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Chapter 5

Safety Data Analysis—What Do We Know

Data attest to the safety of commercial aviation;
statistics show that over the years the risk of injury
or death has steadily declined for airline passengers
(see figure 5-l). However, increased traffic conges-
tion and new and different operating patterns have
placed unprecedented demands on the aviation sys-
tem. Measuring recent changes in passenger risk is
difficult because accidents are infrequent and data
on other safety factors are not systematically col-
lected or maintained (see chapter 4). OTA searched
government and industry databases for potential
safety indicators, and conducted case studies and
surveys of airline management, pilots, and mechan-
ics. The results of these efforts are presented in this
chapter. Tasked with assessing commercial aviation
safety, OTA focused primarily on Part 1211 air-
lines, which carry about 95 percent of the passen-
gers and account for 99 percent of the passenger-
miles. However, Part 135 commuter airlines are re-
sponsible for the safety of a significant number of
people–over 18 million passengers in 1986–and
their operations are discussed as well.

IA1~]i~~ ~P~~~tiOns  With alrp]anes having more than 30 seats or PaY-
Ioad capacity greater than 7,500 pounds are certificated under 14 CFR
121. Alrllnes flylng smaller airplanes are governed by 14 CFR 135, or
if they choose, the more demanding 14 CFR 121.

Figure 5-1 .—Passenger Fatality Rates for
Part 121 Scheduled Airlines
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SOURCE: Office of Technology Assessment based on data compiled from the
Civil Aeronautics Board, Federal Aviation Administration, and Nation-
al Transportation Safety Board.

ACCIDENT DATA

Accidents and Fatalities

Airline passenger risk is not gauged solely by num-
bers of fatalities; rather, passenger injury or fatality
rates and the rate at which flights end in accidents
or crashes are considered the best indicators of past
risk. Statistical comparisons for commercial aviation
are skewed by differences in aircraft size and in flight
distances. For example, since the mid-1970s, Part
121 airline operators have had the fewest fatal acci-
dents; however, because each plane carries many
passengers, these operators have had the most pas-
senger fatalities in commercial operations (see table
5-1). To complicate analysis further, over 70 percent
of jetliner accidents occur during takeoff, initial
climb, final approach, or landing, but these repre-

sent only 6 percent of the flight time and even less
of the mileage.2 Therefore, departure information
for aircraft and passengers is necessary to estimate
risk, and other exposure data do not permit appro-
priate comparison among the aviation categories.
(See chapter 4 for further discussion.)

Although accident data are considered generally

accurate and complete, exposure data quality varies
with the aviation segment. While most scheduled
Part 121 carriers must report extensive traffic data
under U.S. Department of Transportation (DOT)
requirements, smaller charter, commuter, and air

~Boeing Commercial Airplane Co., Statistical Summary of Commer-
cial]et Aircrafi  Accidents: Wor]dtl.ide  -rations  1959& (Seattle, WA:
April 1987).
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Table 5-1.–Commerciai Aviation Accident and Fataiity Totals, 1975-87

Part 121 Part 121 Part 135 Part 135
(scheduled) (nonscheduled) (scheduled) (nonscheduled)

Accidents . . . . . . . . 269 50 446 1,918
Fatal accidents. . . . 37 11 109 435
Fatalities . . . . . . . . . 1,393 668 431 1,086
SOURCE: Office of Technology Assessment based on National Transportation Safety Board January 198S data.

taxi airlines need report little or none. DOT pub-
lishes estimates of all Part 121 and scheduled Part
135 aircraft departures and of all Part 121 passen-
gers carried; these data are used in this chapter.
However, OTA had to derive commuter passenger
statistics from data collected by the Regional Air-
line Association (RAA), and estimated air taxi
passenger and departure figures from information
supplied by the National Air Transportation Asso-
ciation. Due to inherent inaccuracies in these data,
the estimates have limited utility for trend analy-
ses, but they are valid approximations of exposure
magnitude.

Tablke 5-2.—Commerciai Aviation

Aircraft departures and passenger enplanements3

are incorporated into the accident and fatality rates
shown in table 5-2. These data show no significant

‘Passenger departures would be a better choice here, but the data
are not available. Passenger enplanements,  or the number of people
who board flights, are recorded. Passenger departures equal passenger
enplanements on nonstop flights, but are greater on multistop flights.

Fatalities per passenger-carried is one statistical method to normal-
ize the fatality rates among the various industry segments, and offers
a sound comparison tool. Fatalities per aircraft-departure, -hour, or
-mile would be skewed by aircraft size and range. Since each fatality
is not an indepmdent event, these statistics must be used with cau-
tion. The three types of risk measurements presented should be con-
sidered together.

Accident and Fatality Rates

Part 121 Part 121 Part 135a Part 135b

Year (scheduled) (nonscheduled) (scheduled) (nonscheduled)

Accidents per million departures:
75-77 . . . . . . . . . . . . . . 4.8 53 27 58
78-80 . . . . . . . . . . . . . . 3.7 39 27 54
81-83 . . . . . . . . . . . . . . 4.1 18 12 55
84-86 . . . . . . . . . . . . . . 2.8 22 8 53
87 . . . . . . . . . . . . . . . . 4.3 23 14 38

75-87 . . . . . . . . . . . . 3.8 30 17 54
Fatal accidents per million departures:
75-77 . . . . . . . . . . . . . . 0.48 10.6 11
78-80 . . . . . . . . . . . . . . 0.57 6.5 U 13
81-83 . . . . . . . . . . . . . . 0.72 2.6 2.6 13
84-86 . . . . . . . . . . . . . . 0.34 8.0 2.1 11
87 . . . . . . . . . . . . . . . . 0.43 4.6 4.1 12

75-87 . . . . . . . . . . . . 0.51 6.5 4.1 12
Fatalities per million passengers-enplaned:c

75-77 . . . . . . . . . . . . . . 0.34 24.2 3.4 14
78-80 . . . . . . . . . . . . . . 0.56 0.2 4.4 13
81-83 . . . . . . . . . . . . . . 0.26 0.1 1.5 11
84-86 . . . . . . . . . . . . . . 0.17 14.7 1.6 9
87 . . . . . . . . . . . . . . . . 0.41 0.1 2.8 10

75-87 . . . . . . . . . . . . 0,33 9.1 2.6 12
aschedt.jled part 135 passenger counts estimated by OTA based on Regional Airline Association data-
bNonschedulad  pan 135 passenger and departure data estimated by OTA baaed on National Air Transportation Association

and other air taxi data.
COTA calculations  based on National Transportation Safety Board and Federal Avlatlon Adminlstratlon  data. All  1~7 rates

based on estimated passenger-anplanement data.

SOURCE: Office of Technology Assessment based on National Transportation Safety Board data as of January 19S8, unless
otherwise noted.
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increase in past passenger risk since the enactment
of the Airline Deregulation Act. Indeed, 1984 to
1986 was the safest 3-year period for the large sched-
uled airlines, and commuter lines improved their
safety record substantially, although the downward
accident trend faltered in 1987. The inaccuracy of
the exposure data limits conclusions regarding safety
trends for nonscheduled airlines; however, it appears
that air taxi safety remained unchanged.

The relative infrequency of Part 121 charter oper-
ations and accidents makes trend analyses for that
part of commercial aviation very difficult. Accident
rates for scheduled Part 121 and 135 airlines in 198’7
were higher than in recent years,q although fatal-
ity and accident statistical trends for a single year
must be viewed with caution. Since commercial avia-
tion accidents are relatively rare, a single crash of a
large jet can skew the statistics.

Large aircraft fatal accidents usually result in ei-
ther few fatalities or few survivors. From 1975 to
1986, only 17 Part 121 accidents with 10 or more
fatalities occurred, and of those accidents, 7 ac-
counted for over 70 percent of the fatalities. 

Industry segments have distinctly different acci-
dent rates. For example, scheduled Part 121 airlines
have significantly better records than other types
of air transportation. In contrast, nonscheduled 121
airlines provide less than 3 percent of the Part 121
departures and passengers, but account for 23 per-
cent of the fatal accidents and 32 percent of the fa-
talities.

Commuter airlines have accident and fatality rates
3 to 10 times above those of the large scheduled air-
lines. These disparate levels of safety often reflect
differences in safety regulations, equipment, and
operating environments. For example, commuters
may have less advanced technologies or lower train-
ing levels than major airlines because they have
fewer aircraft in their fleets and fewer passengers per
flight to distribute the costs involved. The largest
commuter airlines have the best safety records; in-
deed the 20 largest Part 135 commuters (and Part
121 regionals) have safety records similar to those

qNatlonal  Tran~portation  Safety Board data released Jan. 13, 1988.

of jet carriers. 5 Aircraft type and airport character-
istics have little influence on the safety record.6

Accident Causes and Types

The primary purpose of accident investigations
is to determine the probable causes of transporta-
tion accidents and to recommend preventive meas-
ures. Because most accidents involve a complex con-
gruence of multiple events and causes, aviation
accidents do not lend themselves to simple classifi-
cation or categorizing by type or cause. Moreover,
accidents of the same type often require several
different preventive measures, although single so-
lutions can sometimes reduce the occurrence rate
of a wide range of accidents. For example, ground
proximity warning devices reduced markedly the
rate of controlled flight into terrain accidents for
jetliners (see chapter 7).

