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Safety can be jeopardized when aircraft deviate
from their assigned altitudes. Carefully
implemented altitude awareness programs
have been adopted by some airlines. These
proven programs focus on improving
communications, altitude alerter setting
procedure, crew prioritization and task
allocation, and ensuring correct altimeter
settings.
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Altitude Awareness Programs
Can Reduce Altitude Deviations

Safety can be jeopardized when aircraft deviate from their assigned altitudes.
Carefully implemented altitude awareness programs have been adopted
by some airlines. These proven programs focus on improving communications,
altitude alerter setting procedure, crew prioritization and task allocation, and

ensuring correct altimeter settings.

Capt. Robert L. Sumwalt IlI
President, Aviatrends

On a cloudy winter morning, a Boeing 727 was being radaBystem (ASRS).Known officially as a “pilot deviation from
vectored for approach and landing at O’Hare Internationadssigned altitude,” among aviators such an incident is often
Airport, Chicago, lllinois, U.S. The crew acknowledged acalled an “altitude bust.” The consequences of altityde
descent clearance to 7,000 feet (2,134 meters), followed ldeviations range from accidents, near-midair collisions, federal
the controller's immediate exclamation, “Maintain 8,000 feetviolations for crew members, and passenger and crew injuries
[2,438 meters] — | have an altitude bust!” from rapid flight maneuvers while recovering from the altitude

deviation?
All three flight crew members spotted another aircraft at their
altitude, headed directly towards them. “It looked like he wouldThe types of altitude deviations afi@lure to levelat the
be very close so | started a climb,” recalled the captain. Thassigned altitude in either a climbing or descending made;
first officer advised air traffic control (ATC) that the B-727 failure to maintairthe assigned altitude, i.e., the aircraft strays
was climbing to avoid the traffic. The controller replied, “Do from level flight; andfailure to attainthe assigned altitude),
what you have to.” The other aircraft slipped back into the.e., the aircraft does not reach level flight at the time or place
clouds and the two aircraft passed vertically within 300 feeprescribed by ATC.
(91 meters).

For the 12-year period January 1983 through December 1994,
Two airplanes are not supposed to be at the same place at &®&RS received 74,544 reports involving altitude deviations.
same time. An investigation revealed that the “intruding”Of those, 87 percent were categorized by ASRS analysts as
aircraft, a departure from O’Hare, had been expected to levlhving flight-crew causal factors. Figure 1 (page 2) shows an
off at 5,000 feet (1,524 meters). Because of a “readbackinnual breakdown of these incident reports.
hearback” communications error, the crew believed that they
had been cleared to 8,000 feet (2,438 meters). [ASRS warns, however, that certain caveats apply to the ABRS

statistical data. “All ASRS reports are voluntarily submitted,
This incident was reported to the U.S. National Aeronauticand thus cannot be considered a measured random sample of
and Space Administration (NASA) Aviation Safety Reportingthe full population of like events ... . This number may comprise
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Altitude Deviations Reported to NASA Aviation Safety
Reporting System for 1983-1994
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Figure 1

over half of all the altitude deviations which occur, or it mayclearances that each flight is issif¢@onsidering that this
be just a small fraction of total occurrences. We have no wayumber includes [deviation opportunities for] pilot[s] and
of knowing which ... . Only one thing can be known for surecontroller[s] ... , this is probably a conservatively low figurg,”

from ASRS statistics — they represent lineer measuref  the FAA study said. Some of the ways that human error |can
the true number of such events which are occurring.” lead to an altitude deviation include:

[Notwithstanding these caveats, incident data such as thosee The controller determines and assigns the wrong altitude;
collected by ASRS are “ideally suited for providing the
existence of a safety issue, understanding its possible causess The controller transmits the wrong altitude to the cockpit,
defining potential intervention strategies, and tracking the but the pilot does not read back the altitude assignment
safety consequences once intervention has begun,” says Sheryl and the controller does not request the readback;
Chappell, NASA ASRS Research Directpr.

» The pilot receives the correct altitude, reads back [the
In 1992, the U.S. Federal Aviation Administration (FAA) correct altitude, but enters the incorrect altitude in the
conducted a human factors study of altitude deviafiarse altitude alerter or mode control panel (MCP);
study estimated that a typical air carrier flight presents 100
opportunities for an altitude deviation. That number was <« The autopilot does not capture the MCP altitude setting;
derived after researchers estimated that for each clearance that and,
involves an altitude change, there are approximately 10
“altitude deviation opportunities.” That figure was then + The pilot accepts an altitude clearance meant for anather
multiplied by 10, the approximate number of altitude aircraft.
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“Some of the examples cited have multiple sources of errordfter adopting a USAir-type program, Alaska Airlines h

according to the FAA study. “For instance, a pilot could entefdramatically reduced altitude deviations.”

the wrong altitude in the altitude alerter/MCP because of the

confusion that results from similar digits in the speed, headingigures demonstrate the benefits of altitude awaren

or [aircraft radio] call sign, or because he or she anticipated@ograms. Nevertheless, figures alone cannot measure W

certain altitude which was not assigned by ATC.” carrier’s program is most effective. Each air carrier tracks
reports altitude deviations using different criteria. For exam

The FAA study included an altitude deviation data-collectiorsome of these carriers track only altitude deviations that rg

as
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program, in which pilots and controllers were encouraged tm FAA violations. Other carriers, such as United, track altitiide

report such events independently of ASRS and directly to th@eviations from several sources, such as in-house inci
study’s researchers. One hundred sixty-two reports were filegporting systems, FAA violations and other sources.
by flight crews and 496 were filed by controllers. Of those
reports having multiple sources of error, flight crews werePrior to implementing its program, USAir reviewed 150 ASH
determined to be the error source in 83 percent of the reporfacident reports involving altitude deviations. The revie
This compares favorably to the ASRS figure (87 percent) ofevealed that although sometimes quite complex, the maj
altitude deviations attributed to flight crews. The purpose o0bf the altitude busts could be placed into one of se
these figures is not to assign blame to crew members. Insteaditegories. Alimost one quarter of those reviewed invol
the statistics have value in suggesting that to reduce altitudbearback/readback” error, a predicament that arises wh
deviations, a logical starting point would be by developing ilot incorrectly reads back a clearance to ATC but
flight crew—centered program. controller fails to recognize and correct the error. Other rea
included improperly set altitude alerters/MCPs; distracti
Several U.S. air carriers have developed caused by passengers, other crewmemt
altitude awareness programs to help prevent or malfunctioning aircraft systems; failur
crew-caused altitude deviations. In 1986, A fundamental

the first U.S. carriers to implement a formal underpinning of an improper or lack of crew discipline an
altitude awareness program. The effec- . . procedures; and ATC operational errors.
tiveness of their program can be assessed  €ffective altitude finding common denominators amon
by the carrier’s record: during the nine years many altitude deviations, a proactive plé
that their altitude procedures have been in awareness program to combat the problem was developed.

