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Abstract

Airport safety oversight in the United States has traditionally relied on the pre-
scriptive compliance structure of FAA Part 139, while the ICAO Safety Manage-
ment System (SMS) emphasizes proactive, performance-based safety manage-
ment. Although these approaches are often discussed separately, they address
complementary dimensions of airport safety. This study develops a conceptual
crosswalk that aligns selected FAA Part 139 requirements with the four ICAO
SMS pillars: safety policy, safety risk management, safety assurance, and safety
promotion. Using publicly available regulatory documents, guidance materials,
and oversight reports, the paper compares the strengths and limitations of each
framework and identifies areas where prescriptive compliance and SMS-based
practices can reinforce one another. The analysis shows that Part 139 provides
strong baseline control for high-consequence operational areas, including Air-
craft Rescue and Firefighting, pavement condition, lighting, and wildlife hazard
management, while SMS adds value through structured hazard identification,
continuous monitoring, organizational learning, and safety culture. Based on
this comparison, the paper proposes a hybrid oversight framework that pre-
serves mandatory inspection requirements while incorporating SMS-driven
processes for adaptive risk management. The framework is intended to support
regulatory alignment, reduce gaps between checklist-based and performance-
based oversight, and provide a practical basis for future empirical evaluation.
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1. Introduction

Airport safety oversight is fundamental to the reliability and resilience of the avi-
ation system [1]. In the United States, the Federal Aviation Administration (FAA)
regulates certificated airports under Part 139, which establishes standardized re-
quirements for airfield conditions, lighting, signage, Aircraft Rescue and Fire-
fighting (ARFF) readiness, and wildlife hazard management [2]. Historically, Part
139 oversight has relied primarily on prescriptive compliance through inspections
and regulatory standards. More recently, however, the FAA has expanded its over-
sight framework by requiring Safety Management Systems (SMS) for certain Part
139-certificated airports, reflecting a broader shift toward integrating performance-
based safety management with traditional compliance activities [3]. ICAO’s Safety
Management System (SMS) similarly emphasizes proactive hazard identification,
structured risk management, safety assurance, and the promotion of safety cul-
ture, providing a complementary perspective on airport safety oversight [4] [5].
Although both approaches are increasingly recognized as complementary compo-
nents of modern airport safety oversight, relatively few studies have systematically
compared their regulatory structures or examined how prescriptive compliance
and performance-based safety management can be integrated within a unified

oversight framework [6] [7].

Research Objective

This study addresses this gap by i) developing a structured crosswalk that maps
FAA Part 139 requirements to the four pillars of the ICAO Safety Management
System (SMS), ii) comparing the regulatory scope, strengths, and limitations of
the two oversight approaches to identify areas of overlap and divergence, and iii)
proposing a hybrid airport safety oversight framework that integrates prescriptive
compliance with performance-based safety management. The overall objective is
to provide a conceptual foundation for aligning U.S. airport safety oversight with
internationally recognized safety management principles while identifying oppor-

tunities for future implementation and evaluation.

2. Literature Review

Airport safety oversight has consistently been regarded as a central pillar of avia-
tion safety, and its development has been shaped by evolving regulatory philoso-
phies across jurisdictions. Within the United States, the Federal Aviation Admin-
istration (FAA) administers airport certification under Part 139 through stand-
ardized operational requirements and inspections covering critical safety elements
[2]. While this framework has traditionally emphasized prescriptive compliance,
recent regulatory developments have expanded its scope to incorporate Safety
Management System (SMS) requirements for certain certificated airports [3]. To-
gether, these approaches establish a strong safety baseline while supporting more
proactive management of operational risks. Previous studies nevertheless suggest

that prescriptive oversight alone may be less effective in addressing emerging risks
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that are not explicitly reflected in regulatory requirements [8].

ICAQ’s Safety Management System (SMS), introduced under Annex 19, pro-
vides a complementary performance-driven approach centered on hazard an-
ticipation, structured risk assessment, continuous assurance, and safety culture
development [4] [5]. By embedding safety management into everyday opera-
tions, SMS enhances adaptability and facilitates early identification of systemic
risks. Comparative analyses have shown that SMS frameworks promote organi-
zational learning and more effective risk mitigation than compliance-only mod-
els [6] [9].

