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Article history: This paper reviews the economic literature relating to aviation safety; analyzes the safety record of
Available online 21 February 2013 commercial passenger aviation in the United States and abroad; examines aviation security as a growing
dimension of aviation safety; and identifies emerging issues in airline safety and challenges for aviation
JEL classification: safety research. Commercial airline safety has improved dramatically since the industry’s birth over
L93 a century ago. Fatal accident rates for large scheduled jet airlines have fallen to the level where (along
R4l many dimensions) aviation is now the safest mode of commercial transportation. However, safety
Keywords: performance has not been evenly distributed across all segments of commercial aviation, nor among all
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countries and regions of the world. The finding that developing countries have much poorer safety
records has been a persistent conclusion in aviation safety research and continues to be the case.
Unfortunately, operations data are not available for many of the airlines that experience fatal accidents,
so it is not possible to calculate reliable fatality rates for many segments of the worldwide aviation
industry. Without more complete information, it will likely be difficult to make substantial improve-
ments in the safety of these operations. Challenges to improving aviation security include: how much to
focus on identifying the terrorists as opposed to identifying the tools they might use; determining how to
respond to terrorist threats; and determining the public versus private roles in providing aviation
security. The next generation of safety challenges now require development and understanding of new
forms of data to improve safety in other segments of commercial aviation, and moving from a reactive,
incident-based approach toward a more proactive, predictive and systems-based approach.
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This paper reviews aviation safety performance and challenges. challenges for aviation safety research. Section 6 provides a
It begins with a brief introduction in Section 1, followed by a review summary and major conclusions.
of the economic literature relating to aviation safety in Section 2.

Section 3 analyzes the safety record of commercial passenger 1. Introduction
aviation in the United States and abroad. Section 4 discusses avia-
tion security as a growing dimension of aviation safety. Section 5 Scheduled passenger airline service has become very safe.! With

identifies emerging issues in airline safety, along with the one passenger fatality per 7.1 million air travelers, 2011 was the
safest year on record for commercial aviation worldwide? (Michaels

& Pasztor, 2011). The International Air Transport Association re-

ported that the global airline accident rate was one accident for

* Corresponding author. Tel.: +1 757 221 2864 (office); fax: +1 757 221 2937. every 1.6 million ﬂlghts, a 42 percent improvement since 2000
E-mail addresses: oster@indiana.edu (C.V. Oster), John.strong@mason.wm.edu (Hersman, 2011 ) The improvement in safety during ﬂight has led to

(J.S. Strong), zorn@indiana.edu (C.K. Zorn). . d . d risks in the ind h d
! There are a number of sources for airline safety data and analysis. From the Increased attention to on-ground risks in the industry — hazards

governmental side, these include the FAA (See http://www.faa.gov/data_research/ that occur before take-off and after landing — as the quest for
safety/ and  http://[www.asias.faa.gov/portal/page/portal/ASIAS_PAGES/ASIAS_ improving commercial aviation continues (Pasztor, 2011).
HOME); the National Transportation Safety Board (http://www.ntsb.gov/); and Improvement in safety has come from many sources over the

the International Civil Aviation Organization (http://www.icao.int/Safety/Pages/
default.aspx). Nongovernmental sources include the Flight Safety Foundation
(www.flightsafety.org and http://aviation-safety.net/index.php), Airline Safety
(http://www.airlinesafety.com/), AirSafe.com (http://www.airsafe.com/), and
Ascend FlightGlobal (http://www.ascendworldwide.com/what-we-do/ascend-data/ 2 In 2004, there was one fatality per 6.4 million passengers on commercial flights
accident-and-loss-data/). worldwide.