place, more than 200,000 jet flights have must be emphasis on

been flown with no altitude deviation ) By comparing the benefits associated w
violations. Another well-documented ~Cleéar, unambiguous  a carefully developed altitude awarene

program was developed in 1990 jointly by : : program against the risks of altitud
USAIir and the U.S. Air Line Pilots communications. deviations, operators may find it desirab
Association (ALPA). In the 14 months to implement their own program. “Don’
following the program’s implementation, reinvent the wheel,” suggested Capt. D

USAIr reduced its rate of altitude deviations by more than 50/cClure, a leader in developing USAir's program. “Look
percent, a value considered “statistically significant” by FAAwhat other carriers are doing and then tailor their program
researchers. Through program refinements, USAir’s altitudét your operation.” Some key features in several effect
deviations were lowered by approximately 75 percent, aaltitude awareness programs are listed below:
compared to preprogram figuré$he program also provided
a framework for the 1992 FAA altitude deviation study. Improving communications. A five-year review of ASRS datg
showed that problems with the transfer of information
The success of these programs has led other carriers to adpgtarily voice communications — occurred in more than
various aspects of them. In 1992, American Airlinespercent of the reporfsA fundamental underpinning of a
implemented an altitude awareness program. Capt. Scott Griffiteffective altitude awareness program must be emphasi
managing director of Flight Operations Safety at Americartlear, unambiguous communications. This emphasis sh
Airlines, said, “We have adopted the USAIir program and havaaclude communications with ATC, as well as intracock
had positive effects with it in terms of reducing altitudecommunications.
deviations.” United Airlines noticed an almost immediate
reduction in altitude deviations after implementing its progranFor communications with ATC, proper radio phraseology
in early 1993. Figure 2 (page 4) depicts this improvement. crucial. Consistent use of proper phraseology establish
baseline for pilots and controllers, minimizing the char
Alaska Airlines also inaugurated an altitude awarenesthat a radio transmission will be misunderstood, 3
program. “Even our small rate of altitude deviations wasncreasing the likelihood that errors will be recognizé
unacceptable,” explained Capt. David Smith, who said thahcluded in this category must be an emphasis for pilot

of flight-deck automation to capture an
Midwest Express Airlines became one of altitude; improper altimeter settings;
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One Air Carrier’s Altitude Deviations Before and After
Altitude Awareness Program Implementation
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Figure 2

carefully read back to ATC all altitude assignments and thas designed® The study investigated 417 ASRS reports
aircraft call sign. which pilots erroneously read back clearances to ATC, but
errors were not caught by the controllers. “Readback/heart
The FAA's Aeronautical Information ManualAlIM) error” is the term that researchers assigned to this proble
recommends that pilots report “when vacating any previously
assigned altitude or flight level for a newly assigned altitudéAnother study, looking at operational errors at one ma
or flight level.” This radio call brings to the controller’s airport, determined that 22 percent of the reports invol
attention that a particular aircraft intends to change altitudegadback/hearback errdfsAnd in the 1992 FAA altitude,
and provides a cross-check of the altitude to which the aircrafieviation study, researchers examined 23 altitude busts
is proceeding. Although only a recommended call, the FAAnvolved readback/hearback errors. “In all of these cases
altitude deviation study suggested that this should be altitude deviation would have been prevented if the contrg
mandatory procedure for all air carriers. had noticed and corrected the error,” noted the 1992 alti
deviation study.
The pilot's readback of an ATC clearance is a safety net within
the ATC system. As a pilot reads back his or her understandirithis excerpt from an ASRS report illustrates the hearb
of a clearance, the controller is supposed to listen carefullyroblem: “Crew read back clearance to climb to 14,000 f
for any inconsistencies or errors, then reconcile the differencelgl,270 meters]. Passing 10,700 feet [3,264 meters] contr(
Nevertheless, in a 1986 ASRS stuthyman Factors in  said, ‘Maintain 10,000 feet [3,050 meters]'... . Controll
Aviation Operations: The Hearback Problemesearcher insisted we were cleared to 10,000 feet ... . Whether or
William Monan documented that this does not always workve were initially cleared to 14,000 feet is not the issue.
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read back a [possibly erroneous] clearance, we were netudied reports involved misinterpretations of the 10,000 f
corrected and we proceeded on the assumption that we welrg,000 feet altitude pair. The next largest category accou
cleared. | have been corrected by controllers for inaccurafer less than 5 percent of the total deviations in the data
readbacks many times. This time we were not ... .”" Figure 3 shows the altitude pairs that were confused V
others and led to altitude deviations.
Readback/hearback error is a double-sided error. First, the
pilot errs in the readback of a clearance; second, the controll&o minimize misunderstanding an altitude pair, when read
fails to correct the error. Monan said that among the reasomsck a clearance to an often-confused altitude pilots sh
that pilots make erroneous clearance readbacks astate the digits of the readback in two separate ways,
confusingly similar aircraft call signs; one pilot going off “cleared to one-one thousand, eleven thousand.”
the ATC frequency for reasons such as listening to automatic
terminal information service (ATIS), making public addressFor intracockpit communications, it is essential that a cf
(PA) announcements or making company-related radio callgross-check and challenge each other when there is a ¢
slips of mind and tongue (saying one thing and meaning
another); and an expectation of a certain clear&iReasons

