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Abstract: With the acceleration of
globalization and the sustained prosperity of
the civil aviation industry, safe operations,
service quality, and market order have
become core issues concerning national
strategy and public interest. Faced with the
contradiction between the industry's rapid
development and limited regulatory resources,
an extensive regulatory model struggles to
address complex and dynamic risk
characteristics. This paper establishes an
indicator system and evaluation methodology
encompassing safety operation status,
administrative management effectiveness, and
specialized regulatory quality, grounded in
the core positioning of civil aviation
regulatory auditing and integrating quality
management and risk management theories.
By identifying existing issues in current
auditing practices—such as insufficient
system coordination and uneven resource
allocation—this study proposes a
comprehensive optimization strategy covering
system enhancement, scientific resource
allocation, methodological innovation, and
team development. This strategy aims to
elevate regulatory effectiveness and advance
the high-quality, safe development of the civil
aviation industry.
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1. Introduction
As globalization accelerates and China's
economy and society advance into a new phase
of high-quality development, the civil aviation
industry—a core pillar of the transportation
system—faces unprecedented opportunities and
challenges. In recent years, China's civil aviation
route network has expanded significantly, hub
airport construction has progressed steadily,
market entities have grown substantially, and
new sectors such as general aviation, air logistics,

and drone operations have rapidly emerged,
reflecting increasingly scaled and diversified
industry development. Data indicates that
China's total civil aviation transport turnover and
passenger volume have ranked among the
world's highest for consecutive years. The
industry plays an increasingly vital role in
promoting regional coordinated development,
facilitating international trade, and serving
public transportation needs. However, behind
this rapid growth, risks and hidden dangers in
areas such as operational safety, market
regulation, and service quality have become
more prominent. Factors like extreme weather,
complex operational environments, and
regulatory gaps for new business models have
led to new characteristics in aviation safety
risks—they are becoming more diverse,
concealed, and complex [1-3]. This places
stricter demands on the professionalism,
precision, and effectiveness of aviation
regulatory work.
Currently, China's civil aviation sector is
undergoing a critical transition from a "scale-
and-speed-driven" model to a "quality-and-
efficiency-driven" one, demanding higher
standards of regulatory capability alignment with
industry development [4]. However, the
contradiction between the industry's rapid
development and limited safety oversight
resources has become increasingly prominent.
The experience-based regulatory model suffers
from insufficient precision and inefficient
resource allocation, making it difficult to address
the complex and dynamic operational risks of
the industry [5]. There is an urgent need to
innovate methods and systems to build a
scientific, efficient, precise, and effective
regulatory framework. As an integral part of the
civil aviation governance system, civil aviation
regulatory effectiveness auditing differs from
ordinary internal audits or government financial
audits. Grounded in civil aviation laws,
regulations, and industry standards, it promotes
risk prevention, efficiency enhancement, and
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industry standardization through systematic and
independent audit evaluations. This makes it a
powerful tool for resolving regulatory challenges
and strengthening oversight capabilities [6,7].
From an industry development perspective, both
domestic and international civil aviation sectors
have increasingly emphasized regulatory
auditing. Developed countries initiated civil
aviation regulatory auditing earlier, establishing
relatively mature audit systems and
accumulating rich practical experience, which
provides valuable references for China's civil
aviation regulatory effectiveness auditing [8,9].
After years of development, China's civil
aviation regulatory effectiveness audit has
gradually established a normalized and
standardized framework, playing a positive role
in preventing industry risks, standardizing
regulatory practices, and enhancing oversight
efficiency. However, compared to the practical
demands of high-quality development in the
civil aviation sector, China's regulatory
effectiveness audit still faces several
shortcomings: the audit system remains
imperfect, audit methods are relatively
traditional, and the application of information
technology and intelligent solutions is
insufficient, making it difficult to handle
massive amounts of regulatory data; Audit
findings are underutilized, with low conversion
efficiency of audit outcomes. The audit
workforce lacks sufficient expertise and faces a
shortage of multidisciplinary talent, making it
difficult to address complex industry oversight
audit demands. Regulatory resources are
unevenly allocated, audit targeting is weak, and
oversight intensity is insufficient in key risk
areas [10,11].
Against this backdrop, conducting in-depth
research on the practical pathways and
optimization strategies for civil aviation
regulatory effectiveness audits holds significant
theoretical and practical value. Theoretically, it
enriches research outcomes in civil aviation
regulation and auditing, refines the theoretical
framework for regulatory effectiveness audits,
and provides theoretical support and conceptual
insights for subsequent related studies.
Practically, it can resolve prominent challenges
in current civil aviation regulatory effectiveness
audits, optimize audit systems and
methodologies, strengthen oversight functions,
promote rational allocation of regulatory
resources, enhance regulatory precision and