The National Transportation Safety Board (NTSB)
currently classifies accidents by a variety of meth-
ods, such as causes and factors, sequence of events,
and phase of operation. Determining up to five dis-
tinct occurrences in the chain of events leading to
an accident, NTSB categorizes the accident by the
first occurrence. While events such as aircraft com-
ponent failures and encounters with weather are
prominent in first occurrences, human errors are
harder to trace from the data.7

OTA completed a trend analysis of aircraft com-
ponent failure as a first occurrence in airline acci-
dents (see figure 5-2). The analysis showed no sig-
nificant change in the rate for Part 121 carriers and
noticeable improvements by the Part 135 commuters
during the past decade. Therefore, any recent
changes in Part 121 airline maintenance practices
appear not to have affected aircraft mechanical relia-
bility in a way that results in more accidents. Data
on other common first occurrences, such as encoun-
ters with weather or collisions with objects or ter-
rain, cover too broad a range of accident circum-
stances to provide meaningful trends.

5c}inton v. Oster, Jr. an d C. Kurt Zorn, “Airline Deregulation,
Commuter Safety, and Regional Air Transportation, ” Growrrh  and
Change, vol. 14, July 1983, pp. 3-11.

‘Ibid.
‘Stan Smith, accident data chief, National Transportation Safety

Board, personal communication, May 15, 1987.
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Figure 5-2.–Airline Accidents Initiated by
Aircraft Equipment Failure

1

0
75-77 7&80 81-83 04-35
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_ TotaI Part 121 ~ Scheduled Part 135

SOURCE: Office of Technology Assessment from National Transportation Safe-
ty Board findings of the “firat occurrence” in the sequence of events
leading to the accidents, 1975-1985.

Accident causal data usually imply corrective ac-
tions, but since accidents frequently have multiple
causes, developing causal categories is difficult. In
most cases, each cause is independent of the others,
and if one did not exist, the accident might not have
occurred. However, analyzing the multiple causes
of accidents does highlight the relative prevalence
and trends of certain factors. Figure 5-3 shows that
while weather- and personnel-related (nonpilot)
causal rates for Part 121 accidents diminished prior
to deregulation, pilot error and aircraft-related causal
rates have changed little.

Figure 5-3.— Part 121 Accident Broad
Causes and Factors

7 5 - 7 7 7 8 - 8 0 81-83 84-35
Year Group

m Pilot m PersonneI El Weather Ml Aircraft

SOURCE: Office of Technology Assessment based on National Transportation
Safety Board data.

cause, 8 and OTA found that at least 40 percent of
Part 121 fatal accidents could not be adequately ac-
counted for by single causes.

Each of these analysis types thus has shortcom-
ings for understanding the complexity of individ-
ual accidents. As an alternate method, OTA iden-
tified the two most significant sequential causal
events in each accident.9 After reviewing NTSB
Part 121 accident briefs, OTA classified all fatal Part
121 accidents from 1975 to 1986 and total Part 121
accidents from 1982 to 1985 according to the clas-
sification scheme shown in table 5-3.1° The relative

Boeing, the Flight Safety Foundation, and others
have categorized accidents by primary cause. This
method gives a clear cross section of accident events
and allows accident classification. However, deter-
mining which of the multiple causes is the most im-
portant is a subjective process. One analysis of ma-
jor accidents involving large jet transports worldwide
found that only 28 percent had a single probable

8Richard L. Sears, “A New Look at Accident Contributors and the
Implications of Operational and Training Procedures,” Znfluence  of
Training, Operational and Maintenance Practices on Flight Safety,
Proceedings of the Flight Safety Foundation’s 38th Annual Interna-
tional Air Safety Seminar (Arlington, VA: Flight Safety Foundation,
NOV. 4-7, 1985), pp. 29-51.

9For a variation of this method, see Clinton V. Oster,  Jr. and C.
Kurt Zorn, Transportation Research Center, Indiana University, “Im-
proving Military Charter Safety,” unpublished manuscript, November
1987,

‘“Other causal categories are possible, but were not necessary for
Part 121 accidents OTA reviewed.
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Table 5-3.—Accident Categories

1. Collisions
A. Controlled flight

1. Pilot error, then flight path deviation
2. Pilot error, then aircraft component failure
3. Personnel error, then flight path deviation
4. Personnel error, then aircraft component failure
5. Aircraft component failure
6. Miscellaneousa

B. Uncontrolled flight
1. Pilot error, then aircraft component failure
2. Pilot error, then encounter with weather
3. Pilot error, then flight path deviation
4. Personnel error, then aircraft component failure
5. Personnel error, then weather
6. Aircraft component failure, then pilot error
7. Encounter with weather, then aircraft component

failure
8. Aircraft component failure
9. Encounter with weather

10. Miscellaneousa

Il. No collision
A. Controlled flight

1. Pilot error
2. Personnel error
3. Aircraft component failure
4. Miscellaneous

%TA classified midair collisions under the miscellaneous category. While a
midair could fit possibly into any of the collision categories above, midairs are
distinct enough to warrant a separate classification, but are too rare to call for
a special category.

SOURCE: Office of Technology Assessment, 1988.

prevalence of accidents according to causal factors
is presented in tables 5-4 and 5-5—approximately
60 percent of the fatal accidents by scheduled pas-
senger carriers are initiated by human error, and
human error is a causal factor in over 70 percent
of these accidents. Aircraft component failure, se-
vere weather, and miscellaneous causes initiated the
remaining accidents.

However, when nonfatal accidents are included,
the influence of mechanical failure doubles; it is the
enabling cause in over 30 percent of all accidents
and is involved in almost 50 percent. 1l Addition-
ally, noncollision accidents, which are rarely fatal,
result primarily from aircraft component failures.
Two fatal noncollision accidents occurred between
1975 and 1986, as compared to 9 nonfatal noncol-
lision accidents between 1982 and 1985; all of these
accidents involved aircraft component failures.

1 IThe failure of an aircraft component, such as landing gear, maY
cause substantial damage to the aircraft but not subject the passengers
to harm. See “accident” definition, box 4-A, ch. 4.

Table 5-4.–Part 121 Fatal Accidents, 1975-86

Scheduled Scheduled Nonscheduled Nonscheduled Totala

passenger cargo passenger cargo Total (by percent)

Initiating causal factor:
Pilot . . . . . . . . . . . . . . . . . . . . . . . . .
Personnel . . . . . . . . . . . . . . . . . . . .
Aircraft . . . . . . . . . . . . . . . . . . . . . . .
Weather . . . . . . . . . . . . . . . . . . . . . .
Miscellaneous. . . . . . . . . . . . . . . . .

All causal factors:g

Pilot . . . . . . . . . . . . . . . . . . . . . . . . .
Personnel . . . . . . . . . . . . . . . . . . . .
Aircraft. . . . . . . . . . . . . . . . . . . . . . .
Weather . . . . . . . . . . . . . . . . . . . . . .
Miscellaneous. . . . . . . . . . . . . . . . .

Total accidents. . . . . . . . . . . . . .

10
3b

4
3
2e

13
3
6
8
2

22

1
1C

1
0
0

2
1
1
0
0
3

1
ld

1
0
0

3
0
3
0
1f

3
0
4
0
1

7

15
5
9
3
3

20
5
12
9
3

35

57
14
34
26

9

NOTE: Accidents involving weather turbulence, sabotage, or nonoperational events, such as ramp activities, are not included.
%itiating  causal factors may not total 100 percent due to rounding. For all causal factors, numbers do not total 100 percent because most accidents involve multiple causes.
%WO  accidents involving air traffic control personnel and one involving maintenance personnel.
cAccident involved air traffic control personnel.
dGround collision caused by other Pilot.
%WO midair collisions, including Aeromexico  DC-9/PA 28-181  over Cerritos, CA, Aug. 31, 1988.
fln.flight collision with parachutist.
gAll  cauaal factors includes Up to two significant causes in the sequence of events leading to the accident.

