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National Transportation Safety Board
Abstract of Public Meeting
October 1, 1996

Safety recommendations
concerning the American Airlines 757 accident
near Cali, Colombia, Dec. 20, 1995
(subject to editing)

Summary:

As aresult of the investigation of this accident, and with the concurrence of the Aeronautica Civil of
Colombia, the National Transportation Safety Board recommends that the Federal Aviation
Administration:

Evaluate the effects of automatically stowing the speedbrakes on existing airplanes when high power is
commanded and determine the desirability of incorporating automatic speedbrake retraction on these
airplanes for windshear and terrain escape maneuvers, or other situations demanding maximum thrust
and climb capability.(Class |1, Priority Action) (A-96-XX)

Require that newly certified transport-category aircraft include automatic speedbrake retraction during
windshear and ground proximity warning system escape maneuvers, or other situations demanding
maximum thrust and climb capability. (Class |1, Priority Action) (A-96-XX)

Evaluate the Boeing Commercial Airplane Group procedure for guarding the speedbrake handle during
periods of deployment, and require airlines to implement the procedure if it increases the speed of
stowage or decreases the likelihood of forgetting to stow the speedbrakes in an emergency situation.
(Class |, Priority Action) (A-96-XX)

Evaluate the terrain avoidance procedures of air carriers operating transport-category aircraft to ensure
that the procedures provide for the extraction of maximum escape performance and ensure that those
procedures are placed in procedural sections of the approved operations manuals. (Class |1, Priority
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Action) (A-96-XX)

Require that all transport-category aircraft present pilots with angle-of-attack information in avisual
format, and that all air carrierstrain their pilotsto use the information to obtain maximum possible
airplane climb performance.(Class 1, Priority Action) (A-96-XX)

Develop a controlled flight into terrain training program that includes realistic simulator exercises
comparable to the successful windshear and rejected takeoff training programs and make training in such
a program mandatory for all pilots operating under 14 CFR Part 121.(Class 1, Priority Action)
(A-96-XX)

Require all flight management system (FM S)-equipped aircraft, that are not already capable of so doing,
to be modified so that those fixes between the airplane's position and the one towards which the airplane
IS proceeding are retained in the FM S control display unit and FM S-generated flightpath following the
execution of acommand to the FM S to proceed direct to afix. (Class I, Priority Action) (A-96-XX)

Inform pilots of flight management system (FM S)-equipped aircraft of the hazards of selecting
navigation stations with common identifiers when operating outside of the United States and that
verification of the correct identity and coordinates of FM S-generated waypoints datais required at all
times.(Class 1, Priority Action) (A-96-XX)

Develop and implement standards to portray instrument approach criteria, including terminal
environment information and navigational aids on FM S-generated displays, that match, as closely as
possible, the corresponding information on instrument approach charts.(Class |1, Priority Action)
(A-96-XX)

Until such time as common standards are developed for flight management system (FM S)-generated
displays and instrument approach charts, require the Jeppesen-Sanderson Company to inform airlines
operating FM S-equipped aircraft of each difference in the naming and/or portrayal of navigation
information on FM S-generated and approach chart information, and require airlines to inform their pilots
of these differences. (Class 11, Priority Action) (A-96-XX)

Require pilots operating flight management system-equipped aircraft to have open and easily accessible
the approach and navigation charts applicable to each phase of flight before each phase is reached. (Class
[1, Priority Action) (A-96-XX)

Examine the effectiveness of the enhanced ground proximity warning equipment. If found effective,
require all transport-category aircraft to be equipped with enhanced ground proximity warning equipment
that provides pilots with an early warning of terrain. (Class |1, Priority Action) (A-96-XX)

Require that all approach and navigation charts graphically present terrain information. (Class |1, Priority
Action) (A-96-XX)

Require that approach chartsto airports that do not have radar coverage available at the time of the
publication of the chart prominently state, on the chart, that radar coverage is unavailable. (Class I,
Priority Action) (A-96-XX)

Review, with the International Civil Aviation Organization (ICAO) member states, the naming
conventions used for standard instrument departures (SIDs) and standard terminal arrival routes
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(STARs), and urge member states with SIDs and STARs that do not follow the ICAO naming convention
to rename them in accordance with the ICAO recommendation. (Class |1, Priority Action) (A-96-XX)

Develop, with air traffic authorities of member states of the International Civil Aviation Organization, a
program to enhance controllers fluency in common English-language phrases and interaction skills
sufficient in assisting pilots to obtain situation awareness about critical features of the airspace,
particularly in non-radar environments. (Class 11, Priority Action) (A-96-XX)

Revise Advisory Circular 120-51B to include specific guidance on methods to effectively train pilotsto
recognize cues that indicate that they have not obtained situational awareness, and provide effective
measures to obtain that awareness. (Class 11, Priority Action) (A-96-XX)
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Appendices B-F from the Boeing B757-223 Cali
Accident Report

prepared and edited by Marco Grdning
9 May 1997

Preparer's Note

The Appendices were scanned from a photocopy of the report using Deskscan 11. Sizes of most figures
were in the region of 450K-600K. The figures were then worked over by hand with Paint Shop Pro
version 4.12 shareware, to reduce them by an order of magnitude or more without losing (and in some
cases actually enhancing) readability. Nevertheless, in Appendix F, some of the annotations to the FMC
readouts are difficult or impossible to read, as they were in the original.