that controllers fail to detect erroneous clearance errofs . .
include radio transmissions from other aircraft or landlines Percentage of Altitude Deviations
[telephones] at inopportune times, similar sounding call signs, By Altitude Pairing in Selected
heavy workloads, blocked transmissions and the controller NASA ASRS Reports, 1987-1990
“hearing” what he or she expected to h&ak!
. . 35,37
Because of tendencies by pilots and controllers to make 33,35
readback/hearback errors, an effective altitude awareness 31,33
program must remind pilots that reading back a clearange 20,31
does not guarantee clearance accuracy. As Donald R. Wilspn 28.29
wrote inAccident Preventiar'lt is unreasonable to assume 27.28
that a controller’s lack of response to a readback is tacit 26.27
verification of its correctness. Although many controllers 2526
understand the importance of hearback, they may overlogk 24,25
itin a busy period. Pilots should not assume controller silenge 2324
[as] verification, and they should ask the controller for 8 «» 2723
verbal confirmation.t® S 2122
| - 3 2021
Use of proper radio communication protocols and an £ 1920
understanding of readback/hearback errors can play a major £ 13 19
role in eliminating altitude deviations. In 1989, a combinatior .% 17,18
of language differences, nonstandard phraseology and| a 3 16,17
readback/hearback error became a lethal combination.AU.$.- S 15 16
based Boeing 747 cargo airliner was making a nonprecisign % 14,15
instrument approach to a southeast Asian airport in margingl 13,14
visual conditions at night. ATC cleared the airplane to descend 12,13
“two four zero zero,” meaning for the aircraft to descemd 11,12
2,400 feet (732 meters) mean sea level (MSL). The crew read 10,11
the clearance back as “O.K. Four zero zero” and descended to 9,10
400 feet (122 meters) MSL instead of the controller’s intende 8,9
2,400 feet MSL. The aircraft impacted terrain eight miles (14. 7.8
kilometers) short of the runwa$. 6,7
5,6
ASRS Directlingeported that certain altitude clearances ar 45
more likely to be misinterpreted than oth&®dhis finding 3,4
emerged after analysts reviewed a sample set of 191 ASRS 2,3
reports submitted between 1987 and 1990. Certain altitudes, !
according to the review, are more likely to be interpreted as 0 10 20 30 40
another altitude. “I believe that it is very easy to confuse source: U.S. National Aeronautics and Space Administration (NASA)
one-one thousand with one-zero thousand, and vice versa,” Aviation Safety Reporting System (ASRS)

wrote a reporter. The reporter’s suspicions were borne ot

by the ASRS review, which found that 38 percent of the Figure 3
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concerning the ATC clearance. If any cockpit crew member ¢ The PNF discontinues pointing to the alerter bef
does not agree about the assigned altitude, ATC must be getting a response from the PF;
consulted for confirmation. “Never come to an agreement

bre

by cockpit consensus [alone],” Wilson said. » The PF fails to point to the alerter, and may not look at

the inserted altitude; and,
Altitude alerter setting procedure. Virtually all transport
aircraft have an altitude alerter installed to notify pilots ¢ The alerter is incorrectly set on departure or dur

ng

(usually through an aural warning tone) that they are arrival to a clearance limit rather than to the appropriate

approaching their assigned altitude. Each time a new altitude  intermediate altitude constraitft.
assignment is received the new altitude is dialed into the

alerter's window or the altitude window of the MCP. The 1992 FAA altitude deviation study collected positive gnd

negative comments regarding this procedure. “Although
It is crucial that the correct altitude be set into the altitudeoncept is great, it is sometimes awkward and confusin
alerter/MCP. One airline’s study, for instance, revealed thatave arms crossing on the forward panels while one pilot
roughly one-third of its altitude deviations involved mis-setPNF] is trying to set the altitude, while the other pilot is tryi

the
g to
[the
ng

altitude alerterg?® to fly the aircraft,” said one pilot. While the procedure may
seem cumbersome at first, it should be kept in mind that without
The ASRS hearback study determined that after the altitudzoss-cockpit confirmation it is possible for an unauthorized
alerter was set, it tended to become the “sole authority faltitude to be set and go undetected. Another pilot commented:
what the aircraft’s altitude should be.” It also noted that pilot'Leaving your finger there makes the other pilot look, and

reliance on the alerter “appeared to blot out pilothelps you to listen.”

consciousness or awareness of the numbers as heard from

the controller. Time and time again, although both airmeiWhen a pilot receives an ATC clearance, that informatio
‘knew’ the correct altitude assigned to them, a mis-set altitudplaced into the brain’s “working memor$t’Information in the

is

selector was allowed to take the aircraft to an erroneous flightorking memory is forgotten with passage of time and with the
level.” inflow of additional information. For this reason, the altituge
alerter/MCP should be setimmediately upon receipt of clearance

This ASRS report illustrates the problem: “Center [cleared— even before the clearance is read back to ATC. The alti
us to cross XYZ at] FL [flight level] 290 [29,000 feet (8,845 readback can then be made by looking at numerals set i

ude
n the

meters)]. | wrote that down on my pad [but] the Captain sedlerter. This serves as an additional cross-check that the alerter’s

FL 240 [24,000 feet (7,320 meters)] in the altitude alerter. setting matches the numbers that are read back.
started down to cross at FL 290, then noticed FL 240 [set
into the alerter’s window] ... . Passing FL 250 [25,000 feeRltitude callouts. Air carriers typically require the PNF t

D

(7,625 meters) controller called asking our cleared altitudemake an altitude callout when 1,000 feet (305 meters) ahove
We replied FL 240 and he issued an immediate left turn witlor below the assigned altitude when descending and climhing,
similar instructions to another aircraft.” respectively. As part of its altitude awareness program, USAir

took a novel approach with these callouts, changimgmakes
Part of the altitude awareness program that Midwest Expresise calloutwhenit is done and specificallywhatthe callout
pioneered in 1986 involves a procedure to ensure that thwll be. The carrier is convinced that this shift contributed
correct altitude is set into the alerter. Said Capt. Davidts program’s success.
Phipps, one of the program’s architects: “As the pilot not