SOURCE: Office of Technology Assessment based on National Transportation Safety Board data as of January 1988.
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Table 5-5.–Part 121 Total Accidents, 1982-85

Scheduled Scheduled Nonscheduled Nonscheduled Total a

passenger cargo passenger cargo Total (by percent)

All causal factors:e

PiIot . . . . . . . . . . . . . . . . . . . . . . . . . 16 6 2 3
Personnel . . . . . . . . . . . . . . . . . . . . 3 0 0 1
Aircraft . . . . . . . . . . . . . . . . . . . . . . . 16 1 2 4
Weather . . . . . . . . . . . . . . . . . . . . . . 8 2 1 0
Miscellaneous . . . . . . . . . . . . . . . . . 3 0 0 0

Total accidents . . . . . . . . . . . . . . 34 6 3 7
NOTE: Accidents involving weather turbulence, sabotage, or nonoperational events are not included.
aFOra[l Causal factors,  numbersdo nOttOtd  100 Percent.
bTwo  accidents involving air traffic control personnel and one involving maintenance personnel
cAccident  involved maintenance personnel.
dTwoco~isions  with birds and one collision whHet=fln9.
eA[l  causal factors includes “p to two significant causes in the sequenceof  events leading to the accident.

SOURCE: Office of Technology Assessment based on National Transportation Safety Board data as of January 1988.

NONACCIDENT SAFETY DATA

Since aviation accidents are so infrequent, trends
observed over 1 or 2 years of accident data may not
be meaningful or indicate actual changes in risk. De-
spite the long-term improvement in aviation safety,
recent concern over near midair collisions (NMACs)
and airline operations suggests an interest in more
timely information on changes in aviation safety.
The Federal Aviation Administration (FAA) cur-
rently collects many types of nonaccident safety
data, such as information on air carrier operations
and incidents, but data quality and system limita-
tions prevent analysis of all but a few years of air
traffic safety data.

Database validity is the key problem in nonacci-
dent safety data analyses. While aircraft accidents
leave permanent evidence, many nonaccident safety
events (such as NMACs) are transitory, and some
go unrecognized, while others are inaccurately ob-
served. Moreover, even when an event is observed
and recognized correctly, it may not be reported for
a number of reasons, including misunderstanding

23
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18
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3

27
4
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3

50

46
8

36
4
6

54
8

46
22

6

of the reporting process, apathy, and fear of reper-
cussions. Current FAA practices present the report-
er with many personal risks, including prosecution
for Federal Aviation Regulations (FARs) violations,
employer sanctions, and time lost for the adminis-
trative process.l2

Nonaccident data analyses have multiple purposes
—while isolated reports of safety events can iden-
tify the existence of a problem, data must be col-
lected broadly and consistently to estimate reliably
the extent of the problem. Moreover, complete and
accurate data are required for understanding the
causes of problems and for developing countermeas-
ures. Data system management is the final hurdle
for nonaccident data utility. Incoming reports must
be properly handled and consistently organized, and
the resulting databases must be accessible to analysts.

‘) For these reasons, the Federal Aviation Administration grants im-
munity and guarantees anonymity to reporters who use the Aviation
Safety Reporting System, which is administered by the National Aer-
onautics and Space Administration.

INCIDENT DATA

Every accident begins as an incident, and incidents (NASA), NTSB, and FAA databases. Thus aviation
are reported much more frequently than accidents incidents, or ‘(near accidents, ” are good substitutes
to National Aeronautics and Space Administration for sparse accident data. Additionally, more infor-
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mation, especially regarding human performance
causal factors, is often available from them for safety
investigators, since incidents do not result in fatali-
ties or serious damage.

However, incident data are difficult to collect relia-
bly, primarily because of the imprecise definition for
aviation incidents. NTSB considers an “incident”
to be ‘(. . . an occurrence other than an accident,
associated with the operation of an aircraft which
affects or could affect the safety of operations.”13

For specific incident types—an in-flight fire, for ex-
ample—better criteria are used. If collected and ana-
lyzed separately, these specifics offer valuable infor-
mation on safety.

As the ratio of incidents to accidents varies by
accident/incident category, trends in total incidents
can be misleading. For example, a rise in a wide-
spread, but low-risk incident type and a decrease
in an infrequent, but high-risk incident type results
in an increase in the total incident rate, although
overall risk may be reduced. Analyses by specific
accident/incident type avoids this confusion.

Air Traffic Incidents

Air traffic incidents, such as NMACs, runway in-
cursions, and operational errors, reflect aspects of
air traffic system14 safety. For the most part, anal-
yses of these data address aircraft classes, such as
air carrier or general aviation (GA), and airspace
categories—Terminal Control Areas, for example.
Air traffic incidents are defined more clearly than
general incidents and are reported primarily by air
traffic controllers and pilots.

Near Midair Collisions

An in-flight collision involving a passenger trans-
port is among the most feared of aviation accidents.
While such collisions are rare events (see table 5-6),
they account for roughly 10 percent of fatalities. Sta-
tistics indicate a very low risk with no discernible
trends in these accidents, but annual increases in
the reported number of NMACs have created
concern.

“49 CFR 830.2 (Oct. 1, 1987).
l+The  “air traffic system” includes all flight operations, not only

those under air traffic control.

Table 5-6.—Commercial Aircraft Midair Collisions

Part 121 Part 135 Part 135
(total) (scheduled) (nonscheduled)

1975-1977 . . . . . . . . 0 2 4
1978-1980 . . . . . . . . 1 0 9
1981 -1983 . . . . . . . . 0 2 8
1984 -1986 . . . . . . . . 0a 1 2
1987 . . . . . . . . . . . . 0 1 2
aA ~idal~ ~Olli~iO~  ~twmn an AerOrnexiCO  Deg and a private PA 2&181 occurred

over Cerritos, CA on Aug. 31, 1988.

SOURCE: Office of Technology Assessment based on National Transportation
Safety Board data as of January 1988

FAA and NASA collect data on NMACs inde-
pendently, but both agencies rely on voluntary
reports. FAA investigates each report and can
impose penalties if regulations were violated. In con-
trast, NASA maintains the anonymity of the re-
porter and FAA guarantees immunity from poten-
tial penalties that could result from the event. FAA
has cited its own mismanagement of NMAC report
paperwork, as well as changes in public perception
and awareness, as reasons for not using the FAA
NMAC database for trend analysis. FAA corrected
its report processing problems in 1985, 15 a n d
claims that recent increases in NMAC rates more
closely reflect reality.l6

OTA finds that substantial evidence points to
analytically valid subsets of NMAC data. FAA re-
covered many missing 1983 and 1984 NMAC re-
ports, and FAA and NASA databases show simi-
lar trends from 1981 to the present; moreover,
NASA data were not subject to management prob-
lems during this period. However, this does not pre-
clude changes in pilot (the primary reporters of
NMACs) perception from influencing both sets of
data.

Air carrier pilots are a relatively homogeneous
group who are very aware of incident reporting pro-
cedures and may thus be more likely than GA pi-
lots to report an observed NMAC. Moreover, air
carrier pilots fly primarily under instrument flight
rules (IFR) and, if involved in an NMAC, would

15Burt  Solomon, “FAA Runs Into Some Heavy Turbulence in Avi-
ation’s Worst Year for Fatalities, ” IVarlonal]ournal,  Oct. 12, 1986, pp.
2313-2316.

l~Dona]d  Engen, administrator, Federal Aviation Admmlstratlon,
“Aviation Safety (Near Midair Collisions and Runway Incursions),”
testimony before U.S. Congress, House Committee on Public Works
and Transportation, Subcommittee on Investigations and Oversight,
Apr. 9, 1987, p. 66.
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be in communication with air traffic control (ATC).
For reporting purposes, aircraft involved in NMACs
are grouped into three categories: air carrier (Part
121 or 135 operators), GA, and military. Air car-
rier and GA aircraft are involved in over 95 per-
cent of the reported NMACS.17

The FAA Office of Aviation Safety found that
less than 20 percent of air carrier/GA and mili-
tary/GA incidents are reported by the GA opera-
tors involved.18 In a comparative analysis of FAA
and NASA NMAC reports, OTA found that about
18 percent of the air carrier-involved NMAC reports
in the FAA database show up in the NASA data,
as contrasted to less than 10 percent of all FAA
NMAC reports. Air carrier NMAC data are more
consistent than the other subsets of the data, in-
cluding the total.

Theoretically, the NMAC rate (and the actual col-
lision rate) is proportional to traffic density raised
to some power.19 Since traffic density data are not
readily available, OTA used aircraft operations
(takeoffs and landings) at towered airports as a sub-
stitute. OTA found that the annual number of air
carrier operations and the annual number of re-
ported air carrier-involved NMACs fit a nonlinear
model well, as shown in figure 5-4. Despite the im-
plication that increases in air carrier traffic will re-
sult in higher numbers of air carrier NMACs, acci-
dent data do not bear out a correlation between
increasing frequency of reported NMACs and in-
creasing risk of collision. The sparseness of the col-
lision data prohibit determining valid trends; we sim-
ply cannot tell with current information.20

Runway Incursions
A collision between two airliners on a runway can

be just as devastating as a collision in the air; the

17U s Department of Transp~ation,  Federal Aviation Adminis-. .
tration, “Selected Statistics Concerning Pilot Reported Near Mid-Air
Collisions (1983 -85),” June 1986, p. A2-1.