Empirical studies have shown that effective implementation of Safety Manage-
ment Systems (SMS) strengthens hazard identification, safety assurance, organi-
zational learning, and continuous safety improvement across aviation organiza-
tions [10]. Additional research conducted in Europe and Asia has further demon-
strated that higher levels of SMS maturity are associated with stronger safety cul-
ture and improved safety performance [11]. Nonetheless, most of these investiga-
tions examine SMS implementation independently or focus on specific regulatory
systems without systematically comparing how FAA Part 139 and ICAO SMS com-
plement one another within an integrated airport safety oversight framework. Fig-
ure 1 illustrates the trend in FAA enforcement and compliance actions, highlight-

ing the evolution of FAA oversight practices over time.
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Figure 1. Enforcement and compliance actions closed by selected FAA program offices (FY
2012-2019), illustrating the evolution of FAA oversight practices. Adapted from GAO-20-
642 [12].

Policy evaluations have also emphasized the growing role of Safety Manage-
ment Systems (SMS) within national airport oversight. Recent FAA initiatives re-
quiring SMS implementation for certain Part 139-certificated airports demon-
strate an ongoing effort to integrate prescriptive compliance with performance-
based safety management [3] [13]. At the same time, government reports from
the U.S. Government Accountability Office (GAO) and the Department of Trans-
portation Office of Inspector General (DOT OIG) continue to identify challenges
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related to oversight consistency, performance measurement, and implementation
practices [7] [12] [14]. These observations underscore the need for a structured
comparison of the two approaches and provide the foundation for the conceptual
framework developed in this study. Table 1 presents a comparison of the FAA
Part 139 oversight framework and the ICAO Safety Management System (SMS),
highlighting their key similarities and differences.

Table 1. Key regulatory, guidance, audit, and policy sources related to FAA Part 139 and ICAO Safety Management System (SMS),

highlighting their scope, primary focus, and contribution to the development of a hybrid airport safety oversight framework.

Source

FAA Final Rule:
Airport SMS (14
CFR Part 139)

FAA SMS Site &
AC150/5200-37A

GAO-12-898

GAO-14-516

GAO-20-642

DOT OIG ARFF
Oversight Report

ICAO Annex 19
and USOAP

Relationship
Year Scope Measures to Part 139 Key Observation Reference
and SMS
Pre-2023 evid
U.S. Mandates SMS, re evidence
. mostly voluntary, no
2023 Airports phased Not Yet ) [3]
. . integrated outcomes
(Subset) implementation
dataset
Impl tati
Guidance for m.p ementation Guidance focus, not
2023-2025 . guidance, FAQs, No . [3] [13]
Airports outcomes evaluation
desk reference
Recommends FAA lacked systems
FAA tracking SMS to evaluate SMS
2012 ) ) ] No ) (7]
Enterprise implementation effectiveness across
and outcomes units
Uneven, non-
FAA Calls for a plan to .
) . generalizable data,
2014 Oversight oversee industry No ] [15]
) need for guidance
Planning SMS .
and training
Notes need for Shift to risk-based
FAA better SMS oversight complicates
2020 No [12]
Programs performance outcome
metrics measurement
Finds Prescriptive stream
.y Part 139 i.nconsi?tency in No }.1ad data qua.lity [14]
ARFF inspections and issues, blocking
training oversight linkage to SMS
SSP and SMS State-level indicat
States . an No (Different ate-fevel indicators
2013 . requirements, state do not match FAA [4]
Worldwide Level)

EI indicators

airport-level findings

Recent studies have increasingly recognized the value of integrating prescrip-
tive and performance-based oversight rather than treating them as competing ap-
proaches. Combining regulatory compliance with proactive safety management
has the potential to improve organizational learning, strengthen oversight effec-
tiveness, and support more consistent airport safety oversight activities [16] [17].

Hybrid approaches retain the structured compliance requirements necessary for
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high-consequence operational areas while incorporating risk-based processes that
support continuous improvement and adaptive decision-making [15] [17].

In summary, FAA Part 139 and ICAO SMS each contribute important but dis-
tinct strengths to airport safety oversight. While previous research has examined
these frameworks independently, fewer studies have systematically compared their
regulatory roles or explored how they can be integrated within a unified oversight
framework. Addressing this gap provides the foundation for the conceptual cross-

walk and hybrid framework proposed in this study.

3. Materials and Methods

This study adopts a comparative qualitative research design to examine the rela-
tionship between the prescriptive oversight framework established under FAA Part
139 and the performance-based approach promoted through the ICAO Safety Man-
agement System (SMS). Rather than evaluating airport-level performance statisti-
cally, the study develops a structured regulatory comparison based on publicly
available regulatory documents, guidance materials, oversight reports, and oper-
ational references. The methodological framework consists of three stages: source

selection, crosswalk development, and comparative analysis.

