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Abstract 

Commercial aviation accidents and incidents are more prevalent at the certain times of the day. Operational problems 

(e.g., night vision, flash blindness, black hole illusion, and reflection) faced by pilots while performing nighttime flights 

pose threats to flight safety. The present paper aims to examine the contributing factors to commercial aviation accidents 

occurred at night. In this paper, accident reports of 30 commercial airplane crashes occurred over the past five years were 

analyzed. The contributing factors of those accidents were examined by using HFACS (Human Factors Analysis and 

Classification System). The relative importance of the causal factors was determined. Literature reviews have indicated 

that no study has examined the causality of nighttime commercial aircraft accidents by using HFACS as a framework. It 

was found that physical environment was the most significant causal factor. Skill-based errors were second-highest 

contributing factors. Perceptual errors and decision errors were ranked as third-highest causal factors. We believe that our 

results may be useful for reducing the chances of human error and raising safety standards of commercial airline 

operations. 
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1. Introduction

Commercial aviation industry has undergone a 

tremendous growth after the first jet airliner     

British de Havilland Comet started to operate in 

1952 [1]. The last two decades has seen the rapid 

development of the commercial jetliner area. In 

2007, the largest jetliner in the World, Airbus A380 

entered into service which is capable of carrying 

more than 800 passengers [2][3]. In 2011, the first 

Boeing 787 was delivered to All Nippon Airways 

(ANA) [4]. In parallel with these recent 

developments in aviation, the safety records for 

commercial aviation have not shown an 

improvement. The number of commercial aircraft 
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crashes remains stubbornly high. A large and 

growing body of literature has investigated the  

causality of commercial aircraft accidents.  

A number of studies have revealed that there are 

several contributing factors affecting nighttime 

flight operations such as stress, anxiety, night 

vision, and flash blindness [5][6]. However, to the 

best of authors knowledge, there have been no 

report so far examining the causality of commercial 

airplane accidents occurred at night by using 

HFACS as an analytical framework. 

 

1.1. Commercial Air Carrier Accidents 

 

Investigating commercial air carrier accidents is 

a major area of interest within aviation industry. 

Recent catastrophic events in commercial aviation 

have heightened the need for the comprehensive 

analysis of past events (e.g., mishaps, incidents, and 

accidents) [7][8]. Recent evidence suggest that 

accident statistics recorded an increase in the 

number of accidents over the previous five years 

[9].  

It has been reported that several contributing 

factors including weather, system/equipment 

malfunction, human error, and organizational 

factors give rise to accidents and incidents in 

commercial aviation [10] as well as in general 

aviation [11]. Among these contributing factors, 

human error is associated with the largest portion of 

commercial air carrier accidents (more than 75%) 

[12][13][14].  Upon closer examination of human 

factors, pilots are subject to several external 

conditions such as stress, hypoxia, circadian rhythm 

disruptions, venous thromboembolism which 

impede their performance and may give rise to 

errors, violations made by pilots and unwanted 

occurrences (e.g., near-miss, accidents and hull-

loss) [15][16][17].  

Among the above-mentioned preconditions 

which result in errors and violations, operational 

problems experienced by pilots while performing 

flight operation at night are at the heart of our 

understanding of causality of nighttime operations. 

According to the NTSB aviation accident database, 

16 of the 1013 commercial air accidents occurred at 

night (Table-1). 

 

 

Table 1. Number of nighttime accidents over the 

past five years [18] 

Type of Operation Accident Incident 

Part 121: Air Carrier 16 13 

Part-91: General Aviation 849 10 

Part 135: Air Taxi &Commuter 76 8 

Part 103: Ultra-Light 0 0 

Part 129: Foreign  3 2 

Part-137: Agricultural 21 0 

Part 125: 20+ Pax, 6000+ lbs. 1 0 

Part 133: Rotorcraft Ext. Load 5 0 

Non-US, Commercial 2 1 

Others 40 15 

All 1013 49 

 

 

1.2. Night Flight 

 

Night flying is one of the normal phases of flight. 