years. Technological improvements in aircraft, avionics, and
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engines have contributed to the betterment of the aviation safety
record. Accident investigations have been aided by improved
cockpit voice recorders and flight data recorders. The development
and use of ground proximity warning devices on aircraft have all
but eliminated a certain type of accident known as controlled flight
into terrain for aircraft equipped with such devices. Aircraft engines
are more reliable and fail less often. Indeed, improvements in
aircraft components have resulted in fewer accidents that involve
equipment failure. Pilot training has improved through the use and
evolution of sophisticated flight simulators in both initial and
recurrent pilot training. Pilot training has also benefitted
immensely from improved understanding of human factors and the
application of that understanding to training and regulations.
Navigational aids and air traffic management have also improved,
making flight safer. Improved weather forecasting and better
understanding of weather phenomena such as downdrafts and
wind shear have also helped.

Another major contributor to the improved safety record can be
traced to the careful investigation of past accidents to determine
what led to the accidents and what needs to be done to prevent
such events from occurring again. This reactive approach to
improving aviation safety has been enhanced by the thorough
analyses of data from numerous accidents, which has aided in the
identification of recurring patterns or risk factors that are not
always apparent when individual accidents are investigated. More
recently, proactive approaches to determining ways to improve
safety have become increasingly popular. An example of such
a proactive approach is the analysis of incident data to identify
areas of increased risk that may lead to an accident.

2. Economic analysis of aviation safety

As might be expected, much of the literature on aviation safety
has its roots in engineering and technology (Rodrigues & Cusick,
2012; Stolzer, Halford, & Goglia, 2008). Much of the economic
analyses of airline safety in the 1980s and early 1990s focused on
the potential safety effects of deregulation and liberalization, and
the comparative safety performance of industry segments, espe-
cially new entrant carriers. Although the conclusions were mixed,
Savage shows that safety records for new entrant airlines in the
early 1990s were worse than for established carriers (Savage, 1999).
In the past decade though, there has been little variation in safety
among the major airlines in the developed world. Efforts to analyze
comparative safety performance in the developing world have been
hampered by problems of data availability and inconsistency.

2.1. Reactive versus proactive approaches to the analysis of aviation
safety

Traditionally the focus of research on aviation safety has been on
analyzing accidents, investigating their causes, and recommending
corrective action. More recently, in addition to this reactive
approach to improving aviation safety, increased emphasis has
been placed on taking a proactive approach. This approach involves
identifying emerging risk factors, characterizing these risks
through modeling exposure and consequences, prioritizing this
risk, and making recommendations with regard to necessary
improvements and what factors contributed to the accident. This
approach places more emphasis on organizational and systematic
risk factors (GAO, 2012).

2.2. Economic (reactive) analyses of safety

While the worldwide aviation safety record has improved
dramatically over time, these safety advances have not been evenly

distributed across all segments of commercial aviation nor among
all countries and regions of the world (Barnett, 2010; Barnett &
Higgins, 1989; Barnett & Wang, 2000; Oster, Strong, & Zorn, 1992,
2010). A handful of researchers, in addition to those identified
above, have tried to identify what causes these variations in acci-
dent rates among air carriers.

The effect of profitability on an airline’s safety record is one area
that has received a fair amount of attention, with mixed results.
Research performed in 1986 by Golbe found no significant rela-
tionship between airline profitability and safety. Rose (1990) found
a significant relationship between profitability and lower accident
rates. Upon a closer analysis of the data, it was determined that this
correlation between profitability and safety was present for
medium and small airlines but was not statistically significant for
larger airlines. A 1997 analysis of the Canadian airline industry by
Dionne, Gagné, Gagnon, and Vanasse (1997) identified a negative
relationship between profitability and safety for the smallest
airlines analyzed. While on the surface this result might seem
counterintuitive, the investigators discovered that those small
airlines that spent more on maintenance, which would negatively
impact the bottom line, experienced lower rates of accidents. A
recent update to the Rose analysis found a negative relationship
between financial performance and accident rates among air
carriers, especially among smaller regional carriers (Raghavan &
Rhoades, 2005). Specifically it was found that the negative rela-
tionship between profitability and safety existed for both major and
regional airlines but was statistically significant only for the latter.

