
 

 

 

 

ISTANBUL TECHNICAL UNIVERSITY  FACULTY OF AERONAUTICS AND ASTRONAUTICS 

FATIGUE RISK MANAGEMENT IN AVIATION 

GRADUATION PROJECT 

Zeynep Gözde ŞANLI 

 

 

 

Department of Astronautical Engineering 

 

Thesis Advisor: Prof. Dr. İbrahim ÖZKOL 

 

 

 

 

 

JUNE, 2021 



 

 

 

 

 

 

 

 

 

 

 

 



i 

 

 ISTANBUL TECHNICAL UNIVERSITY  FACULTY OF AERONAUTICS AND ASTRONAUTICS 

FATIGUE RISK MANAGEMENT IN AVIATION 

GRADUATION PROJECT 

Zeynep Gözde ŞANLI 

(110130249) 

 

 

Department of Astronautical Engineering 

 

Thesis Advisor: Prof. Dr. İbrahim ÖZKOL 

 

 

 

 

 

JUNE, 2021 

 



ii 

 

  

Thesis Advisor:  Prof. Dr. İbrahim ÖZKOL                          .............................. 

 İstanbul Technical University  

 

Jury Members:  Prof. Dr. Metin Orhan KAYA              ............................. 

İstanbul Technical University 

Asst. Prof. Hayri ACAR                          .............................. 

İstanbul Technical University 

 

 

 

 

 

 

 

Date of Submission: 14 June 2021 

Date of Defense:       28 June 2021    

 

 

Zeynep Gözde Şanlı, student of ITU Faculty of Aeronautics and Astronautics with student ID of 

110130249, successfully defended the graduation entitled “FATIGUE RISK MANAGEMENT 

IN AVIATION”, which she prepared after fulfilling the requirements specified in the associated 

legislations, before the jury whose signatures are below. 

 



iii 

 

 

 

 

 

 

 

 

 

 

 

 

To my family, 

 

 

  



iv 

 

 

 

 

 

FOREWORD 

In this thesis, the concept of fatigue, which is of great importance in aviation safety, and 

the fatigue risk management system are examined. 

I would like to thank my esteemed teacher Prof.Dr. İbrahim ÖZKOL, who made the 

greatest contribution to the realization of this study, and my family, whose support I 

always felt. 

 

June 2021                                                                                          Zeynep Gözde ŞANLI 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

Table of Contents 

  FOREWORD…………………………………………………………………………...iv 

  TABLE OF CONTENTS……………………………………………………………….v 

  ABBREVIATIONS …………………………………………………….....................viii 

  LIST OF TABLES……………………………………………………………………...ix 

  LIST OF FIGURES……………………………………………………………………..x 

  SUMMARY…………………………………………………………………………….xi 

  ÖZET…………………………………………………………………………………..xii 

1. INTRODUCTION .................................................................................................... 1 

2. RISK MANAGEMENT SYSTEM IN AVIATION ............................................... 4 

2.1 Risk Management Factors ....................................................................................... 4 

2.2 Assessing and Managing Risks ................................................................................ 8 

2.2.1 Risk Assessment Matrix ..................................................................................... 8 

2.2.2 Aeronautical Decision Making (ADM) ............................................................ 10 

2.2.2.1 Analytical Decision-Making .................................................................... 11 

2.2.2.2 Automatic Decision-Making .................................................................... 11 

2.2.2.3 3P Model .................................................................................................. 12 

2.3 Human Factors in Risk Management ................................................................... 12 

3. FATIGUE AND FATIGUE RISK MANAGEMENT IN AVIATION .............. 14 

3.1 Types of Fatigue ...................................................................................................... 14 

3.2 Causes of Fatigue .................................................................................................... 14 

3.2.1 Personal Factors ............................................................................................... 15 

3.2.1.1 Age ........................................................................................................... 15 

3.2.1.2 Gender ...................................................................................................... 15 



vi 

 

3.2.1.3 Marital Status ........................................................................................... 15 

3.2.1.4 Body-Mass Index ..................................................................................... 15 

3.2.1.5 Drug, Alcohol and Nicotine Use .............................................................. 16 

3.2.1.6 Nutrition ................................................................................................... 16 

3.2.1.7 Lack of Information ................................................................................. 16 

3.2.1.8 Sleep Disorders ........................................................................................ 16 

3.2.1.9 Health Condition ...................................................................................... 17 

3.2.2 Environmental Factors ..................................................................................... 17 

3.2.2.1 Weather Conditions .................................................................................. 17 

3.2.2.2 Interaction with Social Environment........................................................ 17 

3.2.2.3 Jetlag......................................................................................................... 17 

3.2.3 Factors Related to Work ................................................................................... 18 

3.2.3.1 Start and End Time of Work .................................................................... 18 

3.2.3.2 Length of Tenure ...................................................................................... 18 

3.2.3.3 Stress ........................................................................................................ 18 

3.3 Symptoms of Fatigue .............................................................................................. 19 

3.4 Fatigue Risk Management System........................................................................ 19 

3.4.1 Elements of Fatigue Risk Management System ............................................... 20 

3.4.1.1 Policy and Documentation ....................................................................... 20 

3.4.1.2 Fatigue Risk Management Processes ....................................................... 20 

3.4.1.2.1 Hazard Identification ............................................................................ 21 

3.4.1.2.2 Risk Assessment ................................................................................... 21 

3.4.1.2.3 Risk Mitigation ..................................................................................... 21 

3.4.1.2.4 Safety Assurance Processes ................................................................. 22 

3.4.1.2.5 Promotion Processes ............................................................................ 23 

3.4.2 Fatigue Measurement Methods ........................................................................ 23 

3.4.2.1 Fatigue Reporting Forms .......................................................................... 23 



vii 

 

3.4.2.2 Retrospective Surveys .............................................................................. 24 

3.4.2.3 Subjective Fatigue and Sleepiness Ratings .............................................. 25 

3.4.2.4 Objective Performance Measurement ...................................................... 26 

3.4.2.5 Monitoring Sleep ...................................................................................... 28 

3.4.2.5.1 Sleep Diaries ......................................................................................... 28 

3.4.2.5.2 Actigraphy ............................................................................................ 30 

3.4.2.5.3 Polysomnography ................................................................................. 31 

3.4.2.5.4 Monitoring the Circadian Body Clock Cycle ....................................... 32 

4. IMPLEMENTATION OF FATIGUE RISK MANAGEMENT SYSTEM FOR 

OPERATORS AND CURRENT STATE IN AVIATION INDUSTRY .................... 33 

4.1 Fatigue Risk Management System Implementation ........................................... 33 

4.1.1 Phases of FRMS Implementation ..................................................................... 34 

4.1.1.1 First Phase: Preparation ............................................................................ 34 

4.1.1.2 Second Phase: Trial .................................................................................. 35 

4.1.1.3 Third Phase: Launch ................................................................................. 35 

4.1.1.4 Fourth Phase: Maintain and Improve ....................................................... 36 

4.2 Current State in Aviation and Civil Aviation Authorities .................................. 36 

4.2.1 Some Worldwide Regulations .......................................................................... 38 

4.2.2 Accidents Due to Fatigue in Aviation .............................................................. 43 

5. CONCLUSIONS AND RECOMMENDATIONS ............................................... 49 
REFERENCES………………………………………………………………………...51 

APPENDICES………………………………………………………………………….53 



viii 

 

ABBREVIATIONS 

CRM         : Crew Resource Management 

DGR          : Dangerous Goods Regulations 

EASA        : European Aviation Safet Agency 

FAA           : Federal Aviation Administration 

FDP            : Flight Duty Periods 

FRM          : Fatigue Risk Management 

FRMS        : Fatigue Risk Management System 

IATA         : International Air Transportation Association 

ICAO         : International Civil Aviation Organization 

IFALPA    : International Federation Air Line Pilots Association 

JAA            : Joint Aviation Authorities 

KSS            : Karolinska Sleepiness Scale 

LAR           : Live Animals Regulations 

LOFT        : Line Oriented Flight Training 

NTSB         : National Transportation Safety Board 

Non-REM  : Non-Rapid Eye Movement 

PVT            : Psychomotor Vigilance Task 

REM           : Rapid Eye Movement 

 

 

 

  



ix 

 

LIST OF TABLES 

 

Page 

Table 2.1: Types of risk ............................................................................................... 7 

Table 4.1: Comparison of EASA and CAP 371 regulations based on working  

 hour requirements. ................................................................................... 39 

Table 4.2: Accidents related to fatigue ...................................................................... 45 

 

 

  



x 

 

LIST OF FIGURES 

Page 

Figure 2.1 Example of risk assessment matrix.. .......................................................... 9 

Figure 2.2 Safety risk tolerability. ............................................................................. 10 

Figure 3.1 Epworth Sleepiness Scale. ....................................................................... 24 

Figure 3.2 Karolinska Sleepiness Scale .................................................................... 25 

Figure 3.3 The Samn-Perelli Crew Status Check. ..................................................... 26 

Figure 3.4 Mean reaction time on a PVT .................................................................. 27 

Figure 3.5 In-flight sleep diary example……………………………………………29 

Figure 3.6 Actigraphy record of a crewmember……………………………………30 

Figure 4.1 Objectives of an airline operator and regulator on FRMS implementation 

process…………………………………………………………………………….....33 

Figure 4.2 Accident rates and onboard fatalities by years…………………………..43 

Figure 4.3 Accident rates per million flights between the years of 2015 and 2019...44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 

 

FATIGUE RISK MANAGEMENT IN AVIATION 

SUMMARY 

Over the years, the aviation sector, like other transportation sectors, has shown great 

development and change. Depending on this development, the need for the number of 

people working in the aviation industry has also increased. Although the number of 

employees has increased, the growth experienced in the sector has increased the burden 

on individuals during working hours. Increasing working hours also revealed the 

importance of the concept of fatigue. 