*81bid,  p. 8
l~e near midair collision  risk is proportional to the number  of P-

tential conflict pairs of aircraft (approximately the number squared)
per area for a two dimensional, random flight path model. See Wal-
ton Graham, Questek, Inc., “Technology Requirements as Derived
From Accident Rate Analysis,” AIAA.80-0918  (Washington, DC:
American Institute of Aeronautics and Astronautics, May 1980).

Zme Federa]  Aviation Administration’s ~ce of Aviation SafetY’s
Safety Analysis Division has several studies underway of near midair
collisions by airport and airspace location.

500

400

200

1(%)

o

Figure 5=4.—Air Carrier Near Midair
Collisions (1975-87)

o 13 15 17 19 21

Air carder operations at Federal Aviation
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SOURCE: Office of Technology Assessment based on Federal Aviation Adminis-
tration data.

greatest loss of life in aviation resulted from such
an accident involving two B-747s in Tenerife in
1977. Near collisions on the ground raise many of
the same concerns as near collisions in the air.

Currently, runway incursions (see definition in
chapter 4) as well as other ground incidents caused
by an air traffic controller’s actions are reported as
“operational errors, “ and when the pilot is at fault,
the event is reported as a “pilot deviation. ” Addi-
tionally, some runway incursion reports end up in
the NMAC database.21 Because FAA has not sys-
tematically collected data or published analyses on
runway incursions and does not maintain a sepa-
rate runway incursion database (although it plans
to establish one),22 information on runway incur-
sions must be extracted from these other databases,
which have been maintained in their current form
only since 1985.

ZIBrian  Pmle, Federal Aviation Administration, mice of Aviation
Safety, personal communication, Jan. 21, 1988.

22 Ken Chin, Federal Aviation Administration, Office of Aviation
Safety, personal communication, Nov. 3, 1987.
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While most runway incursions are probably ob-
served by the controllers or pilots involved, an
NTSB special investigation found that the data are
not complete and are difficult to use effectively .2]
NTSB uncovered several runway incursions, clas-
sified as operational errors or pilot deviations, that
controllers did not formally report.24 FAA’s Air
Traffic Evaluations and Analysis Division reviews
all operational error reports and has established a
task group to study surface incidents, and the Of-
fice of Aviation Safety tracks statistics regarding sur-
face deviations by pilots.

NASA collects runway “transgression” data
through Aviation Safety Reporting System (ASRS)
reports. Runway transgressions are defined as any
erroneous occupation of a runway at a controlled
airport by an aircraft or other controlled vehicle.
Traffic growth resulting in more reported NMACs
may have a similar influence on surface problems;
indeed, runway transgressions show similar trends
to those of NASA and FAA NMAC reports. How-
ever, while transgressions have been increasing, the
conflicts (or near collisions) resulting from them have
not increased since 1984, according to ASRS data.

Operational Errors and Deviations

Since 1985, FAA has maintained an automated
database of operational errors and operational devi-
ations. Simply phrased, these incidents are occur-
rences attributed to ATC operations that result in
improper separation between an aircraft and another
aircraft, terrain, or obstacles (operational error) or
infringement upon protected airspace by an aircraft
(operational deviation). (See chapter 4 for complete
definitions.)

The quality of operational error/deviation data
varies by subset. Operational error/deviation data
are categorized by type of ATC facilities—termin-
als25 and en route centers. For centers, operational
errors and deviations are tracked automatically by
the Operational Error Detection Program, while er-
ror information at terminals comes primarily from
reports initiated by the personnel directly involved

‘~ National Transportation Safety Board, Special Investigation
Report-Runwa y Incursions at Controlled Airports in the United
Stares, NTSB/SIR-86/01  (Washington, DC: May 6, 1986).

241bid.
‘~erminals  are the facilities, such as towers and approach controls,

that provide alr traffic control services at airports.

in the incident. (At en route centers, 57 percent of
errors and deviations are reported by automatic sys-
tems, as compared to 10 percent at terminals. Not
surprisingly, the reported error/deviation rate at
centers was nearly four times greater than at termi-
nals, yet terminals handle about twice the number
of aircraft.)26 Consequently, many aspects of oper-
ational errors/deviations can be more accurately
analyzed when the data are grouped by ATC fa-
cility.

Without the aid of significant technological de-
velopments (see chapter 7), air traffic controllers
faced increasing workloads throughout the past dec-
ade. The average number of flight operations han-
dled by each controller27 in recent years is higher
than for any period except the one immediately fol-
lowing the controller’s strike in August 1981,28 as
illustrated in figure 5-5. (Actual workloads vary con-
siderably at individual centers and terminals.)29

The FAA Office of Aviation Safety has analyzed
in detail the 1985 and 1986 data. The precise rela-
tionship between growing traffic levels and error
rates is not clear. Overall traffic and controller work-
load have increased since 1985, and reported con-
troller errors declined from 1985 to 1986, and then
increased at half the rate of the traffic growth in
1987. FAA investigated error/deviation rates for a
given year at facilities with varying traffic loads. For
center data (the most reliable), there are no well-
defined relationships between error/deviation rates
and the average annual workload per controller or
the number of operations at the regional or indi-
vidual facility level.30 For terminal data, no corre-
lation was found at the individual facility level,
though some was observed on a regional basis.
Higher error/deviation rates occurred for terminals
in regions with the lower controller workloads.3l

2b1bid,  p. 3-7.
*’For this analysis, a “controller” is a Federal Aviation Administra-

tion employee who directs air traffic. Full performance level controllers,
qualified on all air traffic control positions in a tower or center, and
developmental controllers, qualified on at least one position, are in-
cluded.

28For  the latter half of 1981 and much of 1982, some military air
traffic controllers were assigned to centers and towers.

‘qU.S.  Department of Transportation, Federal Aviation Adminis-
tration, Proh”le  of Operational Errors and Deviations in the U.S. Air
Trafl?c  System, Calendar Year 1985 (Washington, DC: May 1986), pp.
3-55 and 3-58.

~OIbid, p. 3-53.
311bid,  p. 3-53.
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NOTE: 1981 rates are distorted due to the walkout and subsequent dismissal
of controllers.

SOURCE: Office of Technology Assessment based on Federal Aviation Adminis-
tration data.

The causal categories for operational errors and
deviations are human error, equipment problem,
and faulty procedure;32 human error was involved
98 percent of the time. FAA examined controller
experience as a factor in the human error-caused
incidents, and found that center controllers with
6 to 8 years of full performance level experience had
by far the highest error/deviation rate in 1985, more
than seven times greater than other controllers.
(Similar data are not available for terminals. )33
FAA has not conducted a similar analysis of 1986
or 1987 data.

In summary, the only conclusion that can be
drawn from current operational error/deviation data
is that no drastic deterioration in ATC safety has
occurred. Consistent data over a longer timeframe
and additional analysis could shed light on the corre-
lation among incident rates, traffic levels, and con-
troller workload.

General Incidents

Although FAA has improved its collection and
analyses of ATC incidents since 1985, the agency
gives scant attention to other air carrier and GA
incidents. Aviation Standards manages the report-
ing process for these incidents, and maintains them
in its Accident/Incident Data System (AIDS). How-
ever, AIDS has limited analytical capabilities, and
the data, as currently processed, have little value
as accident data surrogates.

AIDS was established primarily for administra-
tive purposes; FAA cannot ensure easily that air-
lines report incidents accurately and consistently,
and does not make certain that its investigators proc-
ess the information properly. OTA compared the
distribution of incident reports by FAA region to
the accidents that occurred in each for the period
1980 to 1985. For this analysis, OTA assumed that
geography did not substantially influence the dis-
tribution of incident types (the ratio of incidents to
accidents depends upon incident type). For the sep-
arate categories of air taxis, commuters, and Part
121 carriers, OTA found large regional biases for
the ratio of total incidents to total accidents, vary-
ing from 78 to 1 to less than 1 to 2. For example,
7 percent of the Part 121 accidents and only 1 per-
cent of the incidents occurred in the Alaska Region,
while in the Great Lakes Region, 18 percent of the
accidents and 33 percent of the incidents happened.

Most of OTA’s sources, inside and outside of
FAA, familiar with this incident database believed
that it is not valid for analytical purposes. OTA’s
review of the database and data system confirm that
the data should not be used for measuring changes
in aviation safety. However, DOT’s annual report
to Congress pursuant to the Airline Deregulation
Act,34 as well as some journalists, have used AIDS
incident trends in published analyses.

The Aviation Safety Reporting System offers an
alternate source of incident information. Since
reports are made voluntarily, and many pilots do
not know of the existence of ASRS, it is difficult
to determine the validity of trends in the data over
time, although ASRS can provide insight into the

‘*Ibid, p. 3-68.
‘]Ibid, p. 3-100.