Noronha and Singal (2004) use a slightly different methodology
to address the question whether an airlines’ financial health has an
impact on its safety record. They note that previous studies have
identified a weak or non-existent relationship between financial
health and safety and posit that this may be due in part to airlines
enhancing their profitability in the short run by reducing invest-
ment in safety. Instead of using profitability as a measure of
financial health, they use bond ratings as a proxy for financial
performance. It is determined that airlines with stronger bond
ratings are safer than those airlines that are financially weak. The
authors emphasize that although they found a correlation between
financial health and airline safety, they were unable to establish
causation.

Savage (2012) employs a different approach to determining if
there is a link between an airline’s finances and its safety record. In
theory, an airline would think about safety as a quality indicator
that would reduce the competitive focus on prices. In other words,
by establishing a better safety record than its competitors, an
airline should be able to increase its profitability. Despite economic
theory suggesting that airlines should attempt to differentiate
themselves from their competitors in order to augment their
bottom line, it appears they do not do this in practice, especially for
airlines serving a particular market segment or geographic region.
He attributes this phenomenon to the difficulty airlines have
effectively communicating safety differentials and the failure of
consumers to adequately internalize what information they do
receive. This in turn means consumers are unwilling to pay
a premium for safety enhancements they fail to perceive.

In a re-examination of the link between an airline’s profitability
and its safety record, Madsen (2011, p. 3) suggests that the “strik-
ingly inconsistent results” in the existing empirical literature are
due to an inflection point in the relationship between profitability
and safety. His analysis “...demonstrates that safety fluctuates with
profitability relative to aspirations, such that accidents and inci-
dents are most likely to be experienced by organizations per-
forming near their profitability targets” (Madsen, 2011, p. 23). In
other words, if an airline is slightly below its profitability target, it
has an incentive to increase its risk of accidents by spending less on
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safety. Or, if it is slightly above its target, a reduction in spending on
safety can have a significant effect on its ability to remain above the
profitability target. Conversely, when an airline is substantially
above or below its profitability target, the incentive to reduce
spending on safety is considerably less. In the former situation,
reductions in spending on safety (increased accident risk) will not
have much effect on the airline’s bottom line. In the latter situation,
an airline has a desire to improve its financial status and one way to
achieve this goal is by reducing its risk of accidents (spend more on
safety). However, Madsen'’s research does not address the mecha-
nisms by through which safety may be compromised, nor does he
attempt to classify accidents or incidents that may be more asso-
ciated with such organizational behavior. For example, if airlines
reduced safety investments to meet safety goals, then we might
expect to see reductions in maintenance cycles or in pilot training.
In practice, many of these aspects of aviation safety are largely built
into operational cycles and are also governed by labor and regula-
tory agreements.

Others have investigated the link between maintenance and
aviation safety. Marais and Robichaud (2012) look at the effect that
maintenance has on aviation passenger risk. They found a small but
significant impact of improper or inadequate maintenance on
accident risk. In addition, they determined that accidents that have
maintenance as a contributing factor are more serious than acci-
dents in general. Another study has implications for the effect that
aging aircraft may have on accidents and overall safety levels. In an
investigation of the effect the adoption of strict product liability
standards has had on the general aviation industry, it was found
that liability insurance costs for new planes increased significantly
(Nelson & Drews, 2008). As a result, manufacturers raised prices
appreciably which had a considerable negative impact on the sale
of new aircraft. Consequently the average age of the general avia-
tion fleet increased. The authors projected that the general aviation
accident rate and the number of fatalities would have been
substantially lower if new sales had not been adversely affected.
They attribute this decrease in safety to the presence of older, more
accident prone aircraft.

