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1	 The Philosophy of Safety
Learning Objectives:

1.	 Comprehend the fallacy of the statement “Safety is Job One”.
2.	 Define the term “Tombstone Technology”.
3.	 Know the dual charter given to the FAA by the United States Congress.
4.	 Know the current value of a statistical life (VSL), as identified by the United States Department 

of Transportation.
5.	 Understand the variability of the VSL in terms of death and injury.
6.	 Understand how all United States Government agencies use a different value of a human life. 
7.	 Explain the term “cost/benefit” ratio.
8.	 Know the elements that explain the “cost” of implementing a safety improvement.
9.	 Know the elements that explain the “benefit”.

10.	 Explain why the FAA is required to conduct a cost/benefit ratio analysis before  
creating new regulations.

11.	 Identify the ramifications of having an overly aggressive safety program.
12.	 Identify the ramifications of having an overly aggressive focus on production.
13.	 Know the number of aviation air carriers who use safety as an advertising and marketing tool. 

Is Safety a Core business function?

In successful aviation organizations, the management of safety is a core business function – as is financial 
management. We often hear aviation professionals tell us that nothing is more important than safety. 
Can safety really be the number one objective? Probably not. Successful aviation organizations establish 
an effective safety management that has a realistic balance between safety and production goals. The 
finite limits of personnel, time, resources, financing, and operational performance must be accepted in 
any industry. If properly implemented, safety management maximizes both safety and the operational 
effectiveness of an organization. Safety must co-exist with our production objectives. There is no aviation 
organization that has been created to deliver only safety.
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Figure 1.1, Cost vs. Benefit

A misperception has been pervasive in aviation regarding where safety fits, in terms of priority, within 
the organization. This misperception has evolved into a universally accepted stereotype: in aviation, safety 
is the first priority. While socially, ethically, and morally impeccable; the stereotype and the perspective 
that it conveys does not hold ground when considered from the perspective that the management of 
safety is an organizational process.

All aviation organizations, regardless of their nature, have a business component with production goals 
(as shown in Figure 1.1). An Air Traffic Control Facility may have a production goal of 100 aircraft 
operations per hour. An airport may have a production goal of 100 operations per hour, using parallel 
runways, under IFR conditions. A military organization may have a production goal of bombs-on-target 
anywhere in the world in 24 hours or less. Thus, all aviation organizations can be considered business 
organizations with production goals. A simple question is then relevant to shed light on the truthfulness, 
or lack thereof, of the safety stereotype: what is the fundamental objective of a business organization? 
The answer to this question is obvious: to deliver the service for which the organization was created in 
the first place, to achieve production objectives and eventually deliver dividends to stakeholders.

Cost vs. Benefit Considerations

Operating a profitable, yet safe airline or service provider requires a constant balancing act between the 
need to fulfil production goals (such as departures that are on time) versus safety goals (such as taking 
extra time to ensure that a door is properly secured). The aviation workplace is filled with potentially 
unsafe conditions which will not all be eliminated; yet, operations must continue. 
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Some operations adopt a goal of “zero accidents” and state that “safety is their number one priority”. 
The reality is that operators (and other commercial aviation organizations) need to generate a profit to 
survive. Profit or loss is the immediate indicator of the company’s success in meeting its production 
goals. However, safety is a prerequisite for a sustainable aviation business, as a company tempted to 
cut corners will eventually realize. For most companies, safety can best be measured by the absence of 
accidental losses. Companies may realize they have a safety problem following a major accident or loss, in 
part because it will impact on the profit/loss statement. However, a company may operate for years with 
many potentially unsafe conditions without adverse consequence. Without effective safety management 
to identify and correct these unsafe conditions, the company may assume that it is meeting its safety 
objectives, as evidenced by the “absence of losses”. In reality, it has been lucky. 

Figure 1.2, Total costs vs protection

Safety and profit are not mutually exclusive. Indeed, quality organizations realize that expenditures on the 
correction of unsafe conditions are an investment towards long-term profitability. Losses cost money. As 
money is spent on risk reduction measures, costly losses are reduced (as shown in Figure 1.2). However, 
by spending more and more money on risk reduction, the gains made through reduced losses may not 
be in proportion to the expenditures. Companies must balance the costs of losses and expenditures on 
risk reduction measures. Some level of loss may be acceptable from a straight profit and loss point of 
view; however, few organizations can survive the economic consequences of a major accident. Hence, 
there is a strong economic case for an effective SMS to manage the risks. 
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Costs of accidents 

There are two basic types of costs associated with an accident or a serious incident: direct and indirect costs. 

Direct costs 

These are the obvious costs which are fairly easy to determine. They mostly relate to physical damage 
and include rectifying, replacing or compensating for injuries, aircraft equipment and property damage. 
The high costs of an accident can be reduced by insurance coverage. (Some large organizations effectively 
self-insure by putting funds aside to cover their risks.) 

Indirect costs 

While insurance may cover specified accident costs, there are many uninsured costs. An understanding 
of these uninsured costs (or indirect costs) is fundamental to understanding the economics of safety. 

Indirect costs include all those items that are not directly covered by insurance and usually total much 
more than the direct costs resulting from an accident. Such costs are sometimes not obvious and are 
often delayed. Some examples of uninsured costs that may accrue from an accident include: 

•	 Loss of business and damage to the reputation of the organization. Many organizations will 
not allow their personnel to fly with an operator with a questionable safety record. 

•	 Loss of use of equipment. This equates to lost revenue. Replacement equipment may have to be 
purchased or leased. Companies operating a one-of-a-kind aircraft may find that their spares 
inventory and the people specially trained for such an aircraft become surplus. 

•	 Loss of staff productivity. If people are injured in an accident and are unable to work, many 
States require that they continue to be paid. Also, these people will need to be replaced at least 
for the short term, incurring the costs of wages, overtime (and possibly training), as well as 
imposing an increased workload on the experienced workers. 

•	 Investigation and clean-up. These are often uninsured costs. Operators may incur costs from 
the investigation including the costs of their staff involvement in the investigation, as well as 
the costs of tests and analyses, wreckage recovery, and restoring the accident site. 

•	 Insurance deductibles. The policyholder’s obligation to cover the first portion of the cost of any 
accident must be paid. A claim will also put a company into a higher risk category for insurance 
purposes and therefore may result in increased premiums. (Conversely, the implementation of 
a comprehensive SMS could help a company to negotiate a lower premium.) 

•	 Legal action and damage claims. Legal costs can accrue rapidly. While it is possible to insure 
for public liability and damages, it is virtually impossible to cover the cost of time lost handling 
legal action and damage claims. 

•	 Fines and citations. Government authorities may impose fines and citations, including possibly 
shutting down unsafe operations.
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Costs of Incidents

Serious aviation incidents, which result in minor damage or injuries, can also incur many of these indirect 
or uninsured costs. Typical cost factors arising from such incidents can include: 

•	 Flight delays and cancellations; 
•	 Alternate passenger transportation, accommodation, complaints, etc.; 
•	 Crew change and positioning; 
•	 Loss of revenue and reputation; 
•	 Aircraft recovery, repair and test flight; and 
•	 Incident investigation. 

Costs of safety 

The costs of safety are even more difficult to quantify than the full costs of accidents. This is partly because 
of the difficulty in assessing the value of accidents that have been prevented. Nevertheless, some operators 
have attempted to quantify the costs and benefits of introducing an Safety Management Systems (SMS). 
They have found the cost savings to be substantial. Performing a cost-benefit analysis is complicated; 
however, it is an exercise that should be undertaken, as senior management is not inclined to spend money 
if there is no quantifiable benefit. One way of addressing this issue is to separate the costs of managing 
safety from the costs of correcting safety deficiencies, by charging the safety management costs to the 
safety department, and the safety deficiency costs to the line management most responsible. This exercise 
requires senior management’s involvement in considering the costs and benefits of managing safety. 

In successful aviation organizations, safety management is a core business function – as is financial 
management. Effective safety management requires a realistic balance between safety and production 
goals. Thus, a coordinated approach in which the organization’s goals and resources are analyzed helps 
to ensure that decisions concerning safety are realistic and complementary to the operational needs of 
the organization. The finite limits of financing and operational performance must be accepted in any 
industry. Defining acceptable and unacceptable risks is therefore important for cost-effective safety 
management. If properly implemented, safety management measures not only increase safety but also 
improve the operational effectiveness of an organization.

What is the value of a human life?

The United States government has conducted several studies on the treatment of the economic value 
of a statistical life (VSL). The FAA is organized under the Department of Transportation (DOT), so we 
will concentrate our emphasis on the DOT’s value of a statistical life. 
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The DOT recognized VSL has a major effect on policy for the FAA. Due to federal law established by the 
United States Congress, the FAA is required to promote safety and air commerce. Ultimately this requires 
a cost/benefit analysis prior to making a new regulation. It is good to note that the National Transportation 
Safety Board (NTSB) does not conduct cost/benefit ratio analysis prior to issuing recommendations to 
the FAA.

The United States Department of Transportation (DOT) guidance on valuing reduction of fatalities and 
injuries by regulations or investments has been published periodically since 1993. 

Empirical studies published in recent years indicate an average value of a statistical life (VSL) of 
$9.1 million in current U.S. dollars for analyses. Although the average value of a human life is $9.1 million, 
the DOT has established a variability of +/- $3.8 million. This ultimately establishes a range between 
$5.2 million up to $12.9 million.

Value of Preventing Injuries

An accident which results in a loss in quality of life, including both pain and suffering and reduced 
income, should also be estimated. The dollar value for being injured will be less than the rate for the loss 
of a life. The fractions shown in Table 1.1 should be multiplied by the current VSL to obtain the values 
of preventing injuries of the types affected by the government action being analyzed.
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AIS Level Severity Fraction of VSL

AIS 1 Minor 0.003

AIS 2 Moderate 0.047

AIS 3 Serious 0.105

Table 1.1: Relative Disutility Factors by Accident Injury Severity Level (AIS)

For example, if the analyst were seeking to estimate the value of a “serious” injury (AIS 3), he or she 
would multiply the Fraction of VSL for a serious injury (0.105) by the VSL ($9.1 million) to calculate the 
value of the serious injury ($955,000). Values for injuries in the future would be calculated by multiplying 
these Fractions of VSL by the future values of VSL.

Recognizing Uncertainty

Multiple studies have been conducted to determine the value of a human life. Some studies suggest 
a reasonable range of values for VSL between $4 million and $12.9 million. Additionally, different 
organizations within the U.S. government use different values. As an example, the Environmental 
Protection Agency uses a different value for VSL.

Because the relative costs and benefits of different provisions of a rule can vary greatly, it is important 
to disaggregate the provisions of a rule, displaying the expected costs and benefits of each provision, 
together with estimates of costs and benefits of reasonable alternatives to each provision. 

Production vs. Protection 

In most organizations safety is the number one priority, correct? That is what the public expects, and 
that is what most (if not all) organizations would like you to think. This is especially true in aviation. 
What aviation organization is not going to tell you that safety is their number one priority? If there is 
one, they are probably not going to be in business very long. Nobody is going to want to do business 
with an organization that admits that safety is not their number one priority, especially if the customer 
is going to be a passenger and has to actually fly on them! 

But, saying that safety is your top priority and actually making it your top priority are two, totally 
separate items. Is safety really the number one priority for an organization? We would like to think 
that this is true, but in reality it probably is not going to work out that way in the long run. So, why 
not? To really answer this question we have to look at what the fundamental objective of any company 
or organization actually is. The fundamental objective of any organization is to meet their production 
goals or objectives. If they are a for profit corporation this could be taken one step further to say that 
that objective is to make a profit.
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In either of those cases, is safety a competing priority? This can depend on the company. A quick definition 
of safety is: “the absence of risk.” If an aviation organization is going to be completely absent from risk, 
they must stop flying their aircraft, because flying definitely involves risk. They are probably going to 
have to go one step further and park the airplanes in a remote area of the airport with a fence around 
them to prevent people from gaining access to them and having the possibility of injuring themselves. 
Okay, the last part may be a bit much, but you get the idea. Of course, the problem with this scenario is 
that it is unrealistic. If we park all our airplanes, we are not going to meet any of our goals or objectives, 
including making money. So, what can we do about this? One thing we are going to have to do is accept 
that there will be some risk in our operation. We are going to have to find a way to manage that risk, 
thereby letting us work on meeting our production objectives. 

It seems that safety may not be able to be our top priority. But, can it be complimentary? There are plenty 
of airlines flying today, and the general public does not think twice about flying from point A to point 
B on them. But, airlines do not use safety in their marketing efforts. Why is it that passengers still fly 
on these airlines? It is because safety is assumed. Passengers expect that they will be safe on any given 
airline that they fly on. This is probably a realistic expectation, at least in areas of the world that have 
very robust oversight into airline safety.
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In a company where safety is taken seriously it is treated as a core business function, much like accounting 
or marketing. Proper safety management will be able to properly manage the risk associated with operating 
aircraft or whatever the organization is doing. We need to find the “sweet” spot where the right balance 
is achieved between production and protection. See Figure 1.3 for a visual depiction of this safety zone.

Figure 1.3, The Safety Zone

If a corporation is to achieve the organizational objectives, but also be a safe organization, it will have 
to commit some of its resources into safety management. We will explore safety management systems 
(SMS) in a later chapter. But, just because an organization commits financial resources to safety, does not 
mean that the desired level of safety is achieved. The members of the organization from top to bottom 
have to believe in the safety objective. How is this achieved? Through a strong safety culture, which will 
be explored in the next section of Chapter 1. 

Safety Culture

In the United States all airlines have to be certificated under Federal Aviation Regulation (FAR) Part 121 
or Part 135. These regulations, enforced by the Federal Aviation Administration, outline the requirements 
that an airline must have in order to be granted an operating certificate. So, if that is the case, all airlines 
must meet the same requirements as any other. So, why do some airlines seem to have more safety issues 
than others? One of the reasons is that these airlines do not have a strong safety culture. What makes 
a strong safety culture? 
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One perspective is the belief that safety should be a core business function, as described in the earlier 
section on production vs. protection. But, this perspective cannot just be a perception of the safety 
department. This belief must be a core value throughout an organization, from top to bottom. A strong 
safety culture sends a message from the President down to the lowest level of employees that safety is an 
intrinsic value in the organization. If an employee does not see the levels of management talking about 
safety values, then the perception becomes one of not believing it is a core value in the company. This 
can be bad business in an organization like a bank or retail establishment. But, for an airline this could 
have deadly consequences. Think of the pilots, mechanics, ramp agents, or flight attendants. If they do 
not see (or believe) that management values or promotes safety, the belief may become one of apathy 
towards safety. 

One way airlines and other aviation organizations have come to combat this attitude towards safety is 
through a system called “Just Culture.” We know that mistakes will happen in an organization. A system 
of Just Culture promotes the idea that management will support employees for reporting these mistakes, 
instead of punishing them. Management teams who embrace this idea encourage the reporting of safety 
issues through some sort of reporting system. We will explore this type of reporting system in a later chapter. 

In a system such as we have described above, employees are going to be much more willing to believe 
that management does value safety and that it is a core business function. Figure 1.4 shows a how Just 
Culture fits into an organization’s safety culture.
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Figure 1.4, Just Culture is a part of Safety Culture

So, how do we define a safety culture in an organization? There have to be certain elements in an 
organization’s culture to call it a safety culture. These elements are:

•	 An informed culture: people understand the hazards and risks involved in their own operations 
and all employees work continuously to identify and overcome threats to safety;

•	 A just culture: errors are understood but willful violations aren’t tolerated; workers know and 
agree on what’s acceptable and unacceptable;

•	 A reporting culture: workers are encouraged to voice safety concerns and when they do so, 
those concerns are analyzed and appropriate action is taken; and

•	 A learning culture: workers are encouraged to develop and apply their own skills and knowledge 
to enhance workplace safety; management updates workers on safety issues; safety reports are 
given to workers so that everyone learns the lessons. 
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Table 1.2 shows how an organization can figure out where there safety culture actually is.

Table 1.2, Safety Culture Characteristics

Safety is somewhat of an enigma to a lot of aviation organizations. It is well known that it is a necessity, 
but how to actually have that safe operation becomes a goal that is economic in nature, and seems to 
somehow get pushed to the side for other, more highly (perceived) important organizational goals. 
As we have seen in Chapter 1, in order to manage risk and obtain a culture of safety throughout the 
organization, it is important to think of safety along the same lines as the finance or human resources 
department. As we will explore in later chapters, there are many resources and ways for companies and 
organizations to increase their safety awareness.

Chapter Questions

1.	 How important is a customer’s perception of safety to an airline?
2.	 Why is it important for safety culture to begin at the top of the organization structure?
3.	 Do you think that a company could put too many resources into safety? What could be the 

result of committing too many resources to safety?
4.	 Which of the following statements concerning cost/benefit ratio analysis is TRUE?

A)	The “benefit” portion of cost/benefit ratio analysis includes loss of revenue, installation 
costs, and maintenance costs.

B)	 The statistical value of a human life is determined by a congressional committee. This 
exact same statistical value of a human life is then used for all government agencies. (As 
an example: The Department of Transportation (DOT), and the Environmental Protection 
Agency (EPA) use the same value.

C)	The Federal Aviation Administration (FAA) is required to conduct a cost/benefit analysis 
prior to making any new regulations.
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5.	 The term “Tombstone Technology refers to _____________________.”
6.	 According to the Department of Transportation (DOT), what is the current statistical value 

of a human life?
7.	 True/False. ALL United States Government agencies forced to use the same statistical value of 

a human life. As an example, the Department of Transportation (DOT) and the Environmental 
Protection Agency (EPA) both use $8.0 million as the value of a human life.

8.	 True/False. Safety is widely used as an advertising and marketing tool with most every air carrier.
9.	 True/False. The FAA is allowed (because of laws passed by congress) to routinely establish new 

regulations that would result in the bankruptcy of most aviation companies.
10.	 Which of the following are the charters given to the FAA by the U.S. Congress:

A)	Promote a zero mishap rate
B)	 Implement a “Zero Delay Program” within the Air Traffic Control System
C)	Promote air commerce and air safety
D)	Provide government oversight of the “Lost Baggage Program”.
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2	� Aviation Safety Program 
Management and Safety 
Management System (SMS)

Learning Objectives:

1.	 Understand the 4 components of Safety Management Systems (SMS).
2.	 Explain the differences between a good safety program and SMS.
3.	 Understand the importance of creating a robust safety policy.
4.	 List the important characteristics of Safety Risk Management.
5.	 List the important characteristics of Safety Assurance.
6.	 List the important characteristics of Safety Promotion.

Safety Management Systems (SMS)

The implementation of a safety management system (SMS) represents a fundamental shift in the way 
the organization does business. Safety management systems require organizations to adopt and actively 
manage the elements detailed in this document and to incorporate them into their everyday business 
or organization practices. In effect, safety becomes an integral part of the everyday operations of the 
organization and is no longer considered an adjunct function belonging to the safety office.

The word system means “to bring together or combine.” This is not a new term. The philosopher Aristotle 
first identified systems. SMS involves the transfer of some of the responsibilities for aviation safety issues 
from the regulator to the individual organization. This is a role shift in which the regulator oversees 
the effectiveness of the safety management system but withdraws from day-to-day involvement in the 
organizations it regulates. The day-to-day issues are discovered, analyzed and corrected internally by 
the organizations. 

From the organization’s perspective, the success of the system hinges on the development of a safety culture 
that promotes open reporting through nonpunitive disciplinary policies and continual improvement 
through proactive safety assessments and quality assurance.
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The safety management system philosophy requires that responsibility and accountability for safety be 
retained within the management structure of the organization. Management is ultimately responsible for 
safety, as they are for other aspects of the enterprise. The responsibility for safety, however, resides with 
every member of the organization. In safety management, everyone has a role to play. Regardless of the 
size and complexity of an organization, senior management will have a significant role in developing and 
sustaining an organization safety culture. Without the sincere, unconditional commitment of all levels 
of management, any attempt at an effective safety program will be unsuccessful. Safety management 
requires the time, financial resources and consideration that only the senior management can provide. 

Some examples of management commitment and support may be: discussing safety matters as the first 
priority during staff meetings, participating in safety committees and reviews, allocating the necessary 
resources such as time and money to safety matters, and setting a personal example. However it is 
manifested, the importance of support from management cannot be underestimated.

Why is SMS Needed?

SMS facilitates the proactive identification of hazards, promotes the development of an improved safety 
culture, modifies the attitudes and behavior of personnel in order to prevent damage to aircraft or equipment, 
as well as makes for a safer work place. SMS helps organizations avoid wasting financial and human resources, 
in addition to wasting management’s time from being focused on minor or irrelevant issues.

SMS allows employees to create ownership of the organizational process and procedures to prevent errors. 
SMS lets managers identify hazards, assess risk and build a case to justify controls that will reduce risk 
to acceptable levels. SMS is a proven process for managing risk that ties all elements of the organization 
together, laterally and vertically, and ensures appropriate allocation of resources to safety issues. An 
SMS provides an organization with the capacity to anticipate and address safety issues before they lead 
to an incident or accident. An SMS also provides management with the ability to deal effectively with 
accidents and near misses so that valuable lessons are applied to improve safety and efficiency. The SMS 
approach reduces loss and improves productivity.

Definition of an SMS

SMS is defined as a coordinated, comprehensive set of processes designed to direct and control resources 
to optimally manage safety. SMS takes unrelated processes and builds them into one coherent structure 
to achieve a higher level of safety performance, making safety management an integral part of overall risk 
management. SMS is based on leadership and accountability. It requires proactive hazard identification, 
risk management, information control, auditing and training. It also includes incident and accident 
investigation and analysis. Figure 2.1 contrasts the attributes of a successful SMS vs. the attributes of a 
good safety program.
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Figure 2.1, Attributes of an SMS
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Safety management is woven into the fabric of an organization. It becomes part of the culture – the way 
people do their jobs. The organizational structures and activities that make up a safety management 
system are found throughout an organization. Every employee contributes to the safety health of the 
organization. In some organizations, safety management activity will be more visible than in others, but 
the system must be integrated into “the way things are done.” This will be achieved by the implementation 
and continuing support of a safety program based on coherent policies and procedures.

The Accountable Executive

One person must have the responsibility to oversee SMS development, implementation and operation. 
This person is called the Accountable Executive. The accountable executive must be the “champion” 
for the SMS program. The managers of the “line” operational functions, from middle management to 
front-line managers and supervisors, manage the operations in which risk is incurred. These managers 
and supervisors are the “key safety personnel” of the SMS. For each process, the element that defines 
responsibilities for definition, and documentation of aviation safety responsibilities, applies to all 
components, elements and processes.

Key Safety Personnel

Top management has the ultimate responsibility for the SMS and should provide the resources essential 
to implement and maintain the SMS. Top management should appoint members of management, who, 
irrespective of other responsibilities, have responsibilities and authority including:

•	 Ensuring the processes needed for the SMS are established, implemented and maintained. 
•	 Ensuring the promotion of awareness of safety requirements throughout the organization.
•	 Ensuring that aviation safety-related positions, responsibilities, and authorities are defined, 

documented and communicated throughout the organization.

The Four Components, or Pillars, of SMS:

The ICAO Document 9859 and FAA Advisory Circular 120-92B states that SMS is structured upon four 
basic components, or sometimes called pillars, of safety management:

•	 Safety Policy
•	 Safety Risk Management
•	 Safety Assurance
•	 Safety Promotion
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Safety Policy

Every type of management system must define policies, procedures and organizational structures to 
accomplish its goals. An SMS must have policies and procedures in place that explicitly describe 
responsibility, authority, accountability and expectations. Most importantly, safety must be a core value.

The safety policy should state that safety has a very high priority within the organization. It is the 
accountable manager’s way of establishing the importance of safety as it relates to the overall scope of 
operations. Leadership sets the tone. Senior management commitment will not lead to positive action 
unless commitment is expressed as direction. Management must develop and communicate safety policies 
that delegate specific responsibilities and hold people accountable for meeting safety performance goals.

The policy must be clear, concise and emphasize top level support – including a commitment to:

•	 Implementing an SMS
•	 Continuous improvement in the level of safety
•	 Managing safety risks
•	 Complying with applicable regulatory requirements
•	 Encouragement of, not reprisal against, employees that report safety issues
•	 Establishing standards for acceptable behavior
•	 Providing management guidance for setting and reviewing safety objectives
•	 Documentation
•	 Communication with all employees and parties
•	 Periodic review of policies to ensure they remain relevant and appropriate to the organization
•	 Identifying responsibility of management and employees with respect to safety performance
•	 Integrating safety management with other critical management systems within the organization
•	 Safety component to all job descriptions that clearly defines the responsibility and accountability 

for each individual within the organization

Safety Risk Management

A formal system of hazard identification and management is fundamental in controlling an acceptable 
level of risk. A well-designed risk management system describes operational processes across department 
and organizational boundaries, identifies key hazards and measures them, methodically assesses risk, 
and implements controls to mitigate risk. 
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Understanding the hazards and inherent risks associated with everyday activities allows the organization 
to minimize unsafe acts and respond proactively, by improving the processes, conditions and other 
systemic issues that lead to unsafe acts. These systemic/organizational elements include – training, 
budgeting, procedures, planning, marketing and other organizational factors known to play a role in 
many systems-based accidents. In this way, safety management becomes a core function and is not just 
an adjunct management task. It is a vital step in the transition from a reactive culture, one in which 
the organization reacts to an event, or to a proactive culture, in which the organization actively seeks 
to address systemic safety issues before they result in an active failure. The fundamental purpose of a 
risk management system is the early identification of potential problems. The risk management system 
enhances the manner in which management safety decisions are made. The risk management process 
identifies the 6 steps outlined below:

•	 Establish the Context. This is the most significant step of the risk process. It defines the scope 
and definition of the task or activity to be undertaken, the acceptable level of risk is defined, 
and the level of risk management planning needed is determined. 

•	 Identify the Risk. Identification of what could go wrong and how it can happen is examined, 
hazards are also identified and reviewed, and the source of risk or the potential causal factors 
are also identified.
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•	 Analyze the Risk. Determine the likelihood and consequence of risk in order to calculate and 
quantify the level of risk. A good tool for this process is the reporting system for information 
gathering technique. Determining the frequency and consequence of past occurrences can 
help to establish a baseline for your risk matrix. Each organization will have to determine their 
definition of severity according to its individual risk aversion. 

•	 Evaluate the Risks. Determine whether the risk is acceptable or whether the risk requires 
prioritization and treatment. Risks are ranked as part of the risk analysis and evaluation step.

•	 Treat the Risks. Adopt appropriate risk strategies in order to reduce the likelihood or consequence 
of the identified risk. These could range from establishing new policies and procedures, reworking 
a task, or a change in training, to giving up a particular mission or job profile.

•	 Monitor and Review. This is a required step at all stages of the risk process. Constant monitoring 
is necessary to determine if the context has changed and the treatments remain effective. In 
the event the context changes, a reassessment is required.

Risk Assessment

Risk assessment is a decision step, based on combined severity and likelihood. Ask, is the risk acceptable? 
The risk assessment may be concluded when potential severity is low or if the likelihood is low or 
well controlled.

Risk Matrix

The risk assessment matrix is a useful tool to identify the level of risk and the levels of management 
approval required for any Risk Management Plan. There are various forms of this matrix, but they all 
have a common objective to define the potential consequences and/or severity of the hazard versus the 
probability or likelihood of the hazard.

To use the risk assessment matrix effectively it is important that everyone has the same understanding 
of the terminology used for probability and severity. For this reason, definitions for each level of these 
components should be provided. Figure 2.3 shows a risk matrix used by many aviation organizations.
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Figure 2.3, Risk Matrix

Risk Control

Often, risk mitigation will require new processes, new equipment or changes to existing ones. Look at 
the system with the proposed control in place to see if the level of risk is now acceptable.

Stay in this design loop until it is determined that the proposed operation, change, etc. not be mitigated 
to allow operations within acceptable levels of risk.

Safety Assurance

Policies, process measures, assessments and controls are in place. The organization must incorporate 
regular data collection, analysis, assessment and management review to assure safety goals are being 
achieved. Solid change management processes must be in place to assure the system is able to adapt.

The ongoing monitoring of all systems and the application of corrective actions are functions of the quality 
assurance system. Continuous improvement can only occur when the organization displays constant 
vigilance regarding the effectiveness of its technical operations and its corrective actions. Without ongoing 
monitoring of corrective actions, there is no way of telling whether the problem has been corrected and 
the safety objective met. Similarly, there is no way of measuring if a system is fulfilling its purpose with 
maximum efficiency. Evaluation of the safety program includes external assessments by professional 
or peer organizations. Safety oversight is provided in part by some of the elements of the SMS such as 
occurrence reporting and investigation. However, safety assurance and oversight programs proactively 
seek out potential hazards based on available data as well as the evaluation of the organization’s safety 
program. This can best be accomplished by:
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•	 Conducting internal assessments of operational processes at regularly scheduled intervals.
•	 Utilizing checklists tailored to the organization’s operations when conducting safety evaluations.
•	 Assessing the activities of contractors where their services may affect the safety of the operation.
•	 Having assessment of evaluator’s processes conducted by an independent source.
•	 Documenting results and corrective actions.
•	 Documenting positive observations.
•	 Categorizing findings to assist in prioritizing corrective actions.
•	 Sharing the results and corrective actions with all personnel.
•	 Utilizing available technology such as Health Usage Monitoring Systems (HUMS) to supplement 

quality and maintenance programs and Flight Data Monitoring to evaluate aircrew operations.
•	 Facilitating Safety Committee meetings.
•	 Advising the CEO (Accountable Executive) on safety issues.
•	 Causing incidents to be investigated and reviewed, making recommendations and providing 

feedback to the organization.
•	 Conducting periodic assessment of flight operations.
•	 Providing safety insight to the organization’s management.