—

o

flying [PNF] accepts an altitude assignment from ATC, heThe PF now makes the altitude callout at USAir. The airline’s

or she inserts that altitude into the alerter, points to it andationale is that the pilot physically at the controls is the

bne

verbally repeats the altitude. This is a challenge, in effeavho must actually level the airplane at the desired altitude, so

asking the pilot flying [PF] to verify that the repeateditis critical that this crew member be keenly aware of altitu

de.

altitude is correct, and that the number inserted into th&JSAir felt that requiring the PF to make the altitude callout

alerter is also correct.” The PF then responds to thstrengthens this crew member’s altitude awareness. The
challenge by repeating the altitude that he or she heard apfithe PNF is to back up and challenge the PF if the callo
understood. If there is a difference in the understanding afot made.

the clearance this is the time to resolve it with ATC. The PF

role
tis

then looks at and points to the altitude alerter to confirndSAir discovered in its research that a pilot’s own altitude

that the proper altitude has beenSet. vigilance could become diminished by relying unconsciously
on the altitude alerter’s aural warning to remind him or her of
Phipps said common errors to avoid are: approaching level-off altitud&:°To combat this conditioning

USAIr stated that the altitude callout should be nyarite to
» The PF responds prematurely by pointing to the alertethe sounding of the altitude alerter’s “1,000 feet to level-g
before it has been set; tone?*

ﬂ:n
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Also changed was the way that the altitude callout was actualbyff point there may be a change in the rate of climb or desgent,
made. USAir’s previous altitude callout was “one to go,”which can be perceived by the crew as positive confirmation
meaning 1,000 feet to level-off. Now the PF announces théhat the aircraft will level at the desired altitude. This may allpw
altitude passing and then states the intended level-off altitudansuspecting pilots to divert their attention from the altitude
for example, “six thousand for seven thousand.” The carriecapture. “Monitoring needs to continue all the way to level-
believes that this method verbally brings attention to theff,” said Chidester and Martf.
altitude at which the PF intends to level. It may also raise a
guestion from another crew member such as, “Seven thousanil® noted in the ASRS hearback study, miscommunication |can
| thought we were cleared to set@eenthousand ?® arise when one pilot is off ATC frequency. Pilots can minim|ze
this by carefully timing these off-frequency excursions,
From a human factors perspective, USAir believes that thesecording to Capt. Gary Drska, director of flight standards
callout modifications help form a multilevel defense againsaind training at Midwest Express Airlines. “For example, if a
altitude deviations. The first level of defense is that the Ppilotis anticipating a clearance for lower altitude, delay making
will detect that he or she is nearing the desired level-ofthe ‘in-range’ call to company until after the new clearance
altitude. If the PF fails to make the callout, then the PNF wilhas been received,” said Drska.
make the callout, forming the next defense level. If both human
defense levels should fail to detect the nearing level-offVrote an ASRS reporter following a altitude deviation, “In
altitude, then the third defense level, the aural alerter, willhe future | will not make PA announcements while changjng
remind the crew? altitudes.” Along the same lines, crews should copy the ATIS
prior to beginning the descent.
Crew prioritization and task allocation. Said one reporter
to ASRS, “... we were cleared from 5,000 feet [1,524 meters]Vilson suggested developing a “pilot-off-frequency
to 6,000 feet [1,829 meters]. | read back procedure. “In multipilot environments,
the clearance and proceeded to do the when one pilot is off-frequency, the pilg
paperwork (filling out the aircraft logbook). One-quarter of the handling ATC should:
After the logbook was completed, | looked . .
up and noticed that we were at 8,500 feet pllot-reported altitude » “Test radio volume and ensure goqd

(2,991 meters] ... We Justweren't PN gejiations collected and  "*°*P"™

—

“Be sure that communication i

.
"z

analyzed in the FAA

One-quarter of the pilot-reported altitude . understood, and ask for clarification |f

deviations in the FAA study were StUdy were Categorlzed information is not clear;

categorized as task prioritization/ S .

allocation errors. An effective altitude as task pnontlzatlon/ “Always read back; and,

awareness program should encourage gllocation errors.

crews to refrain from doing extraneous » “Brief the other pilot when he returns

tasks (such as paperwork, eating and to the frequency as to what informatign

searching for the next destination’s approach charts) while was received, especially any changes in
the aircraft is climbing and descending. Many of these tasks clearances?®

can wait until the aircraft is level. On short hops it may be
difficult to delay some tasks until level-off, but the more timeTransition altitude. According to the FAA study, “Numerous
devoted to looking at the flight instruments during altitudeincidents occurred when the pilots either (a) failed to reset
changes, the greater the chances of preventing an altituttee barometric pressure setting on altimeters at the [transjtion
overshoot. altitude], or (b) checked only the last two digits of the
altimeter, leading to incorrectly set altimeters and an altitude
Capt. Griffith of American Airlines also suggested that pilotsdeviation. In addition, several of the ATC tapes reviewed
consider the last 1,000 feet of altitude change as a “miniatuiadicated that controllers sometimes communicate only|the
sterile period” where they focus their attention on two primarylast two digits of altimeter settings, which could potentially
tasks — instrument scan and visual monitoring for outsideesult in altitude deviations.” The study recommended that
traffic. [Griffith was referring to the “sterile cockpit rule,” pilots announce all four digits when resetting their altimeters
FAA-mandated in the U.S., that prohibits nonessentiaht transition altitude in descent. “If a crew receives fewer
activities during critical phases of flight.] than four digits from ATC for the pressure setting [QNH]
they should call ATC and ask for all digits,” the study
American also warns crew members that highly automatedecommended.
aircraft may create a “complacency surrounding the level-off.”
The problem, according to Chidester and Martin in Americario illustrate the importance of properly set altimeters, consjder
Airlines’ Flight Deckis that as the aircraft approaches the levela U.S. carrier operating overseas that almost became a
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controlled-flight-into-terrain (CFIT) accident. The second Flexibility Needed
officer heard incorrectly the altimeter setting from ATIS as

being 29.9linches of mercuryThe correct setting was 991 As with any flight program implementation, heeding responses
millibars.3° When issuing descent clearance, ATC gave thérom line pilots is imperative to validate procedural design.
altimeter setting as, “QNH 991.” instance, USAIr initially adopted Midwest Express’s altituge

a report to ASRS, “At 1,000 feet [3,048 meters] above MDAbuttons on the MCP. On another aircraft type, the alerter
[minimum descent altitude] captain called out ‘1,000 feet’ andocated too far from the captain.
shortly thereafter the second officer monitoring the approach