Intensive working hours and insufficient rest hours greatly affect aviation sector 

employees, especially pilots, and create a great risk in aviation. When considering the 

accidents in aviation, it is seen that most of them are caused by pilot error and one of the 

main reasons that cause the pilot to make wrong decisions is fatigue. 

Fatigue is a factor that causes a decrease in awareness, a decrease in mental and physical 

activities, and therefore negatively affects performance. Increased reaction time, reduced 

situational awareness, and attention delays may be observed due to fatigue. 

In this study, first chapter includes general short information about aviation industry and 

some sources which are used in this study are given. 

In the second chapter of the study, risk management concept of the aviation sector is 

explained briefly. Risk assessment matrix and Aeronautical Decision Making (ADM) are 

given in this section. 

In the third chapter of the study, types and causes of fatigue are given and then by entering 

the fatigue risk management system, the elements of this system, policy and 

documentation, risk management process are mentioned and some fatigue measurement 

methods are given. 

In the fourth chapter of the study, Fatigue Risk Management System Implementation for 

the operators are mentioned and current state in aviation industry is mentioned. Some 

fatigue related aviation accidents are also given in this section. 

At the end of the study, conclusion and recommendations are given. 
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HAVACILIKTA YORGUNLUK RİSK YÖNETİMİ 

ÖZET 

Yıllar içinde havacılık sektörü de diğer ulaşım sektörleri gibi büyük bir gelişim ve değişim 

göstermiştir. Bu gelişmeye bağlı olarak havacılık sektöründe çalışan insan sayısına olan 

ihtiyaç da artmıştır. Çalışan sayısı artmasına rağmen sektörde yaşanan büyüme mesai 

saatlerinde bireylerin üzerindeki yükü artırmıştır. Artan çalışma saatleri de yorgunluk 

kavramının önemini ortaya çıkarmıştır. 

Yoğun çalışma saatleri ve yetersiz dinlenme saatleri başta pilotlar olmak üzere havacılık 

sektörü çalışanlarını büyük ölçüde etkilemekte ve havacılıkta büyük risk oluşturmaktadır. 

Havacılıkta meydana gelen kazalara bakıldığında çoğunun pilot hatasından kaynaklandığı 

ve pilotun yanlış kararlar vermesine neden olan temel sebeplerden birinin yorgunluk 

olduğu görülmektedir. 

Yorgunluk, farkındalığın azalmasına, zihinsel ve fiziksel aktivitelerde azalmaya neden olan 

ve dolayısıyla performansı olumsuz etkileyen bir faktördür. Artan tepki süresi, azalan 

durumsal farkındalık ve yorgunluk nedeniyle dikkat gecikmeleri gözlemlenebilir. 

Bu çalışmada birinci bölümde havacılık sektörü hakkında genel kısa bilgiler verilmiş ve bu 

çalışmada kullanılan bazı kaynaklara yer verilmiştir. 

Çalışmanın ikinci bölümünde havacılık sektörünün risk yönetimi kavramı kısaca 

açıklanmıştır. Risk değerlendirme matrisi ve Havacılıkta Karar Verme (ADM) bu bölümde 

verilmektedir. 

Çalışmanın üçüncü bölümünde yorgunluğun türleri ve nedenleri verilmiş ve daha sonra 

yorgunluk risk yönetim sistemine girilerek bu sistemin unsurları, politika ve 

dokümantasyon, risk yönetim sürecinden bahsedilmiş ve bazı yorgunluk ölçüm 

yöntemlerine yer verilmiştir. 

Çalışmanın dördüncü bölümünde, operatörler için Yorulma Riski Yönetim Sistemi 

Uygulamasından bahsedilmiş ve havacılık sektöründeki mevcut duruma değinilmiştir. 

Yorgunluğa bağlı bazı havacılık kazaları da bu bölümde verilmiştir. 

Çalışmanın sonunda sonuç ve önerilere yer verilmiştir. 
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1. INTRODUCTION 

The aviation industry is known to be the one of the world’s safest transportation services 

and it is nevertheless significant to reduce risks which can affect flight safety. Human 

factors are known to have a very remarkable role in aviation safety and the human fatigue 

is considered to be the one of the most significant factors that affect flight crew and directly 

the flight safety.  

Earlier years of aviation industry, most of fatal accidents were caused by machine error, 

given as 80 percent of aircraft accidents. According to a statistical data given by BOEING 

in 2007, accidents caused by human error has become 80 percent of all aircraft accidents.  

The human error in aviation became a significant factor in flight safety and even it cannot 

be totally prevented, managing fatigue and its other effects on human behaviour is an 

important way to reduce risks and accidents.  

International Civil Aviation Organization defines crewmember fatigue as “A physiological 

state of reduced mental or physical performance capability resulting from sleep loss or 

extended wakefulness, circadian phase, or workload (mental and/or physical activity) that 

can impair a crew member’s alertness and ability to safely operate an aircraft or perform 

safety related duties” (ICAO, FRMS: Implementation Guide For Operators, 2011). 

Federal Aviation Administration (FAA) defines fatigue in Fatigue In Aviation Brochure as 

“Fatigue is a condition characterized by increased discomfort with lessened capacity for 

work, reduced efficiency of accomplishment, loss of power or capacity to respond to 

stimulation, and is usually accompanied by a feeling of weariness and tiredness.” (FAA, 

Fatigue in Aviation). 
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From the definitions of fatigue above, it is understood that it may affect crewmember and 

the flight in many ways. Causes of fatigue may vary, however lack of sleep and rest hours 

have a lot more effect than the other causes of it. Moreover, working hours which does not 

fit circadian rhythm leads pilot and other crewmember to show the negative effects of 

fatigue.  

Fatigue leading fatal or non-fatal accidents gave rise to Fatigue Risk Management Systems 

(FRMS) to occur in aviation industry. Fatıgue Rısk Management System is defined as “A 

data-driven means of continuously monitoring and managing fatigue-related safety risks, 

based upon scientific principles and knowledge as well as operational experience that aims 

to ensure relevant personnel are performing at adequate levels of alertness” by ICAO. A 

FRMS is a set of methods to reduce fatigue and fatigue-related safety risks.  

 Within the scope of the study, fatigue in the aviation industry is a risk to be 

managed. It was emphasized that the previous studies on this subject were 

mentioned. In this study information from different sources were used; 

 Academic Search Engines (i.e www.sciencedirect.com, 

www.researchgate.net),  

 Academis articles (i.e “Fatigue Risk Management in Aviation 

Maintanence: Current Best Practises and Potential Future 

Countermeasures”, June 2011, Alan Hobbs, “Risk assessment modeling in 

aviation safety management”, 2006, Wen-Kuei Lee.), 

 Documentations which are published by the civil aviation authorities (i.e 

“Fatigue Risk Management Systems for Aviation Safety”, FAA, 2013, 

“Fatigue Risk Management Systems: Implementation Guide for 

Operators”, July 2011, IATA-IFALPA-ICAO.), 

 International web sites (i.e www.faa.gov,  www.skybrary.aero ,  

www.iata.org, www.icao.int ), 

http://www.sciencedirect.com/
http://www.researchgate.net/
http://www.faa.gov/
http://www.skybrary.aero/
http://www.iata.org/
http://www.icao.int/


3 

 

 Other related theses prepared previously (i.e Aşırı Yorgunluk Risk 

Yönetiminin Havayolu Şirketlerinde Uygulanmasının Değerlendirilmesi 

Ve Ekip Atamam Problemine Etkilerinin Modellenmesi, Ocak 2020, Burcu 

Şahinkaya).  
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2. RISK MANAGEMENT SYSTEM IN AVIATION 

Planned set of methods in order to foresee and to handle possible hazards forms the basic 

concept of the risk management. It follows logical methods and allows to analyze the 

potential consequences which arise from risks.  

In aviation, there is a variety of risks to be considered from weather conditions to pilot 

error. As statistically indicated by National Transportation Safety Board, pilot error has 

come out to have the biggest role in accidents, 85 percent of those accidents arose by pilot 

error. Considering this ratio, managing potential risks is very important in order to provide 

a safe flight. 

Risk management is a very significant process which needs to be done in a proper way. 

When the pilot or other crew members are aware of the potential risks, their knowledge 

about the risk management becomes the key point. 

2.1 Risk Management Factors 

Risk management factors stand out as hazard and risk and to be able to get the idea of risk 

management these two terms need to be well understood.  

Everything that can cause harm or any damage is defined as a hazard. Federal Aviation 

Administration defines hazard as “a present condition, event, object, or circumstance that 

could lead to or contribute to an unplanned or undesired event such as an accident. It is a 

source of danger.” (FAA, 2009).  

There are four types of hazards in aviation: technical, environmental, organizational and 

human. Technical hazards occur from the failures or dearths on aircraft. Technical hazards 

related to aircraft consist of Aircraft`s parts, systems and subsystems, and other equipment. 

Moreover, organizational or external facilities can be involved in technical hazard category 

as they refer to hazards which may exist in providers of services or in other related 
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organizations, and potential hazards within them may cause damages on aircraft and its 

other systems. 

Environmental hazards consist of weather conditions, other natural events, geography and 

public health events. Storms, lightning, icing, fog that remarkably reduces invisibility and 

etc. can be counted as weather conditions and natural events. However, for an 

environmental condition to be counted as hazard, the significant point is the amount of the 

condition. To give an example, for a landing aircraft it becomes a hazard if there is a 

powerful crosswind, nonetheless a light wind could be beneficial for the flight. 