efficiency, standardize civil aviation market
order, and ultimately provide robust safeguards
for the industry's safe, orderly, healthy, and
sustainable development. Based on this, this
paper examines the current practices of civil
aviation regulatory effectiveness auditing in
China. It constructs a scientific indicator system
and comprehensive evaluation methodology for
regulatory effectiveness auditing, conducts an
in-depth analysis of existing issues, and proposes
targeted optimization strategies tailored to the
operational characteristics of the civil aviation
industry. The aim is to provide reference for
improving and enhancing China's civil aviation
regulatory effectiveness auditing work.

2 Construction of the Civil Aviation
Regulatory Audit Indicator System and
Evaluation Method

2.1 Indicator System Construction
2.1.1 Principles for indicator selection
Scientific Validity: Grounded in quality
management theory, risk management theory,
and systems engineering theory, it objectively
and accurately reflects the operational status of
the civil aviation system and the effectiveness of
regulatory work, avoiding subjective
assumptions.
Comprehensive Systemicity: Cover core areas of
civil aviation supervision, encompassing
multiple dimensions such as safety operations,
regulatory organizations, and issue resolution,
ensuring no critical aspects are omitted.
Practicality and Operability: Indicators are
concise and clear, with data readily accessible
and calculable. They directly guide regulatory
practice, avoiding overly abstract or difficult-to-
quantify designs.
Dynamic Adaptability: The framework adapts to
evolving civil aviation developments and
regulatory requirements, allowing for flexible
adjustments and optimization to ensure long-
term applicability.
2.1.2 Indicator system architecture design
Safety Operations Status Indicators: Focus on
core safety conditions in civil aviation
operations, including statistics on aircraft
occurrences caused by jurisdictional
responsibilities, issues identified during
administrative inspections, the ratio of
jurisdictional issues to total industry issues, and
trends in the number of responsibility-related
unsafe incidents versus inspection workload over
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the past 13 months. These assess the regulatory
work's ability to capture real risks.
Regulatory Effectiveness Analysis Indicators
(Administrative Management Level): Reflect the
organization and execution of administrative
oversight work, including process-oriented
metrics such as inspection workload, number of
issues identified, and timely rectification
completion rate by enterprises. Utilize the "Four
Elements and Twelve Points" analytical
framework to identify critical issues, with a
focus on efficiency indicators like document
processing time and enforcement of
administrative penalties.
Regulatory Effectiveness Analysis Indicators
(Professional Oversight Level): Evaluate the
quality of regulatory work from a technical
perspective, covering foundational metrics such
as inspection workload, per-capita inspection
volume, and issue detection rate. Key focus
areas include inspection coverage rates for
industry-specific recurring issues and zero-issue
detection rates. Additionally, incorporate
indicators such as the rate of timely rectification
completion by enterprises and the proportion of
inspection tasks handled by inspectors with over
five years of experience.
2.1.3 Indicator quantification and
standardization
Proportional Calculation Method: Calculates
proportional indicators such as the percentage of
issues identified and the percentage of incidents
involving responsibility-related safety hazards
across jurisdictions. This quantifies regulatory
effectiveness and safety risk levels across
regions, providing a basis for inter-regional
comparisons.
Trend Analysis Method: Compare trends in the
number of identified issues versus actual unsafe
incidents to assess the rationality of regulatory
resource allocation and the effectiveness of
oversight measures based on deviation levels.
Standardized Scoring Method: Convert diverse
metrics—such as inspection workload, problem
discovery rate, and rectification completion
rate—into uniform standardized scores. This
eliminates dimensional differences, facilitating
horizontal regional comparisons and vertical
time-series tracking.

