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Abstract: In the post-COVID-19 era, Indonesia’s aviation industry faces two major human
resource challenges: pilot shortages and technician fatigue. High costs of type
rating have left many pilot graduates unemployed despite strong airline demand,
while long working hours increase maintenance fatigue risks that threaten flight
safety. This study aims to analyse the safety risks arising from pilot shortages and
technician fatigue in Indonesia’s post-pandemic aviation industry and to identify
relevant policy implications from a human factors perspective. This study applies
a qualitative descriptive approach, drawing on secondary data from official reports,
academic publications, and aviation regulations, complemented by brief
stakeholder interviews. While previous studies generally address pilot shortages
and technician fatigue separately, this research integrates both issues within the
Indonesian post-pandemic context. The findings reveal strong links between
structural barriers, such as high training and certification costs, and operational
risks, such as fatigue, which together create a significant aviation safety gap. Policy
recommendations include expanding access to type rating programs, enforcing
Fatigue Risk Management Systems (FRMS), and strengthening technician
certification standards. This integrative analysis contributes a novel perspective to
aviation safety literature and offers actionable strategies to support Indonesia’s
post-pandemic aviation recovery.

Keywords: aviation safety, human factors, fatigue risk management, pilot shortage,
technician fatigue

Introduction

The aviation industry is a strategic sector that supports human mobility, logistics distribution,
and global connectivity. Its sustainability, however, relies heavily on the availability of qualified human
resources, particularly pilots and aircraft maintenance technicians (Dube, 2022; Garcia et al., 2018;
ICAOQ, 2022; National Research Council 2002; Shanmugam & Paul Robert, 2015; Tiftik & Yakupoglu,
2023). In the post-COVID-19 era, both the global and Indonesian aviation industries face a severe
human resource crisis, especially the shortage of pilots and the rising risk of technician fatigue
(Adrienne et al., 2020; Cao et al., 2024; Mizzi et al., 2024; Stolzer et al., 2023). As noted in field reports,
“behind the cockpit, the human resource crisis threatens aviation safety” (Darjono, 2025; Darjono et al.,
2025). This crisis did not emerge suddenly but was rooted in operational downsizing, layoffs, and
suspended training programs during the pandemic, while the recovery of flight demand has not been
matched by sufficient numbers of trained personnel.
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Industry projections further confirm the urgency. Boeing forecasts that the Asia-Pacific region
will require hundreds of thousands of new personnel in the next two decades, including approximately
248,000 pilots and 268,000 technicians by 2035 (Boeing, 2023). In the United States, demand for
127,000 new pilots is expected between 2023 and 2042 (Erenay et al., 2024). These projections
highlight the acute human resource needs in both Indonesia and globally (Adanov et al., 2020; Cahyadi
et al., 2022; Demirok et al., 2025; Dinger & Yirmibesoglu, 2024; Keller et al., 2020; Supardam et al.,
2025). Training costs exacerbate the challenge, as type-rating transitions directly increase expenses,
while global industry trends indicate rising professional training fees (Cao et al., 2024; Valenta, 2018).

Internally, Indonesian technicians are also confronted with fatigue-related challenges. A study of
maintenance, repair, and overhaul (MRO) companies revealed that even with a new 7-hour shift system,
26% of technicians still reported fatigue and difficulty concentrating, particularly during the fifth
consecutive night shift (da Silva et al., 2024a; da Silva et al., 2024b; Li & He, 2024). Further, research
at Gadjah Mada University (UGM) found that work—life imbalance accounted for 56.5% of workplace
stress among technicians (Pradana et al., 2023).

These conditions underscore that Indonesia’s post-pandemic human resource problems involve
not only quantity but also quality and sustainability. A comprehensive policy approach, grounded in
human factors, is essential for ensuring a safe and sustainable recovery of the national aviation industry.

Ironically, in Indonesia, “hundreds of fresh graduate pilots remain unemployed because they
cannot afford type rating costs, which may reach IDR 1.2 billion” (Darjono, 2025). A type rating is a
prerequisite for operating specific aircraft types used by airlines. At the same time, technicians work
under intense pressure and tight maintenance deadlines. This combination, coupled with extended work
hours, increases fatigue risks (ICAQO, 2022). Reports note that “around 20% of aircraft accidents in the
United States between 1990 and 2020 were linked to technician errors caused by fatigue” (Darjono,
2025).

