematic literature review devoted to aviation maintenance,
show that SMS research has expanded from basic procedural and compliance
issues to broader questions of safety culture, reporting behaviour,
organizational capability, and process integration. This finding is important
because it confirms that aviation safety is now increasingly studied as a
socio-technical and managerial system rather than as a purely engineering-
based field. In this perspective, international standards derive much of their
practical value not only from formal legal force, but from the ability of
aviation organizations to internalize them through internal management
systems, data-driven monitoring, and institutionalized safety routines.

A related and highly influential field of literature concerns human
factors and error management. Studies in this tradition consistently show that
aviation accidents and incidents are rarely caused by a single technical
defect. Rather, they emerge from complex interactions between human
decision-making, communication, training quality, fatigue, supervision,
organizational pressure, and system design. Helmreich (2000) made a
significant contribution to this discussion by arguing that aviation provides
one of the most useful environments for understanding error management in
high-risk organizations. His work emphasizes that the central issue is not the
complete elimination of error, which is unrealistic, but the creation of
systems capable of detecting, mitigating, and learning from errors before
they escalate into catastrophic outcomes.

Subsequent research has deepened this analytical perspective.
Wiegmann and Shappell (2001) proposed the Human Factors Analysis and
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Classification System as a structured framework for interpreting aviation
accidents through multiple levels of causation, including unsafe acts,
preconditions for unsafe acts, supervisory failures, and broader
organizational influences. This model became particularly important
because it shifted attention away from narrow individual blame and toward
the systemic and layered character of safety failure. Kharoufah et al. (2018),
in a review of human-factor causations in commercial air transport accidents
and incidents, confirm that human factors remain one of the most significant
explanatory domains in aviation safety analysis. Their study demonstrates
that communication breakdowns, decision errors, situational awareness
deficiencies, and coordination problems continue to shape accident causation
despite technological progress. Yan et al. (2014) add an important
contemporary dimension by identifying emerging human-factor risks in
North American aviation operations and arguing that these risks evolve
together with operational complexity, organizational changes, and new
technological environments. Together, these studies show that international
safety standards cannot be effective if they are interpreted only as technical
prescriptions. They must also address the human and organizational
conditions within which aviation systems actually function.

Another important direction in the literature concerns oversight, audit,
and system-level performance monitoring. International standards achieve
real meaning only when they are supported by effective implementation,
inspection, and accountability mechanisms. In the global aviation system,
ICAQO’s Universal Safety Oversight Audit Programme performs a key role
by assessing how effectively states discharge their oversight responsibilities
and by identifying systemic weaknesses in national aviation systems (ICAO,
2025c¢). At the industry level, the IATA Operational Safety Audit has
become one of the most recognized mechanisms for evaluating the
operational safety management of airlines according to internationally
accepted criteria (International Air Transport Association [IATA], 2024).
[IATA’s broader operational safety framework also reinforces the view that
aviation safety depends on common procedures, performance benchmarks,
and continuous standardization across carriers and operational environments
(IATA, 2025).

In addition to audit and oversight systems, the literature increasingly
uses performance reports and safety reviews as important analytical tools for
understanding the dynamics of aviation safety. The Annual Safety Review
published by EASA provides not merely descriptive statistics on accidents
and incidents, but a structured interpretation of key operational risk areas and
emerging trends in the European aviation domain (European Union Aviation
Safety Agency [EASA], 2024). Similarly, the Global ANS Performance
Report prepared by the Civil Air Navigation Services Organisation
contributes to the analysis of safety from the perspective of air navigation
system performance, efficiency, and resilience (Civil Air Navigation
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Services Organisation [CANSO], 2017-2021). These sources are significant
for the literature because they reinforce the idea that aviation safety should
be evaluated not only through legal compliance or post-incident analysis, but
also through system performance, data comparison, and continuous
monitoring of operational quality.