2.3. Proactive approaches to safety analysis

As the safety record of the aviation industry improves it has
become increasingly evident that the probability of an accident,
especially a fatal accident, is extremely low. This makes it ever more
apparent that reliance on analyses of accidents after they have
occurred provides only a partial picture of aviation safety. The result
has been increased attention being paid to identifying ways to
proactively determine how changes in the aviation system affect
the risk of accidents. This argument is based on work by Reason on
modeling of organizational accidents (Reason, 1990, 1995, 1997,
2000, 2005). Reason favors an integration of reactive and proactive
approaches to the analysis of safety — what he refers to as the
interactive phase of system operations, where safety, operational,
and management systems interact. This conceptual framework has
become the basis for “swiss cheese” models of safety management,
in which most accidents are seen as the result of multiple failures in
a system. In Reason’s work, for an accident to occur, all of the holes
(failures in safety defenses) in multiple slices of Swiss cheese need
to line up for an accident to occur. This perspective is the basis for
much of the development and emphasis on Safety Management
Systems. For example, the Federal Aviation Administration (FAA) is
placing more emphasis on a proactive approach through its use of
Safety Management Systems in an attempt to identify and reduce
risks (GAO, 2010a).

Taking a proactive approach to enhancing aviation safety is
a complex endeavor (Roelen, 2008). To determine and assess risk

prospectively involves attempting to identify the complex chain of
events that generally are associated with an aviation accident. Over
the years a number of approaches have been taken. These
approaches include proactive causal models, that focus on antici-
pating problems that lead to accidents; collision risk models, which
focus on the loss of separation between aircraft both on the ground
and in the air; human error models, that attempts to trace the series
of reactions that occur to an initial incorrect execution of an initial
task; and third party risk models, that analyze the probability that
a crashing aircraft kills or injures an individual on the ground
(Netjasov & Janic, 2008).

Extending Reason'’s ideas, Lofquist argues that the use of tradi-
tional safety metrics — traditional reactive and proactive analysis —
fails to capture how numerous factors in a complex aviation system
might be the culprit. “When accidents do occur, we have
a measurable indication that things are not safe, but when nothing
happens...we do not know if this is due to properly functioning
safety processes, or due to good fortune” (Lofquist, 2010, p. 1523).
Aviation has always relied on overlapping and interacting systems
to manage safety and create the margin of safety. By focusing on the
root cause of an accident, organizational and managerial conditions
that contributed to the accident may be overlooked.

Clearly a more comprehensive approach to the analysis of
aviation safety, along the lines of what Reason and Lofquist suggest,
can be very useful in developing safety practices and oversight.
However, more traditional reactive analytical approaches remain
useful in helping to identify segments of the aviation industry
where safety performance is problematic relative to the rest of the
industry. In this vein, there are important research opportunities in
the development of firm level behavioral data concerning safety
investments, more disaggregation of incident data, and improving
data availability and quality about safety performance in specific
regions and segments of aviation.

3. The worldwide airline safety record 1990—2011
3.1. Determining the causes of the accident

Differences in accident rates can help identify less safe segments
of aviation, but such differences provide little insight into why
safety may vary among segments of the industry or between
regions of the world and little guidance into how to improve safety
in these less safe segments. To understand why safety may vary
across segments or regions and to develop targeted programs to
improve safety, the causes of a large number of accidents must be
examined.

All portions of a flight do not pose the same risk of an accident.
Table 1 shows the percent of flight time that occurs in each phase of
a typical flight and also the percent of fatal accidents that occur

Table 1

Fatal accidents and exposure by phase of flight, 2002—2011.
Phase of flight Percent of

Exposure Fatal accidents

Taxi, load, unload, parked, tow 0 11
Takeoff 1 10
Initial climb 1 5
Climb (flaps up) 14 5
Cruise 57 11
Descent 11 4
Initial approach 12 14
Final approach 3 16
Landing 1 20