Aircraft systems (e.g., hydraulics, avionics, and 

bleed systems) are capable of functioning within 

normal parameters day and night. However, pilots 

are affected negatively by some challenging 

conditions (e.g., adverse physiological states such 

as night vision difficulties, spatial disorientations, 

circadian rhythm disruptions, and fatigue) [19][20] 

and environmental states such as night illusions, 

lack of ground aids and lighting systems [21][22].  

Furthermore, it has been claimed that pilots 

experience heavy workload, reduced situational 

awareness (SA) and they have poor performance in 

night conditions [23][24]. Leland suggested that 

annually around 16% of general aviation crashes 

occurs due to spatial disorientation and loss of SA 

and he added 90% of these crashes result in fatality 

[25]. All these difficulties caused increased single 

pilot IFR nighttime accident rate by almost eight 

times compared to daytime accident rate [26]. 

In 1999, Khatwa and Helmreich analyzed all 

worldwide Approach and Landing Accidents 
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between 1980-1996. They found that the accident 

rate at night was almost threefold of those at 

daytime [27]. They also found in the same study, at 

least 25 percent of all accidents happened due to 

lack of ground aids. In spite of visual ground aids 

(e.g. precision approach path indicator and visual 

approach slope indicator) pilots experience visual 

spatial disorientations such as black hole illusion 

(BHI)[23]. In 2007, Gibbs mentioned that pilots, 

who experienced BHI, are tend to descent deeper 

and fly the approach lower than normal which may 

result in an inadvertent flight into terrain (CFIT) 

[28]. 

 In another study, it has been suggested that 

flight rules are different for day and night and flying 

under visual flight rules (VFR) at night is more 

dangerous than flight under the instrument flight 

rules (IFR) due to lack of visual performance [25]. 

All these studies have proved that night flight needs 

more concentration and attention as well as good 

planning. 

 

1.3. HFACS Model 

 

HFACS is an analytical framework to 

investigate accidents and incidents not only in 

aviation[29][30][31], but also in maritime [32], 

healthcare [33], and railway industries [34]. 

HFACS model is attracting widespread interest 

due to its applicability to accidents and incidents.  

It is a comprehensive framework that includes 

four levels (Level-1: The unsafe acts, Level-2: 

Preconditions for unsafe acts, Level-3: The unsafe 

supervision, and Level-4: Organizational 

influences). It uses taxonomies of active (Level-1 

and Level-2) and latent failures (Level-3 and Level-

4). Namely, the contributing factors of accidents 

and incidents are classified under four levels and 

nineteen subgroups (Figure 1). 
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Figure 1. The HFACS Framework 
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2. Methodology 

The data of commercial aircraft accidents 

occurred at night over the past decade was acquired 

from the NTSB accident and incident database. For 

the selection of accidents and incidents, the 

following criteria were used; 

 Type of Occurrence: Accident &Incident 

 Operation: Part121- Commercial Air Carrier 

 Aircraft Category: Airplane 

 Report Status: Probable Causes 

 Injury Severity: Fatal & Non-fatal 

 

It was decided that the best method to adopt for 

this study was to use codes. Coding of contributing 

factors was carried out by using two codes (0 was 

used for the absence and 1 for the presence of the 

subheadings of the HFACS framework). Only 

contributing factors identified by NTSB were used 

for the analysis. The data analysis was 

accomplished by implementing an excel 

spreadsheet.  

3. Results and Discussion 

In this study, we identified 67 contributing 

factors of 30 nighttime commercial air carrier 

accidents occurred over the past five years. 

Statistical results of this study are demonstrated by 

tables and graphics. Table 2 presents obtained 

statistical results.  

Our findings revealed that the majority (63,33%) 

of the accidents and incidents are associated with 

physical environment (e.g., severe turbulence, clear 

air turbulence, and wake turbulence) which is the 

most significant causal factor contributing to 

nighttime commercial air carrier accidents. This is 

very much in line with previous results [29].  It was 

also shown that the second significant (33,33%) 

contributing factor is skill-based errors. This is in 

complete agreement with previous findings 

[29][30].  