2.2 Comprehensive Evaluation Methods
2.2.1 Quantitative analysis method
Data-centric approach employing mathematical
and statistical tools to quantify regulatory

effectiveness. Includes statistical analysis of
foundational data (e.g., unsafe incident counts,
inspection workloads), trend analysis uncovering
patterns in regulatory data over the past 13
months, and data analytics leveraging big data
technology for deep mining of massive
regulatory datasets to precisely identify hidden
risk correlations and regulatory vulnerabilities.
2.2.2 Qualitative analysis methods
Focuses on non-quantifiable factors in regulatory
work to reveal the essence and root causes of
problems. Utilizes a "four elements, twelve
points" analytical framework to systematically
classify identified issues and track their evolving
trends; employs case studies involving in-depth
analysis of typical regulatory cases to summarize
lessons learned; and leverages expert interviews
to gather industry-specific insights and
recommendations, thereby enriching the
evaluation perspective.
2.2.3 Comprehensive evaluation model
Construct a comprehensive evaluation model
integrating qualitative and quantitative
approaches. It comprehensively reflects the
implementation and actual outcomes of
regulatory work through multi-indicator
comparisons. Dynamically set indicator weights,
flexibly adjusting them based on indicator
importance and changes in industry safety
conditions to avoid single-indicator dominance
in evaluation results. Establish a composite
scoring mechanism that calculates overall
evaluation scores by combining quantitative
indicator standard values with qualitative
analysis results. Implement a dynamic
adjustment mechanism to optimize evaluation
indicators and weight settings based on
regulatory work developments and practical
feedback.

3. Prominent Issues in Civil Aviation
Regulatory Audits

3.1 Audit Methods Remain Relatively
Traditional, with Room for Improvement in
Information Technology Adoption
Despite gradual digital transformation, overall
IT capabilities remain limited. Audits primarily
rely on traditional manual verification and
document cross-checking, with limited
application and depth in advanced technologies
like big data and artificial intelligence. Data
across civil aviation sectors is fragmented,
lacking a unified sharing platform. This hinders
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efficient data collection, organization, and
analysis, resulting in suboptimal audit efficiency
and accuracy, and impeding the swift
identification of hidden risks.

3.2 Insufficient Utilization of Audit Findings
and Inadequate Implementation of Corrective
Actions
There exists a tendency to prioritize auditing
over rectification and focus on investigation
rather than accountability. Some audited entities
pay insufficient attention to identified issues,
demonstrating passive attitudes toward
rectification and implementing vague measures.
Problems such as superficial, fake, or incomplete
rectifications persist, leading to recurring issues.
Furthermore, audit findings are not sufficiently
integrated with industry oversight, performance
evaluations, or personnel appointments.
Consequently, audit outcomes struggle to
translate into concrete actions that enhance
regulatory effectiveness or standardize industry
development, resulting in gaps in the closed-loop
management of rectification.

3.3 Insufficient Professionalism and
Unreasonable Structural Configuration of the
Audit Team
Civil aviation regulatory auditing demands
exceptional expertise, requiring auditors to
possess both solid auditing knowledge and
specialized aviation industry capabilities.
Current audit teams suffer from structural
imbalances and inadequate professional
capabilities, with some auditors struggling to
address complex operational scenarios and
specialized regulatory demands. Additionally,
the distribution of inspector experience is
uneven—both excessively high and excessively
low proportions of inspectors with over five
years of experience hinder regulatory work.
Furthermore, auditors lack sufficient innovation
capacity and big data application skills, making
it difficult to adapt to the demands of audit
digital transformation and precision regulation.

3.4 Uneven Regulatory Resource Allocation
Requires Enhanced Targeting and Quality
Significant disparities exist in inspection
workloads across different regulatory agencies.
Some agencies are overloaded with tasks,
leading to fragmented regulatory focus, while
others have insufficient workloads, resulting in
resource wastage. Overall resource allocation

efficiency remains low. Problem detection rates
fluctuate considerably across different
specialties and regions, revealing disparities in
inspection quality and indicating that some
inspections are merely perfunctory. Coverage of
frequently occurring industry issues falls short of
ideal levels, with insufficient oversight in key
risk areas. Persistent zero-problem findings in
certain standard operating procedures reflect
inadequate comprehensiveness in regulatory
planning, highlighting the need to enhance
inspection depth and meticulousness.