Monitoring by audit forms a key element of this activity and should include both a quantitative and 
qualitative assessment. The results of all safety performance monitoring should be documented and used 
as feedback to improve the system.

Download free eBooks at bookboon.com

Click on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read more

“The perfect start 
of a successful, 
international career.”

CLICK HERE 
to discover why both socially 

and academically the University 

of Groningen is one of the best 

places for a student to be 
www.rug.nl/feb/education

Excellent Economics and Business programmes at:

http://www.rug.nl/feb/bookboon?utm_source=AdBookboon&utm_medium=Bookboon&utm_campaign=130215Bookboon


Aviation Safety – The Basics

29 

Aviation Safety Program Management and 
Safety Management System (SMS)

It is widely acknowledged that accident rates are not an effective measurement of safety. They are 
purely reactive and are only effective when the accident rates are high enough. Furthermore, relying 
on accident rates as a safety performance measurement can create a false impression; an assumption 
that zero accidents indicate the organization is safe. A more effective way to measure safety might be to 
address the individual areas of concern. For example, an assessment of the improvements made to work 
procedures might be far more effective than measuring accident rates.

Interfaces in SafetyRisk Management (SRM) and Safety Assurance (SA)

Safety Risk Management (SRM) and Safety Assurance (SA) are the key functional processes of the 
SMS. They are also highly interactive. The flowchart on figure 2.4 may be useful to help visualize these 
interactions. The interface element concerns the input-output relationships between the activities in the 
processes. This is especially important where interfaces between processes involve interactions between 
different departments, contractors, etc. Assessments of these relationships should place special attention 
to flow of authority, responsibility and communication, as well as procedures and documentation.

Figure 2.4, Interaction between Safety Risk Management and Safety Assurance
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Safety Promotion and Safety Culture

The organization must continually promote, train and communicate safety as a core value with practices 
that support a sound safety culture.

An organization’s Safety Culture influences the values, beliefs and behaviors that we share with other 
members of our various social groups. Culture serves to bind us together as members of groups and to 
provide clues as to how we behave in both normal and unusual situations. Some people see culture as 
the “collective programming of the mind.” Culture is the complex, social dynamic that sets the rules of 
the game, or the framework for all our interpersonal interactions. It is the sum total of the way people 
work. Culture provides a context in which things happen. For safety management, understanding the 
culture is an important determinant of human performance and its limitations. The ultimate responsibility 
for safety rests with the management of the organization. Safety Culture is affected by such factors as:

•	 Management’s actions and priorities
•	 Policy and procedure
•	 Supervisory practices
•	 Safety planning and goals
•	 Actions in response to unsafe behaviors
•	 Employee training and motivation
•	 Employee involvement or buy-in

An organizational culture recognizes and identifies the behavior and values of particular organizations. 
Generally, personnel in the aviation industry enjoy a sense of belonging. They are influenced in their 
day-to- day behavior by the values of their organization. Does the organization recognize merit, promote 
individual initiative, encourage risk taking, tolerate breeches of SOP’s, promote two-way communications, 
etc.? The organization is a major determinant of employee behavior. 

Positive Safety Culture

A positive safety culture is generated from the “top down.” It relies on a high degree of trust and respect 
between workers and management. Workers must believe that they will be supported in any decisions 
made in the interests of safety. They must also understand that intentional breaches of safety that 
jeopardize operations will not be tolerated. A positive safety culture is essential for the effective operation 
of an SMS. However, the culture of an organization is also shaped by the existence of a formal SMS. An 
organization should therefore not wait until it has achieved an ideal safety culture before introducing an 
SMS. The culture will develop as exposure and experience with safety management increases. Figure 2.5 
shows common attributes of a positive safety culture.
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Indications of Positive Safety Culture

•	 Senior management places strong emphasis on safety as part of the strategy of controlling risks 
and minimizing losses.

•	 Decision-makers and operational personnel hold realistic views of the short and long-term 
hazards involved in the organization’s activities.

•	 Management fosters a climate in which there is a positive attitude toward criticisms, comments 
and feedback from lower levels of the organization on safety matters.

•	 Management does not use their influence to force their views on subordinates.
•	 Management implements measures to minimize the consequences of identified safety deficiencies.

Safety must not only be recognized but promoted by the senior management team as the organization’s 
primary core value. Procedures, practices, training and the allocation of resources clearly demonstrate 
management’s commitment to safety.
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The key elements of promoting safety within any organization are:

•	 Safety Culture – Support the expansion of a positive safety culture throughout the organization 
by:

οο Widely distributing and visibly posting organizational safety policy and mission 
statements signed by senior management

οο Clearly communicating safety responsibilities for all personnel
οο Visibly demonstrating commitment to safety through everyday actions
οο Implementing a “Just Culture” process that ensures fairness and open reporting in 

dealing with human error
•	 Safety Education
•	 Widely communicated status on safety performance related to goals and targets
•	 Communication of all identified safety hazards
•	 Overview of recent accidents and incidents
•	 Communication of lessons learned that promote improvement in SMS
•	 Safety Training
•	 Initial “new employee” safety training
•	 Recurrent safety training for all employees
•	 Document, review and update training requirements
•	 Define competency requirements for individuals in key positions
•	 Introduce and review safety policies
•	 Review of safety reporting processes
•	 Safety Communication
•	 Communicate the realized benefits of SMS to all employees
•	 Implement a safety feedback system with appropriate levels of confidentiality that promote 

participation by all personnel in the identification of hazards
•	 Communicate safety information with employees through:
•	 Safety newsletters
•	 Bulletin board postings
•	 Safety investigation reports
•	 Internet website
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Figure 2.5, Common attributes of a positive safety culture.
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Chapter Questions

1.	 What are the four components, or pillars, of SMS?
2.	 What is the difference between the Accountable Executive and Key Safety Personnel?
3.	 Explain Safety Culture.

All information in this chapter is consistent with the information and guidance contained in other 
documents including:

•	 ICAO Doc 9859 Safety Management Manual
•	 FAA SMS Framework, SMS Assurance Guide and SMS Implementation Guide, as revised (these 

documents are the nucleus of the FAA Advisory Circular (AC) 120-92A
•	 FAA 14 CFR Part 5
•	 FAA SMS Voluntary Program
•	 FAA SMS Framework & Assurance Guide – Rev. 2
•	 Transport Canada Safety Management Manual TP 13739
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3	 Accident Investigation Theory
Learning Objectives

1.	 Identify the difference between reactive and proactive safety.
2.	 Know the difference between the NTSB and the FAA.
3.	 Understand the difference between and aircraft accident and an aircraft incident.
4.	 Identify the difference between accident definitions from NTSB Part 830 and ICAO Annex 13.
5.	 Be able to name and understand the three types of aircraft investigations.
6.	 Name and understand the three types of aircraft accidents.
7.	 Know and explain the importance of Dr. James Reason’s Swiss Cheese accident model.

Reactive safety, accident investigation, is an integral part of the safety process. In the next chapter we 
will explore the actual process of investigation. In this chapter, we are going to cover the theory behind 
investigation. This will include the NTSB and ICAO definitions and regulations. We will also look into 
James Reason’s accident causation model and the steps involved with an accident investigation. Why 
is an accident investigation important? Well, we know that the accident has already occurred. We can’t 
change that fact. But, by investigating the accident we can hopefully prevent the same thing from causing 
another accident. This type of safety is very complimentary with a proactive safety program, which will 
be discussed in Chapter 6. 

In the United States, the NTSB is the main institution tasked with the investigation of aviation accidents. 
The NTSB is a very small organization (< 500 employees total). The structure of the organization is seen 
in Figure 3.1.

Figure 3.1, NTSB Organizational Chart
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A few facts about the NTSB:

-- Entirely independent government agency, reporting directly to the President of the  
United States.

-- Required to determine the probable cause of any accidents related to: civil aviation, highway, 
railroad, major marine, pipeline

-- Under the Transportation Act of 1974, the board is required to take certain actions during and 
after an accident investigation

Because of their relatively small size they do tend to delegate some of the smaller general aviation 
accidents to the FAA. The FAA will investigate the accident on behalf of the NTSB with the final report 
being produced by the NTSB, just as if they had completed the investigation themselves. The rules for 
this fall under NTSB Part 830. According to Part 830, the NTSB is required to take certain steps during 
an investigation. Part 830.2 defines an accident as:

“An event associated with the operation of an aircraft that takes place between the time any person boards 
the aircraft with the intention of flight until such time as all such persons have disembarked, and in which 
any person suffers death or serious injury, or in which the aircraft receives substantial damage.”

In order to really comprehend what this definition means, we need to define what a death (caused by 
the accident) and serious injury is, and what the definition is of substantial damage to an aircraft. 

According to NTSB Part 830.2, in and aircraft accident, death or serious injury is defined as being: “…as 
a result of being in the aircraft, or direct contact with any part of the aircraft, including parts which may 
have become detached from the aircraft, or exposure to jet blast.”

The exceptions being:

“When injuries are from natural causes, self-inflected, inflicted by other persons, or when the injuries are 
to stowaways hiding outside the areas normally available to the passengers and crew.”

Notes to remember:

•	 An injury resulting in death within thirty (30) days of the date of the accident is classified as 
a fatal injury.

•	 An aircraft is considered to be missing when the official search has been terminated and the 
wreckage has not been located.
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In order to finish the NTSB definition for an aircraft accident, let’s look at what NTBS Part 830 defines 
substantial damage as:

“…adversely affects…structural strength, performance, flight characteristics, or…would normally require 
major repair or replacement of the affected component.”

Exceptions to this definition:

“Engine failure or damage, when the damage is limited to the engine, its cowlings or accessories.

-- damage limited to propellers, wing tips, antennas, tires, brakes, fairings, small dents or puncture 
holes in the aircraft skin.

-- the aircraft is missing or inaccessible.”

ICAO has very similar definitions that fall under Annex 13.

These international rules that ICAO has developed have one main difference when it comes to the time 
limit for a fatality or serious injury. While NTSB Part 830 has a “within 30 days” cutoff for these two 
definitions, ICAO Annex 13 does not have this cutoff. In fact, there is no timeline listed in Annex 13 at all.
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In an accident investigation, the NTSB has a series of protocols that must be followed. The parties to 
the investigation are one of these protocols. The NTSB is a very small organization (less than 500 total 
employees). Because of this, they have to rely on experts from outside the organization to help aid in the 
investigation. This “party” system takes these experts from the outside organizations that are involved in 
the accident. The FAA is an automatic party to the investigation, but examples of other parties may be 
the aircraft manufacturer, the airframe manufacturer, or the powerplant (engine) manufacturer. These 
organizations, after being named a party to the investigation, would send a representative that has the 
expertise the NTSB requires to help investigate the accident. 

The NTSB has certain rules concerning the representatives of each party. These rules include only 
gathering the facts pertinent to the accident. There is no here say or opinions allowed during the gathering 
of facts. The parties are also not allowed to talk to the press or the media. If a party is to break any of 
the NTSB rules to the investigation, their party status could be revoked or suspended. If the party status 
is revoked, the organization from which the representative has come from is no longer allowed to be a 
part of the investigation. If the party status is suspended, that means the organization cannot act as a 
party to the investigation for a specific period of time.

The FAA will sometimes run its own investigation at the same time the NTSB is conducting its 
investigation. The purpose of the FAA investigation is to look for blame and usually involves some sort 
of certificate action, either on the part of the airmen or operator involved. The NTSB is conducting the 
investigation purely as a way of discovering the safety implications of the accident and trying to prevent 
the same cause from happening again.

This is because the FAA and the NTSB have vastly different missions. The FAA’s mandate is to both 
promote aviation, along with certificate aviation as well. The NTSB’s mission is to find the probable cause 
and to issue safety recommendations to the FAA and any other pertinent parties to the investigation.

Types of Investigations

Let’s take a look at the three types of NTSB investigations that usually take place after an accident or 
incident:

•	 Field Office Investigations
οο investigated by a single field investigator.
οο fatal general aviation accidents and some air carrier and commuter accidents with 

minor injuries.

Download free eBooks at bookboon.com



Aviation Safety – The Basics

39 

Accident Investigation Theory


•	 NTSB Headquarters Investigations
οο Washington, D.C., NTSB Headquarters
οο “Go Team” with an Investigator in Charge or (IIC)
οο Specialized Groups for the party system (ATC, weather, avionics, FAA, aircraft manufactures, 

pilot unions)
οο Major air carrier disasters

•	 Internal Company Investigations
οο Risk Management
οο Evaluate, Educate, Analyze, and Advise

Types of Accidents

We have looked at accident investigation and the definitions associated with it. Now we will take a look 
at the three types of accidents.

•	 Procedural Accidents
Most common, these are accidents that result from obvious mistakes and generally have a 
simple, single resolution. Examples include flying into a thunderstorm or taking off with ice 
or snow on the wings.

•	 Engineered Accidents
Generally rare accidents with material(s) failures that should have been predicted by designers 
or discovered by test pilots, but weren’t. At first the accident may defy understanding but 
ultimately yield to examination and result in understandable solutions. Examples include:

οο American Eagle ATR turboprop dives into a frozen field in Indiana, because its de-icing 
boots did not protect its wings from freezing rain – and as a result new boots are designed, 
and the entire testing process undergoes review.

οο A TWA Boeing 747-100 blows apart off New York because, whatever the source of ignition, 
its nearly empty center tank contained an explosive mixture of fuel and air.

•	 System (Organizational) Accidents
These accidents can prove very elusive because of complex organizations. They may involve 
“contractors” outside the organization and can result from lack of oversight by management 
or government.
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Example includes:

οο Valujet DC-9 crash in the Everglades near Miami, FL. The NTSB determined the probable 
cause to be: 

•	 Failure of SabreTech (contractor) to properly prepare, package, and identify unexpended 
chemical oxygen generators.

•	 Failure of ValuJet to properly oversee its contract maintenance, maintenance training and 
HAZMAT requirements.

•	 Failure of FAA to require smoke detection & fire suppression in certain cargo (Class D) 
compartments. 

When looking at the different types of accidents, one aspect tends to stand out. Most, if not all, accidents 
tend to have multiple layers that stacked up to eventually cause the accident. Dr. James Reason developed 
a model for this. As seen in Figure 3.2, we can see how Dr. Reason’s model works.
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Figure 3.2, Reason’s Swiss Cheese Model

The “Swiss Cheese Model” shows that accidents can have multiple causes and can be also be more 
than one type of accident as well. But, this model also shows that if just one layer of the swiss cheese is 
removed, the accident may never actually happen. 

This chapter has focused on accident theory, including the definitions used by the NTSB and ICAO in 
identifying accidents and incidents. This is all part of a process called reactive safety. In the next chapter, 
we will take what we have learned and actually get in to the actual investigation of accidents. This will 
turn the theory of what has been covered in this chapter, and turn it into the practical.
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Chapter Questions

1.	 Reactive safety:
a)	 Solves the problem before an accident occurs
b)	 Investigates the accident after it happens
c)	 Is not really necessary
d)	 None of the above

2.	 The three types of accidents include
a)	 Engineered accidents
b)	 System Accidents
c)	 Procedural accidents
d)	 All of the above

3.	 Dr. James Reason’s Swiss Cheese accident model shows
a)	 Accidents usually have one cause
b)	 Are the pilots fault
c)	 Have multiple layers of causes
d)	 None of the above

4.	 Reactive and proactive safety are complimentary to each other:
a)	 True
b)	 False
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4	 Aircraft Accident Investigation 
Learning Objectives

1.	 Understand the need for site safety when investigating an accident.
2.	 Explain how to conduct a site survey. 
3.	 Explain the importance of analyzing the following at an accident site:

	 Ground scars
	 Witness marks
	 Wreckage patterns

4.	 Explain the need and characteristics of photography at an accident site.
5.	 Know the aircraft accident investiture groups and their purpose.

Site Safety at the scene of the accident

An aviation accident often causes injuries and loss of life. We do not want the investigation of this horrible 
event to cause injuries or death to the accident investigators. The application of safety management in the 
conduct of aircraft accident investigation operations is complex. There are a range of factors that have a 
significant effect on the safety management process. Unlike personnel involved in the more predictable 
domains within the aviation industry, investigators are required to respond to accident situations that 
are variable in nature, scale, and environment. These factors make the identification of hazards and 
determination of exposure a more difficult exercise. Furthermore, given the relative infrequency of 
accidents, there are few opportunities for the scientific analysis of aircraft debris that is essential for 
accurate assessment of occupational health risks.

The need for prior planning and training cannot be overemphasized, especially during the initial 
investigation when critical accident information can be easily lost or contaminated. The collection of 
fluid samples from various systems is time critical, while haphazard collection of samples will cause 
contamination and provide misleading indication of system deficiencies. Flight control actuators, flap 
and control surface deflections and cockpit switch locations are all critical evidence that must be properly 
documented as rapidly as possible without causing additional hazards to the investigators.
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A wide range of control measures can be applied to help reduce risks, including:

•	 stopping or delaying the task – where risk is shown to be excessive, this may be the only option 
until alternative methods of work are established;

•	 removal/isolation of hazards – components can be disconnected, made safe or removed from 
the site, hazardous materials can be neutralized or covered, dust and fibers can be suppressed 
with water or fluids, etc.;

•	 limiting exposure – reduce the numbers of personnel within hazardous areas or limit the length 
of time or frequency of exposure;

•	 modifying tasks or using alternative equipment or materials – this course of action can produce 
significant reductions in risk;

•	 employing specific work procedures (e.g. exposure control plans); and f) using protective 
clothing/equipment.

A hazard is something that has the potential to cause adverse consequences, and the degree of adverse 
consequences caused by specific exposures is important when determining the risk posed. A wide range 
of hazards may exist at aircraft accident sites, some of which may not be directly associated with the 
aircraft wreckage. Hazards may be posed by pathogens (from human or animal remains), cargo, and 
the nature of the accident location, ground installations, and other factors. Given the wide range of 
potential hazards at an accident site, it can be helpful to categorize typical hazards, in order to better 
manage the accident site.

Hazards have been categorized as follows:

•	 Environment – location (both geographic and topographic), fatigue (effects of travel and 
transportation), insects/wildlife, climate, security and political situation;

•	 Physical – fire, stored energy, explosives, structures;
•	 Biological – pathogens associated with human remains or cargo consignments and state of 

local hygiene;
•	 Materials – exposure to and contact with materials and substances at the site; and
•	 Psychological – stress and traumatic pressures imposed by exposure to the aircraft accident, 

and interaction with those associated with the air carrier and related aviation activities.
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Site Survey

The investigation at the accident site should begin with an assessment of the wreckage. Accident 
investigators begin with the 4-corners search. The four corners of the aircraft are the left wingtip to 
the right wing tip; the nose of the aircraft all the way back to the tail of the aircraft. During this initial, 
cursory, examination of the site determine that the major structural members are present; wings, vertical 
and horizontal tail, the correct number of engines, the correct number of propellers and propeller 
blades, etc. Every piece of debris is important, however pay particular attention ensuring that major 
structural and flight control surfaces are within the wreckage pattern. This initial survey must determine 
whether all flight control surfaces are present as well; ailerons, flaps, elevators, trim tabs, spoilers, etc. 
As the number of surfaces may be quite extensive a common practice is to have each member possess 
a simple diagram of the aircraft (usually obtainable from the Operator’s or Maintenance Manual). As 
each structural section is identified and each flight control surface is found, the appropriate part of the 
illustration can be “colored in”. Later, all illustrations can be compared to assure the investigation team 
that the entire aircraft it at the site. The lack of a major section, or control surface may be indicative of a 
loss prior to impact and the effort to recover the missing parts should begin as soon as possible. Hence, 
the need to accomplish this basic inventory early in the investigation.

An assessment of the basic terrain features surrounding the accident site should be made prior to detailed 
analysis. If the terrain is rising as when the impact occurred, the evidence of impact may indicate a steeper 
angle than would exist if the terrain were level or descending. Similarly, if the area is heavily forested, 
the degree of impact may be greater than if the area were devoid of large structures or vegetation.

The investigators should determine the scope of the aircraft breakup. If extensive, this may be accomplished 
by a site walk-through. Beginning at the point of initial contact with the ground the investigator should 
attempt to determine a basic breakup direction and begin walking that line. Identification of structure 
or parts along the path can be made with noting whether they are straight ahead or to the left or right. 
A preliminary sketch of the wreckage found might be made without great effort as to scale. When the 
last parts are noted in the line walked, it might be assumed that no other parts exist further down. The 
investigator should continue the line for some distance assuring that what was suspected to be the last 
parts are, in fact, so. Frequently, heavy objects having great inertia may lie well beyond the normal 
wreckage pattern. Once the length boundary is determined, the investigator should similarly determine 
the width to either side. The importance is that all investigative efforts can then be concentrated within 
an established boundary. This facilitates investigative assignments and assures that investigation team 
members do not stray beyond the boundaries without coordination with the investigator-in-charge. 
In the case of in-flight breakup or mid-air collision, radar data may be useful in identification of the 
initial debris field and extent of wreckage disbursement. This will also be vital in over water accident 
site determination.
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Wreckage patterns

After the initial study of the general scene of the accident has been made and photographs taken the 
first step in the actual investigation is usually that of plotting the distribution of the wreckage. In simple 
terms this is done by measuring the distances and bearings of the main wreckage and also of the 
scattered parts of the wreckage, including the contents of the aircraft, survivors and victims, all impact 
and ground markings, and then recording this information on a chart to a convenient scale. While in 
many accidents the preparation of a wreckage distribution chart is a task considered to be well within 
the capabilities of an investigator, if a GPS plotting has not been accomplished, consideration should be 
given to employing the services of a qualified surveyor when the circumstances of the accident are such 
that there has been extensive scattering of the wreckage. The preparation of a wreckage distribution chart 
is worthy of painstaking effort to ensure its completeness and accuracy, for the study of the completed 
chart may suggest possible failure patterns or sequences, and the significance of later findings may 
often depend upon reference to the original chart. It will not only be used as a reference document 
throughout the investigation but also it will remain a most important document for inclusion in the 
investigator’s dossier and will supplement the written report. In determining the type and amount of 
information to be included on the chart of any specific accident the investigator must be guided by 
the circumstances surrounding the particular accident, but in most cases the chart should record the 
locations of all major components, parts and accessories, freight, and the locations at which the accident 
victims were found, or survivors located, and if available, their identities. The initial contact markings 
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and other ground markings should also be indicated on the chart with suitable reference to identify the 
part of the aircraft or component responsible for the marking. When terrain features appear to have a 
bearing on the accident or on the type or extent of structural damage they too should be noted on the 
wreckage distribution chart. Pertinent dimensions, descriptive notes and also the locations from which 
photographs were taken add to the completeness of the chart. The preparation of a wreckage distribution 
sketch may be accomplished in various ways but the following are some examples of simple methods:

•	 When the wreckage is concentrated in a small area, distances and bearings (magnetic) can be 
measured from a central point of the wreckage. The plotting of the items can be made on a 
polar diagram.

•	 When the wreckage is scattered, a base line can be laid out usually along the main wreckage 
trail, dependent upon the terrain, and distances measured along the base line from a reference 
point and then perpendicularly from the base line to the scattered pieces of wreckage. A chart 
is then prepared from this information using a suitable scale. The use of squared paper may 
be useful in preparing simple plots.

Where there are many pieces of wreckage the presentation of the chart can be simplified by using a letter 
or a numeral for each item and preparing a suitable index for inclusion on the chart.

Examination of ground scars

The marks of first impact of the aircraft with the ground should be found. From these and the distribution 
of the wreckage, it can usually be determined which part of the aircraft struck the ground first. The path 
of the aircraft may be deduced by careful examination of ground marks or scars upon trees, shrubs, 
rocks, poles, power lines, buildings, etc. Wing tips, propellers or landing gear leave tell-tale marks or 
torn-off parts at points of contact with fixed objects. Ground scars used in conjunction with height of 
broken trees or brush will assist in establishing the angle and attitude in which the aircraft struck the 
ground. Examination of the victims of the accident and the contents of the aircraft, can also assist in 
establishing angle, attitude, and speed at impact. The general state of distortion and “telescoping” of the 
structure will permit an investigator to deduce whether the aircraft crashed at high or low speed. Usually 
only local damage occurs at low speed impact, but at high speed wings and tail become buckled and 
foreshortened. Cases have occurred in which the aircraft has been completely buried in a deep crater, 
with only a few twisted fragments dispersed adjacent to the impact site. Short straight furrows running 
out from each side of the crater told where the leading edges of the outer wings had hit the ground while 
traveling almost vertically downwards at very high speed. When engines have not penetrated into the 
ground their vertical descent speed has probably been small, but the aircraft might have been traveling 
very fast at a shallow angle and in such circumstances, the wreckage will be spread far along a line from 
the mark of first impact. If the wreckage is widely scattered along the flight path, this may indicate that 
some structural disintegration had occurred before impact with the ground. It is usually possible to form 
a preliminary mental picture of:

Download free eBooks at bookboon.com



Aviation Safety – The Basics

48 

Aircraft Accident Investigation

•	 the direction, angle and speed of descent;
•	 whether it was a controlled or uncontrolled descent;
•	 whether the engines were under power at the time of impact;
•	 whether the aircraft was structurally intact at the point of first impact.

The extent of the damage to the wreckage will give some preliminary indication of the evidence that 
can be obtained from it by subsequent detailed examination. If structural disintegration in the air is 
suspected, it is essential to plan the investigation to ensure that all information which will help to trace 
the primary failure is extracted from the wreckage before it is moved. In such circumstances aircraft 
wreckage may be scattered over several miles of woodland, field, marsh, or built-up area and may be 
difficult to locate. Search parties should comb the district and the search should be continued until all 
significant components have been found. The cooperation in the search of military personnel, police, 
schools and local residents should be requested but at the same time searchers should be informed 
of the need to report the location of pieces of wreckage without disturbing them. This will enable the 
investigator to examine and determine the exact location of such pieces as they fell to the ground. Light 
detached portions of low density tend to drift in the direction of the prevailing wind at the time of the 
accident whilst dense objects will be less affected by wind effects, and knowledge of this direction may 
save time in locating aircraft pieces. No piece of wreckage should be disturbed or removed until:

•	 its position is recorded;
•	 an identification number is painted on it on an undamaged area, or in the case of small portions, 

a label attached; and
•	 notes are made of the manner in which the piece struck the ground, what the nature of the 

ground was, and whether it hit trees or buildings, etc., prior to this.

Such notes and photographs will be very valuable when a later detailed examination is made and may 
help to separate ground impact damage from the other damage. A special search should be made for 
any part of the aircraft not accounted for at the accident site and if it cannot be located the fact must be 
recorded. In the case of accidents associated with wheels-down landings, tire marks should be carefully 
recorded and examined. The width of the tire imprint of each wheel and the density of the color of the 
marks should be noted. The tire marks may well provide evidence of braking or skidding or sliding 
and, in particular, may provide a clue to a hydro-planing situation. A hydro-planing tire may leave a 
very distinctive whitish mark on the runway. These tracks are the result of a scrubbing action which 
is provided by the forces under the tire during hydro-planing. It should never be overlooked that the 
victims of an aircraft accident, if objectively examined in the same manner as the aircraft wreckage, may 
reveal important information relating to aircraft speed, aircraft attitude at impact, sequence of break-up, 
etc. This is referred to in more detail in the Human Factors Investigation.
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Impact marks

Impact marks, both on the ground and on the wreckage, can provide valuable information to understand 
the aircraft attitude and path at impact. Impact marks (also referred to as witness marks and ground 
scars) should be thoroughly measured and documented as soon as possible, as they are often obscured 
during the investigation. Skid marks and tire tracks, of course, are particularly useful for overruns and 
runway excursions.

Witness marks on analog instrument readings at the time of impact have been a traditional source of 
useful information. Many digital instruments have memory circuits, or illuminated portions that may 
record impact conditions and their circuitry needs to be handled carefully until it can be analyzed in 
the laboratory.

Need for photographs

Photography is an important element of the investigation process. Clear, well composed photographs 
allow the investigator to preserve perishable evidence, substantiate the information in the report, 
and illustrate the investigator’s conclusions. Every accident investigator needs a basic knowledge of 
photography. This allows the investigator to take quality photographs or to communicate effectively with 
a professional photographer in order to obtain photographs that contribute to a clearly written report.
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What to photograph at the accident site

The general rule in accident site photography is to start with the most perishable evidence and work to 
the least perishable evidence. The following is an example of an investigator’s checklist for accident site 
photography. 

Immediately following the mishap.

•	 Fire fighting (Video)
•	 Rescue activities (Video)
•	 Radar and ATC (Recordings)
•	 Weather (forecast and actual conditions)

Once the investigation begins.