“U.S. Department of Transportation, Annual Report on the  Effi.t
of the Airline Deregulation Act on the Level of Air Safety (Washing-
ton, DC: February 1987).
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underlying causes of incidents, especially the role
of human factors. Consequently, while ASRS anal-
yses can recommend preventive measures for cer-
tain classes of incidents, they cannot conclusively
determine the rate of incident occurrences. How-
ever, ASRS offers supplemental information to other
databases on trends and distribution of incidents
such as NMACs and runway incursions. Moreover,
unlike AIDS, the ASRS reporting format is designed
to facilitate computer entry and analysis, the data
are reviewed and encoded by experienced analysts,
and numerous quality control procedures are used
to ensure proper data processing.

OTA examined the relative prevalence of cate-
gories of ASRS incidents and compared them to ac-
cident data. NASA categorizes incidents by “pri-
mary problem, ” a classification quite similar to the
“primary cause factor” used by Boeing in accident
groupings. ASRS data indicate that from 1981

through 1986, the flight crew was the source of the
primary problem in 69 percent of the air carrier in-
cidents. Boeing’s summary of worldwide commer-
cial jet accidents from 1976 to 1986 also shows flight
crew error as the primary cause in about 65 percent
of the accidents.35 Other categories do not- match
quite as well. ASRS data cite the aircraft and
ATC/airports as the problem in about 6 percent
and 22 percent of the reports respectively, while Boe-
ing’s analyses indicate that the aircraft accounts for
18 percent of the accidents and ATC/airports cause
less than 5 percent. Such differences illustrate the
errors that can be made in using the number or per-
cent of incident reports to prove a point; nonethe-
less the incident reports are valuable analytic tools.

15The  National Transportation Safety Board’s broad statistics can-
not be used here as easily. Since multiple causes and factors are pub-
lished instead of a single  primary cause for each accident, Awation
Safety Reporting System and National Transportation Safety Board
data cannot be compared by percentage.

ACCIDENT/INCIDENT CAUSAL FACTORS

The primary causal factors (see chapter 4) of ac-
cidents and incidents are aircraft capabilities, per-
sonnel capabilities, traffic environment, weather,
and random events. However, all of these factors
are not amenable to trend analyses. For example,
while weather is a key factor in aviation safety,
weather-related accidents usually stem from insuffi-
cient weather information or errors in human judg-
ment. Most would agree that a serious degradation
of aircraft, personnel, or traffic system capabilities
would likely result in a decrease in safety and a need
to develop countermeasures. Therefore, changes in
these three causal areas offer early warnings for Fed-
eral and industry safety attention.

Aircraft Capabilities

Commercial aircraft36 are designed and main-
tained to extraordinary standards, with multiple
redundancies and wide operating margins. Although
their components occasionally fail, few of the failures

‘Transport category airplanes (see 14 CFR 25), such as the jetliners
common to the major air carriers, are the only ones explicitly consid-
ered In this section. Aircraft certificated under 14 CFR 23, SFAR 23,
and SFAR 41, such as those used by commuter and regional airlines,
were not addressed.

become serious accidents, and most component
failures, even some that result in accidents, have a
small direct impact on passenger safety. Indeed, most
component failure accidents involve no collisions
or crashes, and few fatalities. Aircraft component
failure initiates 35 percent of the total accidents by

Part 121 scheduled passenger carriers, but just 18
percent of the fatal accidents. Moreover, of the pas-
senger airline fatal accidents initiated by component
failures between 1975 and 1986, only one involved
an airplane that had become unflyable.37 Flight
crew capabilities played a major role in the other
accidents. On the other hand, each component fail-
ure indirectly affects safety—from distracting the
flight crew to limiting the airworthiness of the
aircraft.

FAA, airlines, and manufacturers collect detailed
data on the mechanical reliability of commercial air-
craft, and the databases show many improving, and
few adverse, trends in aircraft reliability. Because
of close monitoring of aircraft performance, and the
economic incentive to the airlines and manufac-
turers, aircraft component reliability problems are
solved quickly,

“DC-10  accident, Chicago, IL, May 25, 1979.
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Engine Shutdown and Failure Rates

Modern jetliners are capable of operating safely,
even in the unusual event of an engine failure in
any phase of flight; indeed, engines are sometimes
shutdown in flight as a precautionary measure if a
problem is detected or suspected. All in-flight en-
gine shutdowns must be reported to FAA; the air-
frame and engine manufacturers also keep close tabs
on these data.

The engine shutdown rate declined for U.S. jet
fleets during the past decade, with the current en-
gine shutdown rate for the familiar B-727s, B-7375,
and DC-95, falling to about half the rate of the mid-
1970s. 38 (See figure 5-6.) A more critical subset of
these events, engine noncontainments39 for a spe-
cific aircraft type, occur fewer than 10 times per year
worldwide. These are broad statistics; specific en-

‘HFederal  Aviation Administration Air Carrier Aircraft Utilization
and Propulsion Reliability Reports and Boeing Commercial Airplane
Co. data.

‘9A noncontainment occurs when an engine component fails and
penetrates the outer casing of the engine.

Figure 5-6.–Basic In-flight Shutdown (IFSD) Rate,
(domestic operators only) B727/JT8D Engines
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SOURCE: Office of Technology Assessment based on Boeing Commercial Air-
plane Co. data.

gine model series, as well as individual air carrier
maintenance practices, should be considered in en-
gine reliability analyses. However, these data show
that overall, engine reliability is not a problem.

Safety Reliability of Other Components

The airframe manufacturers collect data on the
failure rates of other aircraft parts, such as hydrau-
lic, pressurization, and electrical systems. OTA ob-
tained data for worldwide fleets only,40 but they

showed that these events also occur infrequently.
In-flight pressurization loss and single system elec-
trical power loss happen about 5 times each in a
million flight-hours. The trends over time for these
events are shallow, and depending on the aircraft
type, increase or decrease. Single system hydraulic
power loss occurs more frequently (about 60 events
per million flight-hours in 1986), but the rates have
consistently declined for all the Boeing models.

Airlines are required41 to report certain aircraft
failures, defects, or malfunctions to FAA. This in-
formation, along with reports from independent
maintenance and repair facilities, are entered into
FAA’s Service Difficulty Reporting System (SDRS).
The large volume of SDRS data-enables FAA to
identify aircraft mechanical problems that could
otherwise go unnoticed. However, FAA does not
enforce the reporting requirements or verify the ac-
curacy of the data. While SDRS data trends are use-
ful as problem alerts, they do not constitute sound
measurements of aircraft component reliability

changes.

Unscheduled Landings

Due to the cost involved42 and the incon-
venience to the passengers, an airline will divert a
flight to an airport other than the final destination
only if a serious event occurs. While some unsche-
duled landings, resulting from weather-related air-
port closures or passenger medical emergencies, are
beyond the control of the airline, maintenance or
operating practices may cause mechanical-related
flight diversions. If the criteria for deciding on
whether to divert remain consistent, trends in

‘Boeing data.
4114 CFR  121.T03  and 121,705 Uan. 1> 1987).
qZFor  example, the average  direct operating expense for Boeing 727-

200s in air carrier service is over $2,100 per hour.
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mechanical-related unscheduled landings will give
one indication of changes in the reliability of criti-
cal aircraft components. FAA requires that airlines
report all unscheduled landings due to mechanical
difficulties or malfunctions. However, since these
reports are part of SDRS, the problems with data-
base validity discussed above apply.

OTA examined unscheduled landing data from
the SDRS database. A comparison of the unsche-
duled landing rates (reported events per departure)
for the major carriers revealed differences as great
as a factor of 12 among them.43 OTA obtained
some data, which are assumed to be accurate, di-
rectly from a few airlines. The FAA data on un-
scheduled landings ranged from more than 80 per-
cent below the airline records in one case to 12
percent above in another. OTA concludes that this
subset of SDRS data, as currently kept, cannot be
used for trend analysis or comparisons among
airlines.

Boeing also keeps unscheduled landing data, but
the data for U.S. operators was limited. The un-
scheduled landing rate for the B-747 (the only type
with available data) steadily declined since its in-
troduction, falling by half since the mid-1970s.

Personnel Capabilities

Theoretically, human performance reliability
could be measured in a similar manner, but data
collection on these capabilities is difficult, especially
in the operating environment. Human capabilities
such as motor skills, alertness, and cognitive skills
(for example, decisionmaking and judgment) are be-

q~h~se  differences usually  go unnoticed, since Federal Aviation
Administration inspectors review data from their respective carriers
only.

lieved to play major roles in human error-caused
aircraft accidents. Selection, training, experience,
and working conditions, as well as physiological, psy-
chological, and sociological status, affect the capa-
bilities of the aviation system work force. However,
the magnitude and direction of the interrelation-
ships between and among these factors is poorly un-
derstood. Current data on the underlying human
failure causes that culminate in accident-causing er-
rors are studied by only a few experts. Consequently,
identifying, developing, and implementing counter-
measures is hampered by limited understanding of
effective ways to modify human behavior and
attitudes.