There are 24 pages of CVR readout (Appendix B), 2 Approach charts (Appendix C), 1 Operating Manual
page (Appendix D), 2 photographs of the wreckage (Appendix E), and 5 pages of FM C readout
(Appendix F).

Appendix E, the photographs, are in JPEG format. The rest of the pages are in GIF format.

These files total about 1.2MB. Whoever wishesto look at all of them may wish to download the file
Cali.tar.zip, which isa compressed archive filein tar format. After transferring and saving, preferably in
its own directory with name <filename>, this file may be uncompressed with unzip <filename> and
un-tar-ed with tar xvf <filename>, which automatically extracts the GIF and JPEG files, which may then
be viewed using a browser or other tool. ZIP and TAR programs are standard for Unix. Windows95 or
NT users may wish to download one from the shareware source TUCOWS, which isalist of mirrors of
Winsock shareware available on the TUCOWS sites, for example, one of the German sitesis
Reutlingen-TUCOWS. Utilities with both ZIP and TAR are WinPack-Deluxe, WinTar-Remote (which |
used) and Turbo ZIP, to be found under Tucows Windows95/NT Compression Utilities.

M. Groning.
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APPENDIX B

COCKPIT VOICE RECORDER TRANSCRIPT

APPENDIX C

Cai VOR DME Rwy 19 Approach Chart Cali ILS Rwy 01 Approach Chart

APPENDIX D

from American Airlines 757/767 Operating Manual
AILERON AND SPOILER CONTROLS
Flight Controls, Chapter 12, page 11, dated 5/10/89
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APPENDIX E

Photographs of Wreckage (E-2)

APPENDIX F

Route Pages prior to impact
Reconstructed from the Accident Flight Management Computer
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Reports on the B757 Cali Accident from
Flight International

25 January 1996

American 757 Crashes

[Flight International, 3-9 January 1996, p5]

An American Airlines Boeing 757 which left Miami for Cali, Colombia, on 20 December crashed into
mountains at night, killing al but four of the 167 people on board. The aircraft was on its descent into
Cali from the north, which requires a step-letdown procedure using

VHF-omni-range/di stance-measuring-equipment navigation beacons. The aircraft hit a 12,000ft (3,660m)
mountain near the town of Buga, at about 9,000ft and around 18km (10nm) to the east of the letdown
track. Cali isin a steep-sided, north/south-orientated valley, with its runway aligned for the terrain
(01/19), and the letdown procedure amost straight. The Colombian Civil Aviation Authority says that all
navigation beacons were serviceable, the flight-data recorder and cockpit-voice recorder readouts implied
no technical problems, and that the crew reacted to a ground-proximity warning-system alert, but too late
to save the aircraft. Thereis no indication as to why the 757 was off track.

Air safety takes a dive

by David L ear mount [excer pts, Flight International, 10-16 January 1996, p8]

[..] The American 757 crashed into a 12,000ft (3,600m) mountain near Cali, Colombia, killing al 160
people on board. The accident has already been attributed by the US and Colombian authorities to
aircrew error. Now US Federal Aviation Administration Administrator David Hinson has ordered a
review of American Airlines pilot training and cockpit procedures. Colombian accident investigators
confirm that the 757 crew failed to carry out a pre-descent approach briefing or checks. Cali Airportisin
a steep-sided north/south-orientated valley.

The co-pilot first called Cali air traffic control (ATC) when the flight was 63 miles north of the Cali VHF
omni-range/distance measuring equipment (VOR/DME) navigation beacon, descending to 20,000ft. He
received clearance to descend to 15,000ft and proceed direct to the Cali beacon. Thisis south of Cali
airport and is the key beacon in aVOR/DME step-letdown to the runway (01/19). The northbound
runway direction (01) is normally used because it has an instrument-landing system. The 757's autopilot
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was engaged and the flight-management system (FMS) selected to the lateral navigation mode. ATC has
no effective surveillance radar once aircraft reach mountaintop level - about 15,000ft.

Because the airport wind was calm, the controller offered the crew an approach to the southbound
runway (19). The crew accepted, and was cleared for "the VOR/DME 19 Rozo One arrival”, and told to
report reaching TuluaVOR. Tulua, 63km (34nm) north of Cali Airport, marks the start of the Rozo One
VOR/DME approach; Rozo is anon-directional navigation beacon on the approach 5km north of Cali
Airport.

The aircraft, however, had already passed the Tulua beacon, but the pilots apparently did not realise this.