•	 Aerial view of the site (Video)
•	 The site ground view from each cardinal compass position
•	 The site from the direction the aircraft was traveling at impact
•	 Ground scars
•	 Damage to trees and foliage
•	 Skid marks
•	 Photo inventory of major wreckage components
•	 Flight control surfaces and actuators
•	 Landing gear and other hydraulic components
•	 Cockpit switch positions
•	 Fire/heat damage and discoloration
•	 Human remains, injuries, blood/tissue smears on wreckage
•	 Extra items or items adjacent to items not accounted for
•	 Close-ups of fracture surfaces
•	 Close-ups of improperly installed components
•	 Close-ups of any other items you suspect may have contributed to the mishap
•	 Private property damage
•	 Steps in removing, opening or cutting apart components
•	 Any other photos deemed necessary
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Begin by using a video camera to record firefighting and rescue activities. Place the camcorder on a 
tripod and zoom the lens back to cover the whole site. Turn it on and let it record continuously. For a 
response that takes a long period of time, be ready to change tapes as they are consumed. If you have 
more than one video camera, get video from as many vantage points as possible without interfering with 
the response activities. The video will be valuable later for a number of uses. It will provide a record of 
the response. Investigators can use the video to determine what damage was caused by responders and 
what damage was caused by the accident itself. The video can be used to train fire fighting and rescue 
crews. If you can do so without endangering yourself or interfering with the response, photograph other 
perishable items of evidence such as ground scars and skid marks. 

As soon as the fire is extinguished and the accident site is declared safe for investigators to enter the area, 
photograph any remaining skid marks and ground scars. The local medical examiner will begin removing 
the human remains, if any, from the scene. All pieces of human remains should be photographed and 
cataloged before they are moved. Any other medical evidence such as tissue smears on wreckage should 
be photographed as soon as possible. Additionally, document any damage to private property. 

The next step is to take aerial photographs of the site. An easy and effective way to accomplish this is 
to use a contractor who specializes in aerial photography. Many times, the use of an unmanned aerial 
system can give you high definition video and pictures quickly. Additionally, the use of unmanned aerial 
systems often allow coaching for the pilot to ensure the proper information is captured. If you hire an 
aerial photographer, make sure the air crew understands exactly what information you need to capture. 
If you take the photographs yourself, an effective way is to use a helicopter. When taking photographs 
from a helicopter, remember to secure yourself and your equipment. Hold the camera so that the lens axis 
is as near to the vertical as possible. Take several photos from each position using different exposures. 
Use a high shutter speed to obtain the clearest images. Do not allow the camera to touch the helicopter’s 
structure during exposure, because this will allow the vibrations from the helicopter to be transmitted 
to the camera, degrading the clarity of the image. Have a piece of equipment, such as a vehicle, in the 
photos to provide a sense of scale. If possible, take aerial photos at different times of the day. The different 
shadow patterns will reveal different details.

During the initial walkthrough of the accident site, it may be helpful to have an assistant carry a video 
camcorder. Record initial impressions as video notes with a voice accompaniment. This can also be 
used as a briefing tool for newly arriving members of the investigation team, and to hazardous material 
mitigation crews and medical personnel for the recovery of fatal passengers. The next major photography 
task is to photograph the wreckage. If the wreckage is concentrated in a small area and all of it is easily 
seen from a single vantage point, photograph it from all cardinal and intermediate compass points. 
The photographer should stand the same distance from the center of the wreckage while taking each 
photograph. Be sure your notes reflect the direction you were facing at the time. If the wreckage is spread 
out over a large area, it may not be practical to photograph the whole scene. In this case, photograph 
each significant piece or group of pieces of wreckage. 
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As a minimum, take a photograph from all cardinal compass points, then move closer to show details. 
Be sure to note the location of the part of group of wreckage on the accident diagram. Take photos 
that illustrate damage to the components, fracture surfaces, and witness marks. The photographer or 
investigator should never try to reassemble broken parts as this may destroy the fracture surface and 
disturb the evidence of the cause of the failure. When the wreckage is removed from the site or if it is 
moved to provide access to other evidence, be sure to photograph it before it is disturbed. Any time 
major pieces of wreckage are moved from the site, use a video recorder to record the process of preparing 
them for transport, loading them onto the vehicle, and removing and setting them up at the destination.

Whenever components are dismantled or cut open, record the process on video if possible. Other 
significant pieces of evidence to be photographed include evidence of fire, heat discoloration of structures, 
structural fractures, switch positions, and circuit breakers. Any damage to nearby trees and foliage should 
be photographed, as well as ground scars from pieces of wreckage after the aircraft initial breakup. 
Photograph the impact point from a vantage point that is along the flight path of the aircraft. Anything 
found in the wreckage that should not be there should be photographed.

Also photograph anything that has a critical component missing. For instance, if the investigation reveals 
a missing cotter pin on a critical fastener, photograph that fastener and also photograph one that shows 
a normal installation.
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Environmental conditions should also be documented if there is any consideration that weather, sun 
angle, visual illusion or lack of visual reference as a possible contribution of the accident. This would 
require not only the documentation of weather conditions as soon as possible at the time of the accident, 
but to recreate the sun or moon angle and conditions at another date under the same representative 
conditions. This may also be accomplished by simulation, especially when controlled flight into terrain is 
being investigated, so as not to hazard another aircraft in attempting to recreate the accident conditions.

Considering the cost of an aircraft accident and its investigation, photography is inexpensive. Take as 
many pictures as needed. Take one photo at the normal exposure, then take the same subject at half 
then double the cameras indicated exposure. Photographers call this technique “bracketing.” It ensures 
at least one photograph will be properly exposed. Move your flash attachment if, you’re using one, to 
have the subject illuminated from several different directions. Take notes along with the photographs. 
The notes must contain enough information to later identify each photograph and its significance. This 
is not as important when using digital camera as each photograph can be reviewed immediately to see 
if they contain the necessary information.

Aircraft Accident Working Groups

The accident investigation team’s immediate boss is the Investigator-in-Charge (IIC), a senior investigator 
with years of NTSB and industry experience. Each investigator is a specialist responsible for a clearly 
defined portion of the accident investigation. In aviation, these specialties and their responsibilities are:

OPERATIONS: The history of the accident flight and crewmembers’ duties for as many days prior to 
the crash as appears relevant.

STRUCTURES: Documentation of the airframe wreckage and the accident scene, including calculation 
of impact angles to help determine the plane’s pre-impact course and attitude.

POWERPLANTS: Examination of engines (and propellers) and engine accessories.

SYSTEMS: Study of components of the plane’s hydraulic, electrical, pneumatic and associated systems, 
together with instruments and elements of the flight control system.

AIR TRAFFIC CONTROL: Reconstruction of the air traffic services given the plane, including acquisition 
of ATC radar data and transcripts of controller-pilot radio transmissions.

WEATHER: Gathering of all pertinent weather data from the National Weather Service, and sometimes 
from local TV stations, for a broad area around the accident scene.
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HUMAN PERFORMANCE: Study of crew performance and all before-the-accident factors that might 
be involved in human error, including fatigue, medication, alcohol. Drugs, medical histories, training, 
workload, equipment design and work environment.

SURVIVAL FACTORS: Documentation of impact forces and injuries, evacuation, community emergency 
planning and all crash-fire-rescue efforts.

Under direction of the IIC, each of these NTSB investigators heads what is called a “working group” in 
one area of expertise. Each is, in effect, a subcommittee of the overall investigating team. The groups are 
staffed by representatives of the “parties” to the investigation (see the next section – The Party System) – 
the Federal Aviation Administration, the airline, the pilots’ and flight attendants’ unions, airframe and 
engine manufacturers, and the like. Pilots would assist the operations group; manufacturers’ experts, 
the structures, systems and power plants groups; etc. Often, added groups are formed at the accident 
scene – aircraft performance, maintenance records, and eyewitnesses, for example. Flight data recorder 
and cockpit voice recorder teams assemble at NTSB headquarters.

In surface accident investigations, teams are smaller and working groups fewer, but the team technique 
is the same. Locomotive engineers, signal system specialists and track engineers head working groups 
at railroad accidents. The specialists at a highway crash include a truck or bus mechanical expert and 
a highway engineer. The Board’s weather, human performance and survival factors specialists respond 
to accidents of all kinds.

At least once daily during the on-scene phase of an investigation, one of the five Members of the Safety 
Board itself, who accompanies the team, briefs the media on the latest factual information developed by 
the team. While a career investigator runs the inquiry as Investigator-in-Charge, the Board Member is 
the primary spokesperson for the investigation. A public affairs officer also maintains contact with the 
media. Confirmed, factual information is released. There is no speculation over cause.

The individual working groups remain as long as necessary at the accident scene. This varies from a few 
days to several weeks. Some then move on – power plants to an engine teardown at a manufacturer or 
overhaul facility; systems to an instrument manufacturer’s plant; operations to the airline’s training base, 
for example. Their work continues at Washington headquarters, forming the basis for later analysis and 
drafting of a proposed report that goes to the Safety Board itself perhaps 12 to 18 months from the date 
of the accident. Safety recommendations may be issued at any time during the course of an investigation.

Parties to the investigation

The Board investigates about 2,000 aviation accidents and incidents a year, and about 500 accidents in 
the other modes of transportation – rail, highway, marine and pipeline. With about 400 employees, the 
Board accomplishes this task by leveraging its resources. One way the Board does this is by designating 
other organizations or companies as parties to its investigations.
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The NTSB designates other organizations or corporations as parties to the investigation. Other than the 
FAA, which by law is automatically designated a party, the NTSB has complete discretion over which 
organizations it designates as parties to the investigation. Only those organizations or corporations that 
can provide expertise to the investigation are granted party status and only those persons who can provide 
the Board with needed technical or specialized expertise are permitted to serve on the investigation; 
persons in legal or litigation positions are not allowed to be assigned to the investigation. All party 
members report to the NTSB.

Eventually, each investigative group chairman prepares a factual report and each of the parties in the 
group is asked to verify the accuracy of the report. The factual reports are placed in the public docket.

Chapter questions

1.	 List the 5 important hazards discussed in this chapter.
2.	 Explain the 4-corners concept.
3.	 Identify two reasons to use an unmanned aerial vehicle to photograph an accident site.
4.	 What are the names of the working groups used to investigate major aircraft accidents?
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5	 General Aviation Accidents
Learning Objectives

1.	 Be able to discuss the most current General Aviation accident rates.
2.	 Understand the reason for the NTSB Most Wanted Safety Improvements.
3.	 Become familiar with the example General Aviation accidents at the end of tshe chapter.

What is General Aviation?

General aviation (GA) is the umbrella term for any operation that does not operate under Parts 121, 
135, or 129. In 2010, general aviation accounted for 96 percent of all aviation accidents, 97 percent of 
fatal aviation accidents, and 96 percent of all fatalities for U.S. civil aviation. In addition, general aviation 
accounted for 51 percent of the estimated total flight time of all U.S. civil aviation in 2010. Figure 5.1 
shows the most recent analysis of total and fatal general aviation accidents from 2001 through 2010. 
Figure 5.2 shows the number of total and fatal accident aircraft for the same period.

Figure 5.1, Number of GA accidents and fatal accidents, Source NTSB
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Figure 5.2, Number of aircraft involved in GA accidents, Source: NTSB

The number of general aviation accidents declined over the decade, however the number of fatal accidents 
remained relatively stable over the ten-year period. Figure 5.3 shows the estimated total flight hours for 
general aviation based on the GA Survey. Figure 5.4 plots the total and fatal accident rates for general aviation. 

Figure 5.3, Estimated GA Flight Hours, Source: NTSB
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Figure 5.4, Total and Fatal Accident Rates for GA, Source: NTSB

General aviation covers a wide range of operations and aircraft, from powered parachutes and light 
sport aircraft to turboprops and jets used for a variety of flying. General aviation includes some types of 
commercial activities. The sections that follow discuss the top five types of general aviation operations 
based on their number of accidents and, where appropriate, examine the types of aircraft involved in 
these accidents. Table 5.1 shows the purpose of flight, by aircraft type, for the 1,433 aircraft involved in 
general aviation accidents in 2010.
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Table 5.1, Number of GA accident aircraft by aircraft type and purpose of flight, Source: NTSB

The majority of general aviation accidents in 2010 involved personal flying in fixed-wing airplanes, which 
accounted for 64 percent (912) of the accidents, followed by flight instruction in fixed-wing airplanes, 
which accounted for 10 percent (140) of the accidents. Aerial application, business, and public aircraft 
operations followed next in accident frequency in 2010. Fixed-wing airplanes accounted for 87 percent 
(1,242) of all general aviation accidents, helicopters accounted for 8 percent (120), and all other aircraft 
accounted for the remaining 5 percent (71).

Personal Flying

From local currency flights to long distance, cross-country flights, personal flying involves a wide variety 
of flight activities and aircraft. Most personal flying was conducted in fixed-wing airplanes, leading to 
a higher exposure for these types of aircraft. In particular, the GA Survey estimates that 78 percent of 
personal flying was conducted in single-engine, piston-driven airplanes in 2010. The volume of personal 
flying decreased significantly between 2003 and 2010.

Figure 5.5 shows the number of total and fatal personal flying accidents in 2010. Over the ten-year 
period, personal flying accidents ranged from 1,080 in 2001 to 990 in 2010. 
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Figure 5.5, Total and Fatal General Aviation Accidents, Source: NTSB

Figure 5.6 plots the accident rates associated with these data. The accident rate for personal flying 
increased over the decade, rising to about 12 accidents per 100,000 hours. The fatal accident rate for 
the 10-year period remained stable.

Figure 5.6, Accident rates for personal flying, Source: NTSB

Figure 5.7 shows the defining events for the 999 aircraft involved in personal flying accidents for the 
last year of analysis.
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Figure 5.7, Defining events for personal flying accidents, Source: NTSB

System and component malfunction or failure accounted for about 20 percent of the non-fatal and about 
13 percent of the fatal accidents in 2010. Loss of control in flight accounted for the largest proportion of 
fatal accidents (about 38 percent). Figure 5.8 shows the phase of flight corresponding to each defining 
event for personal flying accidents.
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Figure 5.8, Phase of flight for personal flying accidents, Source: NTSB

The majority of total personal flying accidents occurred during the landing phase, followed closely by the 
enroute phase. The majority of fatal personal flying accidents occurred during the maneuvering phase.

Pilots involved in personal flying accidents had an average total flight time of 2,863 total hours, with 
a range of 20 to 31,270 hours. The average time in the type of accident aircraft was 460 hours, with a 
range of 1 to 10,000 hours. 

Preliminary Analysis for 2010–2014

While the number of fatal general aviation accidents over the last decade has decreased, so have the 
estimated of total GA flight hours, likely due to economic factors.

The general aviation fatal accident rate appears to have remained relatively static based on the FAA’s 
flight hours estimates. Table 5.2 shows the FAA’s preliminary estimate for FY 2014 is a fatal accident 
rate of 1.09 with 251 GA fatal accidents with 434 fatalities. In 2013, the fatal accident rate was 1.11 fatal 
accidents per 100,000 hours, with 449 GA fatal accidents. In 2012, the fatal accident rate was 1.09 fatal 
accidents per 100,000 hours flown, with 267 GA fatal accidents. In 2011, the fatal accident rate was 1.12 
fatal accidents per 100,000 hours flown, with 469 GA fatalities. In 2010, the fatal accident rate was 1.10 
fatal accidents per 100,000 hours flown, with 272 GA fatal accidents.
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Year GA Fatal Accidents per 100,000 Hours GA Fatal Accidents GA Fatalities

FY10 1.10 272 471

FY11 1.12 278 469

FY12 1.09 267 442

FY13 1.11 259 449

FY14 (est) 1.09 251 434

Table 5.2, Previous 5-year GA fatal accident rates and numbers, Source: FAA

The Top 10 Leading Causes of Fatal General Aviation Accidents 2001–2013:
1.	 Loss of Control Inflight
2.	 Controlled Flight Into Terrain
3.	 System Component Failure – Powerplant
4.	 Low Altitude Operations
5.	 Other
6.	 System Component Failure – Non-Powerplant
7.	 Fuel Related
8.	 Unknown or Undetermined
9.	 Windshear or Thunderstorm

10.	 Midair Collisions

NTSB Most Wanted Safety Improvements

Figure 5.9, NTSB Most Wanted Safety Improvement List
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What is the issue? 

While commercial aviation continues to have a strong safety record of 2 years without a fatal accident, 
the NTSB continues to investigate about 1,500 accidents each year in general aviation. In many cases, 
pilots did not have the adequate knowledge, skills, or recurrent training to fly safely, particularly in 
questionable weather conditions. In addition, the more sophisticated “glass” cockpit displays present 
a new layer of complications for general aviation pilots. And not only are pilots dying due to human 
error and inadequate training, but also they are frequently transporting their families who suffer the 
same tragic fate. 
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What can be done 

In our general aviation accident investigations, the NTSB sees similar accident circumstances time after 
time. Adequate education and training and screening for risky behavior are critical to improving general 
aviation safety. For example, guidance materials should include information on the use of Internet, 
satellite, and other data sources for obtaining weather information. Training materials should include 
elements on electronic primary flight displays, and pilots should have access to flight simulators that 
provide equipment-specific electronic avionics displays. Knowledge tests and flight reviews should test for 
awareness of weather, Lise of instruments, and use of “glass” cockpits. And there should be a mechanism 
for identifying at-risk pilots and addressing risks so that both the pilot and passengers Can safely fly. 
Human error in general aviation accidents is not solely a pilot problem. Aircraft maintenance workers 
should also be required to undergo recurrent training to keep them up to date with the best practices 
for inspecting and maintaining electrical systems, circuit breakers, and aged wiring.

Statistics 

General aviation has the highest aviation accident rate within civil aviation. The rate is 6 times higher 
than for small commuter operators and 40 times higher than for transport category operations. Although 
the overall general aviation accident rate has remained relatively steady at an average of 6.8 per 100,000 
flight hours, the components of that figure have changed dramatically over the last 10 years. In particular, 
personal flying accident rates have increased 20 percent, while the fatal accident rate has increased 
25 percent over the same 1 O-year period. The NTSB sees this statistic play out frequently, having 
investigated an average of 1,500 general aviation accidents each year, in which more than 400 pilots and 
passengers are killed annually.

Related Reports 

Safety Recommendation Letter October 12, 2005 
NTSB Recommendation Numbers A’()5-024 through A-05-029, adopted on 10/12/2005 
Aviation Accident Report: In flight Fire, Emergency Descent, and Crash in a Residential Area Cessna 
31 OR, N501 N, Sanford, FL July 10,2007 
NTSB Report Number: AAR-09-01, adopted on 01/28/2009 
Safety Study: Introduction of Glass Cockpit Avionics into Light Aircraft 
NTSB Report Number: SS-l 0/01, adopted on 3/9/2010 

Example Accident #1

NTSB Identification: WPR14LA005 
HISTORY OF FLIGHT
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On October 4, 2013, at 1300 mountain standard time, a Cessna 340A, N312GC, collided with a radio 
tower while maneuvering near Paulden, Arizona. The airplane was registered to and operated by the pilot 
under the provisions of 14 Code of Federal Regulations Part 91 as a personal flight. The private pilot 
and three passengers were fatally injured. The airplane was substantially damaged. Visual meteorological 
conditions prevailed at the time and no flight plan was filed. The airplane departed from Bullhead City, 
Arizona about 1130. 

A summation of several witnesses at a gun club reported the airplane made one high speed, low pass 
from north to south over the club’s buildings, and then maneuvered around for another low pass from 
east to west. During the second low pass over the buildings, the airplane collided with an approximate 
50 foot tall radio tower. The base of the tower was triangular shaped with each of the sides about two feet 
in length. About 10 feet of the tower was sheared off by the airplane’s right wing. After the impact the 
airplane rolled to the right almost inverted and subsequently impacted trees and terrain approximately 
700 feet southwest of the initial impact point. One witness reported that the airplane remained in a 
straight and level attitude until the impact. This witness also stated that about three to four years prior 
to this accident, the pilot, a client of the gun club, had “buzzed” the club and had been told never to do 
so again.

PERSONNEL INFORMATION

The 57 year old pilot held a private pilot certificate and was rated in single and multi-engine land, 
helicopter and instrument airplane. Federal Aviation Administration (FAA) records indicate that the 
pilot held a third class medical certificate dated August 16, 2012. A limitation indicated that the pilot 
must have glasses available for near vision. At the time of the medical application, the pilot reported a 
total flight time of 4,006 hours.

AIRCRAFT INFORMATION

The six seat, low wing, retractable landing gear airplane, serial number 340A0023, was manufactured in 
1975. It was powered by two Continental Motors TSIO-520 engines.

Maintenance records indicated that the last annual inspection was completed on April 25, 2013. At that 
time the airframe total time was reported as 7,690.0 hours. The entries for both the left and right engine 
indicated a tachometer time of 2,491.0 hours and 609.5 hours since major overhaul. 
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COMMUNICATIONS

At 1128, the pilot contacted Lockheed Martin Flight Service and reported that he was on the ground 
at Bullhead City and planned to fly to Prescott, Arizona. The pilot inquired about a temporary flight 
restriction (TFR) at Prescott and wanted to know what time the airport would reopen. The specialist 
confirmed that the airport would be open at 1130. Runways 12 and 30 were closed to fixed wing traffic 
due to air show activities. The specialist then inquired if the pilot wanted weather advisories. The pilot 
replied that he did and the specialist informed the pilot of an AIRMET for moderate turbulence below 
14,000 feet all along the route of flight. The conversation ended at 1131.

At 1204, the pilot contacted flight watch reporting that he was 15 miles south of Kingman, Arizona, 
and wanted to confirm the ending time of the TFR at Prescott. The specialist confirmed that the TFR 
ended at 1130. Before the conversation ended the pilot provided a pilot report of the in-flight weather 
conditions. The pilot reported that he was at 11,500 feet and experiencing light chop to smooth air. 
The winds were from 340 degrees at 12 knots and the outside air temperature was 1 degree C. The 
conversation ended at 1209.

There were no further communications from the pilot.

WRECKAGE AND IMPACT INFORMATION

The airplane’s right wing collided with the approximate 50 foot tall radio tower shearing off the top 10 
feet of the tower. The right wing folded up after the impact and the airplane began a roll to the right to 
the almost inverted position. The airplane subsequently collided with trees and terrain about 700 feet 
southwest of the initial impact point. A postcrash fire consumed the wreckage. 

MEDICAL AND PATHOLOGICAL INFORMATION

The office of the medical examiner, Yavapai County, performed an external examination on the pilot. 
The report indicated the cause of death as “blunt force trauma and thermal injury.” 

Toxicological samples were taken from the pilot and sent to the FAA Civil Aeromedical Institute, 
Oklahoma City, Oklahoma for analysis. The analysis revealed Metoprolol detected in urine and muscle; 
Rosuvastatin detected in urine and Zolpidem detected in urine and muscle. 

TESTS AND RESEARCH

The wreckage was recovered to a secured facility in Phoenix, Arizona. A post accident examination of 
the engines and the airframe revealed no evidence of a mechanical malfunction or failure that would 
have precluded normal operation. Detailed reports are in the public docket.
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Example Accident #2

Pilot/Race 177, The Galloping Ghost, North American P-51D, Reno, NV (11 fatal, 64 injured)

On September 16, 2011, an experimental, single-seat North American P-51D, N79111, collided with 
the airport ramp in the spectator box seating area following a loss of control during the National 
Championship Air Races unlimited class gold race at the Reno/Stead Airport (RTS), Reno, Nevada. 
The airplane was registered to Aero-Trans Corp (dba Leeward Aeronautical Sales), Ocala, Florida, and 
operated by the commercial pilot as Race 177, The Galloping Ghost, under the provisions of Title 14 
Code of Federal Regulations (CFR) Part 91. The pilot and 10 people on the ground sustained fatal 
injuries, and at least 64 people on the ground were injured (at least 16 of whom were reported to have 
sustained serious injuries). The airplane sustained substantial damage, fragmenting upon collision with 
the ramp. Visual meteorological conditions prevailed, and no flight plan had been filed for the local air 
race flight, which departed RTS about 10 minutes before the accident.
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The NTSB determined that the probable cause of this accident was the reduced stiffness of the elevator 
trim tab system that allowed aerodynamic flutter to occur at racing speeds. The reduced stiffness was a 
result of deteriorated locknut inserts that allowed the trim tab attachment screws to become loose and 
to initiate fatigue cracking in one screw sometime before the accident flight. Aerodynamic flutter of the 
trim tabs resulted in a failure of the left trim tab link assembly, elevator movement, high flight loads, and 
a loss of control. Contributing to the accident were the undocumented and untested major modifications 
to the airplane and the pilot’s operation of the airplane in the unique air racing environment without 
adequate flight testing.

Safety Recommendations Issued

As a result of its investigation, the NTSB issued four new safety recommendations to the Reno Air Racing 
Association, five new recommendations to the National Air-racing Group Unlimited Division, and one 
new recommendation to the FAA.

Figure 5.9, Reno Air Races, Pilot/Race 177, the Galloping Ghost, North American P-51D, Reno, Nevada, 
September 16, 2011

Chapter questions

1.	 How does the General Aviation accident rate compare to other aviation categories?
2.	 What phase of flight is the most hazardous?
3.	 Why has the NTSB put General Aviation Safety onto its Most Wanted Safety Improvement List?
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6	 Flight Safety Programs
Learning Objectives

1.	 Identify three major flight safety programs.
2.	 Learn how these programs support a Safety Management System (SMS).
3.	 Know what a Flight Operational Quality Assurance (FOQA) Program is and what it does.
4.	 Know how a FOQA program works.
5.	 Understand what an Aviation Safety Action (ASAP) Program is and what it does.
6.	 Identify the three major participants in an ASAP program.
7.	 Explain the benefits of an ASAP program to an employee.
8.	 Know what a Line Operations Safety Audit (LOSA) program is and what it does.
9.	 Explain how all the programs can be used to make an operation safer.

10.	 Know the program for bringing ATC and operator data together for the benefit of safety.
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In previous chapters we have talked about accident investigation theory and the accident investigation 
process. Accident investigation is a necessary process to learn what has actually happened and to try 
and prevent the same thing from happening in the future. This is called reactive safety. It is reactive in 
the sense that the accident or incident has already occurred. But, what if we could learn about the issues 
or problems before they actually become an accident? What if we were proactive about safety, instead 
of reactive? We might be able to actually save lives by preventing the accident from ever happening. 

That is the idea behind proactive flight safety programs. These programs are an integral part of Safety 
Management System (SMS) and are the primary data sources for an SMS program. In this chapter, the 
programs we will talk about will be the Flight Operational Quality Assurance (FOQA) program, the 
Aviation Safety Action Program (ASAP), and the Line Operations Safety Audit (LOSA) program. These 
programs are all designed to measure and evaluate different aspects of the safety of the flight operations 
in an organization. This includes the overall effectiveness of the safety system itself.

Flight Operational Quality Assurance (FOQA)

The Flight Operational Quality Assurance (FOQA) program is a safety program that uses data from a 
recording device on the aircraft itself. This is also known as Flight Data Monitoring (FDM). In this book, 
we will refer to these programs as FOQA programs. The recorded data can come from a few different 
sources on the aircraft. The conventional sources used might be the flight data recorder (FDR) or a quick 
access recorder (QAR). The QAR is a separate recorder that is made for recording aircraft data such as 
that used for FOQA. The retrieval of the data depends on the media type used by that particular QAR. 
The most common media types are an optical disk or a PC card. The media is removed at a certain 
interval by maintenance personnel and either sent to the safety office for downloading or downloaded 
at a workstation in the maintenance area itself. Wireless retrieval of data is becoming more common 
as more operators upgrade recording devices on the aircraft or upgrade the actual aircraft themselves. 
Most modern aircraft used by corporate operators or airlines come with a data recording device. Often 
this device has no physical media to remove, as data retrieval is completely wireless.
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Figure 6.1 below shows the data retrieval process.

Figure 6.1, Data Retrieval Process

So, what kind of data is being recorded and downloaded? This data usually includes common 
parameters such as; airspeed, altitude, aileron or rudder position, landing gear down/up, etc. Older or 
less sophisticated aircraft may measure 50 or 100 parameters. The newest technology aircraft such as 
the Boeing 787 or the Airbus 380 can measure upwards of 3,500 parameters. The more parameters an 
aircraft records, the more data you can gather, and the better you will be able to really tell how safe or 
efficient your operation really is. 

The more data coming off an aircraft, the tougher it can be to decipher what it is trying to tell you. This 
is where an operator will use computer software to help analyze the data. There are software systems 
available today that will look for certain “events” that an operator will set the system to look for. These 
events can be anything from and unstable approach to a high bank angle. By flagging these events, it 
tells a member of the FOQA team where in the data to look in order to analyze the issues that might 
be occurring in the operation. 

Most FOQA programs, especially in the U.S., also de-identify the information and data as it comes into 
the analyses software. This de-identification takes the flight number and date of any particular flight and 
puts it in a separate file, accessible only by a designated “gatekeeper.” This gatekeeper is usually a pilot 
who might represent the pilot’s union, or association. If a particular event or flight that is being analyzed 
or has been flagged by the software system for review needs more information, the gatekeeper can use 
the identified information to contact the crew involved.
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In terms of regulatory oversight, it depends on the regulating body. In the U.S. the FAA recommends 
that operators have a FOQA program through Advisory Circular 120-82. Specifically it says:

“…Provides guidance on one means, but not necessarily the only means, of developing, implementing, and 
operating a voluntary Flight Operational Quality Assurance (FOQA) program that is acceptable to the 
Federal Aviation Administration (FAA).”

On the other hand, ICAO requires that certain operators have a “flight data programme” through 
this language: 

3.6.3: From 1 January 2005, an operator of an aeroplane of maximum certificated take-off weight in excess 
of 27,000kg shall establish and maintain a flight data analysis programme as part of its accident prevention 
and flight safety programme.