. called out ‘300 feet [91 meters] radio altitude — goMcClure said that a program will be most effective if it is simple
around!'... After the missed approach captain questioned towand compatible with the operating environment. “Find what
about altimeter setting level 29.91 and received confirmatiorworks for your operation, then strive for 100 percegnt
A second voice, however, corrected that statement to 9%tandardization,” said McClure. Drska added: “Like the sucgess
millibars ... . " of any program, it is imperative for check airmen to be onbqard

with it. It must be constantly reinforced during line checks and

The crew later computed that they were within 160 feet [48imulator training.” Both McClure and Drska agreed that in the
meters] of striking terrain. Considering their descent rate abeginning, certain procedures, especially pointing to the alti
1,500 feet [457 meters] per minute, they were within secondaerter, will seem awkward and burdensome for crew members.
of becoming another accident statistic. Figure 4 illustrate$atience is needed when implementing such a program| but
the altimeter difference. the benefits are well-worth while,” Drska said.

ASRS Directlinesuggested that to prevent such incidents|t is believed that other safety-enhancing spin-offs can result
approach charts should be reviewed prior to beginning descefitpm altitude awareness programs. Through the greater
approach and landing phase. “Each flight crew member shoukimphasis on precise radio communications, cross-cogkpit
pay particular attention to whether altimeter setting will beverification and enhanced crew coordination, pilots may| be
given in inches [of mercury] (Hg), millibars (mb) or involved in fewer runway transgressions, en route coyrse
hectopascals (hPaj'” deviations, and other aviation safety incidents.

Consequences of Incorrectly Set Altimeter in One NASA ASRS Report

What the flight crew saw with the At a setting of 991 hectopascals
altimeter incorrectly set to 29.91 The nonprecision approach (hPa), they were 120 feet (37 meters)
inches of mercury (Hg). had a minimum descent alti-  Pelow the minimum descent altitude.

tude (MDA) of 420 feet (128
meters). The graphic on the left

is what the flight crew saw with @

an incorrectly set altimeter.

The graphic on the right shows
that they were actually 120 feet
below MDA at the point of the
go-around. When executing a
nonprecision approach, it is
common practice to use a
higher rate of descent than for
an ILS. Thus by the time that
the aircraft's descent rate was

S) 4
arrested, they had descended @
as low as 160 feet (49 meters) <
above the surface. Nb /

Source: U.S. National Aeronautics and Space Administration (NASA) Aviation Safety Reporting System (ASRS)

- L lofof1]{2]o]2]6]

Figure 4
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Aviation Statistics

FAA Forecasts Highest U.S. Air Traffic
Growth in Regional/Commuter Airlines,
International Routes

FAA workload increases are expected to be moderate.

Editorial Staff Report

U.S. domestic air carrier passenger traffic is expected to groAwiation Regulations (FARs) Part 135 or Part 121, operates
at an average 4 percent annually through fiscal year (FY) 2008ircraft with a maximum of 60 seats and operates at least|five
but the regional/commuter segment of that traffic will climbscheduled round trips per week.
more steeply, at a projected 6.6 percent average annual increase.
U.S. international air carrier traffic is forecast to increase at 5.8.S. air carriers’ international traffic grew 2.8 percent, and
percent annually over the 12-year period of FY 1994-2006. trans-Pacific traffic — which had increased at an average 17.5
percent annually between FY 1986 and FY 1992 — decliped
U.S. Federal Aviation Administration (FAA) operations at0.2 percentin FY 1994. That decrease was offset by increases
airport towers are foreseen growing at a moderate 1.5 percenft6.0 percent to and from Latin America and of 4.2 percent
annually averaged through FY 2006, when calculated tover North Atlantic routes.
include the planned conversion of 50 FAA-controlled airports
to contract towers. The workload at the FAAs air route trafficThe regional/commuter industry expanded rapidly in 1994.
control centers (ARTCCs) is expected to grow at an averageérowth was 14.8 percent measured by passenger boardings and
1.9 percent through the 12-year period. 18.1 percent measured by revenue passenger miles (RPMs).

Those were among the forecastdA Aviation Forecasts: Looking ahead, the FAA projected U.S. air carrier domestic
Fiscal Years 1995-200Q@®ne of an annual series of reportsgrowth of passenger boardings at 6.1 percent higher in| FY
predicting the economics and traffic demands of U.S1995 than FY 1994, with another increase of 5.9 percent in
nonmilitary aviation, and predicting workload measures fofFFY 1996 (Table 1, page 12). A leveling-off was expected after
FAAtowers, centers and flight service stations. The report alsthat, with growth over the 12-year forecast period averaging
includes statistics for recent years. 4.0 percent per year.

The FAAreported that in FY 1994, the 10 major U.S.-registereBut the FAA also calculated that the domestic growth| in
airlines’ domestic traffic grew by 4.0 percent, but national/passenger traffic would increase load factors (the percentages
regionals’ traffic increased 50.7 percent. The FAA define®f airplane seats filled) more than it would increase operatipnal
major airlines as air carriers with annual operating revenueslume. Air carrier operations were forecast to increase gt an
of more than US$1 billion. Nationals have annual operatingverage 1.9 percent annually.
revenues between $100 million and $1 billion, and regionals