Organizational hazards include operational policies and procedures, equipment acquisition, 

organizational culture, teamwork and economic growth. Normally, the operational 

procedures are based on harmonizing the safety and production. However, sometimes 

financial favor gets ahead of safety and production balance, and at this situation hazards 

may be constructed into these procedures. Material and equipment acquisition procedures 

may become very exhausting that equipment which are needed to obtain to maintain 

operation safety may not be obtained as a result of some restrictions. Moreover, 

organization’s safety culture may affect the safety maintenance when the industries’ 

approved ways are not followed.  

Finally, medical, psychological, cognitive and physical limitations are the subcategories of 

human-induced hazards. An ongoing illness or a heart attack during the operation may 

cause a hazard and these are medical related factors of human-induced hazards. When there 

is a problem of depression or fatigue on the staff on duty, this may cause a hazard to occur. 

Cognitive factors are related with realization of the situation and the psychological 

operation when interacting with other stuff and equipment. Human related factors on 

hazards are very important in aviation risk management and, it will be discussed in more 

details.  

Hazard awareness is an important point to manage possible hazards and possible 

consequences. In FAA Risk Management Handbook, there are some tools for hazard 
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awareness; Advisory Circulars (AC), understanding the dangers of converging aircraft, 

understanding rate of climb, understanding the glide distance.  

Advisor Circulars contains information which are not regulatory, however ACs are 

auxiliary documents to help to follow the instructions of 14 CFR. For example, AC 90-48, 

Pilot’s Role in Collision Avoidance gives information about the time which takes to see, 

perception, react and more. 

When there is an approaching aircraft of which has an unchanging position according to 

the pilot, the impact becomes inevitable. As a result of this probability, pilot’s realization 

and action as soon as the pilot sees the converging plane is the key point of preventing a 

possible collision. 

The basic awareness of rate of climb may turn into the key point of managing hazards and 

preventing potential negative consequences, as would have been in an accident in 2006, by 

Casa 212s –an operator of 14 CFR part 135 for United States Military- in Afghanistan. 

While the change in the elevation was about 1,000 feet, the pilot was trying to go up with 

a speed of 1,000 feet per minute (fpm) when the distance from the canyon end was 1 mile, 

which led to a dangerous climb and so as to an accident.  

To continue with the definition of risk, future effects and consequences that may arise when 

hazards are not brought under control form the basis of the risk.  
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Table 2.1  Types of risk (Taken from FAA Risk Management Handbook, 2009.) 

 

Types of Risk Definition 

Total Risk The sum of identified and unidentified 
risks. 

Identified Risk Risk that has been determined 
through various analysis techniques. 
The first task of system safety is to 
identify, within practical limitations, all 
possible risks. 

Unidentified Risk Risk not yet identified. Some 
unidentified risks are subsequently 
identified when a mishap occurs. 
Some risk is never known. 

Unacceptable Risk Risk that cannot be tolerated by the 
managing activity. It is a subset of 
identified risk that must be eliminated 
or controlled. 

Acceptable Risk Acceptable risk is the part of identified 
risk that is allowed to persist without 
further engineering or management 
action. Making this decision is a 
difficult yet necessary responsibility of 
the managing activity. This decision is 
made with full knowledge that it is the 
user who is exposed to this risk. 

Residual Risk Residual risk is the risk remaining after 
system safety efforts have been fully 
employed. It is not necessarily the 
same as acceptable risk. Residual 
risk is the sum of acceptable risk and 
unidentified risk. This is the total risk 
passed on to the user. 
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Types of risks given above are the general risk definitions. These definitions are used in 

the risk classification to define the severity level of the risk as; catastrophic, hazardous, 

major, and minor. The importance of the awareness of hazard and risk factors are obvious, 

nevertheless risk management stands out as the next key point. Risk management is all the 

procedures which are being applied to manage, decrease or to remove the hazard. Risk 

management is unique to every person, which means the understanding, ability or 

awareness of two individual cannot be the same.  

2.2 Assessing and Managing Risks 

Risk management is composed of different parts and one part stands out as risk assessment. 

However, for being able to do a detailed risk assessment, pilot must notice, observe and 

understand the hazards or any possible risks. There are some trainings which helps pilot to 

be able to identify hazards or risks quickly. How many flights and events a pilot experience 

also helps pilots develop quick understanding about these hazards. Moreover, reports of 

National Transportation Safety Board would be a very useful tool for pilots on risk 

assessment.  

There are various risk assessment models which can help on deciding risks and their 

degrees.  

 

2.2.1 Risk Assessment Matrix 

Risk assessment matrix is used to analyze the possibility of a situation and the possible 

outcomes of this situation.  
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Figure 2.1 Example of risk assessment matrix. (Taken from ICAO Safety Management 

Manual, 2018.) 

 

As seen in the figure 2.2, risk probabilities and severities vary and it is important to 

understand the risk matrix. Risks 5A,5B, 5C, 4A, 4B, 3A are showed in red and they are 

defined as intolerable since the consequences of not taking action against them can be very 

harmful. Recommended precaution about them is taking immediate action or stopping the 

action according to ICAO Safety Management Manual. Risks 5D, 5E, 4C, 4D, 4E, 3B, 3C, 

3D, 2A, 2B, 2C and 1A are showed in yellow and they are tolerable risks. However, for 

these risk types to be tolerant, mitigation of risks is a must-have process and management 

decision may be required. Moreover, risks showed in green are 3E, 2D, 2E, 1B, 1C, 1D and 

1E and they are described as acceptable. They can be accepted as they are. 

To continue with, safety risks are categorized as intolerable, tolerable and acceptable. 

Intolerable risks cannot be accepted in any condition. 
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Figure 2.2 Safety risk tolerability. (Taken from ICAO Safety Management Manual, 

2018.) 

2.2.2  Aeronautical Decision Making (ADM) 

Research about aircraft accidents and events related to them brought out that most of 

negative situations and consequences are because of the decisions which the pilot under 

operation makes and it made decision-making as a critical element in aviation. Pilots often 

intend to fly safely, however sometimes they make mistakes. Instead of perceptual or 

application errors, the majority of fatal bumps it has been found to be attributable to 

decision errors. Although, it is not possible to reduce the possibility of an error to happen, 

appropriate strategies, ways and practical tools may lead to prevent mistakes and fatal 

bumps, detect and manage them in a better way and reduce negative consequences on flight 

safety. Aeronautical Decision Making (ADM) stands out at this point: It is a way of 

managing risks in aviation which means a methodical-mental way which pilots usually use 

to decide the best action plan following a set of possible conditions. Aeronautical Decision 

Making is the vital element in risk management. ADM provides a systematical way to apply 

known processes into a condition and those ways have a beneficial exposure on hazards. 

However, the important thing to understand here is that ADMs are specifically to help the 
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pilot notice possible hazards. In FAA Risk Management Handbook, the best ways of good 

decision making are given as: 

 Identifying personal attitudes hazardous to safe flight. 

 Learning behavior modification techniques. 

 Learning how to recognize and cope with the stress. 

 Developing risk assessment skills. 

 Using all resources. 

 Evaluating the effectiveness of one’s ADM skills. (FAA Risk Management 

Handbook, 2009.) 

As mentioned above, there are some ways to follow for good decision-making according 

to FAA. Moreover, there are also three different types of decision-making as Analytical 

Decision-Making, Automatic Decision-Making and 3P Model. 

2.2.2.1 Analytical Decision-Making 

This type of decision-making has six steps which takes time and assessment options into 

account. This six-step is known as “DECIDE”, which is a form of the first letters of Detect, 

Estimate, Choose, Identify, Do and Evaluate. 

 

2.2.2.2 Automatic Decision-Making 

When there is not enough time to make a decision by using analytical ways of decision 

making, Automatic Decision-Making stands out. For instance, when there is an emergency 

situation, it becomes important to make good decisions in a short time. Otherwise the 

situation may become a fatal accident. This type of decision-making is gained by 

experience and training. 
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2.2.2.3 3P Model 

In aviation, risk assessment has a major effect on preventing accidents and other negative 

situations, however this assessment process is in relation with pilots’ abilities of sensing 

hazards and applying the best ways. 3P Model comes in view at this point; it is a methodical 

approach that contains Perceive, Process and Perform phases.  

Perceive is where any possible hazards that could lead to an unwanted situation are noticed 

by the pilot. Following elements are need to be considered at this phase: 

 Pilot and other people on the aircraft. 

 Aircraft that the pilot flying with. 

 enVironment in which the pilot operates. 

 External pressure which may lead the pilot to make a bad decision. 

After perceiving possible hazards, next step is to process which all of the information is 

systematized and interpreted. This phase has four elements to think about: 

 Consequences that may occur of hazards. 

 Alternatives to consider. 

 Reality of the condition. 

 External pressure which can affect the decision making negatively. 

Last of all, perform is the third phase of 3P Model. At perform, it is time for the pilot to do 

something about the possible hazard which are to reduce or remove the hazard and to assess 

consequences of those actions. 

2.3 Human Factors in Risk Management 

Human factors most influences the risk management process and the consequences of these 

processes in aviation. An aviation accident which is caused by the pilot’s action is described 

to be a pilot error. Pilot error also refers to making a decision that is not correct for the 

situation and not taking an appropriate action. There are many factors which may lead pilot 
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to take a wrong action and not to be able to manage the possible risk and fatigue is one of 

the most effective factors. The phrase “human factors related” describes the accidents 

caused by the pilot error appropriately. Series of events which includes flight crews’ 

interaction lead to an outcome, sometimes this outcome is an accident. There are some 

programs that airlines apply named Crew Resource Management (CRM) and Line Oriented 

Flight Training (LOFT) and these programs have good effects on safety and profit (FAA, 

2009). 
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3. FATIGUE AND FATIGUE RISK MANAGEMENT IN AVIATION 

Researches show that the human factor is very important in the accidents in the 

transportation field. It is also known from the researches fatigue is one of the main reasons 

of human factor related accidents. 