3.6.4: A flight data analysis programme shall be non-punitive and contain adequate safeguards to protect 
the source(s) of the data.
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The future of FOQA will undoubtedly bring more technological improvements, such as better wireless 
data transmission and more powerful FOQA analysis software. Research is also being supported and 
funded by the FAA to create better ways of analyzing data across the whole aviation system, as well as 
bringing the FOQA program to smaller general aviation aircraft and operators.

Aviation Safety Action Programs (ASAP)

The ASAP program is an employee reporting system where in exchange for some sort of immunity 
from company (or FAA) discipline, the employee will report important safety information. This safety 
information may otherwise never be known or obtained. Most ASAP programs claim that most of the 
safety information reported by employees is sole source. Pilot reporting ASAP programs are the most 
popular in aviation organizations, but many operators also have ASAP programs for their mechanics, 
dispatchers, load planners, or flight attendants. The FAA even has an ASAP program for their air traffic 
controllers called the Air Traffic Safety Action Program (ATSAP). The FAA has been recently working 
with specific airlines to work on a program where data from a specific reported event has been matched 
up with the same event (if reported) by an airline. This program is called fusion. There are plans to add 
other data sources, such as FOQA, later.

So, how does ASAP actually work? As stated earlier, an agreement between the employee representatives 
(usually an employee union or organization), the employer, and the FAA allow for immunity of company 
discipline or FAA certificate action in exchange for the reported information. Once the report is submitted, 
the report is read and categorized by someone in the operator’s safety department. The person analyzing 
the information will then forward the report to anyone they think may need the information. An example 
of this might be a report about a maintenance issue being forwarded to Technical Operations. 

Most operators will also have some sort of event review committee (ERC) that will also review the 
submitted report. This committee usually consists of a representative of the employee association, the 
employer (operator), and the FAA. This committee meets on a regular basis to review the events and 
decide if more information may be needed from the employee(s). They can also decide that the employees 
involved may need more training. In the case of a flight crew, this training may be over the phone or even 
a session with an instructor in an aircraft simulator. In the case of an FAA approved ASAP program, the 
committee also has the right to decide if a report will actually be included in the program, in order to 
gain the protections to the employee listed earlier. A report might be exclude from the ASAP program 
and those protections due to several issues. These issues can range from illegal substances (drugs) being 
involved to an intentional disregard for safety by the employees who submitted the report. Figure 2 
shows a typical ASAP process.
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Line Operated Safety Observation (LOSA)

LOSA is a safety program where qualified observers (usually line pilots), sit in a jumpseat on the flight 
deck during a flight. The job of these observers is to watch and see how normal operations are being 
flown. The number of observers used, as well as the number of flight observed, varies based on the size 
of an operation. Once the observations have been completed, the observation data is compiled, usually by 
an outside organization, as they will be unbiased. The data is analyzed to see what is actually happening 
on the flight deck in normal operations. An example of an issue that might be observed on flights might 
be a missed checklist item. If this item is missed on many flight observed then a change may need to be 
made to the checklist to make the item more prominent.

A common complaint about LOSA observations is that the flight crews may not act in a normal manner 
due to being observed. Even though an observer usually has to ask for permission to observe the flight 
as well as letting the crew know that the observation is a non-jeopardy event for the crew, there is no 
way to hide that they are still being observed. So, the question remains; are you getting observations of 
what is really happening on the flight deck?

All three of the flight safety programs described can be great assets to an operation as long as the data 
is used correctly, and for the purposes of safety. Individually they are all valuable programs but when 
used in conjunction with each other, they are at their best. Successful SMS programs will include one or 
more of these programs, in order to get as much safety data into their operation. These proactive safety 
programs have been proven to decrease accidents. As technology improves, these programs will only 
get better and help save lives in aviation.
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Chapter Questions

1.	 FOQA, ASAP, and LOSA programs are all designed to:
a)	 Contribute to an SMS program
b)	 Enhance an operator’s safety by being proactive instead of reactive
c)	 Work better when an operator has all three programs
d)	 All of the above

2.	 Flight Operational Quality Assurance programs
a)	 Rely on submitted reports information by an employee
b)	 Use recorded information off the aircraft itself
c)	 Require an observer on the flight deck auditing the operations
d)	 None of the above

3.	 FOQA programs are required by the FAA in the United States
a)	 True
b)	 False

4.	 All of the following are parties in an ASAP ERC, except:
a)	 FAA
b)	 Employee Group
c)	 NTSB
d)	 Operator
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7	� The Human Factors Analysis and 
Classification System (HFACS) 
and The “Swiss Cheese Model of 
Accident Causation”

Learning Objectives

1.	 Know the definition of the following terms: unsafe acts, preconditions to unsafe acts, errors, 
routine violations, exceptional violations, and unsafe supervision.

2.	 Understand the difference between active failures and latent failures.
3.	 Explain how an organization can be responsible for an accident.
4.	 Know the percentage of accidents caused by human error.

Introduction

Sadly, the annals of aviation history are littered with accidents and tragic losses. Since the late 1950s, 
however, the drive to reduce the accident rate has yielded unprecedented levels of safety to a point 
where it is now safer to fly in a commercial airliner than to drive a car or even walk across a busy New 
York city street. Still, while the aviation accident rate has declined tremendously since the first flights 
over a century ago, the cost of aviation accidents in both lives and dollars has steadily risen. As a result, 
the effort to reduce the accident rate still further has taken on new meaning within both military and 
civilian aviation.

Why do aircraft crash? The answer is complicated. In the early years of aviation, it could reasonably be 
said that, more often than not, the aircraft killed the pilot. That is, aircraft are intrinsically unforgiving and 
unsafe. However, the modern era of aviation has witnessed an ironic reversal of sorts. It now appears that 
the aircrew themselves are more deadly than the aircraft they fly. In fact, estimates in the literature indicate 
that between 70 and 80 percent of aviation accidents can be attributed, at least in part, to human error.

So what really constitutes that 70–80% of human error? Some would have us believe that human error 
and “pilot” error are synonymous. Yet, simply writing off aviation accidents merely to pilot error is an 
overly simplistic, if not naive, approach to accident causation. After all, it is well established that accidents 
cannot be attributed to a single cause, or in most instances, even a single individual. In fact, even the 
identification of a “primary” cause is fraught with problems. Rather, aviation accidents are the end result 
of a number of causes, only the last of which are the unsafe acts of the aircrew.
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The challenge for safety analysts and accident investigators alike is how best to identify and mitigate the 
causal sequence of events, in particular that 70–80% associated with human error. Additionally, human 
error does not only refer to errors made by the pilot. We also need to analyze human errors made 
by aircraft maintenance workers, flight attendants, air traffic controllers, weather forecasters, airport 
managers, dispatchers, etc. 

Reason’s “Swiss Cheese” Model of Human Error 

One particularly appealing approach to the genesis of human error is the one proposed by James Reason 
in 1990. Generally referred to as the “Swiss Cheese” model of human error. Reason’s original work involved 
operators of a nuclear power plant. This model has been used to analyze human errors within the aviation 
community. Reason describes four levels of human failure, each influencing the next (Figure 7.1). 

Working backwards in time from the accident, the first level depicts those Unsafe Acts of Operators 
that ultimately led to the accident. Unsafe Acts reflect the active failures. More commonly referred to 
in aviation as aircrew/pilot error, these active failures has been the traditional focus of most accident 
investigations. Represented as “holes” in the cheese, these active failures are typically the last unsafe acts 
committed by aircrew. 

However, what makes the “Swiss cheese” model particularly useful in accident investigation, is that it 
forces investigators to address latent failures within the causal sequence of events as well. As their name 
suggests, latent failures, unlike their active counterparts, may lie dormant or undetected for hours, days, 
weeks, or even longer, until one day they adversely affect the unsuspecting aircrew. Consequently, they 
are often overlooked by investigators with even the best intentions. 

Within this concept of latent failures, Reason described three more levels of human failure. The first 
involves the condition of the aircrew as it affects performance. Referred to as Preconditions for Unsafe 
Acts, this level involves conditions such as mental fatigue and poor communication and coordination 
practices, often referred to as crew resource management (CRM). Not surprising, if fatigued aircrew 
fail to communicate and coordinate their activities with others in the cockpit or individuals external to 
the aircraft (e.g., air traffic control, maintenance, etc.), poor decisions are made and errors often result. 
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But exactly why did communication and coordination break down in the first place? This is perhaps where 
Reason’s work departed from more traditional approaches to human error. In many instances, the 
breakdown in good CRM practices can be traced back to instances of Unsafe Supervision, the third level 
of human failure. If, for example, two inexperienced (and perhaps even below average pilots) are paired 
with each other and sent on a flight into known adverse weather at night, is anyone really surprised by a 
tragic outcome? To make matters worse, if this questionable manning practice is coupled with the lack of 
quality CRM training, the potential for miscommunication and ultimately, aircrew errors, is magnified. In 
a sense then, the crew was “set up” for failure as crew coordination and ultimately performance would be 
compromised. This is not to lessen the role played by the aircrew, only that intervention and mitigation 
strategies might lie higher within the system. 
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Figure 7.1, The “Swiss cheese” model of human error causation (adapted from Reason, 1990). 

Reason’s model didn’t stop at the supervisory level either; the organization itself can impact performance 
at all levels. For instance, in times of fiscal austerity, funding is often cut, and as a result, training and 
flight time are curtailed. Consequently, supervisors are often left with no alternative but to task “non-
proficient” aviators with complex tasks. Not surprisingly then, in the absence of good CRM training, 
communication and coordination failures will begin to appear as will a myriad of other preconditions, 
all of which will affect performance and elicit aircrew errors. Therefore, it makes sense that, if the 
accident rate is going to be reduced beyond current levels, investigators and analysts alike must examine 
the accident sequence in its entirety and expand it beyond the cockpit. Ultimately, causal factors at all 
levels within the organization must be addressed if any accident investigation and prevention system is 
going to succeed. In many ways, Reason’s “Swiss cheese” model of accident causation has revolutionized 
common views of accident causation. 

Unsafe Acts

The unsafe acts of aircrew can be loosely classified into two categories: errors and violations. In general, 
errors represent the mental or physical activities of individuals that fail to achieve their intended outcome. 
Not surprising, given the fact that human beings by their very nature make errors, these unsafe acts 
dominate most accident databases. Violations, on the other hand, refer to the willful disregard for the 
rules and regulations that govern the safety of flight. 

Still, distinguishing between errors and violations does not provide the level of granularity required 
of most accident investigations. Therefore, the categories of errors and violations were expanded here 
(Figure 7.2), as elsewhere, to include three basic error types (skill-based, decision, and perceptual) and 
two forms of violations (routine and exceptional). Table 7.1 identifies a few examples of unsafe acts.
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Figure 7.2, Categories of unsafe acts committed by aircrews

ERRORS

Skill based Errors

•	 Breakdown in visual scan 
•	 Failed to prioritize attention 
•	 Inadvertent use of flight controls 
•	 Omitted step in procedure 
•	 Omitted checklist item 
•	 Poor technique 
•	 Over controlled the aircraft 

Decision Errors 

•	 Improper procedure 
•	 Misdiagnosed emergency 
•	 Wrong response to emergency 
•	 Exceeded ability 
•	 Inappropriate maneuver 
•	 Poor decision 

Perceptual Errors (due to) 

•	 Misjudged distance/altitude/airspeed 
•	 Spatial disorientation 
•	 Visual illusion 

VIOLATIONS

•	 Failed to adhere to brief 
•	 Failed to use the radar altimeter 
•	 Flew an unauthorized approach 
•	 Violated training rules 
•	 Flew an overaggressive maneuver 
•	 Failed to properly prepare for the flight 
•	 Briefed unauthorized flight 
•	 Not current/qualified for the mission 
•	 Intentionally exceeded the limits of the aircraft 
•	 Continued low-altitude flight in VMC 
•	 Unauthorized low-altitude canyon running 

TABLE 7.1, Selected examples of Unsafe Acts of Pilot Operators (Note: Not a complete listing)

Violations 

By definition, errors occur within the rules and regulations espoused by an organization; typically 
dominating most accident databases. In contrast, violations represent a willful disregard for the rules 
and regulations that govern safe flight and, fortunately, occur much less frequently since they often 
involve fatalities.
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While there are many ways to distinguish between types of violations, two distinct forms have been 
identified, based on their etiology, that will help the safety professional when identifying accident causal 
factors. The first, routine violations, tend to be habitual by nature and often tolerated by governing 
authority. Consider, for example, the individual who drives consistently 5–10 mph faster than allowed 
by law or someone who routinely flies in marginal weather when authorized for visual meteorological 
conditions only. While both are certainly against the governing regulations, many others do the same 
thing. Furthermore, individuals who drive 64 mph in a 55 mph zone, almost always drive 64 in a 55 mph 
zone. That is, they “routinely” violate the speed limit. The same can typically be said of the pilot who 
routinely flies into marginal weather. 

What makes matters worse, these violations (commonly referred to as “bending” the rules) are often 
tolerated and, in effect, known AND sanctioned by supervisory authority (i.e., you’re not likely to get 
a traffic citation until you exceed the posted speed limit by more than 10 mph). If, however, the local 
authorities started handing out traffic citations for exceeding the speed limit on the highway by 9 mph 
or less (as is often done on military installations), then it is less likely that individuals would violate the 
rules. Therefore, by definition, if a routine violation is identified, one must look further up the supervisory 
chain to identify those individuals in authority who are not enforcing the rules. 
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On the other hand, unlike routine violations, exceptional violations appear as isolated departures from 
authority, not necessarily indicative of individual’s typical behavior pattern nor condoned by management. 
For example, an isolated instance of driving 105 mph in a 55 mph zone is considered an exceptional 
violation. Likewise, flying under a bridge or engaging in other prohibited maneuvers, like low-level canyon 
running, would constitute an exceptional violation. However, it is important to note that, while most 
exceptional violations are appalling, they are not considered “exceptional” because of their extreme nature. 
Rather, they are considered exceptional because they are neither typical of the individual nor condoned 
by authority. Still, what makes exceptional violations particularly difficult for any organization to deal 
with is that they are not indicative of an individual’s behavioral repertoire and, as such, are particularly 
difficult to predict. In fact, when individuals are confronted with evidence of their dreadful behavior and 
asked to explain it, they are often left with little explanation. Indeed, those individuals who survived such 
excursions from the norm clearly knew that, if caught, dire consequences would follow. Still, defying all 
logic, many otherwise model citizens have been down this potentially tragic road. 

Preconditions for Unsafe Acts 

Arguably, the unsafe acts of pilots can be directly linked to nearly 70–80% of all aviation accidents. 
However, simply focusing on unsafe acts is like focusing on a fever without understanding the underlying 
disease causing it. Thus, investigators must dig deeper into why the unsafe acts took place. As a first 
step, two major subdivisions of unsafe aircrew conditions were developed: substandard conditions of 
operators and the substandard practices they commit (Figure 7.3). Table 7.2 identifies a few examples 
of preconditions for unsafe acts.

Figure 7.3, Categories of Preconditions of Unsafe Acts
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Substandard Conditions of Operators 

Adverse Mental States

•	 Channelized attention 
•	 Complacency 
•	 Distraction 
•	 Mental Fatigue 
•	 Get-home-itis 
•	 Haste 
•	 Loss of situational awareness 
•	 Misplaced motivation 
•	 Task saturation 

Adverse Physiological States 

•	 Impaired physiological state 
•	 Medical illness 
•	 Physiological incapacitation 
•	 Physical fatigue 

Physical/Mental Limitation

•	 Insufficient reaction time 
•	 Visual limitation 
•	 Incompatible intelligence/aptitude 
•	 Incompatible physical capability 

Substandard Practice of Operators

Crew Resource Management

•	 Failed to back-up 
•	 Failed to communicate/coordinate 
•	 Failed to conduct adequate brief 
•	 Failed to use all available resources 
•	 Failure of leadership 
•	 Misinterpretation of traffic calls 

Personal Readiness

•	 Excessive physical training 
•	 Self-medicating 
•	 Violation of crew rest requirement 
•	 Violation of bottle-to-throttle requirement 

Table 7.22, Selected examples of Preconditions of Unsafe Acts (Note: This is not a complete listing)

Figure 7.4, Categories of Unsafe Supervision/Inadequate Supervision

Inadequate Supervision.

The role of any supervisor is to provide the opportunity to succeed. To do this, the supervisor, no matter 
at what level of operation, must provide guidance, training opportunities, leadership, and motivation, as 
well as the proper role model to be emulated. Unfortunately, this is not always the case. 
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For example, it is not difficult to conceive of a situation where adequate crew resource management 
training was either not provided, or the opportunity to attend such training was not afforded to a particular 
aircrew member. Conceivably, aircrew coordination skills would be compromised and if the aircraft were 
put into an adverse situation (an emergency for instance), the risk of an error being committed would 
be exacerbated and the potential for an accident would increase markedly.

In a similar vein, sound professional guidance and oversight is an essential ingredient of any successful 
organization. While empowering individuals to make decisions and function independently is certainly 
essential, this does not divorce the supervisor from accountability. The lack of guidance and oversight has 
proven to be the breeding ground for many of the violations that have crept into the cockpit. As such, any 
thorough investigation of accident causal factors must consider the role supervision plays (i.e., whether 
the supervision was inappropriate or did not occur at all) in the genesis of human error (Table 7.3). 
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Inadequate Supervision

•	 Failed to provide guidance 
•	 Failed to provide operational doctrine 
•	 Failed to provide oversight 
•	 Failed to provide training 
•	 Failed to track qualifications 
•	 Failed to track performance 

Planned Inappropriate Operations 

•	 Failed to provide correct data 
•	 Failed to provide adequate brief time 
•	 Improper manning 
•	 Mission not in accordance with rules/regulations 
•	 Provided inadequate opportunity for crew rest 

Failed to Correct a Known Problem

•	 Failed to correct document in error 
•	 Failed to identify an at-risk aviator 
•	 Failed to initiate corrective action 
•	 Failed to report unsafe tendencies 

Supervisory Violations

•	 Authorized unnecessary hazard 
•	 Failed to enforce rules and regulations 
•	 Authorized unqualified crew for flight 

TABLE 7.3 Selected examples of Unsafe Supervision (Note: This is not a complete listing)

Planned Inappropriate Operations.

Occasionally, the operational tempo and/or the scheduling of aircrew is such that individuals are 
put at unacceptable risk, crew rest is jeopardized, and ultimately performance is adversely affected. 
Such operations, though arguably unavoidable during emergencies, are unacceptable during normal 
operations. Therefore, the second category of unsafe supervision, planned inappropriate operations, was 
created to account for these failures (Table 7.3). 

Take, for example, the issue of improper crew pairing. It is well known that when very senior, dictatorial 
captains are paired with very junior, weak co-pilots, communication and coordination problems are 
likely to occur. Commonly referred to as the trans-cockpit authority gradient, such conditions likely 
contributed to the tragic crash of a commercial airliner into the Potomac River outside of Washington, 
D.C., in January of 1982. In that accident, the captain of the aircraft repeatedly rebuffed the first officer 
when the latter indicated that the engine instruments did not appear normal. Undaunted, the captain 
continued a fatal takeoff in icing conditions with less than adequate takeoff thrust. The aircraft stalled 
and plummeted into the icy river, killing the crew and many of the passengers. 

Clearly, the captain and crew were held accountable. They died in the accident and cannot shed light on 
causation; but, what was the role of the supervisory chain? Perhaps crew pairing was equally responsible. 
Although not specifically addressed in the report, such issues are clearly worth exploring in many 
accidents. In fact, in that particular accident, several other training and manning issues were identified.
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Failure to Correct a Known Problem.

The third category of known unsafe supervision, Failed to Correct a Known Problem, refers to those 
instances when deficiencies among individuals, equipment, training or other related safety areas are 
“known” to the supervisor, yet are allowed to continue unabated (Table 7.3). For example, it is not 
uncommon for accident investigators to interview the pilot’s friends, colleagues, and supervisors after a 
fatal crash only to find out that they “knew it would happen to him some day.” If the supervisor knew 
that a pilot was incapable of flying safely, and allowed the flight anyway, he clearly did the pilot no favors. 
The failure to correct the behavior, either through remedial training or, if necessary, removal from flight 
status, essentially signed the pilot’s death warrant – not to mention that of others who may have been 
on board.

Likewise, the failure to consistently correct or discipline inappropriate behavior certainly fosters an unsafe 
atmosphere and promotes the violation of rules. Aviation history is rich with by reports of aviators who 
tell hair-raising stories of their exploits and barnstorming low-level flights (the infamous “been there, 
done that”). While entertaining to some, they often serve to promulgate a perception of tolerance and 
“one-up-manship” until one day someone ties the low altitude flight record of ground-level! Indeed, the 
failure to report these unsafe tendencies and initiate corrective actions is yet another example of the 
failure to correct known problems. 

Supervisory Violations. 

Supervisory violations, on the other hand, are reserved for those instances when existing rules and 
regulations are willfully disregarded by supervisors (Table 7.3). Although arguably rare, supervisors have 
been known occasionally to violate the rules and doctrine when managing their assets. For instance, there 
have been occasions when individuals were permitted to operate an aircraft without current qualifications 
or license. Likewise, it can be argued that failing to enforce existing rules and regulations or flaunting 
authority are also violations at the supervisory level. While rare and possibly difficult to cull out, such 
practices are a flagrant violation of the rules and invariably set the stage for the tragic sequence of events 
that predictably follow. 
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Organizational Influences

As noted previously, fallible decisions of upper-level management directly affect supervisory practices, 
as well as the conditions and actions of operators. Unfortunately, these organizational errors often go 
unnoticed by safety professionals, due in large part to the lack of a clear framework from which to 
investigate them. Generally speaking, the most elusive of latent failures revolve around issues related to 
resource management, organizational climate, and operational processes, as detailed below in Figure 7.5. 

Figure 7.5, Organizational factors influencing accidents.
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Resource Management. 

This category encompasses the realm of corporate-level decision making regarding the allocation 
and maintenance of organizational assets such as human resources (personnel), monetary assets, and 
equipment/facilities (Table 7.4). Generally, corporate decisions about how such resources should be 
managed center around two distinct objectives – the goal of safety and the goal of on-time, cost-effective 
operations. In times of prosperity, both objectives can be easily balanced and satisfied in full. However, 
as we mentioned earlier, there may also be times of fiscal austerity that demand some give and take 
between the two. Unfortunately, history tells us that safety is often the loser in such battles and, as some 
can attest to very well, safety and training are often the first to be cut in organizations having financial 
difficulties. If cutbacks in such areas are too severe, flight proficiency may suffer, and the best pilots may 
leave the organization for greener pastures. 

Resource / Aquisition Management

•	 Human Resources 
οο Selection 
οο Staffing / manning 
οο Training 

•	 Monetary / budget resources 
οο Excessive cost cutting 
οο Lack of funding 

•	 Equipment / facility resources 
οο Poor design 
οο Purchasing of unsuitable equipment 

Organizational Climate

1.	 Structure 
οο Chain-of-command 
οο Delegation of authority 
οο Communication 
οο Formal accountability for actions 

2.	 Policies 
οο Hiring and firing 
οο Promotion 
οο Drugs and alcohol 

3.	 Culture 
οο Norms and rules 
οο Values and beliefs 
οο Organizational justice 

Organizational Process

•	 Operations 
οο Operational tempo 
οο Time pressure 
οο Production quotas 
οο Incentives 
οο Measurement / appraisal 
οο Schedules 
οο Deficient planning 

•	 Procedures 
οο Standards 
οο Clearly defined objectives 
οο Documentation 
οο Instructions 

•	 Oversight 
οο Risk management 
οο Safety programs 

Table 7.4, Selected examples of Organizational Influences (Note: This is not a complete listing)

Excessive cost-cutting could also result in reduced funding for new equipment or may lead to the 
purchase of equipment that is sub optimal and inadequately designed for the type of operations flown by 
the company. Other trickle-down effects include poorly maintained equipment and workspaces, and the 
failure to correct known design flaws in existing equipment. The result is a scenario involving unseasoned, 
less-skilled pilots flying old and poorly maintained aircraft under the least desirable conditions and 
schedules. The ramifications for aviation safety are not hard to imagine. 
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Culture/Climate. 

The Organizational Culture/Climate refers to a broad class of organizational variables that influence 
worker performance. Formally, the terms culture/climate refer to the same thing. An organizational 
culture can be viewed as the working atmosphere within the organization. One telltale sign of an 
organization’s culture is its structure, as reflected in the chain-of-command, delegation of authority and 
responsibility, communication channels, and formal accountability for actions (Table 7.4). Just like in 
the cockpit, communication and coordination are vital within an organization. If management and staff 
within an organization are not communicating, or if no one knows who is in charge, organizational safety 
clearly suffers and accidents do happen. 

An organization’s policies are also good indicators of its culture. Policies are official guidelines that 
direct management’s decisions about such things as hiring and firing, promotion, retention, raises, sick 
leave, drugs and alcohol, overtime, accident investigations, and the use of safety equipment. Culture, 
on the other hand, refers to the unofficial or unspoken rules, values, attitudes, beliefs, and customs of an 
organization. Culture is “the way things really get done around here.” 

When policies are ill-defined, adversarial, or conflicting, or when they are supplanted by unofficial rules 
and values, confusion abounds within the organization. Indeed, there are some corporate managers 
who are quick to give “lip service” to official safety policies while in a public forum, but then overlook 
such policies when operating behind the scenes. However, the Third Law of Thermodynamics tells us 
that, “order and harmony cannot be produced by such chaos and disharmony”. Safety is bound to suffer 
under such conditions. 

Operational Process. 

This category refers to corporate decisions and rules that govern the everyday activities within an 
organization, including the establishment and use of standardized operating procedures and formal 
methods for maintaining checks and balances (oversight) between the workforce and management. For 
example, such factors as operational tempo, time pressures, incentive systems, and work schedules are all 
factors that can adversely affect safety (Table 7.4). As stated earlier, there may be instances when those 
within the upper echelon of an organization determine that it is necessary to increase the operational 
tempo to a point that overextends a supervisor’s staffing capabilities. Therefore, a supervisor may resort 
to the use of inadequate scheduling procedures that jeopardize crew rest and produce sub optimal crew 
pairings, putting aircrew at an increased risk of a mishap. However, organizations should have official 
procedures in place to address such contingencies as well as oversight programs to monitor such risks. 
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Conclusion

The Human Factors Analysis and Classification System (HFACS) framework provides a comprehensive, 
user-friendly tool for identifying and classifying the human causes of aviation accidents. The system, 
which is based upon Reason’s model of latent and active failures, encompasses all aspects of human error, 
including the conditions of operators and organizational failure. Still, HFACS and any other framework 
only contributes to an already burgeoning list of human error taxonomies if it does not prove useful in 
the operational setting. 

Given that accident databases can be reliably analyzed using HFACS, the next logical question is whether 
anything unique will be identified. Early indications within the aviation community suggest that the 
HFACS framework has been instrumental in the identification and analysis of global human factors safety 
issues. Consequently, the systematic application of HFACS to the analysis of human factors accident data 
has afforded the ability to develop objective, data-driven intervention strategies. 
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Additionally, the HFACS framework and the insights gleaned from database analyses have been used 
to develop innovative accident investigation methods that have enhanced both the quantity and quality 
of the human factors information gathered during accident investigations. However, not only are safety 
professionals better suited to examine human error in the field but, using HFACS, they can now track 
those areas (the holes in the cheese) responsible for the accidents as well. Only now is it possible to track 
the success or failure of specific intervention programs designed to reduce specific types of human error 
and subsequent aviation accidents. In so doing, research investments and safety programs can be either 
readjusted or reinforced to meet the changing needs of aviation safety. 

Chapter Questions

1.	 Using the Reason Swiss Cheese Model, identify the correct root cause of the following accidents. 
The noise and vibration in the cockpit made it difficult to hear and understand speech.
A)	Physical Environment
B)	 Fitness for Duty
C)	Technological Environment

2.	 Using the Reason Swiss Cheese Model, identify the correct root cause of the following accidents. 
Against established policy and management direction, the pilot taxied up to the gate without 
any ramp personnel to guide him. 
A)	Decision Error
B)	 Routine Violation
C)	Exceptional Violation

3.	 Using the Reason Swiss Cheese Model, identify the correct root cause of the following accidents. 
Though the boss knows that a particular pilot is a risk-taker and sometimes pushed the envelope 
when flying, he did not take action (e.g. by confronting the pilot about his way of flying.)
A)	Failure to correct a known problem
B)	 Routine error
C)	Unsafe act

4.	 Using the Reason Swiss Cheese Model, identify the correct root cause of the following accidents. 
The pilot misunderstood the instructions from air traffic control and did not seek clarification. 
A)	Communication and Coordination
B)	 Physical limitation
C)	All the above

5.	 What percentage of aviation accidents can be attributed, in part, to human error?
A)	Approximately 25–50 percent
B)	 70–80 percent
C)	Approximately 50–75 percent
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8	 Hazardous Attitudes
Learning Objectives

1.	 Identify three mental processes of flight
2.	 Learn the five basic hazardous attitudes
3.	 Know the ten steps that could lead to disaster.
4.	 Know who can be affected by a hazardous attitude.
5.	 Name three air carrier accidents that included an NTSB probable cause that was due to a 

hazardous attitude.