3.1. Dataset Selection

The comparative analysis draws upon publicly available regulatory documents,
guidance materials, government oversight reports, and operational references to
examine the relationship between the FAA Part 139 airport certification frame-
work and the ICAO Safety Management System (SMS). Rather than constructing
an airport-level statistical dataset, these sources were used to compare the regula-
tory scope, oversight philosophy, and practical application of the two frameworks.
The primary sources include:

1) FAA Part 139 regulations and associated guidance, which establish airport
certification requirements, inspection procedures, operational standards, and
Safety Management System (SMS) implementation guidance for certificated air-
ports [2] [3] [13].

2) ICAO Annex 19, the Safety Management Manual (Doc 9859), and the Uni-
versal Safety Oversight Audit Programme (USOAP), which define internationally
recognized principles for safety management, safety oversight, and continuous
improvement [4] [5].

3) Government oversight reports, including publications issued by the U.S.
Government Accountability Office (GAO) and the Department of Transportation
Office of Inspector General (DOT OIG), which provide independent evaluations
of airport safety oversight practices, implementation challenges, and regulatory
performance [14].

To provide additional operational and regulatory context, publicly available
FAA Safety Management System (SMS) regulations and guidance, Bureau of Trans-
portation Statistics (BTS) operational information, NOAA weather datasets, and
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ICAO oversight guidance were also reviewed [18]-[23]. These sources were used
to illustrate the operational environment in which airport safety oversight is im-
plemented and to support the comparative discussion throughout the paper. They
were not used to develop or validate airport-level statistical models, nor were they
intended to establish causal relationships between regulatory approaches and

safety performance.

3.2. Crosswalk Development

A structured crosswalk was developed to compare the prescriptive requirements
of FAA Part 139 with the four pillars of the ICAO Safety Management System
(SMS): Safety Policy, Safety Risk Management, Safety Assurance, and Safety Pro-
motion. The crosswalk was constructed by reviewing regulatory requirements,
guidance documents, and oversight practices to identify areas of regulatory align-
ment, complementary functions, and differences in oversight philosophy.

Key operational domains addressed under Part 139, including Aircraft Rescue
and Firefighting (ARFF), pavement condition, airfield lighting, emergency plan-
ning, training, and wildlife hazard management, were systematically mapped to
the corresponding SMS pillars based on their primary safety objectives and oper-
ational functions [2] [5]. The mapping focused on identifying where the two
frameworks address similar safety goals through different regulatory approaches
and where one framework provides broader coverage than the other.

The conceptual consistency of the crosswalk was verified using the ICAO Safety
Management Manual (Doc 9859) and the FAA Airport Safety Management Sys-
tem guidance to ensure that the comparisons reflected the intent of both regula-
tory frameworks rather than direct regulatory equivalence [5] [13]. The resulting
crosswalk provides the foundation for comparative analysis and the proposed hy-

brid airport safety oversight framework presented in this study.

3.3. Analytical Procedures

The comparative analysis was conducted to identify areas of convergence and di-
vergence between the FAA Part 139 oversight framework and the ICAO Safety
Management System (SMS). The analysis focused on comparing the scope, objec-
tives, and implementation characteristics of each framework rather than evaluat-
ing their effectiveness through statistical testing.

The comparison consisted of four complementary components:

1) Regulatory comparison: FAA Part 139 operational requirements were com-
pared with the corresponding ICAO SMS pillars to identify similarities, comple-
mentary functions, and differences in regulatory emphasis.

2) Crosswalk assessment: The crosswalk developed in Table 2 was used to eval-
uate the extent to which individual Part 139 operational domains align with the
four SMS pillars and to identify areas where one framework provides broader cov-
erage than the other.

3) Comparative evaluation: The strengths and limitations of both oversight ap-

DOI: 10.4236/jtts.2026.163019

347 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2026.163019

H. ). Taheri et al.

proaches were examined using published regulatory guidance, government over-
sight reports, and existing literature. Particular attention was given to compliance
assurance, hazard identification, organizational safety culture, continuous im-
provement, and risk management practices.

4) Framework development: Findings from the comparative analysis were syn-
thesized to develop a hybrid airport safety oversight framework that combines the
structured compliance requirements of FAA Part 139 with the proactive safety

management principles of ICAO SMS.

Table 2. Conceptual crosswalk between FAA Part 139 operational domains and the four pillars of the ICAO Safety Management
System (SMS), illustrating areas of regulatory alignment, complementary functions, and opportunities for integration within a hy-

brid airport safety oversight framework.