Exposure is the percentage of flight time estimated for a 1.5 h flight. Source: Boeing,
Statistical Summary, 2012, p. 20.
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during that phase. Before the flight takes off and after it lands, taxi,
loading/unloading, and other ground operations result in 11
percent of fatal accidents, but the fatalities in these accidents
typically involve ground personnel rather than on board fatalities.
The takeoff and initial climb phases of flight each account for about
1 percent of flight time but account for 10 percent and 5 percent
respectively of fatal accidents. Climb (once the flaps are up) is a less
risky phase and accounts for 14 percent of flight time but only 5
percent of fatal accidents. Cruise, the least risky phase, accounts for
the majority of flight time, 57 percent, but only 11 percent of fatal
accidents. The descent, approach, and landing phases become
progressively more risky. Descent accounts for 11 percent of flight
time and 4 percent of fatal accidents while initial approach
accounts for 12 percent of flights and 14 percent of fatal accidents.
Finally, final approach and landing account for 3 percent and 1
percent of flight time but account for 16 percent and 20 percent of
fatal accidents respectively.

Understanding when accidents are most likely to occur is
helpful in targeting approaches to improve safety, but to reduce
accidents it is also necessary to try to determine why they occur. An
enormous amount of effort goes into investigating major airline
accidents, both in the United States and abroad. The information
gained from those investigations has been a critical part of
improving aviation safety by reducing the chances that the factor or
factors that led to one accident will cause similar accidents in the
future. While safety has been improved by considering each acci-
dent as an individual event, learning from that event, and working
to prevent similar accidents from occurring in the future, there is
also much to be gained by looking broadly at the causes of accidents
and comparing them over time, across different segments of avia-
tion, and across countries and regions.

Analyzing the causes of accidents involves difficult choices.
Aviation accidents are rarely the result of a single cause. Rather,
accidents are usually the culmination of a sequence of events,
mistakes, and failures. Often, had any of the individual events in the
sequence been different, the accident would not have happened.
Take a very simple example of an engine failure during takeoff
where the crew then fails to take the needed actions to land the
plane safely with the result of an accident. Had the engine not
failed, there would not have been an accident. Had the crew
responded to the engine failure quickly and properly, there would
not have been an accident. How might you analyze causes in an
accident like this?

How one analyzes causes depends on the goal of the analysis. If
the goal is to learn as much as possible from an individual accident
and take steps to reduce the chances of an accident like that
happening again, then the analysis of the example above should
consider both the engine failure and the improper crew response as
causes. Efforts could then be directed at determining why the
engine failed and taking steps to reduce future engine failures.
Other efforts could be directed at determining why the crew did not
respond properly and taking steps to improve future crew
responses. Much of the past improvement in aviation safety has
come from lessons learned from detailed analyses of individual
accidents. In its accident investigation reports, the National
Transportation Safety Board (NTSB), will typically list both multiple
causes of an accident as well as additional factors that contributed
to the accident.

An example of the approach of assigning multiple causes to an
accident is the Human Factors Analysis and Classification System
(HFACS) developed originally for the Department of Defense and
more recently applied to civilian aviation accidents (Shappell &
Wiegmann, 2000). HFACS has focused on aircrew behavior but
could also be applied to human factors in maintenance, air traffic
management, cabin crew, and ground crew. The basic approach

uses Reason’s (1990) concept of latent and active failure and
considers four levels of failure: 1) unsafe acts, 2) preconditions for
unsafe acts, 3) unsafe supervision, and 4) organizational influences.
Each of these levels is further divided into multiple causal cate-
gories with many individual error categories within each causal
category (Wiegmann et al., 2005). One challenge with upwards of
150 separate human factors error categories is that each accident
can appear unique. To look for trends over time or patterns across
accidents, these error categories are often aggregated back into the
causal categories. In one study of human error in commercial
aviation accidents, the results were reported aggregated into 18
causal categories (Shappell et al., 2004). Not all accidents were
included in the analysis, only those where there was some error by
the aircrew. The results were reported as the number of accidents
in the data set that were associated with one or more of the error
categories that make up each causal category.