Does attitude make a difference in how we do things, or complete tasks? If we say yes to that question, 
how big a difference does it actually make? Most people would agree that the answer is yes, and that 
attitude does make a big difference in how a task is actually accomplished. In aviation attitude can 
make a tremendous difference in the outcome of a particular event. This goes for everyone involved in 
aviation. If the safety of a particular flight relies on everyone involved, from the pilot to the air traffic 
controller, then one person’s hazardous attitude can make all the difference. The Aircraft Owners and 
Pilots Association (AOPA) states that the key to good aeronautical decision making it an understanding 
of hazardous attitudes.

For pilots, judgement is the ability to make a decision that provides the greatest flight safety. Information 
needs to be continually analyzed about the aircraft, the environment, and yourself through mental 
processes. This involves three mental processes in flight:

•	 Automatic Reaction; a rote level, motor skill response to normal or emergency situation. This 
should be an ingrained habit pattern response.

•	 Problem Resolving; Time permitting, we 
οο Systematically analyze the situation.
οο Decide on the course of action that will provide the greatest flight safety.

•	 Repeated Reviewing; constant review of the situation, including changes as they occur, until 
the flight is completed.

When looking at judgement and the three mental processes in flight, it is important to remember that 
how the pilot handles responsibility depends on his/her attitude toward safety, themselves, and flying. 
Remember, attitudes are learned. 
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So, we know that judgement is important to pilot decision making. Let’s take a look at the hazardous 
attitudes that can affect pilot judgement. There are five basic hazardous attitudes:

•	 Anti-Authority
•	 Impulsivity
•	 Invulnerability
•	 Macho
•	 Resignation

Let’s take a closer look at each of these and how we can possibly solve each of them.

•	 Anti-Authority: Don’t tell me what to do!
Solution: Follow the rules. They are usually right.

•	 Impulsivity: Do something – Quick!
Solution: Not so fast, think first.

•	 Invulnerability: It won’t happen to me.
Solution: It could happen to me. Think about the worst possible accident; it could happen to you.

•	 Macho: I can do it.
Solution: Taking chances is foolish.

•	 Resignation: What’s the use?
Solution: I’m not helpless. I can make a difference.
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Now that we have looked at judgement and the attitudes that can have an effect on it, let’s look a look 
at ten additional steps (attitudes) that could lead to disaster. 

•	 Ambiguity
οο Two or more independent sources of information do not agree

•	 Fixation or Preoccupation
οο Attention of the crew is focused on one item, event, or condition to the exclusion of all 

other activity in the cockpit
•	 Empty Feeling or Confusion

οο A pilot or other crew member is unsure of the state of the aircraft or its conditions
•	 Violating Minimums

οο Minimums are intentionally violated, or consideration is given to doing so
•	 Undocumented Procedure

οο Consideration given to use of an undocumented procedure or when an undocumented 
procedure is in fact used. 

•	 Nobody Flying the Aircraft
οο May result from fixation or preoccupation. May also occur in routine flight conditions. 

Aircraft accident files are filled with cases where no one was delegated to fly the aircraft. Captain 
or Pilot-in-Command must specifically delegate this responsibility: “I’ll fly the airplane and 
you take care of the problem.”

•	 Nobody Looking Out the Window (Outside)
οο With use of new sophisticated flight management systems (FMS), the possibility of both 

pilots being “heads down” at the same time is certainly real
•	 Failure to Meet Target (Expectations)

οο Parameters or expectations of events are not met.
�� Examples: Expected fuel burn or anticipated takeoff thrust settings

•	 Unresolved Discrepancies
οο Confusion, questions, or statements of concern

•	 Departure from Standard Operating Procedure
οο Standard operating procedure not used at appropriate time
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Hazardous attitudes may seem like an issue that is a problem that should go away as a pilot gains more 
experience, correct? Unfortunately this is not the case. There have been many examples of air carrier 
accident that have occurred due to some of the same attitudes we discussed earlier. Here are three 
examples, along with the NTSB’s probable or contributing cause:

•	 Eastern Air Lines flight 401, Lockheed L-1011 Tristar, 101 fatalities (Image 8.1)
οο NTSB Probable Cause: “The failure of the fight crew to monitor the flight instruments 

during the final 4 minutes of flight, and to detect an unexpected descent soon enough to 
prevent impact with the ground. Preoccupation with a malfunction of the nose landing 
gear position indicating system distracted the crew’s attention from the instruments and 
allowed the descent to go unnoticed.”

Image 8.1, Eastern Air Lines flight 401

•	 United Airlines flight 173, Douglas DC-8, 10 fatalities (Image 8.2)
οο NTSB Probable Cause: “The failure of the captain to monitor properly the aircraft’s fuel state 

and to properly respond to the low fuel state and the crewmember’s advisories regarding 
fuel state. This resulted in fuel exhaustion to all engines. His inattention resulted from 
preoccupation with a landing gear malfunction and preparations for a possible landing 
emergency. Contributing to the accident was the failure of the other two flight crewmembers 
either to fully comprehend the criticality of the fuel state or to successfully communicate 
their concern to the captain.”
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Image 8.2: United Airlines flight 173

•	 Pinnacle Airlines flight 3701, 2 fatalities (Image 8.3)
οο NTSB Probable Cause: “The National Transportation Safety Board determines that the 

probable causes of this accident were (1) the pilots’ unprofessional behavior, deviation 
from standard operating procedures, and poor airmanship, which resulted in an in-flight 
emergency from which they were unable to recover…”
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Image 8.3, Pinnacle Airlines flight 3701

Hazardous attitudes are prevalent throughout aviation. How a pilot handles these attitudes is the key to 
how well the outcome of a particular flight ends up. These attitudes can affect judgement, and have a real 
effect on a flight. The interesting aspect of this is that although it is easy to see where a hazardous attitude 
may effected the outcome of a flight with the end result being an accident, it is tougher to actually see 
where a pilot curbed a particular behavior and had a different outcome. That is because that outcome 
did not result in an accident. Though this does not get any publicity, this is where we want to see a flight 
end up. We know that these hazardous attitudes exist, but it is how a pilot handles them which will 
hopefully allow for a successful outcome.

Chapter Questions

1.	 Name one of the three mental processes of flight:
a)	 Automatic reaction
b)	 Thinking
c)	 Resignation
d)	 All of the above

2.	 Hazardous attitudes effect:
a)	 Pilots
b)	 Managers
c)	 Air Traffic Controllers
d)	 All of the above

3.	 AOPA believes that hazardous attitudes effect all pilots
a)	 True
b)	 False
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9	 Anti-Drug Programs in Aviation
Learning Objectives:

1.	 Appreciate the requirement for an Anti-Drug Plan.
2.	 Understand why the DOT mandates testing for illegal drugs.
3.	 Know who requires drug testing?
4.	 Know who must submit to a test?
5.	 Identify the country that consumes the most illegal drugs.
6.	 Know the type of drugs that the DOT/FAA is testing for.
7.	 Know the definition of “Refusal to take a drug test”.
8.	 Become familiar with shy bladder procedures.

Background 

In May 2009, the Department of Transportation (DOT) and the Federal Aviation Administration (FAA) 
published the Drug and Alcohol Testing Program rule. That rule moved the drug and alcohol testing 
regulations into a new Title 14 of the Code of Federal Regulations (CFR) Part 120. Title 14 of the Code 
of Federal Regulations (CFR) Part 120 requires the establishment of a drug and alcohol testing program 
designed to prevent accidents and injuries that result from the use of prohibited drugs and the misuse 
of alcohol. 

The transportation industry drug and alcohol testing program is a critical element of the DOT’s safety 
mission. Pilots, air traffic controllers, aircraft mechanics, dispatchers, truck drivers, subway operators, 
ship captains, pipeline controllers, locomotive engineers, armed security personnel and bus drivers – 
among others – have an awesome responsibility to the public and we cannot let their performance be 
compromised by drugs or alcohol.

Employers must also have strong drug and alcohol testing programs and employees must be removed 
from safety-sensitive duties immediately if they have violated drug and alcohol testing rules. Employees 
must not be returned to safety-sensitive duties until they have been referred for evaluation and have 
successfully complied with treatment recommendations.
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Requirements for an Anti Drug Program

The U.S. DOT has permitted some employers holding FAA certificates to implement their own anti-drug 
program. Some of the employers are 14 CFR part 121, part 135, part 141, air tour operators as defined 
under 14 CFR part 91, § 91.147, or air traffic control facilities not operated by the FAA or by or under 
contract to the U.S. military. These employers are still mandated to follow the FAA drug and alcohol 
testing program and still must comply with the following Code of Federal Regulations: 

•	 Title 49 CFR part 40, Procedures for Transportation Workplace Drug and Alcohol Testing 
Programs, and

•	 Title 14 CFR part 120, Drug and Alcohol Testing Program 

The testing procedures are established in the DOT’s Procedures for Transportation Workplace Drug and 
Alcohol Testing Programs, Title 49 CFR Part 40. FAA-mandated drug and alcohol testing program must:

•	 Ensure that no one is hired for or transferred into a safety-sensitive function without first 
conducting a pre-employment drug test and receiving a verified negative test result. More 
information regarding pre-employment drug testing may be found under §120.109(a). Pre-
employment alcohol testing is not required, however, may be implemented according to 
§120.217(a).
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•	 Conduct a drug and alcohol records check, after obtaining an employee’s written consent, 
requesting the information included in 49 CFR part 40, § 40.25(b) from DOT-regulated 
employers who have employed this individual during the two years prior to the date of 
application or transfer. Further requirements are explained in § 40.25. You must obtain and 
review this information prior to the first time the employee performs safety-sensitive duties. 
When hiring pilots, you must comply with the requirements of the Pilot Records Improvement 
Act (PRIA) and request records for the previous five years. For more information about PRIA, 
including a PRIA form, please review the FAA’s PRIA Advisory Circular (AC 120-68F). 

•	 Educate and train employees on the effects and consequences of drug abuse and alcohol misuse, 
as well as supervisors who will make determinations of whether reasonable cause/suspicion 
testing is necessary. 

•	 Ensure that employees are included in your random drug and alcohol testing pool and have an 
equal chance of being tested each time selections are made. You must conduct annual random 
testing at a minimum rate of 25% for drugs and 10% for alcohol. More information regarding 
random testing may be found under §§ 120.109(b) and 120.217(c).

The FAA’s web site has a Designated Employer Representative (DER) awareness page that includes a 
video series, compliance brochure, and several posters to use in your facility or office. 

We encourage you to subscribe to updates when information becomes available online. 

Safety-Sensitive Functions

All individuals performing safety-sensitive functions directly or by contract (including subcontract at any 
tier) are subject to testing. Safety-sensitive functions (as described in §§ 120.105 and 120.215) include: 

•	 flight crewmember duties, 
•	 flight attendant duties, 
•	 flight instruction duties, 
•	 aircraft dispatcher duties, 
•	 aircraft maintenance and preventive maintenance duties
•	 ground security coordinator duties, 
•	 aviation screening duties, 
•	 air traffic control duties, and 
•	 operations control specialist duties. 
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When will employees be tested?

The individuals who are performing these safety-sensitive functions must be subject to the following 
types of drug and alcohol testing (as described in §§ 120.109 and 120.217): 

•	 pre-employment,
•	 reasonable cause/suspicion,
•	 random, 
•	 post-accident,
•	 return-to-duty, and
•	 follow-up.

What conduct is prohibited by the DOT regulations? 

As a safety-sensitive employee:

•	 You must not use or possess alcohol or any illicit drug while assigned to perform safety-sensitive 
functions or actually performing safety-sensitive functions. 

•	 You must not report for service, or remain on duty if you…
-- Are under the influence or impaired by alcohol;
-- Have a blood alcohol concentration .04 or greater; (with a blood alcohol concentration 

of .02 to .039, some regulations do not permit you to continue working until your next 
regularly scheduled duty period);

-- Have used any illicit drug. 
•	 You must not use alcohol within four hours (8 hours for flight crew members and flight 

attendants) of reporting for service or after receiving notice to report. You must not report 
for duty or remain on duty when using any controlled substance unless used pursuant to the 
instructions of an authorized medical practitioner. 

•	 You must not refuse to submit to any test for alcohol or controlled substances. 
•	 You must not refuse to submit to any test by adulterating or substituting your specimen. 

What country consumes the most illegal drugs?

Despite tough anti-drug laws, a new survey shows the U.S. has the highest level of illegal drug use in the 
world. The World Health Organization’s survey of legal and illegal drug use in 17 countries, including 
the Netherlands and other countries with less stringent drug laws, shows Americans report the highest 
level of cocaine and marijuana use. For example, Americans were four times more likely to report using 
cocaine in their lifetime than the next closest country, New Zealand (16% vs. 4%), Marijuana use was 
more widely reported worldwide, and the U.S. also had the highest rate of use at 42.4% compared with 
41.9% of New Zealanders. In contrast, in the Netherlands, which has more liberal drug policies than the 
U.S., only 1.9% of people reported cocaine use and 19.8% reported marijuana use.
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What type of drugs is the DOT/FAA testing for?

•	 Marijuana metabolites/THC 
•	 Cocaine metabolites 
•	 Amphetamines (including methamphetamine, MDMA) 
•	 Opiates (including codeine, heroin (6-AM), morphine) 
•	 Phencyclidine (PCP) 
•	 Alcohol
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Can I use prescribed medications & over-the-counter (OTC) drugs and perform safety-sensitive 
functions? 

Prescription medicine and OTC drugs may be allowed. The FRA requires that if you are being treated by 
more than one medical practitioner, you must show that at least one of the treating medical practitioners 
has been informed of all prescribed and authorized medications and has determined that the use of 
the medications is consistent with the safe performance of your duties. However, you must meet the 
following minimum standards: 

•	 The medicine is prescribed to you by a licensed physician, such as your personal doctor. 
•	 The treating/prescribing physician has made a good faith judgment that the use of the 

substance at the prescribed or authorized dosage level is consistent with the safe performance 
of your duties. 

	� Best Practice: To assist your doctor in prescribing the best possible treatment, consider 
providing your physician with a detailed description of your job. A title alone may not 
be sufficient. Many employers give employees a written, detailed description of their job 
functions to provide their doctors at the time of the exam. 

•	 The substance is used at the dosage prescribed or authorized. While a minority of states allow 
medical use of marijuana, federal laws and policy do not recognize any legitimate medical use 
of marijuana. Even if marijuana is legally prescribed in a state, DOT regulations treat its use 
as the same as the use of any other illicit drug. 

•	 If you are being treated by more than one physician, you must show that at least one of 
the treating doctors has been informed of all prescribed and authorized medications and 
has determined that the use of the medications is consistent with the safe performance  
of your duties. 

•	 Taking the prescription medication and performing your DOT safety-sensitive functions is 
not prohibited by agency drug & alcohol regulations. However, other DOT agency regulations 
may have prohibitive provisions, such as medical certifications. 
	� Remember: Some agencies have regulations prohibiting use of specific prescription drugs, 

e.g. methadone, etc.… If you are using prescription or over-the-counter medication, 
check first with a physician, but do not forget to consult your industry-specific regulations 
before deciding to perform safety-sensitive tasks. Also be sure to refer to your company’s 
policy regarding prescription drugs. 
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Shy Bladder Procedures

If you fail to provide a sufficient amount of urine when directed, and it has been determined, through 
a required medical evaluation, that there was no adequate medical explanation for the failure, it may be 
considered a refusal to test.

When you report for testing, you must make an attempt to provide a specimen. If you are unable to 
provide a sufficient amount of urine for a drug test, the collector must begin the “shy bladder” procedures. 
This procedure requires that you remain at the collection site. The collector must urge you to drink 
40 ounces of fluid over a three-hour period until you provide a sufficient amount of urine or the three-
hour time period has elapsed.

After three hours, if you did not provide a sufficient amount of urine, the collector must contact your 
employer’s Designated Employer Representative (DER) to advise him/her that you were not able to 
provide a specimen.

After the DER consults with the company’s Medical Review Officer (MRO), you will be directed to obtain 
a medical evaluation within five days by a physician (or the MRO) who has expertise in the medical issues 
raised by your failure to provide a sufficient specimen. If the MRO makes a determination that a medical 
condition precludes you from providing a sufficient amount of urine, the test may be cancelled, and it 
would not be considered a refusal. However, if the MRO determines there is no medical condition that 
precludes you from providing a sufficient urine sample, the collection will be deemed a refusal to submit.

The Department of Transportation’s Web site (http://www.dot.gov/odapc) includes an employee guide 
that may help you better understand your responsibilities for testing.

What constitutes a post-accident test? What is the definition of an accident?

The Federal Aviation Administration’s (FAA’s) drug and alcohol testing regulation (14 CFR part 120) 
describes when an employer is required to conduct and when an employee must submit to post-accident 
drug and/or alcohol testing. 

As soon as practicable following an accident, each employer must test each surviving safety-sensitive 
employee for the presence of marijuana, cocaine, opiates, phencyclidine (PCP), and amphetamines, or a 
metabolite of those drugs in the employee’s system, and for alcohol, if that employee’s performance either 
contributed to the accident or cannot be completely discounted as a contributing factor to the accident.

For post-accident drug testing, the employee must be tested as soon as possible but not later than 
32 hours after the accident.
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For post-accident alcohol testing, the employee must be tested as soon as possible but the time of 
testing cannot exceed 8 hours from the time of the accident. If a test is not administered within 2 hours 
following the accident, the employer must prepare and maintain on file a record stating the reasons 
why the test was not promptly administered. If a test is not administered within 8 hours following the 
accident, the employer must cease attempts to administer an alcohol test and must prepare and maintain 
the same record.

The decision not to administer a test must be based on the employer’s determination, using the best 
information available at the time of the determination that the employee’s performance could not have 
contributed to the accident.

The FAA and the National Transportation Safety Board (NTSB) define an accident as an occurrence 
associated with the operation of an aircraft which takes place between the time any person boards the 
aircraft with the intention of flight and all such persons have disembarked, AND in which any person 
suffers death or serious injury or in which the aircraft receives substantial damage. The NTSB regulations 
(49 CFR part 830) define “serious injury” and “substantial damage” as follows:
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“Serious injury means any injury which: (1) Requires hospitalization for more than 48 hours, commencing 
within 7 days from the date of the injury was received; (2) results in a fracture of any bone (except simple 
fractures of fingers, toes, or nose); (3) causes severe hemorrhages, nerve, muscle, or tendon damage; 
(4) involves any internal organ; or (5) involves second- or third-degree burns, or any burns affecting 
more than 5 percent of the body surface.”

“Substantial damage means damage or failure which adversely affects the structural strength, 
performance, or flight characteristics of the aircraft, and which would normally require major repair or 
replacement of the affected component. Engine failure or damage limited to an engine if only one engine 
fails or is damaged, bent fairings or cowling, dented skin, small punctured holes in the skin or fabric, 
ground damage to rotor or propeller blades, and damage to landing gear, wheels, tires, flaps, engine 
accessories, brakes, or wingtips are not considered “substantial damage” for the purpose of this part.”

Monetary damage is not a factor in determining what constitutes an “accident.”

Should I refuse a test if I believe I was unfairly selected for testing? 

Rule of Thumb: Comply then make a timely complaint. If you are instructed to submit to a DOT drug 
or alcohol test and you don’t agree with the reason or rationale for the test, take the test anyway. Don’t 
interfere with the testing process or refuse the test. After the test, express your concerns to your employer 
through a letter to your company’s dispute resolution office, by following an agreed upon labor grievance 
or other company procedures. You can also express your concerns to the appropriate DOT agency drug & 
alcohol program office. (See contact numbers listed in the Appendix.) Whomever you decide to contact, 
please contact them as soon as possible after the test. 

What is considered a refusal to test? 

DOT regulations prohibit you from refusing a test. The following are some examples of conduct that the 
regulations define as refusing a test (See 49 CFR Part 40 Subpart I & Subpart N): 

•	 Failure to appear for any test after being directed to do so by your employer. 
•	 Failure to remain at the testing site until the testing process is complete. 
•	 Failure to provide a urine or breath sample for any test required by federal regulations. 
•	 Failure to permit the observation or monitoring of you providing a urine sample. (Please 

note tests conducted under direct observation or monitoring occur in limited situations. The 
majority of specimens are provided in private.) 

•	 Failure to provide a sufficient urine or breath sample when directed, and it has been determined, 
through a required medical evaluation, that there was not adequate medical explanation for 
the failure. 

•	 Failure to take a second test when directed to do so. 

Download free eBooks at bookboon.com



Aviation Safety – The Basics

108 

Anti-Drug Programs in Aviation

•	 Failure to cooperate with any part of the testing process. 
•	 Failure to undergo a medical evaluation as part of “shy bladder” or “shy lung” procedures. 
•	 Failure to sign the blood/urine submission form. 
•	 Providing a specimen that is verified as adulterated or substituted. 
•	 Failure to cooperate with any part of the testing process (e.g., refuse to empty pockets when 

directed by the collector, behave in a confrontational way that disrupts the collection process, 
fail to wash hands after being directed to do so by the collector). 

•	 Failure to follow the observer’s instructions [during a direct observation collection] to raise 
your clothing above the waist, lower clothing and underpants, and to turn around to permit 
the observer to determine if you have any type of prosthetic or other device that could be used 
to interfere with the collection process. 

•	 Possess or wear a prosthetic or other device that could be used to interfere with the 
collection process. 

•	 Admit to the collector or MRO that you adulterated or substituted the specimen. 

DOT Publication: “What Employees Need To Know About DOT Drug & Alcohol Testing”

This publication was produced by the U.S. Department of Transportation (DOT) to assist safety-sensitive 
employees subject to workplace drug & alcohol testing in understanding the requirements of 49 CFR Part 
40 and certain DOT agency regulations. Nothing in this publication is intended to supplement, alter or 
serve as an official interpretation of 49 CFR Part 40 or DOT agency regulations. This publication is for 
educational purposes only and can be downloaded at

http://www.transportation.gov/odapc

Chapter Questions

1.	 What country consumes the most illegal drugs?
2.	 Explain the term shy bladder procedures.
3.	 What is considered refusal to take a test?
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10	 Pilot Decision Making
Learning Objectives:

1.	 Understand the FAA’s definition of aeronautical decision making.
2.	 Understand how a brain continues to develop until age 25.
3.	 Understand risk management.
4.	 Define risk.
5.	 Know and understand the PAVE model for decision making.
6.	 Understand how an understanding of hazardous attitudes can help you make better decision.
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Aeronautical decision-making (ADM) is decision-making in a unique environment – aviation. It is a 
systematic approach to the mental process used by pilots to consistently determine the best course of 
action in response to a given set of circumstances. It is what a pilot intends to do based on the latest 
information he or she has. The importance of learning and understanding effective ADM skills cannot 
be overemphasized. While progress is continually being made in the advancement of pilot training 
methods, aircraft equipment and systems, and services for pilots, accidents still occur. Despite all the 
changes in technology to improve flight safety, one factor remains the same: the human factor which 
leads to errors. It is estimated that approximately 80 percent of all aviation accidents are related to 
human factors and the vast majority of these accidents occur during landing (24.1 percent) and takeoff 
(23.4 percent). (Figure 10.1) ADM is a systematic approach to risk assessment and stress management. 
To understand ADM is to also understand how personal attitudes can influence decision-making and 
how those attitudes can be modified to enhance safety in the flight deck. It is important to understand 
the factors that cause humans to make decisions and how the decision-making process not only works, 
but can be improved. This chapter focuses on helping the pilot improve his or her ADM skills with the 
goal of mitigating the risk factors associated with flight. Advisory Circular (AC) 60-22, Aeronautical 
Decision-Making, provides background references, definitions, and other pertinent information about 
ADM training in the general aviation (GA) environment.

Figure 10.1, Percentage of aviation accidents related to phases of flight

Why do good people have accidents?

Whenever there’s an accident, whether the result is a fatality or a broken plate or anything in between, 
someone is sure to ask: “How did it happen?”

The answer should always be the same: “It didn’t happen; it was caused.” And it’s almost always possible 
to trace it back to somebody – or several somebodies – who fell down on their job somewhere along 
the line. Either they did something they shouldn’t have done, or they failed to do something they should 
have done.
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Let’s suppose, just to illustrate what I’m talking about, that you fall on the stairs at home and break a 
leg. That accident didn’t “just happen”; there was no evil spirit putting the hex on you or lurking in the 
shadows to trip you. No, there was at least one quite tangible cause.

The odds are that the fall was your own fault – that some act of yours (or failure to act) was to blame. 
Maybe you were in a hurry and took the stairs faster than usual – faster than was safe. Maybe you were 
carrying an awkward load that put you off balance and kept you from grabbing the railing to steady 
yourself. Maybe you forgot to turn on the light over the staircase. Maybe your eyesight has been playing 
tricks on you, but you’ve put off seeing an eye doctor and getting proper glasses. There are probably 
dozens of other “maybes” that boil down to your being the cause of your own fall.

On the other hand, maybe there was someone else involved: one of the children left a toy on the step, or 
whoever discovered the stair light burnt out failed to replace the bulb. There could even be a combination 
of causes: You were in a hurry and didn’t turn on the light, so you didn’t see the toy that someone else 
left there, against the rules.

Accidents on the job don’t “just happen,” either. They are caused by the actions or inactions of one or 
more people.

Now for the good news. Just as people cause accidents to happen, they can prevent them from happening. 
That’s the reason for the safe work practices we have established and the posted list of safety rules. It’s 
why we have regular training sessions to inform and remind you of ways to keep yourselves and your 
co-workers safe. It’s the reason we provide personal protective equipment that can help keep a potential 
hazard from causing actual harm.

But no work practices, rules, training, or equipment can prevent an accident from happening. You do 
that. You follow the checklist; you comply with the safety policies and procedures, you follow the speed 
limit on your way to the airport – even if you are late; you report safety hazards; you wear your safety 
glasses; and you wear your hearing protection.

Some of us have special responsibilities that have an effect on everyone’s safety. A maintenance supervisor, 
for example, has to do his or her job correctly or mechanical failures could be followed by accidents. 
The safety committee chairperson must be sure to post any change in evacuation procedure. And so 
on. But for the most part, your own safe behavior is your own greatest safeguard. Remember that when 
you’re tempted to take a shortcut or break the safety rule “just this once” or “just for a minute.” That one 
minute could be exactly when the accident doesn’t “happen” but is caused.
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Operational Errors and Tactical Errors

Chapter 7 discussed the James Reason HFACS model. James Reason has written several books relating to 
operational and tactical errors. He specifically discussed skill-based errors, attention errors, memory errors, 
technique errors, decision errors, to name a few. Please review the discussion on errors in chapter 7.

How does brain development affect decision making?

Does the human brain continue to develop with age? When is the brain fully developed? These questions 
are finally being address with research. Current research conducted by Gargi Talukder, a graduate 
student in the Neuroscience Program at Stanford University, has turned up some surprises, among them 
the discovery of striking changes taking place in the brain during the teen years. These findings have 
altered long-held assumptions about the timing of brain maturation. In key ways, the brain doesn’t look 
like that of an adult until the early 20s.
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An understanding of how the brain of an adolescent is changing may help explain a puzzling contradiction 
of adolescence: young people at this age are close to a lifelong peak of physical health, strength, and mental 
capacity, and yet, for some, this can be a hazardous age. Mortality rates jump between early and late 
adolescence. Rates of death by injury between ages 15 to 19 are about six times that of the rate between 
ages 10 and 14. Crime rates are highest among young males and rates of alcohol abuse are high relative 
to other ages. Even though most adolescents come through this transitional age well, it is important to 
understand the risk factors for behavior that can have serious consequences. Genes, childhood experience, 
and the environment in which a young person reaches adolescence all shape behavior. Adding to this 
complex picture, research is revealing how all these factors act in the context of a brain that is changing, 
with its own impact on behavior.

Deborah Yurgelun-Todd and colleagues at the McLean Hospital Brain Imaging Center in Boston, 
Massachusetts have used functional magnetic resonance imaging to compare the activity of teenage 
brains to those of adults.

While adults can use rational processes when facing emotional decisions, teenagers are simply not 
yet equipped to think through things in the same way.

The researchers found that when processing emotions, adults have greater activity in their frontal lobes 
than do teenagers. Adults also have lower activity in their amygdala than teenagers. In fact, as teenagers 
age into adulthood, the overall focus of brain activity seems to shift from the amygdala to the frontal lobes.

Research now points to the frontal lobes as the place where high-level cognitive decisions about right 
and wrong, as well as cause-effect relationships are processed. The frontal lobes of the brain have also 
been implicated in behavioral inhibition, the ability to control emotions and impulses. In contrast, the 
amygdala is part of the limbic system of the brain and is involved in instinctive “gut” reactions, including 
“fight or flight” responses. Lower activity in the frontal lobe could lead to poor control over behavior 
and emotions, while an overactive amygdala may be associated with high levels of emotional arousal 
and reactionary decision-making.

What does this mean? High-level cognitive decision-making improves as your brain ages. Poor decisions 
caused by reactionary decision-making decreases as our brain ages. Bottom line: an adult’s brain is better 
suited to tune out emotions and utilize high-level cognitive decision-making.
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The results from the McLean study suggest that while adults can to use rational decision making processes 
when facing emotional decisions, adolescent brains are simply not yet equipped to think through things 
in the same way. For example, when deciding whether to ride in a car driven by a drunk friend, an adult 
can usually put aside her desire to conform and is more likely to make the rational decision against 
drunk driving. However, a teenager’s immature frontal lobes may not be capable of such a coolly rational 
approach, and the emotional feelings of friendship may be likely to win the battle. As Dr. Yurgelun-Todd 
told U.S. News, “Good judgment is learned, but you can’t learn it if you don’t have the necessary hardware.”