4. Optimizing Civil Aviation Regulatory
Audits

4.1 Innovate Audit Methods and Enhance
Digital Capabilities
Accelerate the informatization of audit systems
by establishing a data-sharing platform for civil
aviation regulatory effectiveness audits.
Integrate data across all sectors of the civil
aviation industry to achieve centralized
management, efficient sharing, and precise
analysis of audit data, thereby resolving issues
such as data fragmentation and collection
difficulties. Promote the application of advanced
technologies like big data and artificial
intelligence in audit work. Develop targeted
audit software and analytical models to enable
rapid screening, analysis, and early warning of
massive datasets, thereby enhancing audit
efficiency and accuracy.
Promote the deep integration of traditional and
IT-based audit methods. Innovate audit models
tailored to the operational characteristics of the
civil aviation industry, conducting audits that
combine online and offline approaches. Explore
the deep application of new technologies in
regulatory auditing, building an intelligent
regulatory audit platform to achieve real-time
risk alerts and dynamic monitoring, thereby
enhancing the scientific rigor and effectiveness
of audit work.

4.2 Strengthen the Application of Audit
Findings and Improve the Accountability
Mechanism for Rectification
Establish and improve an audit rectification
accountability system, clarifying the primary
responsibility of audited entities for rectification.
Require them to develop specific rectification
plans addressing identified issues, specifying
corrective measures, timelines, and responsible
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parties to ensure thorough resolution. Strengthen
follow-up inspections of rectification efforts,
conduct regular "look-backs" on progress,
maintain rectification tracking records, and issue
public criticism to entities with inadequate or
fraudulent rectification, compelling them to
rectify within specified deadlines.
Enhance accountability for audit findings by
linking them to performance evaluations, cadre
appointments, and industry oversight. Pursue
legal and regulatory accountability for violations
uncovered during audits, leveraging the deterrent
effect of audit oversight. Establish a mechanism
to evaluate the effectiveness of corrective
actions, analyze the efficacy of remedial
measures, and create a closed-loop management
system: "Identify issues → Urge rectification →
Assess outcomes → Optimize oversight."
Enhance the application of audit outcomes by
summarizing best practices and case studies
from audit work. Develop targeted policy
recommendations addressing industry pain
points and challenges to drive improvements in
civil aviation regulations and oversight processes.

4.3 Strengthen Team Development and
Optimize Resource Allocation
Optimize the personnel structure of the audit
team by recruiting multi-skilled professionals
with expertise in both civil aviation and auditing
to bolster audit capabilities. Improve the
structure of the inspectorate by establishing a
"mentor-mentee" training mechanism where
experienced inspectors guide younger staff,
accelerating their professional development.
Implement a job rotation system for inspectors to
broaden practical experience and enhance
comprehensive operational competencies.
Enhance training for existing auditors through
systematic, regular programs covering civil
aviation laws and regulations, industry standards,
operational procedures, audit expertise, and big
data applications. This will elevate their
professional competence, overall literacy, and
problem-identification skills. Establish a
scientific evaluation system for auditors,
incorporating audit quality, professional
capability, work effectiveness, inspection quality,
issue detection rate, and rectification follow-up
outcomes into performance assessments to
stimulate team vitality. Establish an experience-
sharing mechanism for inspectors, encouraging
outstanding inspectors to share practical insights
and inspection techniques to elevate the overall

professional level of the regulatory team.
Employ scientific algorithms to analyze regional
safety risk levels and operational characteristics,
enabling rational task allocation that balances
workloads across regulatory bodies and
optimizes resource utilization. Implement a
dynamic resource adjustment mechanism to
promptly realign allocations based on industry
developments and evolving risks, ensuring
regulatory focus on high-risk areas. Conduct
oversight evaluations of inspection processes
and outcomes to drive quality improvements.

4.4 Enhance Targeted Oversight and Refine
Indicator Systems
Establish a database of high-frequency industry
issues, comprehensively collecting and
statistically analyzing recurring safety problems
while tracking their evolving trends in real time.
Increase inspection coverage for high-frequency
issues, adjust oversight plans and inspection
priorities to ensure regulatory efforts precisely
address potential risks. Re-evaluate issues with
long-term zero-detection rates, optimize
inspection processes and methodologies, deepen
inspection thoroughness, and eliminate
regulatory blind spots.
Continuously refine the regulatory audit
indicator system. Adjust indicator content and
weighting settings in response to safety risks
posed by new business models and emerging
trends in civil aviation, as well as evolving
regulatory demands. Ensure the system's
dynamic adaptability and practical applicability.
Strengthen international exchange and
cooperation on regulatory audit practices,
incorporating advanced foreign concepts and
models while aligning with China's civil aviation
development realities to enhance the system's
scientific rigor and comprehensiveness.