Since human error is involved in the majority of
commercial aviation accidents, better collection and
analysis of data on human capabilities and failures
is the cornerstone of future gains in aviation safety.
Additionally, research and data collection to iden-
tify innovative and effective human error counter-
measures is essential.

Traffic Environment

About 20 percent of the Part 121 fatal accidents,
and less than 5 percent of total accidents, result from
traffic environment factors.44 Traffic environment
factors include the reliability of the ATC system and
airport and airway facilities, along with air traffic
levels and mixes. Any one, or several of these vari-
ables may be involved in any given accident. How-
ever, the traffic environment accidents that fall into
specific categories, such as midair collisions or those
caused by ATC errors, are so rare that trends can-
not be determined.

WOTA analysis of Nationa]  Transportation Safety Board accident
briefs.

MANAGEMENT PRACTICES

Managerial practices, from corporate policy-setting widely. This section describes changes in industry-
to pilot decisionmaking, affect airline safety. The wide practices since deregulation, and highlights sig-
selection and training of employees and the main- nificant differences among carriers.
tenance and operation of vehicles and equipment
are major components of the performance capabil- Currently, FAA evaluates management practices
ities of the aviation system. While FAA sets stand- through inspections, such as the on-site audits.
ards and conditions for these practices, individual Ideally, the FAA inspector becomes familiar with
airline procedures to meet these guidelines vary the details of an airline’s operations and is
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knowledgeable about practices at other carriers.
FAA uses inspections primarily for coaching and
disciplining airlines, rather than analysis, and has
kept few historical records of inspections.45 Conse-
quently, FAA has no systemwide qualitative data
on airline management practices or changes in them.
Moreover, many of the results or effects of manage-
ment practices are not investigated or are unmeas-
urable, and the complex interactions of management
processes leave few clear cause-and-effect trails.

Seeking supplementary sources for information
about changes in management practices over the

‘;U.S. Congress, General Accounting Office, Aviarion Saf&y:
Needed lmprmements in FAA $ Airline lnspmtion  Program Are Under-
way, GAO/RCED  87-62 (Washington, DC: May 1987), pp. 24-38.

past decade, OTA examined economic data re-
ported by the airlines, such as flight schedules and
maintenance expenses. Additionally, OTA solicited
answers to a confidential survey from airline pilots,
mechanics, and company officers, and through a
contractor, conducted case studies suppl
on-site interviews with four airlines.

Maintenance

As controlling operating costs became

:mented by

ncreasingly
important, attention focused on whether economic
pressures would force carriers to cut corners on
maintenance. OTA found that maintenance ex-
penditure data for the major carriers show no evi-
dence that airlines unduly cut costs. Moreover, the
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accident record for the large airlines and data on
aircraft mechanical reliability reflect no increase in
aircraft system failures, as might be expected if main-
tenance quality had deteriorated.

Declines in maintenance expense as a percentage
of total operating expense are not good measures
of changes in the quality of airline maintenance.
Technological advances and efficiencies from mod-
ern maintenance inspection devices and inventory
management systems affect maintenance expense,
while fuel costs and nonmaintenance labor are large
and widely fluctuating contributors to operating
costs. Maintenance expense trends for specific air-
craft types and models are more meaningful. Addi-
tionally, since maintenance requirements depend on
the amount of aircraft use, expense data should be
normalized by flight hours or departures.

Industry-wide on average, flight equipment main-
tenance expenses (in constant dollars) for specific
aircraft models have increased since the early 1980s
(see figure 5-7). Due to differences in accounting
methods, route structure, and fleet size and age,
maintenance expenditure comparisons among indi-
vidual airlines must be viewed cautiously. OTA ex-
amined data for the eight major air carriers that
operated the Boeing 727-200 during the past dec-
ade (1976 to 1986), since the B727-200 was the most
common aircraft model over that period. For each
airline, the trends in maintenance costs per flight-
hour and per departure have increased since 1982
and reached the highest levels of the decade in ei-
ther 1985 or 1986.46

OTA identified three broad maintenance-related
changes within the airline industry that warrant fu-
ture attention. The quality of maintenance is af-
fected by more contract maintenance, more aircraft
leasing instead of owning, and more flight opera-
tions and tighter schedules.

Major carriers have consistently contracted with
outside companies for about 11 percent (based on
dollars spent) of their maintenance needs, while the
smaller national carriers contract for about 40 per--
cent. The rapid growth of the national carrier seg-
ment of the industry (over 250 percent in flight-
hours in 10 years v. 21 percent for the majors) caused

+fiOne  airline  had its highest expense levels  with respect to depar-
tures only and not to flight-hours.

Figure 5-7.—Average Flight Equipment Maintenance
Expense for B727-200 Fleeta
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SOURCE: Office of Technology Assessment based on Research and Special Pro-
grams Administration data.

the total contract maintenance use for the indus-
try to increase from 12.5 percent in 1983 to 16 per-
cent in 1986. While contract maintenance should
not be any less safe than in-house maintenance, it
places an important aspect of a carrier’s safety net-
work in another company’s hands. Airlines, by reg-
ulation, must provide their own inspectors to mon-
itor contractors’ work, as the responsibility for
airworthiness rests with the operator-of the aircraft.
Contract maintenance, by its nature, is not as easy
as in-house work to monitor and manage.

The number and value of aircraft in scheduled
and charter services that are not owned by the car-
riers operating them has grown significantly. OTA
estimates that over half of all aircraft transactions
for new and used planes in the United States since
1984 involved leases. In 1986, leasing companies
bought 10 percent of the total output of Boeing and
Douglas; orders were expected to grow to 14 per-
cent in 1987. Since the aircraft’s long-term value is
not theirs to preserve, some operating carriers
changed some aspects of their maintenance pro-
grams. For aircraft nearing the end of their leases:
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. periodic inspections are used in lieu of perma~
nent fixes for complying with airworthiness
directives when possible;

. engines, airframes, landing gear, and other life-
limited components (replaced after a fixed num-
ber of hours or landings) are near the ends of
their estimated lives; and

. corrosion is treated only to the degree re-
quired. 47

Cost reductions such as these affect economic main-
tenance primarily, as opposed to airworthiness main-
tenance. For example, an aircraft that has been
flown up to a major overhaul requirement can be
worth as much as 65 percent less than one that is
progressively and currently maintained.48 While
leased aircraft meet airworthiness standards, the
question remains open as to whether operator-
owned aircraft that may receive more extensive
maintenance are safer. No industry-wide data are
currently available that compare the safety impact
of operator-owned aircraft maintenance to leased
aircraft maintenance.

Precise flight schedules are required for efficient
operation of hub and spoke systems. OTA research
corroborated press reports that pilots and mechan-
ics feel pressure, implicit and, in some cases explicit,
to overlook mechanical problems to prevent delays.
In addition, special FAA maintenance surveillance
conducted in 1987 found that a few airlines im-
properly deferred maintenance regarding minimum
equipment lists, a problem FAA addressed in spring
1988 by tightening required procedures. Finally,
OTA research indicates that several airlines do oc-
casionally postpone maintenance, and many choose
lower levels of maintenance when cash flow is a
problem or when using leased aircraft.

Operations

The major operating changes in commercial avia-
tion over the past decade were the expansion of hub
and spoke systems and the record growth in flights
by the major, national, regional, and commuter air-
lines. The primary impacts are that airports have
reached their traffic capacity limits, and airline

‘7Slmar,  Hellieson,  and Eichner, “Safety of the Air Transportation
system in a Deregulated Environment,” OTA contractor report, OC-
tober 1987.

‘UIbid.

schedules have increased demands on the air traf-
fic system equipment, facilities, and personnel, cre-
ating traffic congestion and delays (see chapter 7).
Additionally, operating practices affect the number
of flight-hours and departures experienced by each
airline’s pilots and aircraft.

Since the early 1980s, the airlines, on average,
have increased the number of flight-hours and
departures per aircraft per day, although current uti-
lization rates are generally below 1979 levels for air-
craft types in existence before deregulation. Since
maintenance requirements are primarily flight-hour
or cycle dependent, increased utilization necessitates
more frequent maintenance on a calendar basis. Ad-
ditionally, the major airlines have increased the
productivity of their mechanic work forces. Seven
of the 10 major carriers in existence at the end of
1986 operated more flight-hours per mechanic re-
cently (1983-86) than they did prior to deregulation.