Jay Giedd and his colleagues at the National Institutes of Mental Health (NIMH) have reached similar 
conclusions using a brain imaging technique that looks at brain structure rather than activity. Giedd’s 
results suggest that development in the frontal lobe continues throughout adolescence and well into 
the early twenties. The researchers found that the number of neurons in the frontal lobe continued to 
increase throughout childhood until an average age of 12.1 years for men and 10.2 years for women. 
Scientists previously thought that gray matter production and development only occurred during the 
first 18 months of life. The fact changes are still occurring in the brain during adolescence provides 
some evidence against some popular theories that suggest that our brains are hardwired during early 
childhood. These brain imaging studies instead suggest that adolescence may provide a sort of “second 
chance” to refine behavioral control and rational decision making.

These studies may offer some hope to teenagers suffering from behavioral or emotional problems. The 
fact that the decision making centers of the brain continue to develop well into the early twenties could 
mean that troubled teenagers still have the time as well as the physiology to learn how to control their 
impulsive behaviors.

The results from these studies do not mean that a teenager will always make irrational decisions. They 
do, however, suggest that teenagers need guidance as their brains develop, especially in the realm of 
controlling emotional impulses in order to make rational decisions. It is becoming clear that the adolescent 
brain is a work in progress, and that parents and educators can help this progress along through open 
communication and clear boundaries. 

Alcohol and the Teen Brain

Adults drink more frequently than teens, but when teens drink they tend to drink larger quantities than 
adults. There is evidence to suggest that the adolescent brain responds to alcohol differently than the 
adult brain, perhaps helping to explain the elevated risk of binge drinking in youth. Drinking in youth, 
and intense drinking are both risk factors for later alcohol dependence. Findings on the developing brain 
should help clarify the role of the changing brain in youthful drinking, and the relationship between 
youth drinking and the risk of addiction later in life.
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Can good decision making be taught?

Research in this area prompted the Federal Aviation Administration (FAA) to produce training directed 
at improving the decision-making of pilots and led to current FAA regulations that require that decision-
making be taught as part of the pilot training curriculum. ADM research, development, and testing 
culminated in 1987 with the publication of six manuals oriented to the decision-making needs of 
variously rated pilots. These manuals provided multifaceted materials designed to reduce the number of 
decision related accidents. The effectiveness of these materials was validated in independent studies where 
student pilots received such training in conjunction with the standard flying curriculum. When tested, 
the pilots who had received ADM training made fewer in flight errors than those who had not received 
ADM training. The differences were statistically significant and ranged from about 10 to 50 percent 
fewer judgment errors. In the operational environment, an operator flying about 400,000 hours annually 
demonstrated a 54 percent reduction in accident rate after using these materials for recurrency training. 
Contrary to popular opinion, good judgment can be taught. Tradition held that good judgment was a 
natural by-product of experience, but as pilots continued to log accident-free flight hours, a corresponding 
increase of good judgment was assumed. Building upon the foundation of conventional decision-making, 
ADM enhances the process to decrease the probability of human error and increase the probability of 
a safe flight. ADM provides a structured, systematic approach to analyzing changes that occur during a 
flight and how these changes might affect a flight’s safe outcome. The ADM process addresses all aspects 
of decision-making in the flight deck and identifies the steps involved in good decision-making.
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Steps for good decision-making are:

•	 Identifying personal attitudes hazardous to safe flight.
•	 Learning behavior modification techniques. 
•	 Learning how to recognize and cope with stress.
•	 Developing risk assessment skills.
•	 Using all resources.
•	 Evaluating the effectiveness of one’s ADM skills.

Risk Management and ADM

Risk management is an important component of ADM. When a pilot follows good decision-making 
practices, the inherent risk in a flight is reduced or even eliminated. The ability to make good decisions 
is based upon direct or indirect experience and education. Consider automotive seat belt use. In just two 
decades, seat belt use has become the norm, placing those who do not wear seat belts outside the norm, 
but this group may learn to wear a seat belt by either direct or indirect experience. For example, a driver 
learns through direct experience about the value of wearing a seat belt when he or she is involved in a 
car accident that leads to a personal injury. An indirect learning experience occurs when a loved one is 
injured during a car accident because he or she failed to wear a seat belt. While poor decision-making in 
everyday life does not alwayslead to tragedy, the margin for error in aviation is thin. Since ADM enhances 
management of an aeronautical environment, all pilots should become familiar with and employ ADM.

Hazard and Risk

Two defining elements of ADM are hazard and risk. Hazard is a real or perceived condition, event, 
or circumstance that a pilot encounters. When faced with a hazard, the pilot makes an assessment of 
that hazard based upon various factors. The pilot assigns a value to the potential impact of the hazard, 
which qualifies the pilot’s assessment of the hazard-risk. Therefore, risk is an assessment of the single or 
cumulative hazard facing a pilot; however, different pilots see hazards differently. For example, the pilot 
arrives to preflight and discovers a small, blunt type nick in the leading edge at the middle of the aircraft’s 
prop. Since the aircraft is parked on the tarmac, the nick was probably caused by another aircraft’s prop 
wash blowing some type of debris into the propeller. The nick is the hazard (a present condition). The 
risk is prop fracture if the engine is operated with damage to a prop blade. The seasoned pilot may see the 
nick as a low risk. He realizes this type of nick diffuses stress over a large area, is located in the strongest 
portion of the propeller, and based on experience, he doesn’t expect it to propagate a crack which
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can lead to high risk problems. He does not cancel his flight. The inexperienced pilot may see the nick as 
a high risk factor because he is unsure of the affect the nick will have on the prop’s operation and he has 
been told that damage to a prop could cause a catastrophic failure. This assessment leads him to cancel his 
flight. Therefore, elements or factors affecting individuals are different and profoundly impact decision-
making. These are called human factors and can transcend education, experience, health, physiological 
aspects, etc. Another example of risk assessment was the flight of a Beechcraft King Air equipped with 
deicing and anti-icing. The pilot deliberately flew into moderate to severe icing conditions while ducking 
under cloud cover. A prudent pilot would assess the risk as high and beyond the capabilities of the 
aircraft, yet this pilot did the opposite. Why did the pilot take this action? Past experience prompted the 
action. The pilot had successfully flown into these conditions repeatedly although the icing conditions 
were previously forecast 2,000 feet above the surface. This time, the conditions were forecast from the 
surface. Since the pilot was in a hurry and failed to factor in the difference between the forecast altitudes, 
he assigned a low risk to the hazard and took a chance. He and the passengers died from a poor risk 
assessment of the situation.

Hazardous Attitudes and Antidotes

Being fit to fly depends on more than just a pilot’s physical condition and recent experience. For example, 
attitude will affect the quality of decisions. Attitude is a motivational predisposition to respond to people, 
situations, or events in a given manner. Studies have identified five hazardous attitudes that can interfere 
with the ability to make sound decisions and exercise authority properly: anti-authority, impulsivity, 
invulnerability, macho, and resignation. [Figure 10.2]

Figure 10.2, Hazardous Attitudes
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Hazardous attitudes contribute to poor pilot judgment but can be effectively counteracted by redirecting 
the hazardous attitude so that correct action can be taken. 

Apply the proper antidote

Recognition of hazardous thoughts is the first step toward neutralizing them. After recognizing a thought 
as hazardous, the pilot should label it as hazardous, then state the corresponding antidote. Antidotes 
should be memorized for each of the hazardous attitudes so they automatically come to mind when 
needed. [Figure 10.3]
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Figure 10.3, Hazardous Attitudes Antidotes 

Risk

During each flight, the single pilot makes many decisions under hazardous conditions. To fly safely, the 
pilot needs to assess the degree of risk and determine the best course of action to mitigate risk.

Assessing Risk

For the single pilot, assessing risk is not as simple as it sounds. For example, the pilot acts as his or her 
own quality control in making decisions. If a fatigued pilot who has flown 16 hours is asked if he or 
she is too tired to continue flying, the answer may be no. Most pilots are goal oriented and when asked 
to accept a flight, there is a tendency to deny personal limitations while adding weight to issues not 
germane to the mission. For example, pilots of helicopter emergency services (EMS) have been known 
(more than other groups) to make flight decisions that add significant weight to the patient’s welfare. 
These pilots add weight to intangible factors (the patient in this case) and fail to appropriately quantify 
actual hazards such as fatigue or weather when making flight decisions. The single pilot who has no other 
crew member for consultation must wrestle with the intangible factors that draw one into a hazardous 
position. Therefore, he or she has a greater vulnerability than a Examining National Transportation Safety 
Board (NTSB) reports and other accident research can help a pilot learn to assess risk more effectively. 
For example, the accident rate during night VFR decreases by nearly 50 percent once a pilot obtains 100 
hours, and continues to decrease until the 1,000 hour level. The data suggest that for the first 500 hours, 
pilots flying VFR at night might want to establish higher personal limitations than are required by the 
regulations and, if applicable, apply instrument flying skills in this environment. full crew. Several risk 
assessment models are available to assist in the process of assessing risk. The models, all taking slightly 
different approaches, seek a common goal of assessing risk in an objective manner. Two are illustrated 
below. The most basic tool is the risk matrix. [Figure 10.4] It assesses two items: the likelihood of an 
event occurring and the consequence of that event.
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Figure 10.4, Risk Matrix

Likelihood of an Event

Likelihood is nothing more than taking a situation and determining the probability of its occurrence. 
It is rated as probable, occasional, remote, or improbable. For example, a pilot is flying from point A to 
point B (50 miles) in marginal visual flight rules (MVFR) conditions. The likelihood of encountering 
potential instrument meteorological conditions (IMC) is the first question the pilot needs to answer. 
The experiences of other pilots coupled with the forecast, might cause the pilot to assign “occasional” to 
determine the probability of encountering IMC. The following are guidelines for making assignments.

•	 Probable – an event will occur several times. 
•	 Occasional – an event will probably occur sometime.
•	 Remote – an event is unlikely to occur, but is possible.
•	 Improbable – an event is highly unlikely to occur.
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Severity of an Event

The next element is the severity or consequence of a pilot’s action(s). It can relate to injury and/or 
damage. If the individual in the example above is not an instrument flight rules (IFR) pilot, what are the 
consequences of him or her encountering inadvertent IMC conditions? In this case, because the pilot 
is not IFR rated, the consequences are catastrophic. The following are guidelines for this assignment.

•	 Catastrophic – results in fatalities, total loss
•	 Critical – severe injury, major damage
•	 Marginal – minor injury, minor damage
•	 Negligible – less than minor injury, less than minor system damage

Simply connecting the two factors as shown in Figure 10.4 indicates the risk is high and the pilot must 
either not fly, or fly only after finding ways to mitigate, eliminate, or control the risk. Although the matrix 
in Figure 10.4 provides a general viewpoint of a generic situation, a more comprehensive program can 
be made that is tailored to a pilot’s flying. [Figure 10.5] 
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Figure 10.5, Example of a more detailed risk assessment

This program includes a wide array of aviation related activities specific to the pilot and assesses health, 
fatigue, weather, capabilities, etc. The scores are added and the overall score falls into various ranges, 
with the range representative of actions that a pilot imposes upon himself or herself. 
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Mitigating Risk

Risk assessment is only part of the equation. After determining the level of risk, the pilot needs to 
mitigate the risk. For example, the pilot flying from point A to point B (50 miles) in MVFR conditions 
has several ways to reduce risk:

•	 Wait for the weather to improve to good visual flight rules (VFR) conditions.
•	 Take a pilot who is certified as an IFR pilot.
•	 Delay the flight.
•	 Cancel the flight.
•	 Drive.

One of the best ways single pilots can mitigate risk is to use the IMSAFE checklist to determine physical 
and mental readiness for flying:

•	 Illness – Am I sick? Illness is an obvious pilot risk.
•	 Medication – Am I taking any medicines that might affect my judgment or make me drowsy?
•	 Stress – Am I under psychological pressure from the job? Do I have money, health, or family 

problems? Stress causes concentration and performance problems. While the regulations list 
medical conditions that require grounding, stress is not among them. The pilot should consider 
the effects of stress on performance.

•	 Alcohol – Have I been drinking within 8 hours? Within 24 hours? As little as one ounce of 
liquor, one bottle of beer, or four ounces of wine can impair flying skills. Alcohol also renders 
a pilot more susceptible to disorientation and hypoxia.

•	 Fatigue – Am I tired and not adequately rested? Fatigue continues to be one of the most insidious 
hazards to flight safety, as it may not be apparent to a pilot until serious errors are made.

•	 Eating – Have I eaten enough of the proper foods to keep adequately nourished during the 
entire flight?

The PAVE Checklist

Another way to mitigate risk is to perceive hazards. By incorporating the PAVE checklist into preflight 
planning, the pilot divides the risks of flight into four categories: Pilot-in-command (PIC), Aircraft, 
enVironment, and External pressures (PAVE) which form part of a pilot’s decision making process. 
[Figure 10.6]
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Figure 10.6, PAVE Checklist

Download free eBooks at bookboon.com

Click on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read more

www.sylvania.com

We do not reinvent  
the wheel we reinvent 
light.
Fascinating lighting offers an infinite spectrum of 
possibilities: Innovative technologies and new  
markets provide both opportunities and challenges. 
An environment in which your expertise is in high 
demand. Enjoy the supportive working atmosphere 
within our global group and benefit from international 
career paths. Implement sustainable ideas in close 
cooperation with other specialists and contribute to 
influencing our future. Come and join us in reinventing 
light every day.

Light is OSRAM

http://s.bookboon.com/osram


Aviation Safety – The Basics

125 

Pilot Decision Making

With the PAVE checklist, pilots have a simple way to remember each category to examine for risk prior 
to each flight. Once a pilot identifies the risks of a flight, he or she needs to decide whether the risk or 
combination of risks can be managed safely and successfully. If not, make the decision to cancel the 
flight. If the pilot decides to continue with the flight, he or she should develop strategies to mitigate the 
risks. One way a pilot can control the risks is to set personal minimums for items in each risk category. 
These are limits unique to that individual pilot’s current level of experience and proficiency. For example, 
the aircraft may have a maximum crosswind component of 15 knots listed in the aircraft flight manual 
(AFM), and the pilot has experience with 10 knots of direct crosswind. It could be unsafe to exceed a 
10 knots crosswind component without additional training. Therefore, the 10 knots crosswind experience 
level is that pilot’s personal limitation until additional training with a certificated flight instructor (CFI) 
provides the pilot with additional experience for flying in crosswinds that exceed 10 knots. One of the 
most important concepts that safe pilots understand is the difference between what is “legal” in terms 
of the regulations, and what is “smart” or “safe” in terms of pilot experience and proficiency.

P = Pilot in Command (PIC)

The pilot is one of the risk factors in a flight. The pilot must ask, “Am I ready for this trip?” in terms 
of experience, recency, currency, physical and emotional condition. The IMSAFE checklist provides 
the answers.

A = Aircraft

What limitations will the aircraft impose upon the trip? Ask the following questions:

•	 Is this the right aircraft for the flight?
•	 Am I familiar with and current in this aircraft? Aircraft performance figures and the AFM 

are based on a brand new aircraft flown by a professional test pilot. Keep that in mind while 
assessing personal and aircraft performance.

•	 Is this aircraft equipped for the flight? Instruments? Lights? Navigation and communication 
equipment adequate? 

•	 Can this aircraft use the runways available for the trip with an adequate margin of safety under 
the conditions to be flown?

•	 Can this aircraft carry the planned load?
•	 Can this aircraft operate at the altitudes needed for the trip? 
•	 Does this aircraft have suffi cient fuel capacity, with reserves, for trip legs planned?
•	 Does the fuel quantity delivered match the fuel quantity ordered?
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V = EnVironment Weather

Weather is an major environmental consideration. Earlier it was suggested pilots set their own personal 
minimums, especially when it comes to weather. As pilots evaluate the weather for a particular fl ight, 
they should consider the following:

•	 What are the current ceiling and visibility? In mountainous terrain, consider having higher 
minimums for ceiling and visibility, particularly if the terrain is unfamiliar.

•	 Consider the possibility that the weather may be different than forecast. Have alternative plans 
and be ready and willing to divert, should an unexpected change occur.

•	 Consider the winds at the airports being used and the strength of the crosswind component.
•	 If flying in mountainous terrain, consider whether there are strong winds aloft. Strong winds 

in mountainous terrain can cause severe turbulence and downdrafts and be very hazardous 
for aircraft even when there is no other significant weather.

•	 Are there any thunderstorms present or forecast?
•	 If there are clouds, is there any icing, current or forecast? What is the temperature/dew point 

spread and the current temperature at altitude? Can descent be made safely all along the route?
•	 If icing conditions are encountered, is the pilot experienced at operating the aircraft’s deicing 

or anti-icing equipment? Is this equipment in good condition and functional? For what icing 
conditions is the aircraft rated, if any?

Terrain

Evaluation of terrain is another important component of analyzing the flight environment.

•	 To avoid terrain and obstacles, especially at night or in low visibility, determine safe altitudes 
in advance by using the altitudes shown on VFR and IFR charts during preflight planning.

•	 Use maximum elevation figures (MEFs) and other easily obtainable data to minimize chances 
of an inflight collision with terrain or obstacles. 

Airport

•	 What lights are available at the destination and alternate airports? VASI/PAPI or ILS glideslope 
guidance? Is the terminal airport equipped with them? Are they working? Will the pilot need 
to use the radio to activate the airport lights?

•	 Check the Notices to Airmen (NOTAMS) for closed runways or airports. Look for runway or 
beacon lights out, nearby towers, etc.

•	 Choose the flight route wisely. An engine failure gives the nearby airports supreme importance.
•	 Are there shorter or obstructed fields at the destination and/or alternate airports?
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Airspace

•	 If the trip is over remote areas, are appropriate clothing, water, and survival gear onboard in 
the event of a forced landing?

•	 If the trip includes flying over water or unpopulated areas with the chance of losing visual 
reference to the horizon, the pilot must be prepared to fly IFR.

•	 Check the airspace and any temporary flight restriction (TFRs) along the route of flight.

Nighttime

Night flying requires special consideration.

•	 If the trip includes flying at night over water or unpopulated areas with the chance of losing 
visual reference to the horizon, the pilot must be prepared to fly IFR.

•	 Will the flight conditions allow a safe emergency landing at night?
•	 Preflight all aircraft lights, interior and exterior, for a night flight. Carry at least two flashlights – 

one for exterior preflight and a smaller one that can be dimmed and kept nearby.

Download free eBooks at bookboon.com

Click on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read more

© Deloitte & Touche LLP and affiliated entities.

360°
thinking.

Discover the truth at www.deloitte.ca/careers 

© Deloitte & Touche LLP and affiliated entities.

360°
thinking.

Discover the truth at www.deloitte.ca/careers 

© Deloitte & Touche LLP and affiliated entities.

360°
thinking.

Discover the truth at www.deloitte.ca/careers 
© Deloitte & Touche LLP and affiliated entities.

360°
thinking.

Discover the truth at www.deloitte.ca/careers 

http://www.deloitte.ca/careers


Aviation Safety – The Basics

128 

Pilot Decision Making

E = External Pressures

External pressures are influences external to the flight that create a sense of pressure to complete a flight – 
often at the expense of safety. Factors that can be external pressures include the following:

•	 Someone waiting at the airport for the flight’s arrival.
•	 A passenger the pilot does not want to disappoint.
•	 The desire to demonstrate pilot qualifications. • The desire to impress someone. (Probably the 

two most dangerous words in aviation are “Watch this!”)
•	 The desire to satisfy a specific personal goal (“get-home-itis,” “get-there-itis,” and “let’s-go-itis”).
•	 The pilot’s general goal-completion orientation.
•	 Emotional pressure associated with acknowledging that skill and experience levels may be lower 

than a pilot would like them to be. Pride can be a powerful external factor!

Managing External Pressures

Management of external pressure is the single most important key to risk management because it is the 
one risk factor category that can cause a pilot to ignore all the other risk factors. External pressures put 
time-related pressure on the pilot and figure into a majority of accidents.

The use of personal standard operating procedures (SOPs) is one way to manage external pressures. 
The goal is to supply a release for the external pressures of a flight. These procedures include but are 
not limited to:

•	 Allow time on a trip for an extra fuel stop or to make an unexpected landing because of weather.
•	 Have alternate plans for a late arrival or make backup airline reservations for must-be-there trips.
•	 For really important trips, plan to leave early enough so that there would still be time to drive 

to the destination.
•	 Advise those who are waiting at the destination that the arrival may be delayed. Know how to 

notify them when delays are encountered.
•	 Manage passengers’ expectations. Make sure passengers know that they might not arrive on a 

firm schedule, and if they must arrive by a certain time, they should make alternative plans.
•	 Eliminate pressure to return home, even on a casual day flight, by carrying a small overnight kit 

containing prescriptions, contact lens solutions, toiletries, or other necessities on every flight. 

The key to managing external pressure is to be ready for and accept delays. Remember that people get 
delayed when traveling on airlines, driving a car, or taking a bus. The pilot’s goal is to manage risk, not 
create hazards [Figure 10.6].
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The Decision-Making Process

An understanding of the decision-making process provides the pilot with a foundation for developing 
ADM and SRM skills. While some situations, such as engine failure, require an immediate pilot response 
using established procedures, there is usually time during a flight to analyze any changes that occur, 
gather information, and assess risk before reaching a decision. 

Risk management and risk intervention is much more than the simple definitions of the terms might 
suggest. Risk management and risk intervention are decision-making processes designed to systematically 
identify hazards, assess the degree of risk, and determine the best course of action. These processes 
involve the identification of hazards, followed by assessments of the risks, analysis of the controls, making 
control decisions, using the controls, and monitoring the results.

Chapter Questions

1.	 Research now points to the frontal lobes as the place where ____________ are processed
A)	high level cognitive decisions
B)	 emotional reactions
C)	Both A and B

2.	 New research has shown that an overactive amygdala may be associated with ____________
A)	high levels of emotional arousal and reactionary decision-making.
B)	 High-level cognitive decision-making abilities
C)	Both A and B

3.	 Explain the 5 hazardous attitudes
4.	 Explain the antidotes for the 5 hazardous attitudes.
5.	 How would you define a hazard?
6.	 How would you define a risk?
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11	 Mid Air Collision Avoidance
Learning Objectives

1.	 Know the profile of midair collisions.
2.	 Know what causes a midair collision.
3.	 Explain the limitations of the eye.
4.	 Know how to scan for traffic.
5.	 Familiarize yourself with the collision avoidance checklist.

Introduction

By definition and function, the human eye is one of the most important and complex systems in the 
world. Basically, its job is to accept images from the outside world and transmit them to the brain for 
recognition and storage. In other words, the organ of vision is our prime means of identifying and 
relating to what is going on around us. 
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It has been estimated that 80 percent of our total information intake is through the eyes. In the air, we 
depend on our eyes to provide most of the basic input necessary for performing during a flight: attitude, 
speed, direction, and proximity to things (like the ground), and opposing air traffic that may constitute 
a danger of in-flight collision. As air traffic density and aircraft closing speeds increase, the problems 
of in-flight collision grows proportionately, and so does the importance of the “eyeball system.” A basic 
understanding of the eyes’ limitation in target detection is probably the best insurance a pilot can have 
against running into another airplane – something that can spoil your whole day.

Profile of Midair Collisions

Studies of midair collisions reveal certain definite warning patterns. It may be surprising to learn that 
nearly all midair collisions occur during daylight hours and in VFR conditions. Perhaps not so surprising 
is that the majority happen within five miles of an airport, in the areas of greatest traffic concentration, 
and usually on warm weekend afternoons when more pilots are doing more flying. 

Not What You Might Expect

Also surprising, perhaps, is the fact that the closing speed (rate at which two aircraft come together) is 
relatively slow, usually much slower than the airspeed of either aircraft. In fact, the majority of in-flight 
collisions are the result of a faster aircraft overtaking and hitting a slower plane. 

Statistics on 105 in-flight collisions that occurred from 1964 to 1968 show that 82 percent had convergence 
angles associated with one aircraft overtaking another. Specifically, 35 percent were from 0 to 10 degrees – 
straight from behind. Only 5 percent were from a head-on angle. These numbers, plus the fact that 
77 percent occurred at or below 3,000 feet (with 49 percent at or below 500 feet) imply accurately that 
in-flight collisions generally occur in the traffic pattern and primarily on final approach. Collisions 
occurring enroute generally are at or below 8,000 feet and within 25 miles of an airport. 

No Pilot is Immune

The pilots involved in such mishaps ranged in experience from first solo to 15,000 hours, and their 
reasons for flying on the accident day were equally varied. Some examples: 

•	 A 19-year-old private pilot flying a VFR cross-country in a Cessna 150 collided with two 
seasoned airline pilots flying a Convair 580 under IFR control. 

•	 A 7,000-hour commercial pilot on private business in a twin Beech overtook a Cherokee on 
final, which carried a young flight instructor giving dual to a pre-solo student pilot. 

•	 Two commercial pilots, each with well over 1,000 hours, collided while ferrying a pair of new 
single-engine aircraft. 

•	 Two private pilots with about 200 hours logged between them collided while on local pleasure 
flights in Piper Cubs. 
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There is no way to say whether the inexperienced pilot or the older, more experienced pilot is more 
likely to be involved in an in-flight collision. A beginning pilot has so much to think about he or she may 
forget to look around. On the other hand, the older pilot, having sat through many hours of boring flight 
without spotting any hazardous traffic, may grow complacent and forget to scan. No pilot is invulnerable.

Midair Collison Causes

What causes in-flight collisions? Undoubtedly, increasing traffic and higher closing speeds represent 
potential. For instance, a jet and a light twin have a closing speed of about 750 mph. It takes a minimum 
of 10 seconds, says the FAA. for a pilot to spot traffic, identify it, realize it is a collision threat, react, 
and have the aircraft respond. But two planes converging at 750 mph will be less than 10 seconds apart 
when the pilots are first to detect each other! 

These are all causal factors, but the reason most often noted in the statistics reads: “Failure of pilot to see 
other aircraft,” which means that the see-and-avoid system broke down. In most cases, at least one of the 
pilots involved could have seen the other in time to avoid contact, if he or she had just been using the 
visual senses properly. In sum, it is really that complex, vulnerable little organ – the human eye- which 
is the leading cause of inflight collisions. 

Let’s take a look at how its limitations affect your flight.

Limitations of the Eye

The eye, and consequently vision, is vulnerable to just about everything: dust; fatigue; emotion; germs; 
fallen eyelashes; age; optical illusions; and the alcoholic content of last night’s party. In flight, vision is 
altered by atmospheric conditions, windshield distortion, too much (or too little) oxygen, acceleration, 
glare, heat, lighting, aircraft design and forth. 

Most of all, the eye is vulnerable to the vagaries of the mind. We can “see” and identify only what the 
mind lets us see. For example, a daydreaming pilot staring out into space sees no approaching traffic 
and is probably the number one candidate for an in-flight collision. 

Accommodation

One function of the eye that is a source of constant problems to the pilot (though he or she is probably 
never aware of it) is the time required for accommodation. Our eyes automatically accommodate for 
(or refocus on) near and far objects. But the change from something up close, like a dark panel two feet 
away, to a well-lighted landmark or aircraft target a mile or so away, takes one to two seconds or longer 
for eye accommodation. That can be a long time when you consider that you need 10 seconds to avoid 
in-flight collisions. 
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Empty-Field Myopia

Another focusing problem usually occurs at very high altitudes, but it can happen even at lower levels on 
vague, colorless days above a haze or cloud layer when no distinct horizon is visible. If there is little or 
nothing to focus on at infinity, we do not focus at all. We experience something known as “empty-field 
myopia:” we stare, but we see nothing, even opposing traffic, if it should enter our visual field. 

Binocular Vision

The effects of what is called “binocular vision” have been studied seriously by the National Transportation 
Safety Board (NTSB) during investigations of in-flight collisions, with the conclusions that this too is 
a casual factor. To actually accept what we see, we need to receive cues from both eyes. If an object is 
visible to one eye, but hidden from the other by a windshield post or other obstruction, the total image 
is blurred and not always acceptable to the mind. 
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Tunnel Vision

Another inherent eye problem is that of narrow field of vision. Although our eyes accept light rays from 
an arc of nearly 200 degrees, they are limited to a relatively narrow area (approximately 10–15 degrees) in 
which they can actually focus and classify an object. Though we can perceive movement in the periphery, 
we cannot identify what is happening out there, and we tend not to believe what we see out of the corner 
of our eyes. This, aided by the brain, often leads to “tunnel vision.” 

Blossom Effect

This limitation is compounded by the fact that at a distance, an aircraft on a collision course with you 
will appear to be motionless. It will remain in a seemingly stationary position, without appearing either 
to move or to grow in size for a relatively long time, and then suddenly bloom into a huge mass filling 
one of your windows. This is known as “blossom effect.” Since we need motion or contrast to attract our 
eyes’ attention, this effect becomes a frightening factor when you realize that a large bug smear or dirty 
spot on the windshield can hide a converging plane until it is too close to be avoided. 

Environmental Effects

In addition to the built-in problems, the eye is also severely limited by environment. Optical properties 
of the atmosphere alter the appearance of traffic, particularly on hazy days. “Limited visibility” actually 
means “limited vision.” You may be legally VFR when you have three miles, but at that distance on a 
hazy day, opposing traffic is not easy to detect. At a range closer than three miles, opposing traffic may 
be detectable, but no longer avoidable.