have annual operating revenues of less than $100 million. &.S. air carriers’ international traffic is anticipated to grow| at
commuter air carrier is one that is certified under U.S. Federan annual average of 5.8 percent over the forecast pefriod,
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measured by RPMs or boardings. “International travel is, to eaxpected to result in instrument operations at FAA towe
large extent, being driven by the strong demand projectegirports increasing at a somewhat faster rate than total air
in Latin American (6.3 percent annually in RPMs) andoperations,” the report said. It predicted an average an
trans-Pacific (6.2 percent) markets,” the report said. “Nortlyrowth of 1.7 percent in instrument operations.
Atlantic markets are expected to grow by 5.3 percent over the
forecast period.” ARTCCs are expected to be an average 1.9 percent b
annually during the 12-year forecast period. “The higher gro
U.S. regional/commuter airlines accounted for 10.5 percemate at en route centers, relative to activity at towered airp
of scheduled domestic passenger service in FY 1994. By Fiésults from the fact that commercial activity accounts fo
2006, these carriers are expected to board 13.7 percent sifnificantly larger percentage of center activity ... ,” the rep
domestic passengers. said. “Therefore, the projected increases in commercial air
activity, especially during the first three years of the foreg
In forecasting its own workload, the FAA noted that demangberiod, will have a much greater impact on total center traff
for its operational services at towered airports increased
marginally in FY 1994 after three declining years. ThroughAviation activity at FAA facilities, the report said, is expect
FY 2006, activity at FAA towered airports was forecast to growto expand at a slower rate than the general U.S. economy
1 percent annually on average compared with FY 1994 figuredifference was attributed to the expected decrease in mili

But because the 402 airports at which the agency providdlying, slower growth in general aviation and “higher load

tower services directly will be reduced to 352, activity at thoséactors, larger aircraft and longer trip distances flown
remaining was predicted to increase by an annual average e@dmmercial airlines#
1.5 percent (Table 2, page 13).

Editorial note: This article is based BAA Aviation Forecasts:
“The increased use of avionics by regional/commuter airlineBiscal Years 1995-200&eport no. FAA-APO-95-1. March
and general aviation aircraft, combined with thel995. Available from the National Technical Informatiq
implementation of additional airport radar service areas, iService (NTIS), Springdfield, Virginia, U.S.
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Publications Received at FSF
Jerry Lederer Aviation Safety Library

FAA Evacuation Study Pinpoints
Physical Characteristics That Affect Egress

Books: The Naked Pilotreviews human error accidents
in the light of biological and physiological traits.

Editorial Staff

Reports simulations were an individual subject’s age, weight, height,
gender and waist size. The factors most notably affected were
. . i . ) age, weight and gender: Increased subject age and weight/were
Aircraft Evacuations Through Type-Ill Exits Il: Effects of related to increased egress times, and male subjects gxited

Individual Subject DifferencebicLean, G.A.; George, M.H. . .
A special report prepared for the U.S. Federal AviationmUCh more quickly than females. Unexpectedly, passage width

Adminsiaton (%) Offce o Avaton i, Repot 10,1 " S O e vaines syfeanty,Tne it
No. DOT/FAA/AM-95/25. August 1995. 18 pp. Figures, they developed %etter strategies for emer genc evac:mtion
references. Available through NTIS.* y P g gency

during the repeated simulations.

@y\_/vo_rds: . The report concludes that studies of emergency airdraft
1. Aircraft Evacuations evacuation should account for the personal characteristi¢s of
2. Egress the individual subjects involved in the research. Physijcal

3. Human Factors characteristics such as age, weight and gender can gffect
4. Ergonomics research results significantly. In addition, the results of research

studies employing repeated activities can be affected as the
This report continues the study conducted for the U.S. Federglibjects gain experience.

Aviation Administration’s Office of Aviation Medicine on the

effect of aircraft passageway width on passenger exit duringdINCOF-I: A Code for Hail Ingestion in Engine Inletaterim
an emergency evacuation. (See also Report No. DOT/FA/eport. U.S. Federal Aviation Administration (FAA) Technigal
AM-95/22, Aircraft Evacuations Through Type-IIl EXits I: Center. Report No. DOT/FAA/CT-94-80. August 1995. 72 pp.

Effects of Seat Placement at the Exlthe second phase of Figures, tables, appendices. Available through NTIS.*
this study examined the effects of the width of the aircraft

cabin center aisle on the egress of individual subjects. Keywords:
1. Water Ingestion
Two subject groups, one consisting of persons between agesHail Ingestion
18 and 40, the other between ages 40 and 62, enacted a seBeFurbo Fan
of simulated emergency evacuations of an aircraft through Type
[l overwing exits. The exits were approached via passageway4ail ingestion into an aircraft’s engine is a major hazard dufing
of 6-inch (15.24-centimeter), 10-inch (25.4-centimeter), 13flight. Hailstones entering an engine inlet can affect all parts
inch (33.02-centimeter), 15-inch (38.1-centimeter), and 20ef the engine. Friction, collision and melding, heat,
inch (50.8-centimeter) widths. fragmentation and the accretion of dirt and oil alter the shape,
size and structure of the hailstones to cause mechanical damage
Evacuation times for each simulation were extracted fronand changes in engine performance. Power loss, compression
videotape recordings. The variable factors considered in th®/stem surges or the occasional flameout can result from
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hailstorm damage. The development of a means of determining addition to considering why accidents occur, BeaLty

the occurrence of such effects in relation to atmospheric ardiscusses human factors education and human facto
flight conditions is therefore extremely important to futuremanagement. The latter section provides further exam
engine design and operational procedures. of how cost-cutting measures and commercial pressure
airline employees adversely affect aviation safe
This report describes HINCOF-I, a code developed to predi@mphasizing that pilots are not alone in vulnerability
the motion of hailstones from the atmosphere, through an inlétuman error.
up to the engine face. The code is divided into two parts —
one to predict air flow, and the other to predict hail motionPilot Judgment and Crew Resource Manageméahsen,
The second part considers the changes that may occur in tRechard S. Brookfield, Vermont, U.S.: Ashgate Publishing G
physical characteristics of hailstones because of the alteririg95. 349 pp. Figures, tables, references, index.
factors described above. Inlet geometry and engine operation
characteristics are also included in the code so that any desir€dis book not only examines how decision making can
set of conditions can be included in a specific calculationapplied to the improvement of aviation safety, but a
HINCOF-I can be used to relate the spinner geometry —addresses the principles required to learn, teach and evd
conical or elliptical — to the possible diversion of hail at thejudgment. For pilots, this book provides foundations
engine face into the bypass stream. The code may also be usearning how to make better and safer decisions. For fl
to assess the influence of various hail characteristics on thstructors, it discusses how to teach and evaluate profess
distribution of hailstones over the engine face. judgment in their students.