The airport dimension of aviation safety also occupies an important
place in the literature and institutional discourse. Airport safety is
increasingly treated as a distinct yet integrated element of the broader safety
ecosystem, involving runway safety, apron operations, wildlife hazards,
emergency preparedness, and coordination among multiple service
providers. Airports Council International (2022) emphasizes that airport
safety i1s inseparable from the overall resilience and reliability of air
transportation, especially in a context where airports serve as operational
nodes connecting aircraft movement, passenger processing, security control,
and ground services. This institutional approach supports the broader
academic view that safety in aviation should be understood systemically,
with airports functioning as critical interfaces between technical
infrastructure, human performance, and regulatory requirements.

Aviation security forms another major component of the literature,
especially in relation to international standards. Whereas flight safety has
traditionally been associated with operational risks and accident prevention,
aviation security addresses threats related to unlawful interference, sabotage,
unauthorized access, terrorism, and emerging hybrid risks. [CAO’s Aviation
Security Manual and related policy instruments remain central normative
references in this field, defining structured approaches to preventive
protection of civil aviation systems (ICAO, 2022). Price (2024) extends this
discussion by showing that contemporary aviation security must increasingly
account for dynamic and technologically mediated threats, including those
that may not fit older models of physical interference. His work illustrates
the growing convergence between safety and security in aviation, since
vulnerabilities in one domain can quickly affect the other.

In recent years, one of the fastest-growing areas of research has been
cyber resilience. The digitalization of airport operations, communication
systems, navigation infrastructure, data exchange, and passenger-processing
systems has significantly expanded the scope of aviation vulnerabilities.
Ukwandu et al. (2022) demonstrate that airport information systems face a
wide spectrum of cyber threats that may affect not only administrative
systems but also operational continuity and safety-relevant processes. This
is especially important for international aviation safety standards because it
challenges the traditional distinction between safety, security, and
information governance. The literature increasingly indicates that future
aviation safety systems must incorporate digital resilience and cyber-risk
mitigation as essential components rather than optional supplementary
measures.
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The literature also reveals the continuing influence of systemic accident
models in aviation safety research. Larouzée and le Coze (2020), revisiting
the Swiss cheese model and its critics, show that layered defense models
remain analytically useful, although they should not be applied
mechanically. Their analysis is relevant to aviation transport safety because
it supports the view that failures emerge through alignments of
organizational, technical, human, and supervisory weaknesses rather than
through isolated breakdowns. This perspective aligns closely with the logic
of international aviation standards, which are designed to create multiple
layers of protection across regulatory, institutional, technical, and
operational domains.

Overall, the reviewed literature provides a strong basis for
understanding international aviation transport safety as a multi-level and
evolving system. At the same time, an important gap remains. Many sources
focus on one dimension only, such as SMS, oversight, human factors, airport
operations, or cybersecurity, whereas less attention is given to the interaction
between these dimensions within a single international safety architecture.
This indicates the need for a more integrated analytical approach in which
international standards are examined simultaneously as legal norms,
institutional oversight mechanisms, organizational practices, and adaptive
responses to emerging operational and technological threats. Such an
approach is particularly relevant for understanding how the global aviation
safety system can remain effective under conditions of increasing
complexity, digitalization, and transnational interdependence.

Aims. The aim of the article is to generalize international aviation
transport safety standards, identify their main structural elements,
institutional mechanisms of implementation, and contemporary challenges
of practical application.

Methodology. To achieve this aim, a systemic approach was used,
which made it possible to consider aviation transport safety as a multi-
component system combining regulatory, legal, technical, organizational,
managerial, and informational elements. A comparative approach was
applied to compare global, regional, and industry regulatory mechanisms.
An institutional approach made it possible to determine the role of
international organizations and national regulators in ensuring the
effectiveness of standards. Regulatory and legal analysis was used to
characterize the main international documents and principles that define the
safety policy of civil aviation.