Lighting also affects our vision stimuli. Glare, usually worse on a sunny day over a cloud deck or during 
flight directly into the sun, makes objects hard to see and makes scanning uncomfortable. Also, an 
object that is well lighted will have a high degree of contrast and will be easy to detect, while one with 
low contrast at the same distance may be impossible to see. For instance, when the sun is behind you, 
an opposing aircraft will stand out clearly, but when you are looking into the sun and your traffic is 
“backlighted,” it’s a different story. 

Another contrast problem area is trying to find an airplane over a cluttered background. If it is between 
you and terrain that is Varicolored or heavily dotted with buildings, it will blend into the background 
until it is quite close. 
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Human Factors

And, of course, there is the mind, which can distract us to the point of not seeing anything at all, or lull 
us into cockpit myopia – staring at one instrument without even “seeing” it. How often have you filed IFR 
on a VFR day, settled back at your assigned altitude with autopilot on, and then never looked outside, 
feeling secure that “Big Daddy Radar” will protect you from all harm? Don’t fall for this trap. Remember, 
the radar system has its limitations too! It is fine to depend on instruments, but not to the exclusion 
of the see-and-avoid system, especially on days when there are pilots not under radar surveillance or 
control flying around in the same sky. Also remember that our Air Traffic Control (ATC) system is not 
infallible, even when it comes to providing radar separation between aircraft flying on IFR flight plans. 

As you can see, visual perception is affected by many factors. It all boils down to the fact that pilots, 
like anyone else, tend to overestimate their visual abilities and to misunderstand the limitations of their 
eyes. Since the number one cause of in-flight collisions is the failure to properly adhere to the see-and-
avoid concept, we can conclude that the best way to avoid them is to learn how to use our eyes in an 
efficient external scan.

How to Scan

What is the perfect scan? There is none, or at least there is no one scan that is best for all pilots. The 
most important thing is for each pilot to develop a scan that is both comfortable and workable. 

The best way to start is by getting rid of bad habits. Naturally, not looking out at all is the poorest scan 
technique, but glancing out at intervals of five minutes or so is also poor when you remember that it 
only takes seconds for a disaster to happen. Check yourself the next time you are climbing out, making 
an approach, or just bouncing along over a long cross-country route. See how long you go without 
looking out the window. 

Glancing out and giving it the once-around without stopping to focus on anything is practically useless. 
So is staring out into one spot for long periods of time (even though it may be great for meditation). 
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Figure 11.1, Prioritize your scan
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So much for the bad habits. Learn how to scan properly; first, by knowing where to concentrate your 
search. It would be preferable, naturally, to look everywhere constantly but, as this technique is not 
practical, concentrate on the areas most critical to you at any given time. In the traffic pattern especially, 
clear before every turn, and always watch for traffic making an improper entry into the pattern. On 
descent and climbout, make gentle S-turns to see if anyone is in your way. (In addition, make clearing 
turns before attempting maneuvers, such as pylons and S-turns about a road.) 

During the very critical final approach stage, don’t forget to look behind and below, at least once; and 
avoid tunnel vision. Pilots often rivet their eyes to this point of touchdown. You may never arrive at it 
if another pilot is aiming for the same numbers at the same time! 

In normal flight, you can generally avoid the threat of an in-flight collision by scanning and area 60 degrees 
to the left and to the right of your center visual area. This advice does not mean you should forget the 
rest of the area you can see from side windows every few scans. Horizontally, the statisticians say, you 
will be safe if you scan 10 degrees up and down from your flight vector (Figure 11.1). This technique 
will allow you to spot any aircraft that is at an altitude that might prove hazardous to your own flight 
path, whether it is level with you, below and climbing, or above and descending. 

The slower your plane, the greater your vulnerability, hence the greater scan area required. 

But don’t forget that your eyes are subject to optical illusions and can play some nasty tricks on you. At 
one mile, for example, an aircraft flying below your altitude will appear to be above you. As it nears, it 
will seem to descend and go through your level, yet, all the while it will be straight and level below you. 
one in-flight collision occurred when the pilot of the higher flying airplane experienced this illusion and 
dove his plane right into the path of the aircraft flying below. 

Though you may not have much time to avoid another aircraft in your vicinity, use your head when 
making defensive moves. Even if you must maneuver to avoid a real in-flight collision, consider all the 
facts. If you miss the other aircraft but stall at a low altitude, the results may be just as bad for you as 
a collision.
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Scan Patterns

Block System

Your best defense against in-flight collisions is an efficient scan pattern. Two basic scans that have proved 
best for most pilots are variations on a technique called the “block” system. This type of scan is based 
on the theory that traffic detection can be made only through a series of eye fixations at different points 
in space. Each of these fixes becomes the focal point of your field of vision (a block 10–15° wide). By 
fixating every 10–15 degrees wide), you should be able to detect any contrasting or moving object in 
each block. This gives you 9–12 “blocks” in your scan area, each requiring a minimum of one to two 
seconds for accommodation and detection. 

Side-to-Side Block Scan

One method of block scan is the “side-to-side” motion. Start at the far left of your visual area and make a 
methodical sweep to the right, pausing in each block to focus. At the end of the scan, return to the panel. 

Front-to-Side Block Scan

The second form is the “front-to-side” version. Start with a fixation in the center block of your visual field 
(approximately the center of the front windshield in front of the pilot). Move your eyes to the left, focusing 
in each block, swing quickly back to the center block, and repeat the performance to the right (Figure 11.2). 

Figure 11.2, Two Recommended Scanning methods

Download free eBooks at bookboon.com



Aviation Safety – The Basics

139 

Mid Air Collision Avoidance

There are other methods of scanning of course, some of which may be as effective for you as the two 
preceding types. Unless some series of fixations is made, however, there is little likelihood that you will 
be able to detect all targets in your scan area. When the head is in motion, vision is blurred and the 
mind will not register targets as such.

The Time Sharing Plan

External scanning is just part of the pilot’s total eyeball job. To achieve maximum efficiency in flight, one 
has to establish a good internal (panel) scan as well and learn to give each instrument its proper share of 
time. The amount of time one spends eyeballing outside the cockpit in relation to what is spent inside 
depends, to some extent, on the workload inside the cockpit and the density of traffic outside. Generally, 
the external scan will take about three to four times as long as a look around the instrument panel. 

A major company conducted an experimental scan training course, using military pilots ranging in 
experience from 350 to over 4,000 hours. They discovered that the average time needed to maintain a 
flight situation status quo was three seconds for panel scan and 17 seconds for outside. (Since military 
pilots are most likely flying a more consistent schedule than most general aviation pilots, we should 
allow six or seven seconds on the panel.)
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Panel Scan

An efficient instrument scan is good practice, even if you limit your flying to VFR conditions, and being able 
to quickly scan the panel gives one a better chance of doing an effective job outside as well. The following 
panel scan system is taught by FAA and AOPA Air Safety Foundation to instrument students (Figure 11.3). 

•	 Start with the attitude indicator. It will show changes in attitude the two most critical areas of 
flight: heading and altitude. 

•	 Move to the directional gyro for heading. 
•	 Move to altimeter. 
•	 Check the airspeed indicator. 
•	 Look at rate of climb (VSI). 
•	 Look at the turn and bank indicator (or turn coordinator). 

It is a good idea to skim over the attitude indicator each time you move on to a new instrument, as the 
AI is your chief control instrument. Include your VOR and engine instruments every third scan or so, 
or as the flight situation dictates. 

Developing an efficient time-sharing plan takes a lot of work and practice, but it is just as important as 
developing good landing techniques. The best way is to start on the ground, in your own airplane or the 
one you usually fly, and then use your scans in actual practice every chance you get. 

Figure 11.3, Panel Scan
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Collision Avoidance Checklist

Collision avoidance involves much more than proper eyeball techniques. You can be the most conscientious 
scanner in the world and still have an in-flight collision if you neglect other important factors in the 
overall see-and-avoid picture. It might be helpful to use a collision avoidance checklist as religiously as 
you do the pretakeoff and landing lists. Such a checklist might include the following nine items: 

Check Yourself

Start with a check of your own condition. Your eyesight, and consequently your safety, depend on your 
mental and physical condition. 

Plan Ahead

Plan your flight ahead of time. Have charts folded in proper sequence and with handy reach. Keep your 
cockpit free of clutter. Be familiar with headings, frequencies, distances, etc., ahead of time; so, that you 
spend minimum time with your head down in your charts. Some pilots even jot these things down on 
a flight log before takeoff. Check your maps and the special general and area notices in AIM in advance 
for restricted areas, oil burner routes, intensive student jet training areas and other high density spots. 

Clean Windows

During the walk-around, make sure your windshield is clean. If possible, keep all windows clear of 
obstructions, like solid sun visors and curtains. 

Adhere to Standard Operating Procedures

Stick to Standard Operating Procedures and observe the regulations of flight, such as correct altitudes 
and proper pattern practices. You can get into big trouble, for instance, by “sneaking” out of your proper 
altitude as cumulous clouds begin to tower higher and higher below you, or by skimming along the 
tops of clouds without observing proper separation. Some typical situations involving in-flight mishaps 
around airports include entering a right-hand pattern at an airport with left-hand traffic; or entering 
downwind so far ahead of the traffic pattern that you may interfere with traffic taking off and heading 
out in your direction. In most in-flight collisions, at least one of the pilots involved was not where he 
was supposed to be. 

Avoid Crowds

Avoid crowded airspace enroute, such as directly over a VOR. You can navigate on VFR days just as 
accurately by passing slightly to the left or right of the VOR stations. Pass over airports at a safe altitude, 
being particularly careful within a 25-mile radius of military airports and busy civil fields. Military 
airports usually have a very high concentration of fast-moving jet traffic in the vicinity and a pattern 
that extends to 2,500 feet above the surface. Jets in climbout may be going as fast as 500 mph. 
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Compensate for Design

Compensate for your aircraft’s design limitations. All planes have blind spots; know where they are in 
your aircraft. For example, a high wing aircraft that has a wing down in a turn blocks the area you are 
turning into. A low wing blocks the area beneath you. And one of the most critical midair potential 
situations is a faster low-wing plane overtaking and descending on a high wing on final approach. 

Equip for Safety

Your airplane can, in fact, help avoid collisions. Certain equipment that was once priced way above the 
light plane owner’s reach, now is available at reasonable cost to all aviation segments. High intensity 
strobe lights increase your contrast by as much as 10 times day or night and can be installed for about 
$200 each. In areas of high density, use your strobes or your rotating beacon constantly, even during 
daylight hours. The cost is pennies per hour – small price to pay for making your aircraft easier for 
other pilots to see. 

Transponders, available in quick installation kits for under $1,000, significantly increase your safety by 
allowing radar controllers to keep your traffic away from you and vice versa. Now mandatory for flight 
into many high density airport areas, transponders also increase your chances of receiving radar traffic 
advisories, even on VFR flights. 

Download free eBooks at bookboon.com

Click on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read moreClick on the ad to read more

http://s.bookboon.com/liu


Aviation Safety – The Basics

143 

Mid Air Collision Avoidance

Speak Up, Listen Up

Use your radio, as well as your eyes, When approaching an airport. If you are operating close enough 
to the airport in terms of altitude and location to be near traffic going to or from that airport, consider 
making a call to state your position, altitude and intentions. Find out what the local traffic situation is. 
At an airport with radar service, call the approach control frequency and let them know where you are 
and what you are going to do. At non-towered fields, listen to the common traffic advisory frequency 
(CTAF) to develop a mental picture of traffic around you. 

Since detecting a tiny aircraft at a distance is not the easiest thing to do, make use of any hints you get 
over the radio from other pilots. A pilot reporting his position to a tower is also reporting to you. Your 
job is much easier when an air traffic controller tells you your traffic is “three miles at one o’clock.” Once 
you have that particular traffic, don’t forget the rest of the sky. If your traffic seems to be moving, you’re 
not on a collision course, so continue your scan and watch it from time to time. If it doesn’t appear to 
have motion, however, you need to watch it very carefully, and get out of the way, if necessary. 

Scan, Scan, Scan!

The most important part of your checklist, of course, is to keep looking where you’re going and to watch 
for traffic. Make use of your scan constantly. 

Basically, if you adhere to good airmanship, keep yourself and your plane in good condition, and develop 
an effective scan time-sharing system, you should have no trouble avoiding in-flight collisions. As you 
learn to use your eyes properly, you will benefit in other ways. Remember, despite their limitations, your 
eyes provide you with color, beauty, shape, motion and excitement. As you train them to spot minute 
targets in the sky, you’ll also learn to see many other important “little” things you may now be missing, 
both on the ground and in the air. If you couple your eyes with your brain, you’ll be around to enjoy 
these benefits of vision for a long time. 
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Chapter questions

1.	 The majority of in-flight collisions are the result of a ______ aircraft overtaking and hitting a 
___________ plane.
A)	faster, slower
B)	 slower, faster
C)	faster, stationary
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2.	 Approximately 77 percent of all midair collisions have occurred at or below _____ feet (with 
49 percent at or below ______ feet) 
A)	2,000 feet, 200 feet
B)	 3,000 feet, 500 feet
C)	1,000 feet, 100 feet

3.	 In-flight collisions generally occur in the traffic pattern and primarily _________.
A)	Entering downwind
B)	 on departure
C)	on final approach

4.	 Collisions occurring enroute generally are at or below 8,000 feet and within 25 miles of 
an airport.
A)	1,000 feet, 50 miles
B)	 2,000 feet, 50 miles
C)	8,000 feet, 25 miles

5.	 Explain at least three limitations of the eye when trying to avoid a midair collision.
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12	 Bird Strike Mitigation
Learning Objectives

1.	 Identify a major accident that was due to bird strike.
2.	 Know prevalent time of the year for bird strikes in the United States.
3.	 Know how many bird strikes have occurred in the United States since 1990.
4.	 Know the ten steps for bird strike avoidance or disaster.
5.	 Identify where to find the FAA’s Wildlife Strike form.
6.	 Know why bird strikes are on the increase.
7.	 Name the four major North American bird flyways.

Bird strikes are a very prevalent hazard in aviation. In this chapter we will look at a prominent accident 
that was caused by bird strikes. We will explore where birds are most prevalent, and look into how we 
can best avoid birds and what to do if we have a bird strike. 

On January 15, 2009, USAirways flight 1549, an Airbus A320, collided with birds while on initial climb 
after departure from New York’s LaGuardia Airport. The flight encountered a flock of Canada Geese at 
2,800 feet, taking multiple bird strikes, including to both engines. The aircraft lost power to both engines 
and the crew declared an emergency, with the flight crew deciding to eventually ditch the aircraft in 
the Hudson River. This event, which could have been a catastrophic loss of life, ended up with all 155 
people on the aircraft surviving with very few injuries (Figure 12.1). 

Figure 12.1, USAirways flight 1549 after ditching in the Hudson River in New York.
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If this much damage can be caused to an Airbus A320 by Canada Geese, just think about the damage 
that it can inflict on a small general aviation aircraft. Studies show that a lot of damage can occur. A 
12-lb Canada goose struck by a 150-knot aircraft generates the force of a 1,000-lb weight dropped from 
a height of 10 feet. 

Statistics on bird strikes:

In the United States alone, there were over 138,000 bird strikes to aircraft during the period of time from 
1990 to 2013. This data is according to the FAA. 

According to Richard Dolbeer, U.S. Department of Agriculture Wildlife Division:

During the period of 1988–2005…

Aircraft lost to bird strikes worldwide:

•	 Aircraft 144
•	 Fatalities 192

Highest altitude reported bird strikes:

•	 United States 32,000 Feet
•	 Africa 37,000 Feet

Most prevalent time of year in U.S.:

•	 Below 500' – July thru October
•	 Above 500' – April and May and September through November
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Some additional data from Richard Dolbeer, U.S. Department of Agriculture Wildlife Division. This 
data is from 1990–2004:

38,961 Reported Bird Strikes

•	 74% within 500 feet of ground.
•	 19% from 501–3500 feet AGL
•	 7% above 3500 Feet AGL

Strikes decrease 32% for every 1000 foot gain in altitude from 500' to 20,500 feet. 

Waterfowl comprised 53% of strikes above 3500 feet.

1.8 times more strikes at night vs. day.

Knowing where birds are more likely to be is a good way to be more cognizant of where the issue may 
lie. In North America there are four major flyways, or migration routes, for birds (Figure 12.2, 12.3). 
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Figure 12.2, Overview of North American Flyways

Figure 12.3, North American Migration Flyways

Taking a look at two of these flyways, the Central and Mississippi Flyways, we find that:

•	 No two species follow the same path from beginning to end.
•	 Generally a north-and-south movement with lanes of heavy concentration near rivers that are 

aligned north/south.
οο Route primarily used by ducks, geese, blackbirds and sparrows.
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Now that we have taken a look at the statistics on bird strikes, what can we do to reduce are chances 
of a bird strike, or even avoid them all together? Here are ten steps to Bird Strike Avoidance/Disaster:

•	 Plan your flight profile to climb from airports thru 500' agl as quickly and safely as possible 
when birds are present.

•	 Avoid low altitudes on cross country flight as much as feasible.
•	 Migratory strikes are most likely to occur in April and May and again in September thru October.
•	 Even though it may change – report bird flock locations.
•	 Reduce speed at low altitudes – strikes (impact) forces increase as a function of the square of 

the aircraft velocity.
•	 Plan to climb. Birds almost invariably dive away, but there are always exceptions.
•	 If a collision seems likely, duck below the glareshield.
•	 If a collision occurs, fly the airplane first! Assess the damage. Then:

οο Land as soon as practical.
οο Land as soon as possible.

•	 Always have maintenance inspect the aircraft.
•	 File a safety report.

As number ten in this list is to file a safety report, where should that be accomplished? Always file the 
required safety report with your organization, but it is also best to fill out an FAA Bird/Wildlife Strike 
Form. This form can be found at this link: http://wildlife.faa.gov/strikenew.aspx

In conclusion – In North America, bird strike hazards are increasing. Because of outstanding wildlife 
conservation and environmental programs in North America, populations of many bird species have 
increased dramatically since the 1970s. Millions of acres have been set aside as wildlife refuges and strong 
environmental laws such as the Migratory Bird Treaty Act and the Federal Insecticide, Fungicide and 
Rodenticide Act have protected birds and other wildlife. As a result, species like non-migratory Canada 
Geese, which frequent urban areas such as golf courses, parks, and airports, have more than quadrupled 
in number since 1985. These increases have led to an increase in the number of birds in the vicinity of 
both large and small airports and greater opportunities for birds, especially larger birds, to hit aircraft.
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Chapter Questions

1.	 Bird strikes are more likely to happen:
a)	 Less than 500' agl
b)	 500' to 3,500' agl
c)	 Above 3,500' agl
d)	 None of the above

2.	 Which of the following is a North American flyway?
a)	 Pacific
b)	 Mississippi
c)	 Central
d)	 All of the above

3.	 There have been over 100,000 bird strikes in the U.S. alone since 1990:
a)	 True
b)	 False
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13	 Managing Fatigue
Learning Objectives

1.	 Identify what percentage of accidents in aviation are caused by fatigue.
2.	 Know the definition of fatigue.
3.	 Name the four types of fatigue.
4.	 Identify the biggest cause of fatigue.
5.	 Name the five stages of sleep.
6.	 Identify other causes of fatigue.
7.	 Know the definition of circadian rhythm.
8.	 Identify four accidents related to fatigue.

Fatigue is a very prevalent issue in aviation. But, why is this? And, should it be? Fatigue is something 
that almost everyone can say that they have experienced. This is not an issue that just affects pilots. 
The problem, of course, in aviation fatigue can have disastrous results. It has been reported that 80% of 
aircraft accidents are related to fatigue. Beginning in 1990, fatigue awareness and duty time limitations 
were included in the top ten most wanted safety improvements list that is put out each year by the 
National Transportation Safety Board (NTSB). In this particular chapter will focus on this issue, with 
the particular emphasis on the causes and effects of fatigue.

First, let’s look at the definition of fatigue. As a noun, the definition according to Merriam-Webster: “the 
state of being very tired: extreme weariness.” As a verb, Merriam-Webster defines fatigue as: “to make 
(someone) tired.”

Those definition are the what the dictionary defines fatigue as, but what is it really? While awake, the 
healthy, well-nourished and rested human brain is capable of prodigious feats of sensory perception, 
symbol manipulation, logic, analytic thought, language, and problem-solving. However, because of its 
biologic nature, the brain cannot run continuously in the awake conscious mode, but requires scheduled 
maintenance and recharge cycles for efficient function. The awake, functioning brain seems to deplete 
neurons and biochemical capability, build up toxins and metabolic by-products, and starts to run down. 
This “running down” is manifest as declines in mental performance, judgment, and complex decision-
making, and is associated with a variety of symptoms we commonly experience as, and refer to, “fatigue.”
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There are actually four types of fatigue:

•	 Mental Fatigue: a transient decrease in maximal cognitive performance resulting from 
prolonged periods of cognitive activity.

•	 Physical Fatigue: the transient inability of a muscle to maintain optimal physical performance, 
and is made more severe by intense physical exercise.

•	 Acute Fatigue: a sudden onset of physical and mental exhaustion or weariness, particularly 
after a period of mental or physical stress. This type of fatigue is usually short term and is 
considered normal.

•	 Chronic Fatigue: Long-continued fatigue not relieved by rest. It is indicative of disease such 
as tuberculosis, diabetes, or other conditions of altered body metabolism. Chronic fatigue can 
either be psychological or emotional.

The primary cause of fatigue is one that people usually have the most control over. This factor is lack of 
sleep. On average, human adults physiologically require about 8 hours of sleep. Studies show that the 
average range is 6 to 8 hours. There are five stages of sleep:

•	 Stage 1 is the transition between consciousness and sleep. You can generally hear and respond 
to someone.

•	 Stage 2 is a light sleep. You are easily awakened but you’re not aware of your surroundings.
•	 Stages 3 and 4 are deep slumber – this is a very restorative phase. 
•	 Stage 5 is known as REM or rapid eye movement sleep, and it’s the stage of sleep where you 

dream. Researchers believe your eyes move at this stage of sleep because you’re scanning the 
images in your dreams. It’s thought to be important for learning and consolidation of memory. 

A complete sleep cycle can last between 60 and 90 minutes, with a typical sleep moving through the 
cycle several times, but each cycle will vary in length. Whenever you’re sleep deprived, your body will 
try first to catch up on deep sleep (Stages 3 and 4) and REM sleep (Stage 5). The human body is built 
for 16 hours awake and 8 hours of sleep. So, sleep loss can be acute (within 24 hours) or cumulative 
(over several days). Sleep loss that is cumulative is commonly known as “sleep debt.” Sleep debt is fairly 
easy to figure out. As stated earlier, an average adult has a sleep requirement of eight hours. If a person 
actually sleeps six hours, the sleep debt is now two hours. So, if we have four nights of six hours of sleep, 
we now have a sleep debt of 8 hours. In effect, we have missed a whole night’s sleep in that four day 
period, as sleep debt is cumulative. 
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Researchers from NASA have shown performance & alertness can be maintained up to 12 hours of 
wakefulness. But:

•	 At 16 hours, studies have shown progressive accident/injury rate at 3 times that a 9 hours.
•	 At 17 hours studies have shown performance levels consistent with .04% blood/alcohol level, 

the equivalent of drinking 2 beers.
•	 At 22 hours studies have shown performance levels consistent with .08% blood/alcohol level, 

the equivalent of drinking 5 beers.
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Lack of sleep is just one cause of fatigue. Other factors or causes of fatigue include:

•	 Dehydration
•	 Noise & Vibration
•	 Illness
•	 OTC Medications
•	 Impaired Vision
•	 Lack of Restful Sleep
•	 Sleep disorders (sleep apnea)
•	 Food Allergies
•	 Diabetes
•	 Depression

Another aspect of fatigue is circadian rhythm. These are physical, mental and behavioral changes that 
follow a roughly 24-hour cycle, responding primarily to light and darkness in an organism’s environment. 
In essence, this is commonly referred to as our “body clock.” It is controlled by brain function and controls 
timing of physiological activity (alertness, performance, etc.). The lowest point in a normal cycle is from 
12:00 am–6:00 am, specifically 3:00 am–5:00 am.
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Below are some examples of accidents or incidents that are known to have at least a partial cause 
from fatigue:

1.	 Corporate Airlines Flight 5966
Date: October 19, 2004
Aircraft: BAE-J32
Location: Kirksville, Missouri
Accident Description: Aircraft struck trees on final approach.
Fatalities: 11
NTSB quote: “Fatigue contributed to pilots degraded performance.”

Corporate Airlines flight 5966 accident scene.

2.	 Shuttle America Flight 6448
Date: February 18, 2007
Aircraft: EMB 175
Location: Cleveland, Ohio
Accident Description: Over ran end of runway.
Fatalities: none
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NTSB quote: “Captains fatigue contributed to accident.”

Shuttle America Flight 6448 accident scene

3.	 Go! Airlines Flight 1002
Date: February 21, 2008
Aircraft: CRJ-200
Location: Hilo, Hawaii
Incident description: Both crew members fell asleep between Honolulu and Hilo.
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NTSB quote: “The incident pilots’ lack of adequate sleep, together with the low workload 
associated with the cruise phase of the flight, likely contributed to the pilots inadvertently 
falling asleep.”

Some of the additional information from the NTSB report highlights the fatigue related issues 
with this particular flight:

“…the day of the incident was the third consecutive day that both pilots started duty at 0540. 
This likely caused the pilots to receive less daily sleep than is needed to sustain optimal alertness 
and resulted in an accumulation of sleep debt and increased levels of daytime fatigue. The first 
officer stated he needed between 7.5 and 8 hours of sleep per night to feel rested. He estimated 
that he had spent about 7 hours 25 minutes in bed the night before the incident, and about 6 
hours 55 minutes in bed during each of the previous two nights. Thus, the first officer’s self-
reported sleep history indicated an accumulated sleep debt of between 1 hour 15 minutes and 
2 hours 45 minutes in the 72 hours before the incident.”

4.	 U.S. Air Force flight
Date: July 20, 2012
Aircraft: Boeing C-17A Globemaster III
Location: Tampa, Florida

Incident Description: The aircraft, bound for McDill Air Force Base in Florida, mistakenly 
landed at Peter O. Knight Airport, also in Florida. 

Air Force Investigation quote: “flew into complex airfields, dealt with multiple mission changes 
and flew long mission legs with several stops each day.” 

Some of the additional information from the Air Force report highlights the fatigue related 
issues with this particular flight: 

 “…the pilot was acting at a 79 percent cognitive effectiveness and the copilot 89 percent. In 
comparison, a 0.08 percent blood alcohol level reduces the cognitive capacity to 70 percent.”
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Chapter Questions

1.	 Fatigue can be caused by:
a)	 Lack of sleep
b)	 Dehydration
c)	 Depression
d)	 All of the above

2.	 The four types of fatigue include:
a)	 Sleep Fatigue
b)	 Intellectual Fatigue
c)	 Mental Fatigue
d)	 None of the above

3.	 Circadian rhythm is commonly known as our body clock.
a)	 True
b)	 False
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14	 Hazardous Weather
Learning Objectives

1.	 Understand the dangers of flying near thunderstorms. 
2.	 Understand the effects of Low-Level Wind Shear and how to avoid Low-Level Wind Shear.
3.	 Understand the types and dangers of icing.
4.	 Understand how cold weather affects your altimeter and absolute altitude.

Benjamin Franklin aptly remarked: “Some people are weather-wise but most are otherwise.” He wisely 
understood that weather affects all facets of life. Virtually all of our activities are affected by weather, 
but none is affected more than aviation. Aviation weather can be as uneventful as a clear and a million 
day or as challenging as descending through a solid deck of nimbostratus clouds with moderate rime 
icing and embedded thunderstorms. Aviators can narrow the uncertainty surrounding weather with a 
well-rounded understanding of weather processes. They can anticipate and avoid potential or existing 
hazardous weather conditions, and take advantage of favorable conditions such as tail winds, or clearing 
weather behind a cold front.

This chapter explains basic meteorological concepts and common weather problems. Aviation professionals 
can use this knowledge to ask weather forecasters critical questions such as the expected movement 
of reported severe thunderstorms or the length of time the visibility is to stay below l/4 mile. What 
adjustments must be made if forecast target weather is marginal? At any rate, the better you understand 
weather, the safer your flight will be.

Thunderstorms

For a thunderstorm to form, the air must have sufficient water vapor, an unstable lapse rate, and an 
initial lifting action to start the storm process. Some storms occur at random in unstable air, last for 
only an hour or two, and produce only moderate wind gusts and rainfall. These are known as airmass 
thunderstorms and are generally a result of surface heating. Steady-state thunderstorms are associated 
with weather systems. Fronts, converging winds, and troughs aloft force upward motion spawning these 
storms which often form into squall lines. In the mature stage, updrafts become stronger and last much 
longer than in air mass storms, hence the name steady state. [Figure 14.1] Knowledge of thunderstorms 
and the hazards associated with them is critical to the safety of flight.

Hazards

Weather can pose serious hazards to flight and a thunderstorm packs just about every weather hazard 
known to aviation into one vicious bundle. These hazards occur individually or in combinations and 
most can be found in a squall line.