Of greater concern is the effect of increased hours
and departures per day on pilot performance. While
FARs set limits on flight-hours over various time
periods, they do not address duty-hours or depar-
tures, both of which affect pilot fatigue and are cov-
ered in the aviation regulations of other countries.
(See chapter 6.) Few airlines keep track of pilot duty
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time; the pilots from five out of eight large airlines
responding to OTA’s survey indicated that duty
time has increased or become more inconvenient
since deregulation. On the other hand, pilot flight-
hours have not changed much, since they have re-
mained close to the upper limits established either
by labor contracts or Federal regulations. Other
environmental factors, such as operational complex-
ity and traffic density, also affect pilot fatigue. How-
ever, recent considerable gains in the understand-
ing of fatigue have not been transferred to the
operating setting.49

Hub and spoke systems require finely tuned flight
schedules—a single flight cancellation or delay can
disrupt the flight connections for passengers in many
cities. Self- or management-induced pressures to
meet schedules may adversely affect pilot perform-
ance and decisionmaking. One pilot stated that he
believed intimidation was the intent when his air-
line made computer checks of pilots’ maintenance
entries in the aircraft logbooks; those who were per-
ceived by management as making too many entries
were called into the chief pilot’s office and required
to justify their actions. The effects of such stress fac-
tors are difficult to quantify. See chapter 6 for fur-
ther discussion of the effects of stress.

Regional/Commuter Airline Operations

According to RAA, consolidation of the com-
muter and regional airlines is expected to continue
into the early 1990s, with two-thirds of currently
operating airlines merging or failing and many be-
coming wholly or partly owned by the large air-
lines.50 This development can be beneficial for
safety if the parent company imposes strict operat-
ing and maintenance requirements on closely linked
affiliates. For example, Allegheny Airlines (now
USAir) formed the Allegheny Commuter System
in 1967 and required that member airlines adhere
to standards more stringent than FAA’s in return
for marketing, scheduling, and financial services.
From 1970 to 1980, the Allegheny Commuters had
a better safety record than the jet carriers.51

4qR Curtis Graeber, National Aeronautics and Space Administra-
tion, “Ames Research Center, personal communication, Mar. 2, 1988.

‘Aviation Week & Space Technology, “Economics, Code Sharing
Threaten Survival of Commuter Airlines,” Apr. 27, 1987, p. 57.

5] Clinton V. Oster,  Jr. and C. Kurt Zorn, “Commuter Airline
Safety,” Deregulation and the New Airline Entreprenuers, John R.
Meyer and Clinton V. Oster,  Jr. (eds.) (Cambridge, MA: The MIT
Press, 1984), ch. 5.

Some major carriers have placed regional pilots
on their seniority lists and guaranteed future em-
ployment opportunities. Pan Am established such
an arrangement after purchasing Ransome Airlines
(now Pan Am Express); the pilot turnover rate went
from 12 percent per year to approximately zero.52

Continental Airlines, which owns Britt Airways,
PBA, Rocky Mountain Airways, and a major in-
terest in Bar Harbor Airways, established a com-
muter division to coordinate aircraft purchases and
pilot training. Continental plans to replace the 20
types of aircraft used by its affiliates with just 3 types
and to the standardize the training of mechanics
and pilots. Additionally, Continental is using its re-
gional airlines to train pilots for the parent com-
pany. For example, some new hires fly as flight engi-
neers on Continental for 1 year, then become
co-pilots on a Continental Express aircraft, and fi-
nally move up as co-pilots at Continental (although
some will fly as captains at the regional first).53

One conclusion of FAA’s National Air Transpor-
tation Inspection program was that “. . . a signifi-
cant change in operations of an existing carrier, such
as a change in range of operation or in size of air-
craft flown . . . can provide a warning signal for po-
tential problems.”54 Yet the principal inspector as-
signed to a Part 135 commuter often is responsible
for a number of other airlines. For example, the prin-
cipal operations inspector for one commuter airline
testified before NTSB that he did not have time to
carry out his oversight tasks effectively because he
was responsible for 20 other certificate holders.55

While the expected consolidation of regional/com-
muter airlines may ease some of FAA’s workload
in the future, the ensuing turmoil as the reorgani-
zation takes place warrants close FAA attention.
Moreover, the upturn in the commuter accident rate
for 1987 is noteworthy; in only one other year since
1978 did the rate increase from the previous year.

JzTim Cwik, director of operations, Pan Am Express, personal com-
munication, Mar. 10, 1988.

sjAviation  wf&k & Space TwhnoloW, “Regional Airlines play Key
Role in Continental’s Pilot Development,” Nov. 16, 1987, pp. 40-41.

54U.S. Department of Transportation, Federal Aviation Adminis-
tration, “National Air Transportation Inspection Program,” report for
the Secretary, Mar. 4- June 5, 1984, p. 36.

55Jim Burnett, chairman, National Transportation Safety Board,
“Safety Recommendation to Federal Aviation Administration,” let-
ter, Oct. 9, 1986, p. 7.
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Employee Selection and Training

Aviation professionals—pilots, controllers, me-
chanics, and others—are the key components of the
air safety system. Their skills and flexibility prevent
countless mishaps each day, while their mistakes are
dominant factors in aircraft accidents and incidents.
Employee selection and training are important meth-
ods used by the airlines and the Federal Govern-
ment for controlling human errors, though they are
not panaceas (see chapter 6). Airline flight crew selec-
tion and training have changed markedly in the past
decade.

Selection

Although flight crew hiring declined between 1979
and 1982, strong traffic growth brought record de-
mand for pilots, and more pilots have been hired
since 1983 than in the period from 1967 to 1983.
Data collected by the Future Aviation Professionals
of America indicate that, on average, a greater per-
centage of new hires have no military experience,
have less than 2,000 hours total flight-time, have
no jet or turboprop experience, and have no air-
line transport pilot or flight engineer certificate. Air-
lines are also relaxing requirements for age, educa-
tion, eyesight, and physical size.

Examined by airline type, these changes are more
pronounced (see table 5-7). The most notable
change 56 for the major carriers is that new hires
with less than 2,000 total flight-hours have increased
from less than 2 percent to more than 13 percent.
For the nationals, the number of new cockpit crew
members with military experience57 has dropped

‘All changes are for the period 1983 to 1986.
‘;The airlines regard military backgrounds highly. The military serv-

ices have rigorous pilot selection and training requirements; only the
most skilled and motivated pilots earn their wings.

However, from the aspect of cockpit management and decisionmak-
ing, the “can do” attitude instilled in the military flyer is not appropri-
ate if applied to commercial passenger operations.

from 82 to 34 percent. At other jet carriers and re-
gional airlines, 29 percent of the new hires have no
jet or turboprop experience, compared to less than
3 percent at the larger airlines. Finally, the number
of new pilots at the regional carriers with less than
2,000 hours of total flight-time increased from less
than 9 percent to 29 percent.

Flight-time or military background, although used
for years by the airlines, are only rough estimates
of actual pilot skills. Developments in aircraft and
training technologies may correct some deficiencies
in pilot experience. Accident statistics for the large
airlines show no correlation with pilot experience;
no aircraft involved in an accident since 1976 was
flown by a captain with 2,500 hours or less of flight-
time. Actual experience in a specific aircraft type
and airline might be more predictive of accident risk.
However, OTA is aware of no studies in this area,
though NTSB and FAA have warned against pair-
ing inexperienced captains with inexperienced co-
pilots.

The rapid growth of the large carriers has meant
increased competition for limited resources, a bat-
tle the regional/commuter can rarely win. The de-
mand for more commercial airline pilots places ad-
ditional pressure on the regional/commuters: they
must compete for new hires and at the same time
see a large number of their trained pilots leave for
the high paying majors. Some small airlines have
experienced pilot turnover rates exceeding 100 per-
cent per year.

Training

A comprehensive analysis and qualitative com-
parative assessment of employee training programs
across the airline industry is beyond the scope of
this study. The best source for such information
would be FAA inspections and audits; however,
these data are presently unavailable or inaccessible.

Table 5-7.—Qualifications of New-Hire Commercial Flight Crews (percent, by year)

Major airlines National airlines Other jet airlines Regional airlines
Pilots with 1983 1986 1983 1986 1983 1986 1983 1986
Less than 2,000 hours total

flight time . . . . . . . . . . . . . . . . . . . . . . . 1 13 0 11 14 12 9 29
No military experience. . . . . . . . . . . . . . . 46 56 18 66 55 70 83 88
No jet or turboprop flight time. . . . . . . . 1 2 1 6 24 29 32 28
No air transport pilot certificate and

no flight engineer certificate. . . . . . . . 18 26 24 41 42 56 77 76
SOURCE: Office  of Technology Assessment based on Future Avlatlon Professionals of America data, as of May 1987.



111

OTA relied upon case studies of selected carriers
and the responses to survey questionnaires for in-
sight on quality differences over time and among
the airlines.