These findings confirm that pilot shortages and technician fatigue are not merely employment
issues but fundamental aviation safety concerns (Caldwell, 2005; Lee & Kim, 2018; Li & He, 2024;
Miller et al., 2023; Nunes & Cabon, 2015; Olaganathan et al., 2021). Pilot shortages may disrupt
operational balance, resulting in inefficient flight schedules and increased workload for available pilots,
while technician fatigue may compromise maintenance quality and elevate the risk of technical failures.
This aligns with the principles of human factors in aviation safety, where human limitations are key
determinants of accident risk. Against this background, this study analyzes post-pandemic human
resource challenges in Indonesia’s aviation sector, focusing on two central issues: pilot availability and
technician fatigue. It further aims to formulate policy recommendations and mitigation strategies to
strengthen national aviation safety and resilience.

In modern aviation safety systems, human factors remain a crucial element despite continuous
technological advancements. Aviation safety depends not only on technical aspects such as aircraft
condition or weather, but also on the physical, mental, and professional competence of aviation
personnel (Cahill et al., 2020; Cheng & Shyur, 2025; Stolzer et al., 2023; Vural, 2023). Scholars
emphasize that more than 70% of global aviation incidents in the last decade involved human factors
(Hobbs, 2008; Shappell et al., 2017), both in the cockpit and in aircraft maintenance. A recent
bibliometric analysis also reported a surge in aviation-related human factors publications in 2023,
reflecting growing academic attention to this issue (Tuncal & Altintas, 2025).

Since the COVID-19 pandemic, the pilot shortage has emerged as a global phenomenon. The
recovery of air traffic demand has not been matched by a sufficient supply of qualified pilots (ICAO,
2022). Boeing’s Pilot and Technician Outlook 2023—2042 projects the need for approximately 649,000
new pilots worldwide, with the Asia—Pacific region as the region with the highest demand. In Indonesia,
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the high cost of additional training, such as type rating, approximately IDR 1.2 billion, creates a
significant barrier for aviation school graduates seeking immediate industry entry (Darjono, 2025).

Fatigue is another critical issue, affecting not only pilots but also technicians. The Federal
Aviation Administration (FAA, 2022) notes that fatigue impairs concentration, decision-making, and
motor coordination among aircraft technicians. It further reports that technicians working more than 12
hours per shift face a 2.5 times higher risk of errors. The National Transportation Safety Board (NTSB)
documented that around 20% of U.S. aviation accidents between 1990 and 2020 were directly linked to
technician errors caused by fatigue (da Silva et al., 2024a).

International literature continues to expand the empirical evidence on fatigue and operational
risk. Sieberichs, Corrigan, and McDonald analyzed over 16,000 safety reports and found that fatigue-
related events were more frequently reported anonymously, with contributing factors such as inadequate
rest and poor hotel environments (Sieberichs et al., 2024). A study in Safety Science (2024) revealed
that 52.9% of aircraft maintenance technicians experienced fatigue, which correlated positively with
drowsiness and workload, while also reducing quality of life. Current regulations, however, remain
focused primarily on flight crews and insufficiently address technicians (da Silva et al., 2024a).
Similarly, research in the International Journal of Aviation, Aeronautics, and Aerospace reported that
aviation maintenance students often experience fatigue, despite being aware of its risks for safety
(Zimmermann et al., 2022).

A number of aviation authorities have begun strengthening regulations related to fatigue risk
management. The FAA encourages the integration of Fatigue Risk Management Systems (FRMS)
within the broader Safety Management System (SMS) (FAA, 2022). Indonesia’s Directorate General
of Civil Aviation (DGCA) has issued a draft FRMS guideline (2025) adopting a SMART approach,
specific, measurable, achievable, realistic, and time-bound, as a complement to existing Flight Duty
Time Limitation (FDTL) procedures (DGCA, 2025). Meanwhile, the European Cockpit Association
(ECA) reported that three out of four pilots had experienced microsleep episodes in the four weeks
leading up to peak season, highlighting the high level of fatigue among European pilots (Association,
2023).

From this body of evidence, it is clear that aviation safety cannot be separated from the interplay
of human factors, pilot shortage, and fatigue. However, the literature has yet to thoroughly explore the
interconnection of these aspects, particularly within Indonesia or other developing countries. This
underscores the importance of studies that integrate these dimensions to inform effective and context-
specific aviation safety policies and strategies.