Results. International aviation transport safety standards form a multi-
level regulatory system in which global norms, regional rules, industry
standards, and internal corporate procedures of aviation entities are
combined. The basic level of this system is universal international norms
establishing general requirements for the organization of civil aviation,
certification, safety management, aviation security, occurrence
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investigation, and state oversight. The next level consists of regional
mechanisms that specify and harmonize rules within individual integration
areas. The third level is represented by industry standards of professional
organizations and audit programs. The fourth level covers internal safety
management systems of airlines, airports, air navigation service providers,
and other operators.

Table 1. Main levels of the international system of aviation transport
safety standards

Level Content Main actors
Global Universal mternat'lonal standards and ICAO, member states
recommended practices
Regional Harmonized rules and oversight | Regional aviation agencies,
& mechanisms integration associations
Professional standards, audits,
Industry . IATA, ACI, CANSO, and others
recommendations
Internal safety management systems L . . .
Corporate Y & M > | Airlines, airports, service providers
procedures, and control

Source: systematized by the authors

Such a multi-level approach ensures a combination of universality and
adaptability. On the one hand, aviation safety must rely on unified and
generally recognized principles. On the other hand, specific implementation
mechanisms should take into account the level of development of the
national aviation system, technological capabilities, the structure of the
transport market, and the current risk profile.

Key international standards and areas of their application.
International aviation transport safety standards may be conditionally
grouped into several functional areas. The first area covers flight safety
standards relating to the airworthiness of aircraft, certification of personnel,
rules of operation, maintenance, aerodrome activities, and air navigation.
The second area is associated with aviation security in the narrow sense, that
is, the protection of civil aviation against acts of unlawful interference,
including terrorist threats, sabotage, unauthorized access, and the
transportation of dangerous items. The third area covers the investigation of
aviation occurrences and the prevention of repeated incidents. The fourth is
related to the system of state oversight, audit, control, and international
assessment of compliance. The fifth area concerns the implementation of
safety management systems as a mandatory component of the activities of
aviation organizations.

Under contemporary conditions, it is precisely the integration of these
areas that ensures the resilience of the safety system. Formal compliance
with rules without effective risk management is no longer sufficient.
Similarly, isolated technical measures cannot compensate for gaps in
organizational culture, communication, or state control.
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Table 2. Functional areas of international aviation transport safety

standards
Area Main content Purpose
. Operation, airworthiness ersonnel | Prevention of aviation
Flight safety per ’ - P v v
training occurrences
. . Protection against acts of unlawful | Prevention of terrorist and other
Aviation security .
interference threats
Occurrence Analysis of the causes of incidents and | Formation of  preventive
investigation accidents decisions
. . . .. . Ensurin, compliance ith
State oversight Control, audit, certification, inspection uring p W
standards
Hazard identification, risk analysis, | Formation of a proactive safety
Safety management .
effectiveness control system

Source: systematized by the author

Institutional mechanisms for ensuring aviation transport safety. The
institutional architecture of international aviation transport safety is based on
the interaction of several groups of actors. The first group includes
international intergovernmental organizations that form the regulatory basis
and coordinate global policy. The second includes regional bodies and
agencies that ensure the specification of rules, coordination of control, and
mutual recognition of procedures. The third group consists of industry
organizations that develop practical standards, audit tools, and
recommendations for market operators. The fourth group covers national
aviation administrations and state oversight authorities. The fifth group is
represented by the direct actors of air transportation: airlines, airports, air
navigation service providers, technical organizations.

At the center of the contemporary model is the concept of shared
responsibility. International standards define the framework, but practical
safety is achieved only under the condition of effective interaction among all
participants. If national oversight is weak, corporate mechanisms may prove
insufficient. If, however, an operator formally complies with requirements
but does not form a safety culture, the standards lose their real effectiveness.