After a series of highly publicized incidents and
increased attention by labor unions to airline train-
ing programs, FAA announced an initiative to ex-
amine FARs dealing with pilot training. Whether
or not the quality of training at some airlines has
declined recently, over the past 15 years training
has substantially improved. Sophisticated, full-
motion simulators used by all the major carriers, or
other advanced training devices, allow training
scenarios (e. g., flight into severe weather, engine
fires, or other extreme emergencies) that could never
be permitted in actual training aircraft. Cockpit crew
management is a significant factor in a number of
air carrier accidents, and crew coordination train-
ing, used in conjunction with simulations of opera-
tional flights with full crews, adds an important
dimension to the background of the modern airline
pilot.

At least three U.S. carriers are establishing pro-
grams at universities to take pilot candidates with
no aviation experience and prepare them for air-
line careers. General aviation training has dwindled
in recent years—the number of private pilot certifi-
cates that were issued in 1986 represented a 35 per-

cent drop from the 52,000 issued in 1982. This re-
duction has come at a time when the airlines are
drawing fewer of their pilots from the military. More-
over, early training and experience has a strong in-
fluence on a pilot’s future performance—even after
he has received advanced training.58

While most airlines claim to have cockpit resource
management or line oriented flight training pro-
grams, OTA’s research indicates that relatively few
pilots experience them. United Airlines and Pan Am
are the only carriers with formal, annual crew co-
ordination training programs using full mission
simulation for all flight crew members. Most of the
pilots surveyed felt that present recurrent training
programs are insufficient; however, all confirmed
that the training is consistent with current regu-
lations.

Mechanics from three airlines indicated to OTA
that they believed that present Federal standards
for maintenance training are too low–for example,
recurrent training is not required for aircraft me-
chanics or inspectors. At one carrier, the number
of maintenance instructors was cut by 75 percent.

‘Frank Monastero, T.M. Monitor Corp., personal communication,
Mar. 7, 1988.

MANAGEMENT POLICIES

“Safety begins at the top” is an accepted maxim
throughout aviation. Senior corporate officials set
the safety framework within their organizations by
the policies they establish. Although airline and gov-
ernment officials alike profess a willingness to pay
any price for safety, in reality, this is impractical.
While safety is an important passenger concern, con-
venience and cost are the primary variables that de-
termine demand for air transportation.59

Cost control is critical to the success of any orga-
nization, and safety, like fuel, maintenance, or ad-
vertising, has a cost. However, safety costs are rarely

5%obert  W. Simpxm, Fhght  Transportation Laboratory, Massachu-
setts Institute of Technology, “A Theory for Domestic Airline Eco-
nomics, ” unpublished manuscript, January 1977.

defined clearly, since management of each element
in a system plays a role in safety.

In recent years, a number of airlines have elimi-
nated or cut back engineering, weather, medical, and
safety departments, thereby shifting some safety

responsibilities within the company and moving
other tasks outside the company. While changing
aspects of a redundant safety system may reduce
safety, a number of questions need to be answered
before such actions cause undue alarm. If marginal
improvements in other safety areas balanced the
loss, two layers of redundancy in 1988 could be more
effective than three layers in 1978, for example.

Since corporate actions are many steps removed
from accident rates, identifying a clear cause-and-
effect relationship may be impossible, although one
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measure of corporate safety policy might be relative
compliance with safety regulations. Adherence to
Federal regulations gives an indication of corporate
attitude or competence, both critical with regard to
safety. While FAA has records of the enforcement
actions taken against carriers that violated regula-
tions, no records have been kept on the amount
of inspection activity each carrier experienced over

time, preventing calculation of a valid violation
rate.60

@For further information on the potential uses of Federal Aviation
Administration inspection data records for measuring airline safety,
see U.S. Congress, General Accounting Office, Aviarion  Safery:  Meas-
uring How Safely Individual Airlines Operate, GAO-RCED-88-61
(Washington, DC: March 1988).

CONCLUSIONS AND POLICY OPTIONS

On the basis of its review of accident data, OTA
concludes that commercial aviation safety in the
1980s continues to be excellent. However, human
errors are the predominant causes of over 65 per-
cent of all accidents that do occur, and this distri-
bution has not changed in recent years. Moreover,
weather-related accidents from unexpected severe
conditions often involve faulty decisionmaking or
communications. Aircraft component failures, fac-
tors in over 40 percent of total accidents, are often
compounded by human error.

OTA examined numerous nonaccident safety
databases for indications of changes in safety risk.
While inadequacies in data collection and manage-
ment or the nature of the safety events limit the va-
lidity of such data, nonaccident databases in three
categories—ATC environment, aircraft reliability,
and human performance—can contribute to avia-
tion safety policy decisionmaking. For example,
while data on aircraft component failures indicate
improving aircraft system reliability, airline flight
operations, especially scheduling and timing, have
caused record levels of air traffic and controller work-
load in recent years. Increases in commercial avia-
tion traffic correspond closely to the rise in reported
NMACs, suggesting that future traffic growth is a
cause for concern.

The four major causal factors in commercial
aviation accidents are human performance,
weather, aircraft component failure, and the air
traffic environment. OTA concludes that the
greatest potential for additional safety problems
lies in the areas of air traffic, as continued vigor-
ous traffic growth and increased traffic densities
for longer periods of time at more airports could
outstrip the capabilities of the traffic system. How-

ever, continuing gains in aircraft mechanical relia-
bility and in understanding and coping with severe
weather could well outweigh the effect of even a siz-
able decline in air traffic safety. The rate of pilot
error-caused accidents has remained constant for the
past decade and few data on pilot performance have
been collected and analyzed from the operating envi-
ronment, making reliable predictions of future
trends difficult.

OTA concludes that if Congress wishes to im-
prove commercial aviation safety significantly, en-
hancing human performance is a top priority. Ci-
vilian aviation in the United States lacks a long-term
human performance research and development pro-
gram. While innovative research is best done out-
side of a regulatory agency, FAA could serve as the
focal point and catalyst for cooperative efforts at
understanding human performance and the factors
influencing it and communicating the findings to
the aviation system operators and managers. In the
short term, the resources and understanding within
FAA, NASA, the Department of Defense, univer-
sities, industry, and special interest groups could be
combined in advisory working groups. These could
provide guidance for developing and disseminating
training procedures for upgrading crew coordina-
tion and decisionmaking.

An important research area is the optimal design
and procedures for use of automation in the cock-
pit and in ATC facilities. Analyses of human er-
rors and their causes need to be implemented in the
airworthiness and operating standards for aviation
systems and organizations.

Increasing the capability to predict and detect
severe weather such as windshear and communi-
cate this information to the cockpit is another pri-



113

ority. Data also indicate that air traffic safety will
be further improved with the introduction of colli-
sion avoidance equipment and the expansion of
Mode C transponder requirements. Safety could be
upgraded through the addition of conflict alert ca-
pabilities at large radar terminals and the develop-
ment of ground collision alert and runway intru-
sion detection systems for airports.

Airline management operating practices, along
with the ATC system, are the control valves for
commercial aviation safety. Maintenance expense
data show increased spending (in constant dollars)
across the industry during the past 5 years. Some
airlines have lowered hiring standards, increased
duty time, and increased employee stress through
reorganizations and wage cuts. However, the effects
of these and other management practices on human
performance, and subsequently on system safety, are
difficult to quantify. FAA’s inside view of airline
management procedures through periodic and un-
announced audits and inspections is critical for
assessing the relative safety value of airline manage-
ment procedures and any changes over time.

OTA concludes that Federal oversight, through
standards, inspections, and enforcement is key to
upholding air carrier maintenance reliability and
operating safety. Three FAA responsibilities need
continued support: the training program for in-0
specters, work force levels sufficient to match
changes in industry operating patterns, and auto-

mated systems for tracking and analyzing FAA.
collected data and airline computerized records.
Based on the operating and marketing changes
underway, the Part 135 commuter industry warrants
the most critical FAA oversight during the shakeout
expected over the next few years. While it is too early
to draw conclusions regarding patterns or causes for
1987 commuter accidents, last year’s upturn in ac-
cidents is noteworthy; in only one other year since
1978 did the accident rate increase from the previ-
ous year.

improved safety data collection and analysis by
FAA would permit better Federal understanding o f
developin g aviation safety problems. While FAA
analyzes air traffic safety data and is upgrading its
collection and management of inspection data, the
agency could benefit greatly from analysis of air
carrier-related safety data, such as operating prac-
tices and all types of incidents. FAA principal in-
spectors have a good understanding of their respec-
tive air carriers’ safety postures; but they are often
unaware of the activities at other airlines. Addition-
ally, FAA requires only that airlines meet minimum
Federal standards; FAA might consider encourag-
ing airlines to strive to improve their safety posture
above the base level. A program to consolidate and
communicate the safty ‘knowledge
principal inspector and airline would
enhance safety.

from each
do much to