Methods

This study employs a qualitative approach (Creswell & Plano Clark, 2023; Creswell & Poth,
2016; Moleong, 2017; Subrahmanyam, 2025; Sugiyono, 2014) with a descriptive analysis method to
examine the shortage of pilots and the risk of aircraft technician fatigue in Indonesia’s post-COVID-19
context. This approach was chosen because it enables the researcher to gain an in-depth understanding
of the relationship between human resource factors and aviation safety by relying on the interpretation
of narrative and contextual data.

The data were drawn from two main sources: secondary and primary. Secondary sources included
official reports from international and national aviation organizations such as Boeing Pilot and
Technician Outlook (2023), Global Aviation Safety Plan (ICAO, 2022), and Fatigue Risk Management
Systems (FAA, 2022). Recent academic publications on human factors and aviation safety, such as those
by da Silva and others, also provided key references. In addition, the Civil Aviation Safety Regulation
(CASR) was used to understand the national regulatory framework. Primary data were obtained through
brief interviews with pilot instructors, aircraft technicians, and regulatory officials, which offered direct
insights into field conditions.
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Data collection was conducted through document analysis, interviews, and the review of news
reports and popular articles, including coverage from Kompasiana that provided field perspectives and
public opinion (Darjono, 2025). Data were analyzed using content analysis through thematic coding to
identify key issues such as pilot shortage, type rating barriers, technician fatigue, and aviation safety
implications. Triangulation was employed by comparing data from multiple sources to ensure validity,
while comparative analysis was used to assess the similarities and differences between conditions in
Indonesia and global trends reported by ICAO, Boeing, and FAA.

This study is limited to the post-pandemic period (2022-2024) and does not include a detailed
quantitative analysis of aviation accident or incident data. Nevertheless, the findings are expected to
serve as a foundation for policy recommendations and mitigation strategies for the government, airlines,
and aviation training institutions in ensuring the sustainability of a reliable human resource base in
Indonesia’s aviation industry.

Discussion
1. The Gap Between Pilot Demand and Availability

The analysis of data indicates that in the post-COVID-19 period, the demand for pilots in
Indonesia has risen sharply alongside the recovery of the aviation industry. Boeing’s Pilot and
Technician Outlook 2023—2042 projects the need for approximately 649,000 new pilots globally, with
the Asia—Pacific region accounting for 41% of total demand. This projection places Indonesia in a
critical position, as it is one of the largest aviation markets in Southeast Asia (Boeing, 2023). The trend
highlights a serious challenge for Indonesia in bridging the gap between industry needs and the
availability of qualified human resources.

Paradoxically, field observations reveal that hundreds of flight school graduates remain
unemployed because they cannot afford the type rating, which costs around IDR 1.2 billion (Darjono,
2025). Interviews with representatives of pilot training schools revealed that, on average, only 60—80
graduates per year are administratively eligible, yet not all are absorbed by airlines due to the absence
of a type rating. One graduate noted:

“I graduated in 2022, but I still haven'’t flown because I cannot take the type rating.
The cost is too high, reaching up to 1.2 billion rupiah.” (Interview, March 2025)

This situation indicates a bottleneck between basic pilot training and initial operational readiness,
which ideally should be supported by affordable advanced training systems. Without systemic
interventions such as subsidies or innovative financing schemes, graduates will continue to
accumulate while airlines remain short of cockpit crews.

The problem is compounded by the limited number of national airlines offering scholarships or
bonding systems for prospective pilots. Such economic pressures not only create recruitment
bottlenecks but also extend the “time to cockpit” for new graduates (Sieberichs et al., 2024). However,
the reality on the ground reveals a paradox: hundreds of flight school graduates are unemployed
because they cannot afford the high cost of a type rating (Darjono, 2025). This situation demonstrates
a structural gap between the number of graduates and the number of pilots ready for operations. In
contrast, countries such as Malaysia and Vietnam have successfully reduced this bottleneck through
Cadet Pilot Sponsorship Programs run by major airlines, while Indonesia still lacks similar incentives
(Valenta, 2018).

This structural gap has long-term implications. Although Indonesia has one of the fastest-growing
aviation markets, the shortage of ready-to-fly pilots hampers the expansion of domestic airlines.
Recent bibliometric studies also confirm that research on pilot shortage has increased significantly in
the post-pandemic period, reflecting its growing status as a global research agenda (Tuncal & Altintas,
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2025). The prolonged time-to-cockpit for graduates risks slowing the expansion of domestic airlines,
with some Southeast Asian carriers reportedly delaying the opening of new routes due to a lack of
qualified pilots.