Part 139 ICAO SMS
Unique to Part Unique to ICAO
Checklist Pillar Overlap/Strengths q d Identified Gaps
. 139 SMS
Element Alignment
Mandator Promotion of safet
AREFF readiness Safety Strong compliance Y Y Limited focus on
o . ? staffing and culture and .
(staffing, training, Policy/Safety oversight ensures . . safety promotion
X . equipment continuous .
equipment) Assurance readiness o beyond compliance
levels competency training
. Limited predictive
Risk . . I .
s Structured Detailed Hazard identification analytics and
Wildlife hazard Management/ . . . L. K
inspection and programmatic and predictive reliance on
management Safety ] ] ]
corrective action requirements assessment observed
Assurance N
deficiencies
Training
requirements Saf Ensures baseline Prescribed Emphasis on safety ~ Absence of focus on
afe
(operations, P tty training minimum culture and proactive safety culture or
romotion
maintenance, compliance training promotion behavioral change
ARFF)
E Saff Integration into SMS Reactive
mergenc afe ntegration into
lanni 8 d )',11 Poli /Z- K Coordination and Mandatory h & d-identificati orientation, not
anning (drills, olicy/Ris azard-identification
P ‘g . ¥ readiness checks full-scale drills predictive hazard
coordination) Management cycles

assessment

3.4. Ethical Considerations

This study is based exclusively on publicly available regulatory documents, guid-
ance materials, government reports, and operational references. No proprietary,
confidential, or personally identifiable information was collected or analyzed. Be-
cause the study presents a conceptual comparison of existing regulatory frame-
works, it did not involve human participants, human subjects research, or the use
of restricted datasets. The research was conducted in accordance with accepted
academic standards for the use and citation of publicly available information. Fig-
ure 2 presents the overall research methodology adopted in this study, including
source selection, crosswalk development, comparative analysis, and framework

development.
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DATA SOURCES

ﬁ FAA Part 139

+ Inspection procedures
« Operational standards
= SMS implementation guidance

Regulations & Guidance

= Airport certification requirements « Safety Management Principles « Oversight evaluations + FAA inspection reports
+ Safety Management Manual « Implementation challenges + OPSNET operational data
(Doc 9859) « Performance assessments + BTS operational statistics
+ Oversight and audit guidance « Policy recommendations + NOAA weather information

& Doc 9859 Reports il References
(FAA, OPSNET, BTS, NOAA)

@ ICAO Annex 19 |: I GAO /DOT OIG /s~ Supporting Operational

¥

SOURCE SELECTION
= Review and select regulatory documents, guidance materials,
oversight reports, and operational references relevant to the study.

¥

*} CROSSWALK DEVELOPMENT
r Map FAA Part 139 operational domains to the four pillars
.’ of ICAO Safety Management System (SMS).

‘ COMPARATIVE ANALYSIS
‘ Compare and evaluate the scope, objectives, and implementation

¥

characteristics of Part 139 and ICAQ SMS.

.

9 HYBRID AIRPORT SAFETY OVERSIGHT FRAMEWORK

Synthesize findings to propose a hybrid framework that integrates the
prescriptive strengths of Part 139 with the performance-based principles of ICAO SMS.

Figure 2. Overview of the study methodology showing the sequential process of source selection, crosswalk develop-

ment, comparative analysis, and development of the proposed hybrid airport safety oversight framework.

4. Results
4.1. Comparative Findings

The comparative review of FAA Part 139 and the ICAO Safety Management Sys-
tem (SMS) indicates that the two frameworks address airport safety through com-
plementary regulatory approaches. FAA Part 139 establishes prescriptive opera-
tional requirements supported by standardized inspections, providing a consistent
baseline for compliance in critical safety areas such as Aircraft Rescue and Fire-
fighting (ARFF), pavement condition, airfield lighting, emergency planning, and
wildlife hazard management [2]. These requirements promote uniform imple-
mentation and regulatory consistency across certificated airports.

In contrast, the ICAO SMS framework emphasizes continuous safety manage-
ment through proactive hazard identification, safety risk management, safety as-
surance, and safety promotion [4] [5]. Rather than replacing prescriptive over-
sight, SMS expands the scope of safety management by encouraging continuous
monitoring, organizational learning, and the integration of safety into everyday
operational decision-making.