Fatigue is defined as: Fatigue -often with drowsiness, alertness and low mental and 

physical- is a complex condition characterized by a lack of performance. Fatigue is 

observed objectively as increased reaction time, attention delays, reduced speed of 

cognitive tasks, reduced situational awareness, and changes in many aspects of 

performance, including motivation. There are some definitions to understand the basics of 

fatigue and then fatigue management. 

3.1 Types of Fatigue 

There are four different types of fatigue: 

Acute Fatigue: It is closely related to time elapsed since last sleep and the current time of 

the day. Sleep less than 8 hours and working late time of the day is about acute fatigue. 

Chronic Fatigue: This type of fatigue is related not having enough sleep many days in a 

row and it affects performance in many ways. 

Transient Fatigue: It is about extending waking hours for a day or two and it is a 

temporary fatigue that can be recovered by taking enough sleep next days. 

Cumulative Fatigue: Type of fatigue which is caused by sleep restriction over a series of 

days or brought by long-term alertness.  

3.2 Causes of Fatigue 

In the field of transportation, fatigue is one of the most important safety issues. To deal 

with fatigue, it is significant to understand what fatigue is. Fatigue shows itself in two ways: 
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Physical and Mental. Numb feeling, heavy eyelids and involuntary dropping of the head, 

reduced reaction time and constant sleepiness can be given as physical effects of fatigue. 

Mental effects of fatigue can be given as forgetfulness, reduced environmental awareness, 

and difficulty in understanding. There are three main categories of causes of fatigue and 

can be described as personal factors, environmental factors and factors related to work. 

3.2.1 Personal Factors 

3.2.1.1 Age 

As individuals get older, various fatigue situations occur depending on the amount of the 

change of the quality of sleep and the amount of sleep. In some researches, the facts that 

young pilots are more resistant to lack of sleep so that fatigue caused by that. 

3.2.1.2  Gender 

According to some research, women need more sleep than men they need. Women’s brains 

are more actively used and women’s multitasking skills are better than men. 

3.2.1.3 Marital Status 

Some researches show that married people tend to show less fatigue effects than unmarried 

people. A study on Japanese workers showed that unmarried and married people have 

differences in habits of drinking, working types, and arrangements of life and those 

differences led to see unmarried people are more likely to have more fatigue. 

3.2.1.4 Body-Mass Index 

Body-mass index is stated as to have an effect on fatigue. The possibility of sleep apnea 

and the formation of fatigue increases when a person have body mass index over 30 and 

neck thickness above 40. 
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3.2.1.5 Drug, Alcohol and Nicotine Use 

Drugs especially anti-depressants may affect sleep quality by interrupting sleep and this 

leads to fatigue. 

Alcohol affects sleep quality and breathing during sleep. All of them causes fatigue on 

pilots and affect flight safety. 

Nicotine also affects the quality of the sleep and may lead not to take enough breath. It may 

cause interruption on sleep and fatigue.  

 

 

3.2.1.6 Nutrition 

Nutrition with food with high nutritional value is important for the body’s ability to sustain 

itself and individual’s standing during the day. Furthermore, not skipping meals is also 

important. Nutrition habits also affects sleep quality.  

3.2.1.7 Lack of Information 

One of the most significant personal factor is lack of information of the pilot or other staff. 

Aviation staff must have information about fatigue and its management. A pilot must know 

the steps to follow if he or she encounters with fatigue during flight or it may become a 

hazardous situation. Therefore, lack of information about fatigue should be addressed and 

operator should give training in that area.  

3.2.1.8 Sleep Disorders 

Definition of sleep disorders that is given by American Psychiatric Association is “Sleep 

disorders include problems with the quality, timing and amount of sleep, which result in 

daytime distress and impairment in functioning.”. There are variety of reasons which may 

cause sleep disorder however some of them stand out: depression, anxiety, or cognitive 
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disorders. Sleep disorders have negative physiological effects on the body and causes 

attention loss, which may lead a pilot to make bad decisions and hazardous situations.  

3.2.1.9 Health Condition 

Health condition leads many problems which also cause fatigue. For instance, having 

extreme fatigue may be a big signal of having hearth diseases. Furthermore, having another 

diseases and drag usage because of them may lead to fatigue and fatigue related problems. 

Therefore, follow-up health conditions properly become very important to prevent those 

problems. 

 

 

3.2.2 Environmental Factors 

3.2.2.1 Weather Conditions 

Weather conditions affect people physically and some weather conditions may lead to 

fatigue. Cloudy weather affecting melatonin levels causes sleepiness and fatigue. 

Moreover, reducing vision because of fog also affects pilot’s mental situation. This affected 

mental health leads to fatigue.  

3.2.2.2 Interaction with Social Environment 

Communication and interaction between people in the workplace is an important factor on 

people’s mental health. When there is a good communication and interaction between 

workplace staff, they are affected positively by that condition.  

3.2.2.3 Jetlag 

Jetlag occurs when your local day-night cycle does not match your circadian rhythm and it 

is called as circadian rhythm sleep-wake disorder. When having a flight which has three or 
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more time zones in it, jetlag happens. Sleeping issues, emotional difficulties, attention and 

thinking problems, other physical problems and feeling nervous can be given as jetlag 

symptoms. As pilots have flights between far places, they experience jetlag often. 

3.2.3 Factors Related to Work 

3.2.3.1 Start and End Time of Work 

Start and end time of work affects circadian rhythm of the body. As in aviation, there are 

flights at nights and it leads to reduced performance. Night sleeps are important as 

melatonin release is the highest at night time and provides a quality sleep. However, in 

aviation industry it is not possible not to have night shifts. Some studies showed that it is 

more likely to have an accident due to fatigue in night-time flights.  

3.2.3.2 Length of Tenure 

There are regulations about flight time limitations. EASA Flight Time Limitations includes 

flight duty and rest periods and application principles. However, sometimes these hours are 

exceeded and increasing length of tenure leads less rest hours and fatigue. Length of tenure 

is one of the most important factors that cause fatigue and attention should be paid to it. 

3.2.3.3 Stress 

Stress is a reaction of our bodies to the pressure of various conditions and situations. 

Normal levels of stress can be useful by increasing performance. However, being exposed 

to too much stress has bad effects on people. Especially, stressful working conditions leads 

people to feel angry, bad, anxious, afraid and depressed and fatigue may arise from these 

feelings.  
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3.3 Symptoms of Fatigue 

Symptoms of fatigue usually cannot be understood by people who are experiencing 

tiredness. However, fatigue has various symptoms which can be physical, mental and 

emotional symptoms. From the information taken from Better Health Channel, symptoms 

of fatigue can be given as: 

 Chronic tiredness 

 Headache 

 Dizziness 

 Muscle weakness 

 Slowed reflexes 

 Weak concentration 

 Damaged decision making 

 Blurry vision 

 Short-term memory problems 

 Low motivation 

 Appetite loss. 

3.4 Fatigue Risk Management System 

Since the past, Fatigue Risk Management Systems in different areas usually focused on 

decreasing fatigue-related risk through a set of rules on hours of work (HoW). Recent 

applications for fatigue management limits the working hours during the tenure and over a 

number of tenure periods in order to reduce and prevent related to hours of service (Dawson 

and McCulloch, 2005). 

In aviation, fatigue risk management system allows crewmembers to fulfill their duties by 

maintaining their performance. 
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Crewmember’s capability of doing their job is mostly affected by fatigue, and it is a major 

factor of hazards which is related to human factors. There is a definition Fatigue Risk 

Management System by ICAO as; 

“A data-driven means of continuously monitoring and managing fatigue-related safety 

risks, based upon scientific principles and knowledge as well as operational experience that 

aims to ensure relevant personnel are performing at adequate levels of alertness.” (IATA-

ICAO-IFALPA, 2011).  

3.4.1 Elements of Fatigue Risk Management System 

3.4.1.1 Policy and Documentation 

Organizational arrangements which supports safety assurance processes of FRMS and 

FRM are defined by policy and documentation. Fatigue Risk Management System Policy 

contains the operator’s approach to fatigue risk management. Activities and components of 

FRMS are described by the FRMS documentation and whether the objectives of safety 

which are defined in FRMS policy are met internally or externally.  

3.4.1.2 Fatigue Risk Management Processes 

Fatigue risk management processes are for the operator to reach safety target defined within 

the FRMS policy. This process is managed by the Fatigue Safety Action Group.  There 

are some subjects which are needed to be fulfilled: 

 Determining where fatigue poses a danger, 

 Determining the risk level arising from fatigue hazard, 

 If necessary implementing control, mitigation and monitoring strategies in 

order to ensure that risks are at an acceptable level. 

To apply subjects above, FRMS processes need different data sources which have: 

 Measuring the fatigue levels of staff, 
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 Measuring operational performance. 

Fatigue Risk Management process requirements which are set by ICAO are: 

3.4.1.2.1 Hazard Identification 

There are three main ways of identifying hazard as predictive, proactive and reactive. 

Predictive way can be done by evaluating the factors known to have an effect on fatigue 

and the effects of these factors on performance. Proactive way is done by identifying 

fatigue hazards in current flight operations. Last of all, reactive way is identifying hazards 

by the approach of how to minimize effects of fatigue and fatigue reports, audit reports and 

some others are used. 

3.4.1.2.2 Risk Assessment  

Risk assessment procedures which identifies possibility and asperity of fatigue related 

events and when risks are needed to be mitigated should be developed by the operator. 