To summarize the results of the study, it is advisable to present the
international aviation transport safety system in the form of an integrated
model. Such an approach makes it possible to reflect the interrelation
between regulatory levels, institutional actors, and practical mechanisms for
implementing safety policy. Figure 1 demonstrates the logic of the
functioning of the international system of aviation transport safety standards
and shows how global norms are transformed into state oversight procedures
and corporate safety management.
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Global standards and principles

international norms, recommended practices, basic requirements

Regional and industry harmonization

specification of rules, common procedures, industry audits, exchange of
experience

National implementation

legislation, certification, state oversight, inspection, compliance control

Corporate safety management

safety management system, risk assessment, personnel training, internal
control

Result

safe air transportation, risk reduction, increased trust, resilience of the
aviation system

Figure 1. Integrated model of the international aviation transport

safety system
Source: developed by the authors

As shown in Figure 1, the international aviation transport safety system
functions as a consistent and interconnected mechanism in which global
norms acquire practical meaning only through regional adaptation, national
implementation, and corporate application. At the same time, the
effectiveness of this system depends not only on the existence of standards
but also on the quality of feedback, the ability to identify risks, adjust
procedures, and form a culture of continuous safety improvement.

Contemporary challenges to international aviation transport safety
standards. Among the most significant contemporary challenges, it is
necessary to distinguish cybersecurity, digital integration of management
systems, automation, the spread of unmanned aerial systems, hybrid threats,
and the need to integrate safety and environmental policies. The
digitalization of aviation infrastructure opens new opportunities for
monitoring, forecasting, and data analysis, but at the same time increases
dependence on information systems and creates new vulnerabilities. This
means that international standards must develop toward greater flexibility,
integration of cyber risks, and improvement of information exchange
procedures.

Another challenge is the uneven institutional capacity of states. Not all
countries have the same ability to fully implement international
requirements, develop oversight systems, train inspectors, and digitally
support control processes. This creates an asymmetry in the safety
environment that is critical for international transportation. Therefore,
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international audits, technical assistance, capacity-building programs, and
mutual recognition of best practices become particularly important.

Table 3. Contemporary challenges to the international aviation
transport safety system and response directions

Challenge Potential impact Direction of response

Cyber threats Disruption of information Integration of cybersecurity into
systems, data loss, operational aviation standards
failures

Automation and digitalization New technological Updating control procedures
dependencies and risks of and personnel training
system errors

Unmanned systems Increased risk of airspace Development of special
violation and operational regulatory regimes
conflict

Uneven state capacity Differences in the level of Technical assistance, audit,
implementation of standards international cooperation

Hybrid and terrorist threats Increased vulnerability of Strengthening integrated
airports and air transport aviation security

Source: systematized by the authors

Discussion. The results of the study indicate that international aviation
transport safety standards should be interpreted not as a static set of isolated
regulatory requirements, but as a dynamic and multi-level governance
system that combines legal norms, institutional interaction, technical
procedures, and managerial practices. This understanding is especially
important because the effectiveness of aviation safety depends not only on
the formal existence of standards, but also on the consistency of their
implementation at the global, regional, national, and corporate levels. In this
sense, the international safety framework of civil aviation functions as an
integrated regulatory architecture in which each level supplements and
reinforces the others.

A significant implication of the study is that the practical value of
international standards is determined by the quality of their institutional
translation into national systems of oversight and operational practice.
Global standards may establish the general logic of safety regulation, but
their real impact depends on the administrative capacity of states, the
professionalism of regulatory authorities, the quality of inspection and
certification procedures, and the readiness of aviation operators to
incorporate risk-based management into their daily activities. Therefore, a
key issue is not only the adoption of standards, but also the creation of
effective mechanisms for monitoring, enforcement, feedback, and
continuous improvement.

The study also confirms that the contemporary development of aviation
safety is closely linked to the transition from a reactive model of regulation
to a proactive and predictive one. Traditionally, many regulatory responses
in civil aviation were strengthened after accidents or serious incidents.
However, the current logic of international safety management increasingly
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focuses on hazard identification, preventive control, data-driven analysis,
and organizational learning before an adverse event occurs. This shift
substantially changes the role of both regulators and operators, since safety
is no longer understood merely as compliance with technical rules, but as an
ongoing process of risk governance embedded in institutional culture.