The comparison suggests that the strengths of one framework complement the
limitations of the other. While FAA Part 139 provides clear regulatory require-
ments and standardized compliance mechanisms, ICAO SMS offers greater flexi-
bility for managing emerging operational risks and strengthening organizational

safety culture. These observations provide the foundation for the conceptual cross-
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walk and the hybrid airport safety oversight framework presented in the following

sections.

4.2. Crosswalk Analysis: FAA Part 139 and ICAO SMS

The crosswalk presented in Table 2 compares the principal operational domains
of FAA Part 139 with the four pillars of the ICAO Safety Management System
(SMS). The comparison demonstrates that both frameworks share the common
objective of improving airport safety, although they achieve this objective through
different regulatory approaches.

Strong alignment is observed in areas related to Safety Assurance and Safety
Policy, where FAA Part 139 establishes detailed operational requirements for
inspections, documentation, emergency preparedness, and Aircraft Rescue and
Firefighting (ARFF) readiness. These requirements provide a structured compli-
ance framework that promotes consistency across certificated airports.

The comparison also identifies complementary areas where ICAO SMS extends
beyond prescriptive compliance. In particular, Safety Risk Management and Safety
Promotion emphasize proactive hazard identification, continuous monitoring, or-
ganizational learning, and the development of a positive safety culture. These ele-
ments strengthen an organization’s ability to identify emerging risks before they

result in operational deficiencies.

ICAO Safety Management System (SMS) Pillars

FAA Part 139

Operational Domains Safety Risk

Safety Policy Management

Safety Assurance Safety Promotion

ARFF readiness STRONG PARTIAL STRONG LIMITED ALIGNMENT

Wildlife hazard

PARTIAL STRONG STRONG LIMITED ALIGNMENT
management
Training requirements PARTIAL PARTIAL PARTIAL STRONG
Emergency planning STRONG STRONG PARTIAL LIMITED ALIGNMENT

Figure 3. Conceptual crosswalk illustrating the relationship between major FAA Part 139
operational domains and the four pillars of the ICAO Safety Management System (SMS).
Green indicates strong alignment, yellow indicates partial alignment, and red indicates ar-
eas where additional integration opportunities exist within the proposed hybrid airport
safety oversight framework.

Opverall, the crosswalk demonstrates that the two frameworks are complemen-
tary rather than competing. FAA Part 139 provides the regulatory foundation for
operational compliance, while ICAO SMS introduces management processes that

enhance adaptability, continuous improvement, and long-term safety performance.
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These findings support the development of the hybrid airport safety oversight
framework proposed in this study. Figure 3 presents the conceptual crosswalk be-
tween FAA Part 139 operational domains and the four pillars of the ICAO Safety
Management System (SMS).

4.3. Comparative Evaluation of the Oversight Frameworks

The comparative evaluation of FAA Part 139 and the ICAO Safety Management
System (SMS) highlights the complementary strengths of the two oversight ap-
proaches. FAA Part 139 provides a structured regulatory framework built on stand-
ardized operational requirements and inspections, ensuring consistent compli-
ance in critical safety areas such as runway pavement condition, airfield lighting,
wildlife hazard management, emergency planning, and Aircraft Rescue and Fire-
fighting (ARFF) readiness [2]. This prescriptive approach establishes a uniform
baseline for airport safety oversight.

In contrast, ICAO SMS focuses on the organizational processes that support
long-term safety performance. Through safety risk management, safety assurance,
safety promotion, and continuous monitoring, SMS encourages airport operators
to identify hazards proactively, strengthen organizational learning, and continu-
ously improve safety performance [4] [5].

The crosswalk demonstrates that these approaches are not mutually exclusive.
Instead, they address different aspects of airport safety oversight. While Part 139
establishes clear regulatory expectations and compliance mechanisms, SMS pro-
vides a structured management framework for addressing evolving operational
risks and strengthening safety culture. Together, these complementary character-
istics support the development of a hybrid airport safety oversight framework that

combines regulatory consistency with proactive safety management.

4.4. Implications of the Comparative Analysis

The comparative analysis indicates that neither FAA Part 139 nor the ICAO Safety
Management System (SMS) fully addresses all aspects of airport safety oversight.
The proposed hybrid framework is intended to provide a more comprehensive
approach to airport safety oversight by integrating the complementary strengths
of both approaches. FAA Part 139 provides a well-defined regulatory structure
that supports consistent implementation, standardized inspections, and account-
ability across certificated airports. In contrast, ICAO SMS emphasizes organiza-
tional learning, proactive hazard identification, continuous safety assurance, and
the development of a positive safety culture.