Identified risks are needed to have gone over again and associated with: 

 Operational processes which have hazard possibilities, 

 Possibilities of hazards, 

 Possible consequences, 

 The effectiveness of current safety barriers and controls (IATA-ICAO-

IFALPA, 2011). 

3.4.1.2.3 Risk Mitigation 

Operators must have a risk mitigation procedure as follows: 

 Selecting appropriate risk mitigation methods, 

 Applying these risk mitigation methods, 

 Monitoring the implementation and effectiveness of these methods (IATA-

ICAO-IFALPA, 2011). 
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3.4.1.2.4 Safety Assurance Processes 

Safety assurance processes: 

 Examines whether FRMS operates as needed, 

 Checks the compliance with the objectives stated in the policy, 

 Checks the compliance with the requirements of the regulatory, 

 Determines whether any operating environment changes have fatigue risk 

potential, 

 Follows where any development can be done in the fatigue risk 

management area. 

The document published by International Civil Aviation Organization shows the thing need 

to be done by safety assurance processes: 

1. Provide continuous monitoring for the performance, analysis and 

measurements of Fatigue Risk Management System. Sources for data 

may vary but some of them are: 

 Examination and reporting of hazards, 

 Surveys and examinations, 

 Fatigue analysis. 

2.  A formal process should be provided for the management of changes: 

 Determination of operational environment changes, 

 Determination of organizational changes which can affect FRMS, 

 Identifying the necessary tools before implementing changes to 

maintain or improve FRMS performance. 

 

3.   Ensure the continuous development of FRMS: 

 Elimination and modification of unneeded risk controls, 
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 Performing of routine control of risk management components such 

as documentation and procedures, 

 Determination whether new procedures are need to reduce fatigue-

related risks. 

3.4.1.2.5 Promotion Processes 

Promotion processes have two main components as training programs and communication 

plan. FRMS depends on good communication through organization of operator and 

whether participating personal are trained and they are capable of fulfill their duties are 

ensured by FRMS training programs.  

Safety promotion processes support development and improvement of FRMS performance 

and reaching the best safety levels. Operators responsibilities are as follows: 

a) Training programs that enable crewmember and other personal to gain competence 

with in fatigue risk management depending on their responsibilities should be 

provided. 

b) An effective FRMS communication program should be established that explains 

the FRMS policies, procedures and responsibilities to all relevant parties and 

defines the communication channels that will enable the collection and 

dissemination of FRMS related information. 

3.4.2 Fatigue Measurement Methods 

3.4.2.1 Fatigue Reporting Forms 

Fatigue reporting forms are one of the most important fatigue measurement methods as 

they give feedback about where and when the fatigue is confronted so fatigue related 

hazards can be predicted. Crewmembers need to be sure about that these reports are to 

increase safety and the reports will be taken action.  
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Fatigue reporting forms should be easily accessible, filled out and submitted. Making 

fatigue reports electronically available is also important. Increasing number of fatigue 

report forms which is resulting from the introduced fatigue awareness activities should not 

be the only indicator of Fatigue Safety Action Group’s further processes. 

3.4.2.2 Retrospective Surveys 

Compared to other measurement methods, it is easier and cheaper to get information about 

demographics as gender, flying experience, the amount and quality of sleep, reasons and 

effects of fatigue on duty.  

On some topics as sleep and sleep problems, verified scales and standardized questions can 

be used as further comparison of crewmembers’ responses by time and with another groups. 

The most commonly used subjective method to obtain data in sleepiness assessment is the 

Epworth Sleepiness Scale. The severity of sleepiness is measured by asking questions about 

eight different situations. According to this scale, values below 10 are natural, while values 

between 10-15 are considered increased sleepiness. A value of 16 and above indicates a 

very serious and dangerous pathological sleepiness. 

 

Figure 3.1 Epworth Sleepiness Scale (retrieved from ICAO-IATA-IFALPA 2011.) 
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While retrospective surveys are relatively inexpensive methods, developing and 

distributing the survey questionnaire and processing and analyzing the information into the 

database take time and cost. Furthermore, information gathered by retrospective surveys 

are subjective and so their reliability is low. In retrospective surveys, information about 

past experiences are questioned, crewmembers may recall events wrongly so that their 

responses to surveys may not be exactly right. Despite its some disadvantages, retrospective 

surveys are beneficial time to time.   

3.4.2.3 Subjective Fatigue and Sleepiness Ratings 

Scales used for monitoring fatigue and sleepiness of crewmembers during flight operations 

should have some properties like easy and quick to apply, planned to be able to complete 

across a flight, validated, being able to predict some objective measures such as motor 

vehicle crash risk, availability of using other flight operations. Considering these 

properties, there are two scales which are convenient to be used in crewmembers’ fatigue 

and sleepiness ratings: The Karolinska Sleepiness Scale and The Samn-Perelli Crew Status 

Check. In Karolinska sleepiness scale, crewmembers are asked to rate how sleepy they are, 

in between the scores of 1 to 9.  

 

Figure 3.2 Karolinska Sleepiness Scale (Adapted from ICAO-IATA-IFALPA, 2011.) 
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 The Samn-Perelli crew status check is another scale which measures the fatigue that 

people feel at that moment according to 7-point scale. 

 

Figure 3.3 The Samn-Perelli Crew Status Check (Adapted from ICAO-IATA-IFALPA, 

2011.) 

Subjective sleepiness and fatigue ratings have not only advantages but also disadvantages. 

This type of assessment is relatively inexpensive and easier to collect and analyze. 

However, this method may not always indicate objective measures of the performance 

impairment or sleep loss. In a Fatigue Risk Management System, sleepiness and fatigue 

ratings are especially beneficial when there are many numbers of crewmembers, to decide 

whether strategies for fatigue risk mitigation are needed, and in cases such as 

crewmembers’ opinions and experiences are needed. There may be some concerns about 

the accuracy of these ratings, however they need to be minimalized for the implementation 

of risk management.  

 

3.4.2.4 Objective Performance Measurement  

Objective performance measurement methods are usually performed in laboratory studies 

and they generally assess performances in very specific view such as time of reaction, 

memory in short-term. However, these methods are not useful for measuring the crew’s 

combined performance.  
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Some criterions are important when deciding which performance test should be used; 

1. How long does the test last? 

2. Can it be completed at multiple time points without compromising a 

crewmember’s ability to meet duty requirements? 

3. Has it been validated? 

4. Is it predictive of more complex tests? 

5. Has it been used in other aviation operations, and are the data available 

to compare fatigue levels? (ICAO-IATA-IFALPA, 2011.) 

When all things above considered there is a performance test which meets the requirements: 

Psychomotor Vigilance Task (PVT). PVT lasts 10 minutes and it measures reaction to 

particularized changes in an unsteady environment. 

 

Figure 3.4 Mean reaction time on a PVT (ICAO-IATA-IFALPA) 

PVT test times are as follows: 

1 - close to top of climb 

2 - at the start of the second in-flight opportunity 

3 – close to top of descent 

4 – post-flight, before departing the aircraft. 



28 

 

 

Crewmembers need to pay attention during a PVT test. Situation awareness or decision-

making are significant skills which are not measured by PVT tests. Most of complex tests 

requires practice before they can be effectively and correctly used, however PVT tests do 

not need any practices. The only important thing for crewmembers to know is how to use 

the testing device.  

3.4.2.5  Monitoring Sleep  

Fatigue is increased by sleep loss. Crewmembers need recovery sleep to keep their 

functions at an optimum level.  

3.4.2.5.1  Sleep Diaries 

Sleep diaries includes information about place where they rest in, time when they sleep and 

wake up, how much and how well they sleep. In addition, crewmembers are also asked to 

evaluate their fatigue and sleepiness before and after the planned periods of sleep. 

Sleep diaries can have different formats depending on the type of study such as pre-trip, 

during flights, and during layovers (ICAO). 
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Figure 3.5 In-flight sleep diary example (ICAO-IATA-IFALPA) 

 

Sleep diaries are not reliable as objective sleep monitoring, and information taken from 

sleep diaries needs to be entered manually into the database and this takes time. One study 

on sleep diaries and objective measures showed that sleep durations taken from sleep 

diaries and polysomnography were similar. However, when sleep durations analyzed 

individual to individual differences were too high. Therefore, sleep durations taken from 

sleep diaries cannot be a good source of one person’s sleep duration estimation. Despite its 

disadvantages mentioned before, sleep diaries are less expensive than the other methods 

and they can be used for clarifying data taken from objective sleep measurement methods. 
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3.4.2.5.2  Actigraphy 

Actigraphy is a small, lightweight, clock shaped portable device which is measuring sleep-

wake cycle, sensing motor activities sensitively, being used by attaching to the wrists or 

ankles, allowing rest and activity patterns to be recorded and stored digitally (Ertan and 

Alkan, 2012). 

 

Figure 3.6 Actigraphy record of a crewmember (ICAO-IATA-IFALPA) 
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Figure above shows an actigraphy record of crewmember before, during and after a 

Singapore-Los Angeles flight. Activity level per minute is shown by vertical bars, higher 

bars mean more activity. Small-scattered ones show that crewmember had less movement 

and therefore it means they were asleep at that time.  

Actigraphy has some strengths and weaknesses. First of all, it provides an objective 

analysis of flight crews’ sleep-wake patterns over many days. It compares crewmembers 

average sleep amount when not on a duty and when they are on. From this comparison, it 

can be decided whether sleep debt is accumulated. Actigraphs are small and cheap 

compared to other objective measurement methods such as polysomnography. However, 

actigraphy has a disadvantage of not being able to realize whether the person is asleep or 

they sleep, as it only records activity not sleep.  