Contrary to expectations, we found that 

perceptual errors are associated with only 26,66 

percent of the nighttime commercial air carrier 

accidents. It is the third significant causal factor of 

accidents and incidents analyzed in this study. 

However, our results lend support to support 

previous findings in the literature [29]. We were 

surprised to find that only 3,33 percent of the 

accidents examined in this study is associated with 

adverse mental state such as distraction due to 

degraded sensory abilities (e.g., poor vision). This 

finding significantly differs from previous results 

reported in the literature [29].  

Table 2. The percentages of contributing factors by 

HFACS 

HFACS 

Sub-categories 
Frequency 

% of all 

accidents 

Decision Error (L1) 8 26,66 

Skill-Based Error (L1) 10 33,33 

Perceptual Errors (L1) 8 26,66 

Routine Violations (L1) 2 6,66 

Exceptional Violations 

(L1) 
5 16,66 

Physical Environment (L2)  19 63,33 

Technological 

Environment (L2) 
4 13,33 

Adverse Mental State (L2)  1 3,33 

Adverse Physiological 

State (L2) 

 

1 

 

3,33 

Physical/ 

Mental Limitations (L2) 
1 3,33 

CRM (L2) 6 20 

Personal Readiness (L2) 0 0 

Inadequate Supervision 

(L3) 
1 3,33 

Planned inappropriate 

Operations (L3) 
0 0 

Failed to correct a known 

problem (L3) 
0 0 

Supervisory Violations 

(L3) 
0 0 

Resource Management 

(L4) 
1 3,33 

Organizational Climate 

(L4) 
0 0 

Organizational Process 

(L4) 
0 0 

Total 67 100,0 

Note: L1, L2, L3, and L4 denote levels of subcategories in the 

HFACS framework. 
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We believe that the rate of nighttime commercial 

aircraft accidents due to perceptual errors is lower 

than those of general aviation aircraft accidents 

since the commercial jetliners are equipped with 

advanced aircraft systems (e.g., ground proximity 

warning systems, traffic collision avoidance 

systems). These advanced systems help pilots to 

prevent errors due to night illusions, spatial 

disorientations, and night vision difficulties. 

Most of the accidents (N=16) examined in this 

study occurred during descent (26,7%) and ground 

operation (26,7%) (Figure 2). Furthermore, number 

of occurrences (N= 5, 16,6%) during the approach 

and landing that confirmed out findings was 

appreciable. This number is slightly lower than the 

value we expected because of the same reason as we 

discussed above for the low rate of perceptual 

errors.   

  

 

Figure 2. Phase of flight when occurrences 

happened 

 

Figure 3. Nighttime Commercial Air Carrier 

Accidents Injury Statistics 

The pie chart above shows the percentages of 

injuries and fatalities in accidents investigated in 

this study. 43 percent of accidents contributed to 

injuries. The most remarkable result emerge from 

the data is that there were no fatalities in these 

accidents (Figure 3). 

 

Figure 4. Number of occurrences per year and 

annual number of injuries 

The majority of the accidents (N=10) and incidents 

occurred in 2016. The number of accidents and 

injuries have shown a decrease over the past five 

years (Figure 4). 

4. Conclusion 

This study set out to determine the contributing 

factors of nighttime commercial air carrier 

accidents. To the best of our knowledge, no study 

has examined examining the causality of 

commercial air carrier accidents and incidents 

occurred at night. 

In summary, we were able to demonstrate that 

the most significant contributing factors of 

nighttime commercial air carrier accidents were 

physical environment, skill-based errors, and 

decision and perceptual errors in descending order. 

The results of this investigation show that there are 

several causal factors underlying nighttime 

commercial air carrier accidents and they did not 

occur just due to perceptual errors.   

This work adds to a growing body of literature 

on HFACS and nighttime accidents. Further 

research might investigate the causality of nighttime 

general aviation accidents.  

The present findings might help to have 

important implications for preventing similar 

occurrences in the future. 
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