These observations support the need for an oversight approach that integrates
the regulatory consistency of Part 139 with the adaptive management principles
of SMS. Such an approach can strengthen the ability of airport operators and reg-
ulators to address both established operational requirements and emerging safety
challenges while maintaining alignment with national and international safety ob-

jectives.
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The findings presented in this study are based on a comparative review of reg-
ulatory frameworks and published guidance rather than statistical validation.
Consequently, the proposed hybrid framework should be viewed as a conceptual
model that provides a foundation for future empirical evaluation and practical

implementation within airport safety oversight programs.

4.5. Summary of Comparative Findings

The comparative analysis demonstrates that FAA Part 139 and the ICAO Safety
Management System (SMS) provide complementary approaches to airport safety
oversight. FAA Part 139 establishes a consistent regulatory foundation through
standardized operational requirements and compliance-based inspections, partic-
ularly in high-consequence areas such as Aircraft Rescue and Firefighting (ARFF),
pavement condition, airfield lighting, and emergency preparedness [2]. In con-
trast, ICAO SMS broadens the scope of safety oversight by emphasizing proactive
hazard identification, continuous safety assurance, organizational learning, and
the promotion of a positive safety culture [4] [5].

The crosswalk analysis indicates that integrating these complementary strengths
can support a more balanced and adaptive oversight approach. Based on these
findings, this study proposes a hybrid airport safety oversight framework that
combines the structured compliance mechanisms of FAA Part 139 with the pro-
active management principles of ICAO SMS. The proposed framework provides
a practical foundation for strengthening airport safety oversight while supporting

future implementation and evaluation.

5. Discussion

This study examined the relationship between the prescriptive oversight frame-
work established under FAA Part 139 and the performance-based approach pro-
moted through the ICAO Safety Management System (SMS). The comparative find-
ings reveal that the two frameworks serve complementary roles in airport safety
oversight rather than representing competing regulatory philosophies. FAA Part
139 provides a consistent regulatory foundation through standardized operational
requirements and inspections, particularly in high-consequence operational ar-
eas. These observations are consistent with previous studies showing that pre-
scriptive oversight effectively establishes baseline safety standards across certifi-
cated airports, particularly among airports with varying operational characteris-
tics and resources [8].

At the same time, the crosswalk analysis highlights that Part 139 provides more
limited coverage of proactive safety management processes and safety promotion.
In contrast, ICAO SMS explicitly emphasizes hazard identification, structured
safety risk management, continuous safety assurance, and organizational learning,
all of which strengthen an organization’s ability to anticipate emerging risks and
continuously improve safety performance [5] [6]. These differences illustrate how

performance-based safety management complements, rather than replaces, tradi-

DOI: 10.4236/jtts.2026.163019

352 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2026.163019

H. J. Taheri et al.

tional compliance-based oversight.

Comparative findings suggest that integrating the strengths of both approaches
can provide a more balanced airport safety oversight framework. Prescriptive in-
spections establish clear regulatory expectations and accountability, while perfor-
mance-based safety management introduces adaptive processes that strengthen
organizational resilience and continuous improvement. Building on these find-
ings, the proposed hybrid framework illustrates how these complementary ap-
proaches can operate together to enhance airport safety oversight while maintain-
ing consistency with existing regulatory requirements.

The policy implications of these findings are significant. Continued integration
of Safety Management System principles within the FAA Part 139 oversight frame-
work provides an opportunity to strengthen alignment between U.S. airport reg-
ulations and internationally recognized safety management practices. Embedding
proactive risk management, organizational learning, and continuous safety im-
provement within existing oversight activities would further support the evolution
of airport safety governance while preserving the regulatory consistency estab-
lished through Part 139 inspections.

From a broader policy perspective, harmonizing prescriptive and performance-
based oversight supports both operational and strategic objectives. It promotes
more comprehensive airport safety oversight, strengthens alignment with inter-
national safety management practices, and provides a practical framework for in-
tegrating regulatory compliance with continuous safety improvement [16]. Be-
yond aviation, this approach contributes to infrastructure resilience, operational
reliability, and public confidence in the safety of the air transportation system.

This study has several limitations. The proposed hybrid oversight framework is
based on a comparative review of publicly available regulatory documents, guid-
ance materials, government oversight reports, and supporting literature rather
than airport-level implementation data. Accordingly, the framework should be
viewed as a conceptual model intended to support future empirical research and
practical application. Future studies may evaluate the proposed framework using
airport case studies, implementation assessments, or longitudinal operational data

to examine its effectiveness across different airport operating environments.