3.4.2.5.3 Polysomnography 

A methodical process of obtaining physiologic criterions while on sleep is called 

polysomnography (Rundo and Downey, 2019). Polysomnography is an accepted gold 

standard for sleep monitoring and it provides a reliable information about sleep quantity, 

sleep quality, and alertness. Polysomnography is used to detect brainwaves, rolling eye 

movements and muscle tones via electroencephalogram (EEG), electroculogram (EOG), 

and electromyogram (EMG). It can be also used to determine consecutive levels of fatigue 

after sleep on aircraft on augmented flights or sleep at home after very long hours of flights 

(Göker, 2018).  

Polysomnography is the most reliable way of gathering quantity and quality of sleep when 

an accurate information about them is required. However, applying polysomnography 

method takes time and can be disturbing. Only a qualified technician can attach electrodes 

into a person’s face and scalp and all connection should be controlled, this process lasts at 

least thirty minutes. Devices which are used on polysomnography are expensive and fragile 
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and the data taken from polysomnography must be downloaded by a well-trained 

technician. Therefore, a technician should attend the flight. Although it has some 

disadvantages, data derived from polysomnography is very explanatory on crewmembers’ 

sleep.  

 

3.4.2.5.4 Monitoring the Circadian Body Clock Cycle 

Circadian body clock cycle is one of the most significant factors which lead to fatigue on 

crewmembers. During flight operations. Circadian body cycle is difficult to follow. There 

are two things to use to analyze body clock cycle: core body temperature’s daily rhythm 

and melatonin hormone levels’ daily rhythm. Melatonin is secreted at night and can be 

checked by blood, urine and saliva samples. Following normal circadian cycle during flight 

operations is difficult because of the need of taking samples and keeping them in an 

appropriate cold environment.  
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4.  IMPLEMENTATION OF FATIGUE RISK MANAGEMENT SYSTEM FOR 

OPERATORS AND CURRENT STATE IN AVIATION INDUSTRY 

4.1 Fatigue Risk Management System Implementation 

Every operator should create a FRMS which is suitable for its operations and organisation 

since there is not a standard FRMS to be appropriate for every operator. When developing 

a FRMS, it is important to consider fatigue risk levels and types. Staged FRMS 

implementation is the best way of managing the task complexity. 

When an operator has chosen FRMS to put into action, first of all they need to reconsider 

the requirements of regulators. Secondly, regulators should have been notified that the 

operator prefers to continue.  

 

Figure 4.1 Objectives of an airline operator and regulator on FRMS implementation 

process (IATA-ICAO-IFALPA, 2015) 
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There are four phases of implementation of an FRMS and before implementing the next 

phase, each phase is analyzed by the operators. When all phases are implemented, operator 

can attempt to get the regulatory approval of FRMS.  

 

4.1.1 Phases of FRMS Implementation  

4.1.1.1  First Phase: Preparation 

Preparation phase of FRMS implementation has the aim of setting an acceptable 

implementation plan which includes: 

 How FRMS will be performed and merged with operator’s organization’s 

other elements. 

 Who will be responsible for having FRMS done and who will be 

responsible for checking whether FRMS implementation is effectively 

finished. 

Phase I starts with presenting the case for needing FRMS. This case needs to come with 

safety and operational arguments, and the reasons of not being able to manage operations 

within prescriptive limits. It is important for the operator that fatigue-related risks are 

successfully performed in prescriptive limits and efficient safety reporting system is 

showed since the regulator will look for the proof of all these elements. 

Secondly, when the operator receives the approval of FRMS, a gap analysis is undertaken 

by the operator. Gap analysis is to identify: 

 FRMS elements which are already present in existing systems and 

processes 

 Existing systems and processes which can be changed to meet the 

requirements of an FRMS 

 Whether there is a need of developing new systems and processes. 
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Once gap analysis is completed, basis of FRMS implementation plan is provided. 

Allocating financial and human resources and establishing Fatigue Safety Action Group 

(FSAG) are the following steps at first phase. To conclude, steps which are needed to be 

completed at phase I are gap analysis, FRMS Policy Statement, FRMS implementation, 

documentation, communication plans, allocation of financial and human resources, training 

program, and an established Fatigue Safety Action Group. 

4.1.1.2 Second Phase: Trial 

At second phase, operator shows their ability to perform FRMS to the regulator. A trial 

plan must be prepared which has the details of: 

 The specific operations in which the trial will take place and expected additional 

fatigue risk related to why these operations are brought under the FRMS, 

 Actual fatigue risk monitoring and the safety performance indicators in order to 

decide how acceptable that risk is, 

 The fatigue risk mitigation strategies, duration of the trial and a timeline. 

It is important for the operator to provide an adequate training to the personnel who will be 

responsible in FRMS process. Operator’s FRMS plan is proposed to the regulator. The 

regulator decides whether any modification is needed on FRMS trial before its approved 

by them. After that, operator conducts the FRMS trial as mentioned in the plan. The 

regulator monitors the FRMS trial progress and control whether the safety assurance 

processes are managed in an organized way. During the trial, the operator and regulator 

checks if any improvements are needed and which improvements can be done into FRMS. 

Moreover, the regulator checks whether the necessary safety outcomes are provided. 

4.1.1.3  Third Phase: Launch  

   Acquiring an approval for the FRMS and its implementation to all operations that it is 

approved compose the purpose of the third phase. Before the third phase begins, the 
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regulator checks if FRMS is operating the way as it supposed to be and acceptable safety 

level is provided. After the regulator is convinced, the operator gets the approval for the 

FRMS. FRMS implementation starts in all operations stated in the FRMS. At third phase, 

it is important for the operator to show to the regulator that the FRMS is operating as it 

supposed to be. Required reporting frequency and the information type will be depending 

on the fatigue risk level. 

4.1.1.4 Fourth Phase: Maintain and Improve 

At fourth phase, the regulator’s FRMS control frequency decreases to routine levels. 

Processes and procedures of the FRMS, organizational and operational adjustments that 

may affect FRMS processes are reviewed during fourth phase. If any changes or 

developments are made to the FRMS scope, the operator will be responsible for presenting 

a safety case and a new trial may be required. If insufficiencies are determined in the 

FRMS, some actions which are suitable for the risk level arising from these insufficiencies 

will be applied by the regulator. Actions which are applied by the regulator may vary from 

administrative or FRMS operational changes to FRMS to cancellation of the approval of 

the FRMS. 

4.2 Current State in Aviation and Civil Aviation Authorities 

For many years, fatigue has been recognized as a risk for the safety of air operations. In 

many studies conducted in this sense, it was revealed that pilots made mistakes in critical 

times due to fatigue. Many aviation incidents and accidents have occurred due to fatigue. 

Reporting fatigue is one of the most important aspects of managing fatigue risk. As stated 

in the processes required for Fatigue Risk Management, pilots or cabin crews are required 

to report the incidents related to fatigue experienced during flight missions in an accurate 

and complete manner under the commitment of management. With these reports, 

appropriate arrangements can be made together with various studies regarding the causes 

and consequences of fatigue risk. Some studies have revealed that only a small part of the 
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fatigue-related events encountered during the task were reported. Some reasons why only 

a small part of them is reported include that pilots were not able to fill the report because 

of the fatigue they were experiencing; they think that filling these reports were never 

beneficial in order to solve fatigue related problems; and they did not want to make a 

confusion. Therefore, operators need to develop FRMS in accordance with the structure of 

their organization and fatigue risk levels.  

For flight crews, in accordance with the principles determined by all Civil Aviation 

Authorities in the world, airline companies prepare instructions regarding the flight duty 

and rest periods of their flight crews. 

ICAO: The International Civil Aviation Organization was established on April 4, 1947, 

based on Article 43 of the United Nations founding decree, by 52 countries that signed the 

Chicago Convention. In October of the same year, it was adopted as the United Nations' 

legal aviation body. Headquartered in Montreal, Canada. ICAO has 193 members as of 

today. The purposes of ICAO include: to ensure a safe and steady civilian growth of 

international aviation, to support the development of airlines, airports and air navigation 

facilities for civil aviation, to meet the safe, regular, efficient and economical air 

transportation needs of the international public, to promote aircraft design and operation 

for peaceful purposes. 

IATA: IATA was established in Havana, Cuba in 1945 as an inter-airline organization in 

order to provide safe, secure and economical air transportation. As of today, ICAO has 290 

members from 120 different nations. Until 1955, while the air transportation of toxic, 

flammable and corrosive materials was completely prohibited, IATA created the 

Dangerous Goods Regulations (DGR) for the safe transportation of these materials. 

Moreover, by Live Animal Regulations (LAR), IATA regulated how live animals can be 

transported by air transportation. 

EASA: It is an initiative created by the European Union within the framework of civil 

aviation and has replaced JAA (Joint Aviation Authorities) as of 2010. Its purpose is to 
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ensure aviation security in Europe by controlling the implementation and follow-up of all 

kinds of aircraft, flights, production, intervention, efficiency and applicable safety 

legislation related to air and aviation in a broad sense. 

FAA: The United States Federal Aviation Administration, or FAA (Federal Aviation 

Administration) for short, is the government agency that makes aviation regulations under 

the US Department of Transportation and it is founded in 1958. FAA regulates and licenses 

pilots, planes, airports and airspaces, and also manages air traffic systems, authorizes and 

supervises airlines, aviation academies, instructors, maintenance centers and technicians. 

 

4.2.1 Some Worldwide Regulations 

Flight times have undoubtedly been the main source of fatigue. Comprehensive regulations 

for flight time limits started in the 90s as Joint Aviation Authorities (JAA) underlined the 

development of requirements for flight operations. The issue of legally binding regulations 

was taken by the European Parliament on behalf of all European Union operators. 