2. Risks of Technician Fatigue in Aircraft Maintenance

Aircraft maintenance technicians represent the final line of defense in ensuring the airworthiness
of an aircraft. This vital role requires precision, high concentration, and accuracy in every maintenance
procedure. In reality, however, technicians often work under intense pressure due to tight maintenance
schedules, short turnaround targets, and the limited number of certified personnel. These factors
directly contribute to increased fatigue risks. Field data and interviews with technicians further reveal
that heavy workloads, extended shifts, and the pressure to meet on-time performance targets
exacerbate fatigue. One technician at a national airline noted:

“We often have to work 12 hours or more. If there is an AOG (Aircraft on Ground), we
may be kept until late at night, and sometimes we have to return the next morning.”
(Interview, February 2025)

According to the Federal Aviation Administration (FAA, 2022), technician fatigue reduces
alertness, slows decision-making, and increases the likelihood of critical errors. Research by Silva and
Santos reinforces this finding, showing that technicians working more than 12 hours per shift are 2.5
times more likely to make mistakes compared to those working within regulatory limits (da Silva et
al., 2024a; da Silva et al., 2024b). International evidence is consistent: in the United States, around
20% of aviation accidents between 1990 and 2020 were directly linked to technician fatigue-related
errors. This underscores that fatigue is not merely a workforce health issue but a serious aviation safety
concern.

The Indonesian context presents additional complexities. The shortage of certified technicians
compels operators to overutilize existing personnel, making long working hours difficult to avoid. A
recent study in Safety Science found that 52.9% of aircraft maintenance technicians suffer from
chronic fatigue, which significantly affects quality of life, work motivation, and technical error rates
(da Silva et al., 2024a). Similar findings at Gadjah Mada University (Pradana et al., 2023) revealed
that work—life imbalance is a major contributor to technician stress, which in turn worsens fatigue
conditions.

The implications of this phenomenon are critical. Technician fatigue can result in maintenance
errors that remain undetected until the aircraft is back in operation, thereby creating potential safety
risks. Consequently, fatigue risk management, through the implementation of Fatigue Risk
Management Systems (FRMS), stricter supervision of work-hour regulations, and the expansion of
certified technician numbers, has become an urgent necessity to ensure the sustainability of aviation
safety standards in Indonesia.

3. Implications for Aviation Safety

The combination of pilot shortages and technician fatigue creates a dangerous safety gap. Pilot
scarcity leads to tighter scheduling and reduced rest periods, particularly in low-cost carriers with high
utilization rates. At the same time, technician errors caused by fatigue are not always detected during
final inspections, posing risks of incidents once the aircraft is already airborne.

In Indonesia, the availability of detailed technical incident data in the public domain remains
limited, a condition that is not unique and has also been observed in other aviation systems with
confidential reporting mechanisms (ICAO, 2022; Stolzer et al., 2023). Previous studies in aviation
safety have noted that operational pressures, such as schedule adherence and resource constraints, may
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influence safety-related decision-making when organizational safety culture is insufficiently mature
(Hobbs, 2008; Shappell et al., 2017).

In this context, insights from stakeholder interviews suggest that operational demands may at
times challenge the consistent application of safety principles. As one regulatory official noted,

“Regulations under the CASR framework are sufficient, but their implementation still
depends on the culture and commitment of airline management.”
(Interview, April 2025)

This observation aligns with safety management system (SMS) theory, which emphasizes that
effective safety performance depends not only on formal regulations but also on organizational culture,
leadership commitment, and reporting practices.

Both pilot shortages and technician fatigue carry serious implications for aviation safety, as they
are directly linked to human factors. From the pilot’s perspective, workforce shortages push airlines to
schedule tighter rosters to meet market demand, a condition that has been widely associated with
reduced rest opportunities and increased fatigue risk (ICAO, 2022; Lee & Kim, 2018). Empirical
evidence shows that insufficient rest periods significantly impair alertness and decision-making
performance in flight operations (Caldwell, 2005). A survey by the European Cockpit Association
revealed that three out of four European pilots experienced microsleep episodes in the four weeks
leading up to peak season (Association, 2023). Although this survey was conducted in Europe, similar
operational pressures related to pilot shortages and high aircraft utilization may potentially affect
Indonesian pilots if shortages are not addressed promptly. Cockpit fatigue is especially dangerous, as it
degrades concentration, situational awareness, and responses to emergencies.