Appendix A contains the methodology for determining the ailPilot Judgmentxamines the kinds of errors that pilots ma
flowfield of engine inlets. Appendix B lists the variables The book divides errors into instrument and control errg
considered in the code. procedural errors, and errors in decision making. The lasf
examined most closely. Decision-making errors incluy
continued flight with an instrument malfunction or illneg
failure to ask for help during severe problems and failurg
adhere to approved procedures and making decisions in

The Naked Pilot: The Human Factors in Aircraft Accidents or with inadequate or incorrect information.

Beaty, David. Shrewsbury, England: Airlife Publishing Ltd.,

Books
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1995. 310 pp. Figures, references, index. Human factors that influence judgment are divided into

categories: mental, moral, emotional, physiological, sog
David Beaty writes that approximately 70 percent of aircrafphilosophical, and individual personalities and attitudes; e
accidents in the last 25 years have been attributed to pilot @rdiscussed in turn. The author includes personal accour

human error. This book, the newly revised and updated editidnis own flight experience to illustrate the factors involved|i

of Human Factors in Aircraft Accidentsonsiders aspects of the decision-making process.
human nature — biological and psychological responses that

have been with us for millions of years — and addresses ho@hapter titles include “Introduction to Judgment Errof

these fundamental human failings have led to the loss dfudgment Models,” “Rational Judgment,” “Can Judgme

hundreds of lives. be Taught?,” “Stress, Fatigue, and Nutrition,” “T}
Assessment of Pilot Judgment,” “Complacency” and “R

The chapter headings outline each aspect of human natuvanagement in Aviation.” One chapter addresses the sp¢

under scrutiny: “Communication”; “To See and Not to See”;decision-making factors to be considering when piloti

“The Male Ego,” “Learning and Regression”; “The Clockwork balloons and gliders. Each chapter concludes with its ¢

Captain, or Deus in Machina”; “Boredom and Absence ofist of references.

Mind”; “Conformity: The Three-Head Hydra” and “Fatigue

and Stress.” Each chapter illustrates the results of these atly.S. Department of Commerce

too-human failings with horrific examples. This book containdNational Technical Information Service (NTIS)

detailed accounts of the circumstances in several major @pringfield, VA 221612 U.S.

carrier accidents. Telephone: (703) 487-4780
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Part Date

71 9/15/95

Advisory Circulars (ACs)

AC No. Date
00-2.9 8/15/95
00-44GG July 1995
23.1309-1B 7/28/95

150/5210-14A 7/13/95

Updated U.S. Federal Aviation Administration (FAA)
Regulations Reference Materials

U.S. Federal Aviation Regulations (FARS)

Subject

Designation of Class A, Class B, Class C, Class D and Class E Airspace
eas; Airways; Routes; and Reporting Poiiteorporates Amendment 71-25
“Amendment to the South Florida Low Offshore Airspace Area,” adop
10/28/95 and Amendment 71-26, “Airspace Designation, Incorporation
Reference,” adopted 8/23/95).

Title

Advisory Circular Checklisicancels AC 00-2.8A\dvisory Circular Checklist
dated 6/15/94).

Status of Federal Aviation Regulation&ancels AC 00-44FFstatus of
Federal Aviation Regulationglated July 1994).

Equipment, Systems, and Installations in Part 23 Airplgieascels AC
23.1309-1AEquipment, Systems, and Installations in Part 23 Airplat&ted
6/3/92 and Change 1 to AC 23.1309-1A, dated 8/5/92).

Airport Fire and Rescue Personnel Protective Clothjogncels AC 150/5210-
14, Airport Fire and Rescue Personnel Protective Clothidated 3/12/86).

2 Ar-
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Accident/Incident Briefs

not be entirely accurate.

Air Carrier

Unstabilized Approach Ends with
Runway Excursion

McDonnell Douglas DC-10. Minor damage. No injuries.

surfaced overrun area, the aircraft was stopped.

Complacent Crew’s DC-10 Landing
Ends in Overrun Area

Incorrect fuel-tank selection results in fuel shortage
during climb for Beech 55 Baron.

Editorial Staff

The following information provides an awareness of problem3he flight crew initiated a right 270-degree turn to exit t
through which such occurrences may be prevented in the foverrun area and reach a cargo taxiway. During the turn
ture. Accident/incident briefs are based on preliminary infor-nose wheel departed the hard surface, runway threshold |
mation from government agencies, aviation organizationsyere damaged and a small grass fire was started near the
press information and other sources. This information mayverrun area. At the gate, ground personnel determined

the aircraft had suffered minor damage to the nose wheel
main-gear tires.

An investigation determined that the flight crew had positior
for a straight-in approach more than 40 nautical miles
kilometers) from the airport at an altitude of 8,000 feet (2,4
meters). As the flight passed through 2,240 feet (683 met
airspeed was 215 knots, leading edge slats were exter
engines were at idle thrust and the descent rate was 1,26
(384 meters) per minute. At 1,000 feet (305 meters) ab
field elevation, airspeed was 213 knots with no changg
configuration or descent rate.