If the goal of the analysis is to examine how the causes of
accidents might have changed over time or to compare the causes
of accidents in different segments of aviation or across different
countries or regions, then another approach would be to classify
each accident according to a single cause. Admittedly assigning
a single cause to an aviation accident is a simplification. One
advantage of this simplification is that it is possible to compare
a much broader range of accidents. Not all accident investigations
are equally detailed, in part because not all aircraft are equipped
with cockpit voice recorders or flight data recorders. Also, not all
accidents are investigated by organizations with the resources or
technical expertise of the National Transportation Safety Board in
the United States, the Air Accidents Investigations Branch in the
United Kingdom, the Bureau of Enquiry and Analysis for Civil
Aviation Safety in France, or several other organizations in the
developed world. With many commercial aviation accidents and
with many general aviation accidents, there simply is not as much
information about the causes of the accidents available as for an
accident by a major international airline investigated by one of the
top accident investigation organizations. If more information is
available for accidents in some sectors of aviation than others or in
some countries than others, then there may be a tendency to find
more errors in accidents where more information is available
which could result in giving those accidents more weight in
aggregate statistics. By assigning a single (primary) cause to each
accident, each accident is weighted equally and this potential bias
is avoided.

There are two basic approaches to assigning a cause or causes to
an accident. One approach would be to assign the cause that was
the last point at which the accident could be prevented. Pilot error
would be indicated as the cause of the accident provided in the
example above. This approach offers clear interpretation of the
results, but the results are unlikely to be very informative because
pilot error will be assigned as the cause very frequently. During in-
flight emergencies pilots are often the final link in the chain of
events that led up to the accident. Many times the pilots can be
faulted because, at least compared to ideal performance, they
should have been able to deal with the emergency successfully.
However, the authors believe this places an unreasonable expec-
tation on pilots to be infallible in what often are very trying
circumstances where split-second decisions need to be made.
Perhaps more importantly, the safety policy implication from such
an approach would usually be to improve pilot training. While
improving pilot training will almost certainly improve aviation
safety, another approach would be to find ways to reduce the
number of times pilots were faced with in-flight emergencies that
allowed so little room for human error.

A second approach, which is taken in this paper and in the
authors’ prior work, is to select as the cause the factor that initiated
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the sequence of events that culminated in the accident. In the case
of the above example, engine failure would be identified as the
cause of the accident.? The assumption behind this approach is that,
in the absence of the factor that initiated the chain of events
resulting in an accident, the accident could have been avoided. A
benefit of focusing on the sequence initiating cause means that
when pilot error is identified as the cause, it refers to what may be
characterized as an “unforced” pilot error rather than a failure to
respond properly to an emergency when there may be a confluence
of events that are difficult to respond to regardless of how talented
the flight crew is or how good their training was.

Once the basic approach of focusing on the sequence-initiating
cause has been selected, the next challenge is how to assign cau-
ses to a large number of accidents. The authors have developed, and
refined over many years and after reviewing thousands of accidents,
a set of rules and definitions to guide how causes are assigned to
accidents. The goal in developing these rules is to be consistent in
assigning causes so that it is possible to make meaningful
comparisons of how the distribution of causes varies over time,
across different segments of the industry, and across countries of
regions. It is also important to recognize that for some accidents
there simply isn’t enough information available to assign a cause.
Appendix A provides a description of the causation categories.*

The authors are not arguing that focusing on a single “sequence
initiating cause” is superior to other approaches. Each approach has
strengths and limitations and each can provide unique and
important insights. The critical part of any analysis is to understand
what insights can and cannot be gained from the specific kind of
analysis. Instead, the authors are arguing that a careful application
of this approach has the potential to provide useful insights into
some aspects of aviation safety.