6. Proposed Framework

The comparative analysis indicates that neither the prescriptive oversight frame-
work established under FAA Part 139 nor the performance-based approach pro-
moted through the ICAO Safety Management System (SMS) independently ad-
dresses the full range of safety challenges encountered in modern airport operations.
Instead, each framework contributes distinct strengths that can enhance airport
safety when applied in a complementary manner. Based on the regulatory compar-
ison and crosswalk analysis presented in this study, a hybrid airport safety oversight
framework is proposed that integrates the structured compliance requirements of

Part 139 with the proactive safety management principles of ICAO SMS.
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6.1. Core Principles of the Hybrid Framework

1) Prescriptive Baseline Controls

High-consequence operational areas, including Aircraft Rescue and Firefighting
(ARFF) readiness, pavement condition, airfield lighting, emergency planning, and
wildlife hazard management, should continue to be governed by the prescriptive
requirements established under FAA Part 139 [2]. These requirements provide a
consistent regulatory foundation and ensure that minimum safety standards are
maintained across certificated airports.

2) Performance-Based Safety Management

Complementing these regulatory requirements, ICAO SMS principles should
be incorporated to strengthen hazard identification, safety risk management, con-
tinuous safety assurance, and safety promotion [5]. These processes enable airport
operators to address emerging operational risks proactively while supporting con-
tinuous organizational learning and improvement.

3) Integrated Safety Oversight: Some Operational Domains Require Both Ap-
proaches

A hybrid oversight approach combines prescriptive compliance activities with
performance-based safety management to support a more comprehensive over-
sight system. Regulatory inspections verify compliance with established require-
ments, while SMS processes provide continuous monitoring, internal evaluation,
and proactive management of safety risks.

4) Continuous Safety Improvement

The integration of compliance-based oversight and performance-based man-
agement encourages continuous evaluation of airport safety performance. Safety
reporting, organizational learning, leadership engagement, and periodic review of
safety practices contribute to the ongoing improvement of airport safety oversight

while maintaining regulatory consistency.

6.2. Framework Structure

The proposed hybrid airport safety oversight framework is organized as a two-
layer structure that combines regulatory compliance with continuous safety man-
agement. Each layer performs a distinct function while supporting the overall ob-
jective of strengthening airport safety oversight.

The first layer consists of the prescriptive oversight activities established un-
der FAA Part 139, including airport inspections, operational requirements, doc-
umentation, and compliance verification. These activities provide a consistent
regulatory baseline for certificated airports and ensure adherence to established
safety standards.

The second layer incorporates the principles of the ICAO Safety Management
System (SMS), including safety risk management, safety assurance, safety promo-
tion, and continuous monitoring. These processes complement regulatory over-
sight by encouraging proactive hazard identification, organizational learning, and

continuous improvement.
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Together, the two layers create an integrated oversight approach in which com-
pliance verification and performance-based safety management reinforce one an-
other. The resulting framework supports regulatory consistency while providing
the flexibility needed to address evolving operational risks and strengthen long-
term airport safety performance. Figure 4 illustrates the proposed hybrid airport
safety oversight framework developed from the comparative analysis.

Layer 1: Prescriptive Oversight (FAA Part 139)
\
\
J

Annual inspections
Compliance audits

Checklist verification

| 1
.

Mutual Feedback

¥ I
P N

Layer 2: Performance-Based Oversight (ICAO SMS)

e Hazard identification

@ Internal audits & assurance leops

=\

Predictive risk management

e Safety culture & promotion
N J

Figure 4. Proposed hybrid airport safety oversight framework integrating prescriptive FAA
Part 139 oversight with performance-based ICAO Safety Management System (SMS) pro-
cesses.

6.3. Decision Matrix for Application

The decision matrix presented in Table 3 illustrates how different airport safety
domains may benefit from different oversight approaches based on their opera-
tional characteristics. Rather than relying exclusively on either prescriptive com-
pliance or performance-based safety management, the matrix demonstrates where
each approach provides the greatest value and where a hybrid strategy offers the
most balanced solution.

High-consequence operational areas that require standardized procedures and
regulatory consistency are best managed through prescriptive oversight. In con-
trast, organizational and human-factor-related issues benefit from performance-
based safety management, which emphasizes continuous monitoring, hazard iden-
tification, and organizational learning. Certain operational domains benefit from
integrating both approaches, where regulatory compliance establishes minimum
safety standards while SMS processes enhance proactive risk management and
continuous improvement.