Furthermore, the European Parliament and the Council implemented the European working 

time directive for civil aviation workers. This directive includes annual duty and flight 

times, minimum daily rest periods, minimum retirement and health authorizations. In 2006, 

the European Parliament and the Council decided to implement a set of regulations known 

as the EU-OPS for the aircraft flight operations. Further regulatory developments have been 

transferred to the European Aviation Safety Agency (EASA). 
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Table 4.1 Comparison of EASA and CAP 371 regulations based on working hour 

requirements (Adapted from UK Civil Aviation Authority, 2012) 

Requirement CAP 371 EASA Proposals 

Standard Minimum Rest 

at home 

12 hours or the length of the 

preceding duty for Flight Crew. 

11 hours or length of preceding 

duty period less one hour for Cabin 

Crew 

Flight and Cabin 

Crew 12 hours’ rest 

or the length of 

preceding duty 

Standard Minimum Rest 

away from base 

11 hours or the length of the 

preceding duty if duty exceeded 12 

hours. 

Flight and Cabin 

Crew -10 hours or 

the length of the 

preceding duty. At 

least 8 hour 

opportunity to 

sleep. 

Flying hour limits 
100 hours in 28 consecutive days. 

900 hours in any 12 consecutive 

months. 

(Flight Crew only) 

100 hours in 28 

consecutive days. 

900 hours in a 

calendar year.  

1000 hours in any 

12 consecutive 

months. 

(Flight and Cabin 

Crew) 

Duty limits 
60 hours in 7 consecutive days 

(65 hours for Cabin Crew) 

95 hours of 14 consecutive days. 

(105 hours for Cabin Crew) 

190 hours in 28 consecutive days. 

(210 hours for Cabin Crew) 

60 in 7 consecutive 

days. 

110 in 14 

consecutive days. 

190 in consecutive 

days. 

(for both Flight and 

Cabin Crew) 
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Table 4.1 (continued) Comparison of EASA and CAP 371 regulations based on working 

hour requirements (Adapted from UK Civil Aviation Authority, 2012) 

Requirement CAP 371 EASA Proposals 

Days off 
Days off definition: A 

single day off shall include 

2 local nights. Consecutive 

days off shall include a 

further local night. 

1 single day off in 8 days 

(34 hours long with two 

local nights). 

2 consecutive days off in 

any 14 consecutive days (3 

local nights, minimum time 

54 hours). 

7 days off in any 4 weeks. 

8 days off in 4 weeks 

averaged over 12 weeks. 

Early definition changed to 

05: 00-06: 59. 

Late duty increased to 00: 

00-01: 59 (new addition). 

No consecutive duties limit. 

Night duties limit to max of 

4 sectors. 

 

Early (05:00-06:59) 

Late (01:00-01:59) 

Night (02:00-04:59) 

No more than 3 of these 

duties consecutively, or 4 in 

7 consecutive days. 

Five consecutive duties 

permitted where limit is 9 

hours (early) or 8 hours 

(night). 

No limit on night sectors. 

No duty transition 

requirements. 

Early definition changed to 

05: 00-06: 59. 

Late duty increased to 00: 

00-01: 59 (new addition). 

No consecutive duties limit. 

Night duties limit to max of 

4 sectors. 

A transition from a late / 

night to an early start shall 

include one local night of 

rest at home base. 

Operator’s requirements None. 
Specific Operator 

Responsibilities to show the 

work performance of the 

work patterns.  

Compulsory Fatigue 

management training for all 

involved. 
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Table 4.1 (continued) Comparison of EASA and CAP 371 regulations based on working 

hour requirements (Adapted from UK Civil Aviation Authority, 2012) 

Requirement CAP 371 EASA Proposals 

Flight Duty Period (FDP) 

Limits 

Maximum FDP for 1 

sector for 2 pilots 12:30, 

for 2 sectors 13:15 

between 08: 00-12: 59. 

Maximum FDP overnight 

10:15. 45-minute sector 

reduction from the second 

sector up to 8 sectors. 

Maximum FDP for 1 or 2 

sectors 13 hours between 

06:00-13:29. 

Sector reduction 30 minutes 

from the third sector until 9 

hours. 

Overnight FDP limited to 

11 hours 

Operator extension 
Allows a 1-hour extension 

only on FDPs with 2 

sectors, 3 times a month 

(day off before and after). 

 

will allow up to a 1-hour 

extension twice a week 

(additional rest of 2 hours 

before and after). 

No extension between 19:00 

and 04:00. 

Commander’s Discretion 
3 hours’ single sector or at 

the start of the last sector of 

a multi sector Flight. 

2 hours at the start of a 

multi sector flight. 

2 hours. 

3 hours where the Flight 

Crew is augmented. 

Management of Time 

zone crossing 

No requirement. Extended time off after time 

zone crossing on return to 

base and between east or 

west trips. 

Split duty Minimum 3 hours and rest 

in a hotel if more than 6 

hours. 

UK split duty is followed 

but added that rest in the 

WOCL must be in a hotel 

even if less than 6 hours. 
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Table 4.1 (continue) Comparison of EASA and CAP 371 regulations based on working 

hour requirements (Adapted from UK Civil Aviation Authority, 2012) 

Requirement CAP 371 EASA Proposals 

Standby Airport counts as Flight 

Duty Period. 

Home standby limit 12 

hours and Flight Duty 

Period starts after 6 hours 

(based on the more limiting 

time of report or standby 

start time). 

Contactable - 10 hours' 

notice. 

Airport counts as Flight 

Duty Period (can be 

increased by up to 4 hours if 

accommodation provided). 

Short call limit 12 hours and 

Flight Duty Period starts 

after 6 hours. 

Long call - 10 hours' notice. 

 

Extension due to in-flight 

rest 

15 hours of seat rest (class 

3) Flight Crew and 16 hours 

of seat rest Cabin Crew. 

18 hours in a bunk Flight 

Crew (class one) and 19 

hours Cabin Crew. 

 

Up to 2 sectors (when one 

sector is over 9 hours) 

Maximum limits: 

15 hours of seat rest (class 

3) for 3 pilots. 

18 hours of bunk rest (class 

1) for 4 pilots. 

Up to 3 sectors (no 

minimum length) 

Maximum limits: 

14 hours of seat rest for 3 

pilots (class 3). 

17 hours of bunk rest for 4 

pilots (class 1). 

Cabin crew limits are 

determined according to the 

time of day, facility type 

and time spent in the 

facility. 

Commander’s Discretion 
3 hours’ single sector or at 

the start of the last sector of 

a multi sector Flight. 

2 hours at the start of a 

multi sector flight. 

2 hours. 

3 hours where the Flight 

Crew is augmented. 

 



43 

 

4.2.2 Accidents Due to Fatigue in Aviation  

The overall accident rate, fatal accident rate and the accident rate in which the plane became 

unusable follow a decreasing curve, depending on the statistics on accidents that have 

occurred over the years in the aviation sector. 

 

Figure 4.2 Accident rates and onboard fatalities by years (BOEING, 2019) 

 

In the safety report published by the International Civil Aviation Authority (ICAO) in 2020, 

it emphasized that accident rates based on scheduled commercial operations involving 

aircraft with maximum take-off weight over 5700 kg are the primary safety indicator in the 

air transport operation.  
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Looking at the figure 4.2 giving accident rates over the rate per million flights for the 

previous five years, while the year 2016 had the lowest accident rate with 2.1 per million 

flights, it was the year 2019 with the highest accident rate of 2.9 per million flights with a 

12% increase compared to the years of 2018. 

 

 

Figure 4.3 Accident rates per million flights between the years of 2015 and 2019 (ICAO 

Safety Report, 2020) 

 

While it has been emphasized in the studies conducted so far that 80% of the accidents in 

the aviation sector are caused by human factors, it is stated that the 20% share in this 80% 

rate is due to fatigue. The trend in the aviation industry will be that accidents due to fatigue 

will increase in the future as the demand for flight crews increases as a result of the 

increasing competition between airlines, the ability of aircraft to make longer-range flights 

with more advanced technologies, and the operators' increase in the working periods of the 

pilots and cabin crews for the sake of increasing efficiency, and the planning of flight 

personnel at the limits. The sector where accidents occur due to fatigue is not only limited 
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to aviation, but also in many accidents in different areas, fatigue can affect the decision-

making process and cause accidents. 

  Table 4.2 Accidents related to fatigue (Adapted from Tuğba Demirel, Yorgunluk Risk 

Yönetimi Sistemi Kapsamında Türkiye’deki Bir Havayolu Şirketinde Analitik Ağ Süreci 

ile Risk Değerlendirne Yaklaşımı Uygulaması, Master’s Thesis.) 

Date Airline Information 

2 January 1989 Salt Lake City/Utah-USA In the accident, it was stated 

that the captain pilot in the 

flight crew spent 13 hours of 

his 19-hour duty in 30 hours 

before the flight, and he could 

sleep only 1 hour during the 

12 hours he was not on duty, 

and the accident occurred due 

to fatigue caused by circadian 

rhythm disturbance. 

21 December 1994 Air Algeria/Warwickshire Death of 5 people including 

passengers and crew. The 

flight crew has a 5-leg 10-hour 

flight mission with 6 

approaches. 

6 August 

1997  

Korean Air/Guam Boeing 747 300 accident 

occurred on approach to Guam 

international airport. 223 

passengers and crew deaths. 