The flight data recorder indicated that the throttles w
advanced to slightly above idle during the landing phase
about 10 seconds as the airplane was held off the ground
the landing gear extended. The landing gear was extend
about 205 knots. Final landing flap configuration of flaps

but only engines no. 1 and no. 2 developed full reverse th

he
the
ghts

that
and

ed
56
140
ers),
ded,
D feet
ove
2 in

ere
for
until
od at
35

The DC-10 was on a coupled approach for Runway 04R inccurred at about 40 feet (12.2 meters) above airport elevation
visual meteorological conditions at night, but the aircraftand the flare was initiated at about 190 knots, with touchdg
landed long. After leaving the runway and after entering a hardat 185 knots. Reverse thrust was selected on all three eng

Wn
ines,
ust.
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The flight crew reported that they heard a ground-proximityAn engineering inspection of the handrail and latch found no
warning system (GPWS) callout of “Too low, gear” duringirregularities to account for its collapse. The operator sajd it
the approach, at which time they extended the gear. In additiowas considering adding alignment stripes to the handrajl to
a review of air traffic control conversations indicated that thénelp crews determine that the handrails are locked. Inspection
flight crew did not advise the tower controller or groundprocedures for correct locking have also been added to ¢rew
controller that the aircraft had left the runway. Controllers saiéhformation.

that the distance from the tower made it difficult to determine

whether the aircraft had left the runway. Landings on the . .
runway continued normally because controllers were not Frelghter C_raShe'_S FoIIowmg
advised of the problem. Engine Failure

The investigation found that the landing gear and flaps werBouglas DC-3. Aircraft destroyed. One fatality. Two serigus
not extended in normal sequence, that the Final Desceimjuries.
Checklist was not accomplished, that the captain did not
follow standard procedures by initiating a go-around afteiThe twin-engine DC-3 had taken off from a Canadian airport
receiving the GPWS alert and that the flight crew wasvhen the pilot declared an emergency and attempted to return
complacent. The incident is being used by the company fdo the airport.
training in all fleets.

During a turn to the runway, the aircraft descended and struck a

dike wall along a river. The DC-3 burst into flames and was

. i destroyed by the impact and fire. Witnesses to the accident
égn-!?\:(dter reported that the no. 2 engine was not running at the time of the

\ accident. Weather was reported as clear with unlimited visibility.

4
Ja

4

Corporate
Executive

A

Handrail Accident Seriously
Injures Passenger

Fokker F28. No damage. One serious injury.

The F28 had arrived in the United Kingdom after a flight from Twin Damaged After

a European city. When the flight arrived at its assigned gate, Botched NDB Approach

no ramp agent was present to maneuver the passenger loading

bridge. Beech 100 King Air. Substantial damage. No injuries.

A short time later, a ramp agent arrived but determined thathe twin-turboprop King Air with two crew members and
the loading bridge was set too high for the F28 andeven passengers on board was making a daylight
recommended that passengers deplane from the aircraftiondirectional beacon (NDB) approach in instrument
integral stairs. The stairs were deployed, but the flight attendanteteorological conditions. The pilot did not establish vispal
needed assistance from the ramp agent to reach and securedhtact with the runway until he was over the threshold.
left handrail. Passenger deplaning proceeded normally until
an elderly woman passenger leaned on the left handrail andAtthough the first officer recommended a go-around, the
collapsed. The passenger fell two meters (6.6 feet) to the rancpptain elected to continue the landing. Before touchdown,
and suffered severe chest, neck and head injuries. a propeller struck the ground about 1,600 feet (488 meters)
past the runway threshold. The landing gear contacted the
Three days later, the injured passenger and her husband wenaeway 2,486 feet (758 meters) from the threshold of [the
to be flown home on the same aircraft. Prior to boarding, thB,235-foot (1,597-meter) runway. The nose gear and propeller
captain checked the left handrail during his preflight inspectionyere substantially damaged but no one on the aircraft was
and it collapsed. injured.
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Other
General
Aviation

Rotorcraft

Fuel Tank Selection Cuts Emergency Mountain Slope Landing
Flight Short Executed After Engine Failure

Beech 55 Baron. Substantial damage. Two serious injuries.Bell 206. Substantial damage. No injuries.
After a normal takeoff in daylight visual meteorological Shortly after takeoff from a mountain top, the helicopter’s eng
emergency landing was executed. five days because of poor weather and heavy snowfall.

The pilot and a passenger were seriously injured when thgefore takeoff, the pilot cleared the snow from the airct
aircraft struck a tree. and from one engine inlet and ran the engine for abou

An investigation determined that the fuel tank selectors werpilot executed a 180-degree autorotation and the helico

The pilot had 30 hours flight time in the aircraft. visual meteorological conditions.
Crosswind Snags Loss of Control Follows
Single on Touchdown Preflight Oversight
Cessna 172. Substantial damage. No injuries. Hiller UH-12E. Substantial damage. One serious injury.

The pilot of the Cessna was attempting to land in a crosswinthe helicopter had been towed to the work area with a ship
reported to be gusting to 30 knots. Control of the aircraft wablock attached to the main rotor head. At the work site,
lost at touchdown and it departed the runway toward a nearlpilot and ground crew attached the main rotor blades, but fg
line of hangars. to remove the shipping block.

The aircraft collided with several 45-U.S. gallon (170-liter) When the aircraft lifted off from a trailer, the pilot was unat
drums, tearing off the nose gear and the right main landinp maintain control and the helicopter impacted terrain. The
gear. The 172 then struck an embankment, skidded acrossvas seriously injured and the helicopter sustained substg
parking lot and came to rest nearly a mile from the touchdowdamage. Weather at the time of the accident was report as
point. meteorological conditions with clear skies.

ine

conditions, both engines stopped during initial climb and arost power. The aircraft had been stranded on the mountain for

aft
20

minutes. The engine quit about one minute after takeoff. [The

pter

set in the auxiliary position and that the engines had stoppdanded hard on slightly sloping terrain. The aircraft sustained
because of fuel starvation. The pilot’s operating handboo&ubstantial damage. The pilot and one passenger were not
states that the main fuel tanks should be selected for takeaiffijured. Weather at the time of the accident was reported to be

ping
the
rgot

nle
ilot
ntial
isual
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Flight Safety Foundation

presents the

8th annual
European Aviation Safety Seminar (EASS)

“Aviation Safety:
Challenges and Solutions”

February 27-29, 1996
Amsterdam, Netherlands

For more information contact J. Edward Peery, FSF.
Telephone: (703) 522-8300 Fax: (703) 525-6047
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We Encourage Reprints
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Flight Safety Foundatiorklight Safety Digestthe specific article(s) and the author(s). Please send two copies of the reprinted mate|
the director of publications. These reprint restrictions also apply to all prior and current articles and information in all Flight Safety Fou
publications.

What'’s Your Input?

In keeping with FSF's independent and nonpartisan mission to disseminate objective safety information, Foundation publication
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