3.2. Aviation safety in US commercial passenger operations

The focus of this paper is on the safety of commercial passenger
operations in fixed-wing aircraft, both in the United States and
abroad. The analysis is limited to accidents where there was at least
one passenger fatality, so that accidents where only crew members
were killed or where there were no fatalities were not included. In
the United States such operations are provided either under what
are known as Part 121 regulations or under Part 135 regulations.’
Airline passenger service in aircraft with more than 30 seats has
always been provided under Part 121 regulations. Traditionally,
scheduled commuter service with aircraft with fewer than 30 seats
and on-demand air taxi service has been provided under Part 135
regulations, although as discussed below there were changes in
1997 to the regulations under which much scheduled commuter
service was provided.

Table 2 shows fatal accidents, passenger fatalities, and the
fatality rate measured in passenger fatalities per one million

3 Throughout the remainder of the paper, the word cause is intended to mean
sequence-initiating cause as discussed above.

4 The Appendix A lists 9 cause categories. Within these broad cause categories
are 44 separate causes each of which has rules for determining which cause should
be assigned to the accident. These detailed causes are not used in this paper, so are
not included in the appendix. One of the categories includes accidents where the
cause could not be determined or where the aircraft was not recovered and there
was no accident investigation thus the cause was unknown. These accidents were
excluded from the distributions of causes presented in the tables in the paper. For
more detail on the rules for assigning causes, see Oster et al., 1992, Appendix B.

5 Part 121 and Part 135 refer to the parts of Title 14 of the Code of Federal
Regulations that contain the regulations for these portions of civil aviation.

6 For both accidents involving U.S. airlines and foreign airlines, only accidents
that resulted in passenger fatalities are examined, so the term fatal accidents refers
to accidents with at least one passenger fatality.

Table 2
Part 121 scheduled passenger service, 1990—2011.

Total Domestic International
(system) service service
Fatal accidents 26 19 7
Passenger fatalities 1494 772 722
Passenger fatalities 0.11 0.06 0.49

per million
enplanements

Source: Accident and passenger fatality data from NTSB accident reports accessed
through ASIAS (FAA, 2012a). Revenue Passenger Enplanement data from U.S.
Department of Transportation (2012).

Table 3
Causes of part 121 accidents, 1990—2011.

Accident cause Share of accidents Share of fatalities

Equipment failure 31% 49%
Seatbelt/turbulence 8% 0%
Weather 8% 7%
Pilot error 27% 20%
Air traffic control 4% 1%
Ground/cabin crew 8% 7%
Other aircraft 0% 0%
Terrorism/conflict/criminal 15% 16%
Total 100% 100%
Unknown cause/other 0% 0%

Source: Authors’ calculations based on NTSB accident reports accessed through
ASIAS (FAA, 2012a).

revenue passenger enplanements for Part 121 scheduled service
during the 1990 through 2011 period.® During this period, there
was only one fatal passenger accident in Part 121 nonscheduled
services, which resulted in a single passenger fatality so it is not
meaningful to calculate a passenger fatality rate for this type of
service. In terms of passengers carried, domestic service is over 8
times larger than international service, so it is not surprising that
most of the accidents were in domestic service. Since international
service is typically provided in larger aircraft, it is again not
surprising that even with fewer accidents; the numbers of fatalities
are about the same in domestic and international service. The
fatality rate, as measured by passenger fatalities per one million
enplanements was 0.06 for domestic service and 0.49 for interna-
tional service for a combined rate of 0.11. Over this period, the
international fatality rate was noticeably higher than the domestic
rate.

Table 3 shows the distribution of causes for these accidents.
Nearly one third of the accidents (accounting for nearly half the
fatalities) were the result of some form of equipment failure. Pilot
error was the next most important cause, accounting for 27 percent
of the accidents with 20 percent of the fatalities. Perhaps not
surprisingly, the next biggest cause was terrorism, since this time
period included the events of September 11, 2001 where 232
passengers were Kkilled. Some analysts whose focus is on helping
airlines preventing accidents often exclude terrorism related events
from their analysis.” Ter