Download free eBooks at bookboon.com



Aviation Safety – The Basics

161 

Hazardous Weather

Squall Line

A squall line is a narrow band of active thunderstorms. Often it develops on or ahead of a cold front in 
moist, unstable air, but it may develop in unstable air far removed from any front. The line may be too 
long to detour easily and too wide and severe to penetrate. It often contains steady-state thunderstorms 
and presents the single most intense weather hazard to aircraft. It usually forms rapidly, generally reaching 
maximum intensity during the late afternoon and the first few hours of darkness.

Tornadoes

The most violent thunderstorms draw air into their cloud bases with great vigor. If the incoming air 
has any initial rotating motion, it often forms an extremely concentrated vortex frothe surface well into 
the cloud. Meteorologists have estimated that wind in such a vortex can exceed 200 knots with pressure 
inside the vortex quite low. The strong winds gather dust and debris and the low pressure generates a 
funnel-shaped cloud extending downward from the cumulonimbus base. If the cloud does not reach 
the surface, it is a funnel cloud; if it touches a land surface, it is a tornado. Tornadoes occur with both 
isolated and squall line thunderstorms. Reports for forecasts of tornadoes indicate that atmospheric 
conditions are favorable for violent turbulence. An aircraft entering a tornado vortex is almost certain to 
suffer structural damage. Since the vortex extends well into the cloud, any pilot inadvertently caught on 
instruments in a severe thunderstorm could encounter a hidden vortex. Families of tornadoes have been 
observed as appendages of the main cloud extending several miles outward from the area of lightning 
and precipitation. Thus, any cloud connected to a severe thunderstorm carries a threat of violence.

Turbulence

Potentially hazardous turbulence is present in all thunderstorms, and a severe thunderstorm can destroy 
an aircraft. Strongest turbulence within the cloud occurs with shear between updrafts and downdrafts. 
Outside the cloud, shear turbulence has been encountered several thousand feet above and 20 miles 
laterally from a severe storm. A low-level turbulent area is the shear zone associated with the gust front.

Often, a “roll cloud” on the leading edge of a storm marks the top of the eddies in this shear and it 
signifies an extremely turbulent zone. Gust fronts often move far ahead (up to 15 miles) of associated 
precipitation. The gust front causes a rapid and sometimes drastic change in surface wind ahead of an 
approaching storm. Advisory Circular (AC) 00-50A, Low Level Wind Shear, explains in detail the hazards 
associated with gust fronts. Figure 1 in the AC shows a schematic truss section of a thunderstorm with 
areas outside the cloud where turbulence may be encountered.
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Icing

Updrafts in a thunderstorm support abundant liquid water with relatively large droplet sizes. When 
carried above the freezing level, the water becomes supercooled. When temperature in the upward current 
cools to about -15 °C, much of the remaining water vapor sublimates as ice crystals. Above this level, at 
lower temperatures, the amount of supercooled water decreases. Supercooled water freezes on impact 
with an aircraft. Clear icing can occur at any altitude above the freezing level, but at high levels, icing 
from smaller droplets may be rime or mixed rime and clear ice. The abundance of large, supercooled 
water droplets makes clear icing very rapid between 0°C and -15°C and encounters can be frequent in 
a cluster of cells. Thunderstorm icing can be extremely hazardous. Thunderstorms are not the only area 
where pilots could encounter icing conditions. Pilots should be alert for icing anytime the temperature 
approaches 0°C and visible moisture is present.
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Hail

Hail competes with turbulence as the greatest thunderstorm hazard to aircraft. Supercooled drops above 
the freezing level begin to freeze. Once a drop has frozen, other drops latch on and freeze to it, so the 
hailstone grows – sometimes into a huge ice ball. Large hail occurs with severe thunderstorms with strong 
updrafts that have built to great heights. Eventually, the hailstones fall, possibly some distance from the 
storm core. Hail may be encountered in clear air several miles from thunderstorm clouds. As hailstones 
fall through air whose temperature is above 0°C, they begin to melt and precipitation may reach the 
ground as either hail or rain. Rain at the surface does not mean the absence of hail aloft. Possible hail 
should be anticipated with any thunderstorm, especially beneath the anvil of a large cumulonimbus. 
Hailstones larger than one half inch in diameter can significantly damage an aircraft in a few seconds.

Ceiling and Visibility

Generally, visibility is near zero within a thunderstorm cloud. Ceiling and visibility also may be restricted 
in precipitation and dust between the cloud base and the ground. The restrictions create the same problem 
as all ceiling and visibility restrictions; but the hazards are multiplied when associated with the other 
thunderstorm hazards of turbulence, hail, and lightning.

Effect on Altimeters

Pressure usually falls rapidly with the approach of a thunderstorm, rises sharply with the onset of the 
first gust and arrival of the cold downdraft and heavy rain showers, and then falls back to normal as the 
storm moves on. This cycle of pressure change may occur in 15 minutes. If the pilot does not receive a 
corrected altimeter setting, the altimeter may be more than 100 feet in error.

Lightning

A lightning strike can puncture the skin of an aircraft and damage communications and electronic 
navigational equipment. Although lightning has been suspected of igniting fuel vapors and causing 
an explosion, serious accidents due to lightning strikes are rare. Nearby lightning can blind the pilot, 
rendering him or her momentarily unable to navigate either by instrument or by visual reference. Nearby 
lightning can also induce permanent errors in the magnetic compass. Lightning discharges, even distant 
ones, can disrupt radio communications on low and medium frequencies. Though lightning intensity 
and frequency have no simple relationship to other storm parameters, severe storms, as a rule, have a 
high frequency of lightning.
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Figure 14.1, Thunderstorm
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Low-Level Wind Shear

Wind shear is a sudden, drastic change in wind speed and/or direction over a very small area. Wind 
shear can subject an aircraft to violent updrafts and downdrafts, as well as abrupt changes to the 
horizontal movement of the aircraft. While wind shear can occur at any altitude, low-level wind shear 
is especially hazardous due to the proximity of an aircraft to the ground. Directional wind changes of 
180° and speed changes of 50 knots or more are associated with low-level wind shear. Low-level wind 
shear is commonly associated with passing frontal systems, thunderstorms, and temperature inversions 
with strong upper level winds (greater than 25 knots). Wind shear is dangerous to an aircraft for several 
reasons. The rapid changes in wind direction and velocity change the wind’s relation to the aircraft 
disrupting the normal flight attitude and performance of the aircraft. During a wind shear situation, the 
effects can be subtle or very dramatic depending on wind speed and direction of change. For example, a 
tailwind that quickly changes to a headwind causes an increase in airspeed and performance. Conversely, 
when a headwind changes to a tailwind, the airspeed rapidly decreases and there is a corresponding 
decrease in performance. In either case, a pilot must be prepared to react immediately to the changes 
to maintain control of the aircraft. In general, the most severe type of low-level wind shear is associated 
with convective precipitation or rain from thunderstorms. One critical type of shear associated with 
convective precipitation is known as a microburst. A typical microburst occurs in a space of less than 
one mile horizontally and within 1,000 feet vertically. The lifespan of a microburst is about 15 minutes 
during which it can produce downdrafts of up to 6,000 feet per minute (fpm). It can also produce a 
hazardous wind direction change of 45 degrees or more, in a matter of seconds. When encountered close 
to the ground, these excessive downdrafts and rapid changes in wind direction can produce a situation 
in which it is difficult to control the aircraft. [Figure 14.2] 

Figure 14.2, Windshear
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During an inadvertent takeoff into a microburst, the plane first experiences a performance increasing 
headwind (1), followed by performance-decreasing downdrafts (2). Then, the wind rapidly shears to a 
tailwind (3), and can result in terrain impact or flight dangerously close to the ground (4). Microbursts 
are often difficult to detect because they occur in relatively confined areas. In an effort to warn pilots of 
low-level wind shear, alert systems have been installed at several airports around the country. A series 
of anemometers, placed around the airport, form a net to detect changes in wind speeds. When wind 
speeds differ by more than 15 knots, a warning for wind shear is given to pilots. This system is known as 
the low-level wind shear alert system (LLWAS). It is important to remember that wind shear can affect 
any flight and any pilot at any altitude. While wind shear may be reported, it often remains undetected 
and is a silent danger to aviation. Always be alert to the possibility of wind shear, especially when flying 
in and around thunderstorms and frontal systems.

Icing

Aircraft Icing
Aircraft icing is a major weather hazard to aviation. Many aircraft accidents and incidents have been 
attributed to aircraft icing. In fact, many icing-related mishaps have occurred when the aircraft was not 
deiced before takeoff. Most of the time, ground deicing and anti-icing procedures will adequately handle 
icing formation, but there are times when you may be caught unaware of dangerous ice buildup. This 
chapter will help you understand icing formation processes and what you can do if suddenly caught in 
an icing situation.
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Icing formation on either fixed or rotary wing aircraft disrupts the flow of air over the airfoils increasing 
weight and stalling speed. Test data indicates that icing reduces wing lift by up to 30 percent and increases 
drag by 40 percent. The accumulation of ice on exterior movable surfaces also affects the control of the 
aircraft. If ice begins forming on a propeller’s blades, the propeller’s efficiency decreases and requires 
further power to maintain flight. Another significant hazard comes from ice accumulation on rotors and 
propellers resulting in disastrous vibrations. Ice can also form in an engine’s intake, robbing the engine 
of air needed to support combustion, or ice may break off and may be ingested into the engine, causing 
foreign object damage (FOD). Other icing effects include loss of proper operation of control surfaces, 
brakes, or landing gear; reduction or loss of aircrew’s outside vision, false flight instrument indications, 
and loss of radio communication.

Groups of Icing

Aircraft icing is classified into two main groups: structural and induction. We will discuss these icing 
groups in detail to include conditions contributing to ice formation, icing intensities, icing types, and 
where icing is most likely found. 

Structural Icing

Two conditions must be met for structural ice to form on an aircraft. First, the air and aircraft’s surface 
temperatures must be at or below freezing. (Instances of freezing precipitation are exempt from this 
rule.) Second, supercooled, visible water droplets (liquid water droplets at subfreezing temperatures) 
must be present or high humidity must exist.

Wind tunnel experiments reveal that saturated air flowing over a stationary object may form ice on 
the object when the air temperature is as high as 4oC. The object’s temperature cools by evaporation 
and pressure changes in the moving air currents. Conversely, friction and water droplet impacts heat 
the object. When an aircraft travels at about 400 kts true airspeed, the cooling and heating effects tend 
to balance. Structural ice may form when the free-air temperature is 0oC or colder. Icing is seldom 
encountered below -40oC.

Clouds are the most common forms of visible liquid water. Water droplets in the free air, unlike bulk 
water, do not freeze at 0oC. Instead, their freezing temperature varies from -10 to -40oC. The smaller the 
droplets, the lower the freezing point. As a general rule, serious icing is rare in clouds with temperatures 
below -20oC since these clouds are almost completely composed of ice crystals. However, be aware that 
icing is possible in any cloud when the temperature is 0oC or below. In addition, frost may form on an 
aircraft in clear, humid air if the aircraft skin temperature is below freezing.

Freezing rain and drizzle, sometimes found in the clear air below a cloud deck, are other forms of visible 
liquid moisture causing icing. Freezing precipitation is the most dangerous of all icing conditions. It can 
build hazardous amounts of ice in a few minutes and is extremely difficult to remove.
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Types of Icing

Aircraft structural icing consists of three basic types: clear, rime and mixed. Frost is another form of 
icing, but is not forecasted as a type of icing. Icing types that form will depend primarily upon the water 
droplet size and temperature.

Clear Ice

Clear ice is a glossy ice identical to the glaze forming on trees and other objects as freezing rain strikes 
the Earth. Clear ice is the most serious of the various forms of ice because it adheres so firmly to the 
aircraft. Conditions most favorable for clear ice formation are high water content, large droplet size, 
and temperatures slightly below freezing. Clear ice normally forms when temperatures are between 0o 
and -16oC, and is most frequently forecasted in cumuliform clouds between 0o and -08oC and during 
freezing precipitation. Clear icing can also be encountered in cumulonimbus clouds in temperatures as 
low as -25oC.

Clear ice can be smooth or rough. It is smooth when deposited from large, supercooled cloud droplets 
or raindrops that spread, adhere to the surface of the aircraft and slowly freeze. If mixed with snow, ice 
pellets or small hail, it is rough, irregular, and whitish (Figure 14.3). The deposit then becomes very 
blunt-nosed with rough bulges building out against the airflow. Clear ice is hard, heavy, and tenacious. 
Its removal by deicing equipment is especially difficult.

Figure 14.3, Clear Ice can be Smooth or Rough.
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Rime Ice

Rime ice is a milky, opaque, and granular deposit with a rough surface (Figure 14.4). It forms by the 
instantaneous freezing of small, supercooled water droplets as they strike the aircraft. This instantaneous 
freezing traps a large amount of air, giving the ice its opaqueness and making it very brittle. Rime ice is 
most frequently encountered in stratiform clouds but also occurs in cumulus clouds. Rime ice may form 
in stratiform clouds from 0o to -30oC, but most frequently occurs within stratus clouds between -08o and 
-10oC. It may also accumulate when temperatures in cumuliform clouds are between 0o and -20oC but 
can be expected in thunderstorms as cold as -40oC. Rime ice is lighter in weight than clear ice and its 
weight is of little significance. Rime ice is brittle and more easily removed than clear ice.
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Figure 14.4, Rime Ice is Milky, Opaque, and Granular.

Mixed icing forms when water drops vary in size or when liquid drops are intermingled with snow 
or ice particles. It can form rapidly. Ice particles become embedded in clear ice, building a very rough 
accumulation sometimes in a mushroom shape on leading edges. Mixed icing is generally forecasted at 
temperatures between -9o and -15oC, and is commonly encountered between -10o and -15oC.

Frost

Frost is deposited as a thin layer of crystalline ice (Figure 14.5). It forms on the exposed surfaces of parked 
aircraft when the temperature of the exposed surface is below freezing (although the air temperature may 
be above freezing). The deposit forms during night radiational cooling in the same way the formation of 
frost found on the ground. Frost may also form on aircraft in flight when a cold aircraft moves from a 
zone of subzero temperatures to a warmer, moist layer. Contact with the cold aircraft suddenly chills the 
air to below freezing temperatures and deposition (formation of ice crystals directly from water vapor) 
occurs. Frost can cover the windshield or canopy and completely restrict outside vision. It also affects 
the aircraft’s lift to drag ratio and can be a hazard during takeoff. Remove all frost from the aircraft prior 
to departure. 
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Figure 14.5, Frost on Exposed Surfaces of Parked Aircraft.

Icing Amounts

The amount of ice an aircraft accumulates depends considerably on the characteristics of that particular 
aircraft. Therefore, general intensity classifications for reporting icing are given in the Meteorological 
Information section of the Flight Information Handbook (FIH) and are described below. 

Trace Ice

Trace – Ice becomes perceptible. The rate of accumulation is slightly greater than rate of sublimation. 
It is not hazardous unless encountered for an extended period of time (over one hour) even though 
de-icing/anti-icing equipment is not used.

Light Ice

Light – The rate of accumulation may create a problem if flight is prolonged in this environment (over 
one hour). Occasional use of de-icing/anti-icing equipment removes/prevents accumulation. It does not 
present a problem if the de-icing/anti-icing equipment is used.

Moderate Ice

Moderate – The rate of accumulation is such that even short encounters become potentially hazardous 
and use of de-icing/anti-icing equipment or diversion is necessary.
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Severe Ice

Severe – The rate of accumulation is such that de-icing/anti-icing equipment fails to reduce or control 
the hazard. Immediate diversion is necessary.

Icing Dangers

The relatively thick wings, canopies, and other features of conventional aircraft have a smaller collection 
potential than those of the trimmer and faster turbojet aircraft. However, the actual hazard of icing 
for conventional aircraft tends to be greater than for jets because of less aerodynamic heating at lower 
airspeed. Conventional aircraft are subjected to icing conditions over longer periods and operate at 
altitudes more conducive to icing. Ice accumulations on wing and tail surfaces disrupt the air flow around 
these airfoils. This results in a loss of lift, an increase in drag, and causes higher than normal stall speeds 
(Figure 14.6). The weight of the ice deposit presents less danger, but may become important when too 
much lift and thrust are lost. Experiments have shown that a ½ inch ice deposit on the leading edge of 
airfoils on some aircraft reduce their lift by as much as 50 percent and increases drag on the aircraft by 
the same amount, which greatly increases the stall speed. The serious consequences of these effects are 
obvious. Remember that ½ inch or more of ice can accumulate in a minute or two.

Figure 14.6, Effects of Icing are Cumulative Causing Stall Speed to Increase.
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Ice accumulation on the propeller hub and blades reduces the propeller’s efficiency, which reduces thrust. 
Increased power settings consume more fuel and may fail to produce sufficient thrust to maintain altitude. 
An even greater hazard is the vibration of the propeller, caused by the uneven distribution of ice on the 
blades. A propeller is very delicately balanced, and even a small amount of ice creates an imbalance. The 
resulting vibration places dangerous stress on the engine mounts as well as the propeller itself. Propellers 
with low RPM are more susceptible to icing than those with high RPM. Ice usually forms faster on the 
propeller’s hub because the blade’s differential velocity causes a temperature increase from the hub to 
the propeller tip.

Icing of the pitot tube (Figure 14.7) and static pressure ports is dangerous because it causes inaccurate 
indications on the altimeter, airspeed, and VSI. When icing is observed on the aircraft, remember that 
the pitot tubes accumulate ice as fast as or faster than other areas of the aircraft.

The principal danger of ice accumulating on the aircraft’s radio antenna is the probable loss of radio 
communication. Antennas are usually one of the first items on an aircraft to collect ice. Other parts of 
the aircraft will also begin to accumulate ice if the antennas start icing up. Ultimately, aircrews lose their 
ability to request altitude or course changes to get out of the icing zone.

Figure 14.7, Pitot Tube Icing.

Ice or frost formation on an aircraft’s windshield is most hazardous during takeoffs and landings. Small 
frost particles on the windshield prior to takeoff may act as sublimation nuclei during takeoff and reduce 
visibility to near zero. On approach, windshield icing may prevent visual contact with the runway. In 
large helicopters, windshield icing is a good indication that main rotor head and rotor blade icing is well 
underway. Reciprocating engines experience icing on air scoops, scoop inlets (ducts), carburetor inlet 
screens and other induction system protuberances. All surfaces of the engine exposed to water droplets 
may collect ice.
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Helicopter Icing

Icing on rotary wing aircraft is related to those involving wings and propellers. Rotor icing is slightly 
different from propeller icing due to the rotors’ lower rotational speed. Ice accumulation on rotor blades 
differs from the fixed wings of conventional aircraft due to the smaller scale of the helicopter wing, the 
variation of airspeed with rotor blade span, the cyclic pitch change, and the cyclic variation of airspeed 
at any given point on the blade in forward flight. Ice formation on the helicopter main rotor system or 
anti-torque rotor system may produce serious vibration, loss of efficiency or control, and can significantly 
deteriorate the available RPM to a level where safe landing cannot be assured. Although the slow forward 
speed of the helicopter reduces ice build-up on the fuselage, the rotational speed of main and tail rotor 
blades produces a rapid growth rate on certain surface areas. Ice accumulation on the swash plates, 
push-pull rods, bell cranks, hinges, scissors assemblies, and other mechanisms of the main rotor head 
assembly interferes with collective and cyclic inputs.

Several factors tend to reduce ice accretion on the main rotor blades, such as the centrifugal force of 
rotation, blade flexing during rotation, the slow rotational speed of the blades near the rotor head, and 
the fast rotational speed near the blade tips. However, in a hover, a 3/16 inch coating of ice is sufficient 
to prevent some helicopters from maintaining flight. A critical icing hazard can, therefore, form rapidly 
on the center two-thirds of the main rotor blades. The uneven accretion or asymmetrical shedding of ice 
produces severe rotor vibration. Ice accumulation on either the antitorque rotor head assembly or blades 
produces the same hazards as those associated with the main rotor. The centrifugal force of rotation and 
the blade angle of incidence relative to the clouds help to reduce ice build-up on the tail rotor blades, 
but the shedding of ice from the blades may result in structural damage or FOD to the fuselage, rotors 
or engines, and injury to ground personnel. This particular hazard appears to be more threatening to 
large, tandem rotor aircraft.

Ice accumulation on the engine and transmission air intake screens is more rapid than on the rotor 
systems. This results in inadequate cooling of the engine and transmission. On some helicopters, a loss 
of manifold pressure concurrently with air intake screen icing may force an immediate landing. Freezing 
water passing through the screens also coats control cables and may produce limited throttle movement 
and other control problems.

Engine Icing

In addition to the hazards created by structural icing, aircraft are frequently subjected to engine icing. 
The affected components supply the engine with the proper fuel and air mixture for efficient combustion. 
Induction icing occurs under a wide range of weather conditions and is most common in the air induction 
system but may also be found in the fuel system. Carburetor icing in carburetor equipped piston engines 
is actually a combination of the two.
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Carburetor Icing

Carburetor icing is treacherous. It frequently causes complete engine failure. It may form under conditions 
in which structural ice could not possibly form. If the air drawn into the carburetor has a high relative 
humidity, ice can form inside the carburetor in cloudless skies with temperatures as high as 22oC (72oF). 
It sometimes forms with outside air temperatures as low as -10oC (14oF). Carburetor ice forms during fuel 
vaporization, combined with the air expanding as it passes through the carburetor. Temperature drop in 
the carburetor can be as much as 40oC but is usually 20oC or less. With enough available moisture, ice 
will form in the carburetor passages (Figure 14.8) if the temperature inside the carburetor cools down 
to 0oC or below. Ice may form at the discharge nozzle, in the Venturi, on or around the butterfly valve, 
or in the passages from the carburetor to the engine.

Figure 14.8, Carburetor Icing.

The carburetor heater is an anti-icing device which heats the air before it reaches the carburetor, melting 
any ice or snow entering the intake, and keeping the mixture above the freezing point. The heater usually 
prevents icing, but it cannot always clear out ice already formed. Since carburetor heating adversely 
affects aircraft performance, use it only as specified in your flight manual. The fuel absorbs considerable 
amounts of water when the humidity is high. Occasionally, enough water is absorbed to create icing in 
the fuel system when the fuel temperature is at or below 0oC.
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Induction Icing

Ice forms in the induction system when atmospheric conditions are favorable for structural icing (visible 
liquid moisture and freezing temperatures). Induction icing can form in clear air with a high relative 
humidity (small temperature/dew point spread) and temperatures anywhere from 22oC (72oF) to -10oC 
(14o F).

In flights through clouds containing supercooled water droplets, air intake duct icing is similar to wing 
icing. However, duct icing may occur with clear skies and above freezing temperatures. While taxiing, 
and on departure, reduced pressures exist in the intake system (Figure 14.9). This lowers temperatures 
to the point where condensation or sublimation takes place, resulting in ice formation which decreases 
the radius of the duct opening and limits air intake.

The temperature change varies considerably with different types of engines. Therefore, if the air 
temperature is 10oC or less (especially near the freezing point) and the relative humidity is high, the 
possibility of induction icing definitely exists. 

Figure 14.9, Jet Engine Induction Icing.

Inlet Guide Vane Icing.

Icing occurs when supercooled water droplets in the atmosphere strike the guide vanes and freeze. As ice 
build-up increases, air flow to the engine decreases, which results in a loss of thrust and eventual engine 
flameout. Also, ingestion of ice shed ahead of the compressor inlet may cause severe engine damage.

Weather Conditions for Icing.

Potential icing zones in the atmosphere are mainly a function of temperature and cloud structure. These 
factors vary with altitude, location, weather pattern, season, and terrain.
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Generally, aircraft icing is limited to the atmospheric layer lying between 0oC and -20oC. However, icing 
has been reported at temperatures colder than -40oC in the upper parts of cumulonimbus and other 
clouds. Table 14.1 shows the types of icing in cumuliform clouds associated with variable temperatures:

Table 14.1, Temperature Ranges.

Icing in middle and low level stratiform clouds is confined, on the average, to a layer between 3,000 and 
4,000 feet thick. Icing intensity generally ranges from a trace to light, with the maximum values occurring 
in the cloud’s upper portions. Both rime and mixed are found in stratiform clouds. The main hazard lies 
in the great horizontal extent of these cloud decks. High-level stratiform clouds are composed mostly of 
ice crystals and give little icing. The icing zone in cumuliform clouds is smaller horizontally but greater 
vertically than in stratiform clouds. Icing is more variable in cumuliform clouds because many of the 
factors conducive to icing depend on the particular cloud’s stage of development. Icing intensities may 
range from a trace in a small cumulus to severe in a large towering cumulus or cumulonimbus. Although 
icing occurs at all levels above the freezing level in a building cumulus, it is most intense in the upper 
half of the cloud. Icing in a cumuliform cloud is usually clear or mixed with rime in the upper levels. 
Aircraft icing rarely occurs in cirrus clouds although some do contain a small portion of water droplets. 
However, light icing has been reported in the dense, cirrus anvils of cumulonimbus, where updrafts 
maintain considerable amounts of water at rather low temperatures.

Of all icing conditions reported, 85 percent occur in the vicinity of fronts. This icing may be in relatively 
warm air above the frontal surface or in the cold air beneath (Figures 14.10 and 14.11). 

Figure 14.10, Cold Front Icing
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Figure 14.11, Warm Front Icing

For significant icing to occur above the frontal surface, the warm air must be lifted and cooled to saturation 
at temperatures below freezing, making it contain supercooled water. If the warm air is unstable, icing may 
be sporadic; if it is stable, icing may be continuous over an extended area. Icing may form in this manner 
over either a warm or a shallow cold frontal surface. A line of showers or thunderstorms along a surface 
cold front may produce icing, but only in a comparatively narrow band along the front (Figure 14.12). 

Figure 14.12, Primary Icing Regions
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Icing below a frontal surface outside of clouds occurs most often in freezing rain or drizzle. Precipitation 
forms in the relatively warm air above the frontal surface at temperatures above freezing. It falls into the 
subfreezing air below the front, supercools and freezes on impact with the aircraft. Freezing drizzle and 
rain occur with both warm and shallow cold fronts. Icing in freezing precipitation is especially hazardous 
since it often extends horizontally over a broad area and downward to the surface.

Affects of Temperature on Pressure

The advent of aviation early in the last century brought about a search for an accurate method of 
measuring the altitude at which an aircraft was flying. Barometric pressure was ideal for several reasons, 
chiefly the fact that pressure change with altitude is approximately 10,000 times greater than that found 
in equivalent horizontal distances. The rate of change in vertical heights in the lower atmosphere is 
about 1 inch for every 1,000 feet of altitude. An aircraft altimeter (Figure 14.13) is essentially an aneroid 
barometer calibrated to indicate altitude in feet instead of pressure. This altitude is independent of the 
terrain below. An altimeter reads accurately only in a standard atmosphere and when properly adjusted 
altimeter settings are used. Remember, an altimeter is only a pressure-measuring device. It indicates 
10,000 feet with 29.92 set in the Kollsman window, and the pressure is 697 millibars, whether or not 
the altitude is actually 10,000 feet. 

Figure 14.13, Aneroid Altimeter

The effect is important since in the lowest 15,000 feet of the atmosphere a 2–3oC deviation of the mean 
temperature from the standard temperature of 2.8oC will cause about a 1% percent error in the altimeter 
reading. For example, if an aircraft with a correct altimeter setting is flying at an indicated altitude of 
10,000 feet but the air below flight level is 11°C warmer than the standard atmosphere temperature of 
2.8°C, the altimeter will read about 4 percent too low. The aircraft will be flying at a true altitude of 
10,400 feet (400 feet higher than indicated). Carefully study Figures 14.14 and 14.15 to visually see the 
dangerous effects of temperature on aircraft indicated and true altitudes. 
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Figure 14.14, Effects of Temperature on True and Indicated Altitude. 

Figure 14.15, Altitude Error Due to Nonstandard Temperatures Aloft

Chapter Questions

1.	 Identify 5 hazards associated with thunderstorms
2.	 Explain trace icing
3.	 Explain moderate icing
4.	 Explain severe icing
5.	 Explain the weather conditions contusive to low level wind shear.
6.	 Explain the effects on your absolute altitude when flying in extreme cold temperatures.
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Key Terms
Active Failures (Chapter 7)

ADM – Aeronautical Decision Making (Chapter 10)

Aircraft Accident Investigation (Chapter 4)

Anti Drug Program (Chapter 9)

ASAP – Aviation Safety Action Program (Chapter 6)

Bird Strike Avoidance (Chapter 12)

Circadian Rhythm (Chapter 13)

Collision Avoidance (Chapter 11)

Cost/Benefit Ratio (Chapter 1)

FAA – Federal Aviation Administration (Chapter 3)

Fatigue (Chapter 13)

FDM - Flight Data Monitoring (Chapter 6)

FOQA – Flight Operational Quality Assurance (Chapter 6)

General Aviation Accident Rates (Chapter 5)

Hazardous Attitudes (Chapter 8)

Human Factors (Chapter 7)

Latent Failures (Chapter 7)

LOSA – Line Operations Safety Audit (Chapter 6)
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Midair Collisions (Chapter 11)

NTSB – National Transportation Safety Board (Chapter 3)

Proactive Safety (Chapter 3)

Reactive Safety (Chapter 3)

Risk Assessment (Chapter 10)

Risk Management (Chapter 10)

Safety Culture (Chapter 1)

SMS – Safety Management System (Chapter 2)

Wildfire Strike Form (Chapter 12)
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