Reported that the fatigue of 

the captain was a factor in the 

accident. 
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Table 4.2 (continued) Accidents related to fatigue (Adapted from Tuğba Demirel, 

Yorgunluk Risk Yönetimi Sistemi Kapsamında Türkiye’deki Bir Havayolu Şirketinde 

Analitik Ağ Süreci ile Risk Değerlendirne Yaklaşımı Uygulaması, Master’s Thesis.) 

Date Airline Information 

18 August 1998 KalittaDC-8-

61F/Guantanamo Bay 

The first accident, in which pilot 

fatigue was the primary factor, 

occurred when the plane failed to 

hold in the air and fell, despite 

being flawless. The flight crew 

was on duty for 18 hours, flying 

for 9 hours, circadian arrhythmia 

and sleep loss were included in 

the report. 

1 June 1999 American Airlines/Little 

Rock USA  

Douglas MD 82 could not stop 

on the runway in time during 

landing and the accident occurred 

when it came out of the runway. 

The captain and 10 passengers 

died in the accident. It is also 

stated in the report that the 

landing took place even though 

the current conditions were not 

suitable for landing (storm and 

heavy rainfall) within the 14-

hour duty period. 

14 January 2004 MK Airlines/Canada An accident occurred while 

taking off from Halifax Stanfield 

international airport with a 

Boeing 747 200F cargo plane and 

resulted in the death of 7 people. 

It was stated that the accident 

was caused by the wrong 

information entry of the pilot 

who was on duty for 19 hours. 
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Table 4.2 (continued) Accidents related to fatigue (Adapted from Tuğba Demirel, 

Yorgunluk Risk Yönetimi Sistemi Kapsamında Türkiye’deki Bir Havayolu Şirketinde 

Analitik Ağ Süreci ile Risk Değerlendirne Yaklaşımı Uygulaması, Master’s Thesis.) 

Date Airline Information 

19 January 2004 Corporate Airlines/Missouri-

ABD 

An accident occurred while 

approaching Kirksville 

airport. Studies show that 

the fatigue of the flight 

crew, who was on duty for 

14.5 hours, caused the 

accident. 13 people died in 

the accident. 

25 June 2007 Cathay Pacific 747F/S 

Stockholm 

The Swedish researcher 

stated that the flight crew 

was awake for 18-20 hours, 

the local time was 03:30 

and the accident was due to 

fatigue. The Hong Kong 

Civil Aviation Department, 

on the other hand, argued 

that the flight crew had 

enough rest opportunities 

and that there were no 

fatigue-related accidents. 

12 February 2009 Colgan Air/Buffalo 50 people died in the plane 

crash due to fatigue. The 

lack of training of pilots in 

case of loss of altitude, 

unnecessary speeches 

during landing and take-off 

are among the reasons, 

emphasizing fatigue in the 

accident. 
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Table 4.2 (continued) Accidents related to fatigue (Adapted from Tuğba Demirel, 

Yorgunluk Risk Yönetimi Sistemi Kapsamında Türkiye’deki Bir Havayolu Şirketinde 

Analitik Ağ Süreci ile Risk Değerlendirne Yaklaşımı Uygulaması, Master’s Thesis.) 

Date Airline Information 

22 May 2010 Air India 

Express/Mangalore 

6 people and 152 passengers 

on the flight crew died in the 

accident. It has also been 

reported that the captain 

sleeps for 1 hour and 40 

minutes despite having 

enough rest before the flight 

and that he has trouble 

making decisions due to the 

occurrence of sleep inertia 

due to the awakening just 

before landing. 

14 January 2011 Air Canada/North Atlantic 14 passengers and 2 people 

from the flight crew were 

injured in the accident. In the 

report, the second pilot stated 

that he did not feel very well 

during the flight and that 

sleeping for 75 minutes 

during the flight caused sleep 

inertia because he had a child 

the night before and had sleep 

interruptions due to this 

situation. 

 

When looking at the table above, it is seen that fatigue is an important factor that leads to 

accidents. Fatigue, as being one of the most important causes of the aviation accidents, 

establishment of Fatigue Risk Management System is one of the encouraged systems by 

airlines to determine risks related to fatigue and to manage these risks. 



49 

 

5. CONCLUSIONS AND RECOMMENDATIONS 

The concept of safety in the aviation industry has taken an important place in recent years. 

With the fatal accidents experienced, the concepts of managing risks and providing safe 

flight in the aviation industry have recently gained great importance.  

Although the concept of fatigue has occupied an important place in the aviation industry 

for many years, it has recently begun to be examined more intensively and solution 

proposals have been developed on this concept. In this context, airline companies started 

to implement a management system for fatigue related risks. 

Within the scope of this study, first of all, the risk management system applied in relation 

to possible risks and dangers in the aviation industry is mentioned in general and the 

applications of the measures taken against these possible dangers and risks are explained. 

In the continuation of this study, definition of fatigue, causes of fatigue and fatigue 

measurement methods are clarified and it was emphasized that major components of fatigue 

are determination and measurement of fatigue, reducing fatigue related risks and 

establishment of a fatigue risk management system.  

In the last part of the study, the implementation stages of the fatigue risk management 

system for an airline operator are mentioned and fatigue-related accidents are mentioned in 

order to emphasize how important the risk of fatigue is in aviation. 

Seeing that the concept of fatigue is so effective in aviation, it has been understood that it 

is necessary to focus more on this concept and to expand and develop the measures that 

can be taken against possible fatigue-related risks. 

Although studies on the concept of fatigue in the aviation sector are generally carried out 

on pilots, it would be much more useful to examine the fatigue-related conditions of not 

only pilots but also all employees in the airline sector. Because the slightest mistake to be 
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made in the background due to fatigue will reach a level that can cause fatal results without 

being affected by the pilot factor. 

 

 

 

 

 

 

 

 

 

 

 

 



51 

 

REFERENCES 

Better Health Channel. (n.d). Fatigue. Retrieved from https://www.betterhealth.vic.gov  

Date: 15 April 201. 

BOEING. (2020). Statistical Summary of Commercial Jet Airplane Accidents. 

CASA. (2013). Fatigue-The Rules Are Changing. Australian Civil Aviation Authority.  

Caldwell, John A. (2004). Fatigue in aviation. Travel Medicine and Infections Disease 3, 

85-96. 

Dawson, D., McCulloch, K. (2005). Managing fatigue: It’s about sleep. Sleep Medicine 

Reviews 9, 365-380. 

EASA. (2021). Air safety statistics in the EU. 

EASA. (2020). Annual Safety Review 2020. Doi: 10.2822/147804. 

FAA. (2008). Aeronautical Decision Making. Federal Aviation Administration. 

FAA. (2009). Risk Management Handbook (FAA-H-8083-2). U.S Department of 

Transportation Federal Aviation Administration. 

FAA. (2011). Fatigue Risk Management in Aviation Maintanence: Current Best Pratices 

and Potential Future Countermeasures. 

FAA. (2013). Fatigue Risk Management Systems for Aviation Safety, Advisory Circular.  

Gander, P., Hartley, L., Powell, P., Cabon, P., Hitchcock, E., Mills, A., Popkin, S. 

(2009). Fatigue risk management: Organizational factors at the regulatory and 

industry/company level. 

Göker, Z. (2018). Fatigue in The Aviation: An Overview of the measurements and 

Countermeasures. Journal of Aviation 2 (2). 185-194. 

https://www.betterhealth.vic.gov.au/health/conditionsandtreatments/fatigue


52 

 

Hulinska, S., Kraus, J. (2016). Fatigue Risk Management System in Aviation. 

Conference paper. November 2016. 

ICAO. (2020). Safety Report. 2020 Edition. International Civil Aviation Organization. 

ICAO-IATA-IFALPA. (2015) Fatigue Management Guide for Airline Operators, 

Second Edition. 1-167.  

Rundo, J. V., & Downey, R., 3rd (2019). Polysomnography. Handbook of clinical 

neurology, 160, 381–392. https://doi.org/10.1016/B978-0-444-64032-1.00025-4. 

SKYBrary. (2020). Risk assessment. Retrieved from https://www.skybrary.aero. Date: 8 

April 2021. 

Tuğba Demirel. (2015) Yorgunluk risk yönetim sistemi kapsamında Türkiye’deki bir 

havayolu şirketinde analitik ağ süreci ile risk değerlendirme yaklaşımı uygulaması. 

Master’s Thesis. 

UK Parliament (2010). Flight time limitations. Retrieved from 

https://publications.parliament.uk/pa. Date: 12 May 2021. 

Şahinkaya, B. (2020). Aşırı Yorgunluk Risk Yönetiminin Havayolu Şirketlerinde 

Uygulanmasının Değerlendirilmesi Ve Ekip Atamam Problemine Etkilerinin 

Modellenmesi, Doctorate Thesis. 

 

 

 

 

 

 

https://doi.org/10.1016/B978-0-444-64032-1.00025-4
https://www.skybrary.aero/index.php/Risk_Assessment
https://publications.parliament.uk/pa/cm201012/cmselect/cmtran/writev/ftl/ftl11.htm


53 

 

 

 

APPENDICES 

 

APPENDIX A: FAA Sample Fatigue Report. 

APPENDIX B: IATA Fatigue Report Form. 

APPENDIX C: IATA fatigue state establishment survey. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



54 

 

 

 

 

APPENDIX A: FAA Sample Fatigue Report. 
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APPENDIX A (continued): FAA Sample Fatigue Report. 
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APPENDIX A (continued): FAA Sample Fatigue Report . 
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APPENDIX A (continued): FAA Sample Fatigue Report ,. 
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APPENDIX A (continued): FAA Sample Fatigue Report. 
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APPENDIX B: IATA Fatigue Report Form. 
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APPENDIX C: IATA fatigue state establishment survey. 
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APPENDIX C (continued): IATA fatigue state establishment survey. 

 