5. Conclusion
As the "immune system" of the industry
governance framework, civil aviation regulatory
effectiveness audits bear the core mission of
verifying the efficient allocation of regulatory
resources and the substantive implementation of
safety responsibilities. Based on current
regulatory practices, this paper's empirical
analysis reveals that despite the maturity of
China's civil aviation regulatory system, it
remains constrained by the dual challenges of
"data silos" and "reliance on experience." Issues
exposed during audits—such as structural gaps
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in the inspectorate, homogenized inspections
that become mere formalities, and inadequate
rectification and accountability—fundamentally
reflect the lagging mismatch between the current
regulatory model and emerging industry
dynamics and risks.
In response, the optimization strategies proposed
herein extend beyond technical fixes to advocate
for a systemic reshaping of the regulatory
ecosystem. On one hand, it is essential to
advance the generational upgrade of audit tools,
leveraging information platforms to break down
data barriers and establish data profiling as a
hard benchmark for identifying hidden risks and
evaluating regulatory quality. On the other hand,
the underlying logic of resource allocation must
be reconfigured, dynamically deploying
regulatory forces based on actual risk profiles
across regions and specialties to shift from a
"scattergun approach" to "targeted precision."
Ultimately, enhancing regulatory effectiveness
hinges on the deep integration of "people" and
"systems." Building a tiered team of
multidisciplinary talent and institutionalizing the
rigorous application of audit findings can
effectively stimulate the inherent dynamism of
the regulatory system. At this critical stage of
building a strong civil aviation nation, only by
continuously deepening regulatory effectiveness
audit reforms, strengthening oversight of power,
and enhancing risk early warning can we truly
safeguard the steady and far-reaching
development of the civil aviation industry,
achieving a virtuous cycle between high-level
safety and high-quality development.

Reference
[1] Stolzer, A. J., Sumwalt, R. L., & Goglia, J. J.

(2023). Safety management systems in
aviation. CRC Press.

[2] Abeyratne, R. (2020). Aviation and
Telecommunications in the Digital World.
In Aviation in the Digital Age: Legal and

Regulatory Aspects (pp. 151-171). Cham:
Springer International Publishing.

[3] Branch, A. A. I. (2018). Annual Safety
Review 2017. Crown Copyright.

[4] Li, G., Xue, Y., Zheng, X., Yang, S., Shao,
M., & Li, Z. (2025). Study on the Influence
Mechanism of the Development of China's
Civil Aviation Transport Industry on the
Upgrading Of Industrial Structure. Journal
of Intelligence Technology and Innovation,
3(1), 24-44.

[5] Souza Dias Garcia, J. (2024). The elements
of governance and their association with
aviation safety oversight effectiveness.

[6] Mustafaev, M. G., Mustafaeva, D. G., &
Mustafaev, G. A. (2020, February). The
Regulatory Framework in the Organization,
Management and Production Efficiency. In
IOP Conference Series: Materials Science
and Engineering (Vol. 753, No. 8, p.
082014). IOP Publishing.

[7] Souza Dias Garcia, J. (2024). The elements
of governance and their association with
aviation safety oversight effectiveness.

[8] Gilbert, T., Lamont, J., & Bell, A. (2025).
Aviation Safety Oversight System Tools,
Technologies, and Techniques.

[9] Eilstrup-Sangiovanni, M. (2022). Ordering
global governance complexes: The evolution
of the governance complex for international
civil aviation. The Review of International
Organizations, 17(2), 293-322.

[10]Hu, Y. J., Yang, L., Cui, H., Wang, H., & Li,
C. (2024). Developing a balanced strategy:
A multi-objective model for emissions
reduction and development of civil aviation
in China. Energy, 307, 132597.

[11]El Asri, H., Tsiakalos, S., & Anakkar, K. T.
(2025). Driving Aviation Performance with
Knowledge Management Metrics and Key
Performance Indicators: A Quantitative
Analysis. Journal of Knowledge
Management Practice, 25(2).

16 Journal of Safety Science and Engineering (ISSN: 3005-5814) Vol. 3 No. 1, 2026

http://www.stemmpress.com Copyright @ STEMM Institute Press