Particular attention should be paid to the growing interaction between
aviation safety and digital transformation. On the one hand, digital
technologies significantly expand the possibilities for monitoring,
automation, communication, predictive analytics, and integrated control of
aviation processes. On the other hand, they create new vulnerabilities related
to cyber threats, system dependence, software reliability, and the security of
data exchange. This means that the traditional understanding of aviation
safety, which historically focused primarily on technical reliability and
human performance, must now be broadened to include digital resilience and
cyber-secure governance. In future practice, the effectiveness of aviation
safety systems will increasingly depend on how successfully states and
operators combine classical safety principles with digital risk management.

Another important conclusion from the study is that the institutional
asymmetry between states remains one of the major barriers to the uniform
implementation of international safety standards. Although civil aviation is
regulated through common international principles, countries differ
substantially in terms of financial resources, technical infrastructure,
regulatory expertise, training systems, and oversight capability. As a result,
the same international standards may be implemented with different levels
of quality and consistency. This creates a fragmented safety environment in
which formal harmonization does not always guarantee equivalent practical
outcomes. Therefore, international audit mechanisms, technical assistance
programs, and capacity-building initiatives remain crucial instruments for
reducing such disparities.

The discussion also suggests that safety culture has a central role in
ensuring the sustainability of aviation safety systems. Even the most
comprehensive regulatory framework may remain ineffective if
organizations do not support open reporting, learning from incidents, internal
accountability, and professional responsibility at all levels. In this regard, the
human factor should not be interpreted narrowly as a source of error. It
should be understood more broadly as a component of organizational
behaviour, communication, leadership, and institutional trust. Consequently,
the future strengthening of international aviation safety standards must
involve not only updating technical and legal requirements, but also
supporting cultural and managerial transformation within aviation
organizations.

Overall, the findings of the study demonstrate that international aviation
transport safety standards remain the foundation of global civil aviation
stability, but their effectiveness increasingly depends on adaptability, inter-
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institutional coordination, digital integration, and the ability to respond to
emerging threats. This confirms the need for continuous modernization of
international and national safety frameworks, as well as for a broader
interdisciplinary understanding of safety as a regulatory, organizational,
technological, and cultural phenomenon.

Conclusions. The study has established that international aviation
transport safety standards form a complex multi-level system that combines
universal regulatory principles, regional harmonization mechanisms,
industry standards, and internal corporate safety management procedures.
Their significance lies not only in the formal regulation of the activities of
civil aviation entities, but also in the creation of a unified safety space within
which predictability, compatibility, and controllability of international
transportation are ensured.

It has been proved that the contemporary aviation transport safety
system i1s based on the combination of several functional blocks: flight
safety, aviation security, state oversight, occurrence investigation, and safety
management systems. It is precisely their integration that ensures the
transition from a reactive model of response to occurrences to proactive risk
management based on the early identification of hazards, assessment of
vulnerabilities, and continuous improvement of procedures.

It has been substantiated that the greatest influence on the effectiveness
of international standards is exerted by the institutional capacity of states, the
quality of national oversight, the level of development of safety culture, the
digital maturity of aviation infrastructure, and the ability for international
cooperation. Under contemporary conditions, cybersecurity, digital
monitoring, regulation of unmanned systems, data integration, and the
exchange of safety information among all participants in the aviation system
become especially important.

Thus, international aviation transport safety standards should be
regarded as a dynamic system that requires continuous updating, adaptation,
and institutional strengthening. For states seeking to strengthen their aviation
systems, priority areas should include harmonization of national legislation
with international requirements, development of risk-oriented state
oversight, strengthening of personnel training systems, digitalization of
control, and formation of a sustainable safety culture at all levels of civil
aviation functioning.
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