On the other hand, fatigue among aircraft technicians creates equally serious risks, though often
less visible. Fatigued technicians may commit maintenance errors that remain undetected until after the
aircraft returns to operation, particularly in high-tempo maintenance environments with limited staffing
(FAA, 2022; Hobbs, 2008). Studies have shown that fatigue-related maintenance errors are more likely
to occur during extended shifts and night work, when vigilance and cognitive performance decline (da
Silva et al., 2024c). Research by Sieberichs et al. found that fatigue-related technician reports were
more frequently submitted through confidential reporting systems rather than official channels,
suggesting significant underreporting in formal safety statistics (Sieberichs et al., 2024). Consequently,
the actual safety risk associated with technician fatigue may be considerably higher than what is
reflected in official incident data.

This phenomenon aligns with human factors theory, which identifies human error as a dominant

contributor in more than 70% of global aviation incidents (Stolzer et al., 2023). The combination of
pilot shortages, technician fatigue, and weak regulatory oversight of working hours creates a substantial
safety gap. If left unaddressed, this gap could undermine the reliability of the national aviation system,
threaten industry reputation, and produce broader socio-economic consequences. For these reasons, the
issue warrants serious attention from regulators, airlines, and training institutions as part of a proactive
safety strategy.

4. Mitigation Strategies

Addressing the complexity of pilot shortages and technician fatigue requires mitigation strategies
that are comprehensive, collaborative, and grounded in human factors. These challenges cannot be
resolved through fragmented policies; rather, they demand synergy among government, airlines,
training institutions, and professional associations. One key priority is to expand access to type rating
programs. The high cost, reaching approximately IDR 1.2 billion per pilot candidate (Darjono, 2025),
creates a structural barrier that leaves many flight school graduates unemployed. The government
could adopt cadet program models applied in several countries, where training costs are borne by
airlines through bonding schemes, or implement public—private partnerships (PPP) involving
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government subsidies. Such initiatives would not only reduce the financial burden on individuals but
also ensure the steady supply of ready-to-fly pilots.

Fatigue risk management must also be strengthened through the consistent implementation of
Fatigue Risk Management Systems (FRMS) across airlines and maintenance operators. The DGCA
has proposed FRMS guidelines using the SMART approach, specific, measurable, achievable,
realistic, and time-bound, which, if effectively enforced, could reduce chronic fatigue among both
pilots and technicians (DGCA, 2025). These measures should be reinforced by strict oversight of duty
hours and minimum rest periods, as recommended by the FAA and EASA, to mitigate the risks of
overwork.

For technicians, strengthening training capacity through international certification is an urgent
need. Collaborations with global institutions such as the EASA Training Academy or the FAA’s
Aircraft Maintenance Technician (AMT) certification program would enhance the competitiveness
and competence of Indonesian technicians. With internationally recognized qualifications, technicians
could not only meet domestic needs but also access global employment opportunities. If implemented
in an integrated manner, these mitigation strategies would enable Indonesia not only to close the pilot
shortage gap and reduce technician fatigue but also to strengthen the resilience of its aviation safety
system and sustain industry growth in the post-pandemic era.

Conclusion

This study concludes that Indonesia’s post-COVID-19 aviation sector faces a critical human
resource, related safety gap driven by pilot shortages and technician fatigue. High costs and limited
access to type rating programs constrain the availability of qualified pilots, while excessive workloads
and extended duty hours increase fatigue among aircraft technicians, directly affecting maintenance
quality and aviation safety. The novelty of this study lies in its integrated analysis of these two human
factor issues within a single post-pandemic framework, demonstrating that structural training barriers
and fatigue-related risk management challenges jointly undermine national aviation safety. To address
this gap, the study recommends expanding access to type ratings through government support and
airline—training partnerships, enforcing Fatigue Risk Management Systems (FRMS) in accordance with
FAA and CASR standards, strengthening oversight of duty-hour and rest regulations, and enhancing
technician training through internationally recognized certification. These policy measures are essential
to reduce safety risks and support the long-term resilience of Indonesia’s aviation industry.
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