The decision matrix serves as a practical reference for regulators and airport
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operators when selecting the most appropriate oversight strategy for different air-
port safety functions. It also demonstrates how the proposed hybrid framework
can be applied across a range of operational environments while maintaining con-
sistency with both FAA Part 139 requirements and ICAO SMS principles.

Table 3. Decision matrix for selecting the appropriate oversight approach for major airport safety domains within the proposed
hybrid airport safety oversight framework.

Airport Safety Recommended

Rationale
Domain Oversight Approach
Runway pavement p it Requires compliance with established engineering and operational standards
rescriptive
condition P through routine inspections.
Aircraft rescue and P it High-consequence operational function requiring mandatory staffing,
rescriptive
firefighting (ARFF) P equipment, training, and regulatory compliance.
Airfield lighting and L . . . . .
. Prescriptive Standardized technical requirements support consistent operational safety.
signage
Wildlife hazard Hvbrid Combines regulatory inspection requirements with proactive monitoring,
ri
management Y hazard assessment, and continuous risk management.
Emergency planning Hybrid Regulatory compliance is strengthened through continuous evaluation,
ybri

and response training, and safety management processes.

Safety reportin Relies on proactive reporting, organizational learning, and continuous
yrep & Performance-based P ) P & o8 ] ) &
systems improvement rather than inspection alone.

Safety cult d Focuses on leadership commitment, communication, employee engagement,
afety culture an ) )
U Performance-based continuous safety awareness, and proactive management of human factors

romotion
P [21].

Fatigue risk Requires continuous monitoring, organizational policies, and proactive risk
Performance-based

management management rather than prescriptive inspection.

6.4. Policy Implications

The proposed hybrid airport safety oversight framework offers practical implica-
tions for both regulators and airport operators. By integrating the structured com-
pliance requirements of FAA Part 139 with the proactive management principles
of the ICAO Safety Management System (SMS), the framework supports a more
comprehensive approach to airport safety oversight while maintaining consistency
with existing regulatory requirements [24].

For regulators, the framework provides a structured basis for incorporating
performance-based safety management into established oversight activities with-
out replacing the prescriptive controls that remain essential for high-consequence
operational areas. For airport operators, it encourages greater integration of haz-
ard identification, safety assurance, organizational learning, and continuous im-
provement within daily operations [9].

More broadly, the proposed framework supports continued alignment between
U.S. airport safety oversight and internationally recognized safety management

practices. By promoting both regulatory consistency and proactive safety manage-
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ment, the framework contributes to stronger organizational resilience, improved
safety governance, and a more adaptive approach to managing evolving opera-
tional risks. It also provides a practical foundation for future implementation,

evaluation, and refinement as airport safety oversight continues to evolve.

7. Conclusions

This study presented a comparative assessment of the FAA Part 139 airport certi-
fication framework and the ICAO Safety Management System (SMS) to examine
how prescriptive and performance-based approaches can complement one an-
other in airport safety oversight. Comparative analysis demonstrates that Part 139
provides a consistent regulatory foundation through standardized operational re-
quirements and compliance-based inspections, while ICAO SMS strengthens safety
oversight through proactive hazard identification, continuous safety assurance,
organizational learning, and safety promotion.

Based on the regulatory comparison and crosswalk analysis, this study proposed
a hybrid airport safety oversight framework that integrates the structured compli-
ance requirements of FAA Part 139 with the adaptive management principles of
ICAO SMS. The framework recognizes that effective airport safety oversight ben-
efits from both regulatory consistency and proactive safety management, provid-
ing a practical approach for addressing both established operational requirements
and emerging safety challenges.

The proposed framework also supports greater alignment between U.S. airport
safety oversight and internationally recognized safety management practices. By in-
tegrating prescriptive oversight with performance-based safety management, the
framework offers a conceptual foundation for strengthening airport safety govern-
ance while supporting continuous improvement and organizational resilience.

Although the proposed framework is conceptual in nature, it provides a struc-
tured basis for future implementation and evaluation. Future research should ex-
amine its application through airport case studies, implementation assessments,
and comparative analyses involving the FAA, the European Union Aviation Safety
Agency (EASA), and other international aviation authorities. Such studies would
help evaluate the framework’s practical effectiveness and identify opportunities
for further harmonization of airport safety oversight practices.

Future research should explore the integration of digital monitoring technolo-
gies and intelligent decision-support systems to support proactive airport safety
oversight through continuous situational awareness and more timely risk-informed

operational decision-making [25].
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