The crew requested clearance direct to Rozo, and then "...do the Rozo arrival". ATC had said, after some
further exchanges, "...affirmative, direct Rozo One and then runway 19", but repeated that the crew had
to report over Tuluafirst.

ATC advised that, after Tulua, the approach consisted of reaching 5,000ft by 21nm DME [from the Cali
beacon].

Meanwhile the crew continued descent through the cleared 15,000ft, with airbrakes selected to increase
the rate of descent. When they finally entered Tulua on the FMS, the aircraft began afatal 90s left turn
(initially eastward) to return to the beacon.

Then the pilots selected heading mode on the FM S and turned the aircraft right. The aircraft hit the
mountain with the ground-proximity-warning system ordering "pull-up”. The airbrakes were still
deployed.

Off target

excer ptsfrom the 1995 Airline Safety Review by David L ear mount [Flight International, 17-23
January 1996, pp24-34]

[..] the biggest shock of 1995 was the American Airlines Boeing 757 CFIT crash in December near Cali,
Colombia. Thisinvolved an airline with one of the best safety records in the world and an aircraft type,
which, inits 13-year operational history, had not suffered afatal accident before. Y et the initial reports of
the Colombian Civil Aviation Authority and the US National Tranportation Safety Board, based on
readouts from the 757's cockpit-voice recorder (CVR) and flight-data recorder, have stated categorically
that the crew failed to carry out pre-descent briefings or checks. This would be a breach of standard
operating procedures under any circumstances, but, when operating at night into an airport surrounded by
mountains, the omission seems extraordinary to line pilots.

Aswith so many accidents, the chain of events leading to the Cali crash was started by an apparently
innocuous happening. The crew were expecting a particular approach procedure on to the northbound
runway (01), with which they were familiar, because it is the main runway and the only one with an
instrument-landing system for the final approach. Because the wind at Cali was calm and the American
flight was approaching from the north, Cali air-traffic control (ATC) offered the crew the option of
carrying out the VHF omni-range/distance measuring equipment let-down to reciprocal runway 19, using
aspecified arrival procedure.
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The crew accepted the proposed arrival, and then set about looking for the appropriate charts while still
descending with airbrakes extended. From the limited CVR transcripts published by the Colombian
CAA, it would appear that the crew were not familiar with the approach they had accepted and did not
have the charts to hand, yet they continued their descent with disastrous results (Flight International,
10-16 January, P8). If the crew had not been offered the alternative approach, the accident would not
have happened, but there is no suggestion from the official information so far released that the ATC
could be criticised for offering the choice.

During the investigation, it will become apparent whether the much-discussed human-factors effects of
having ultra-smart flight-management systems (FMS) and clear lateral navigation displays (NDs) will be
shown up in the clear relief which only disaster seemsto bring. The crew were certainly relying on their
ND, through use of their FMS, to provide them with the answers they sought when confused by the new
let-down procedure offered by ATC. Meanwhile, the FM S was entrusted with the aircraft's flightpath
and, "obedient but dumb”, as one US pilot commentator remarked, turned the aircraft toward a beacon
which the pilots believed was still ahead of them, but which, in fact, they had passed. That turn initially
took the aircraft eastward toward the mountains, and the pilots acquiesced for 90s, according to the
interim report, before they decided to take charge of the aircraft's heading themselves. It was too late.

Modern-screen NDs have the potential to provide better situational awareness for crews than the
instruments they replace and, combined with the accurate flightpaths and performance prediction which
FMS can provide, are definite safety benefits. The US Federal Aviation Administration, together with
other agencies, is continuing to study the overall effects of "glass cockpits' on aircrew performance. The
Cdli incident will give the inquiry some food for thought.

The fact that the American crew had, however, begun their descent without the appropriate checks and
procedures, has clearly been afactor in FAA Administrator David Hinson's statement that American's
training procedures are to be investigated. Another quoted factor had been the accident at Bradley
International Airport, Connecticut, USA, where an American Airlines McDonnell Douglas MD-83
escaped disaster by a hairsbreadth when it flew much too low on the approach. The aircraft hit treeson a
ridge, the engines lost power as they ingested debris, and the pilot managed just to get the aircraft into
the airfield. No-one was hurt.

The FSF says that the moral of the story isthat it does not matter how good an airline's safety record is,
CFIT can still happen unless constant awareness of its multiple causes is a specific part of the training
programme'sam. [..]
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News on the Accident to AA965 near Cali, Colombia

on 20 December 1995
Peter Ladkin

2 October 1996, minor revision 4 October

The Final Report on the accident to Flight AA965 on Dec 20 1995 has been prepared by the Colombian
Oficinade Control y Seguridad Aerea, and was released through the US National Transportation Safety
Board on Friday September 27, 1996. | have not yet obtained my copy of the final report. Pertinent
information from the report will appear here within the next few weeks,

An Associated Press article by Randolph E. Schmid on 27 September reported the probable cause as
being

« Failure of the flight crew to properly execute their approach;

« Thecrew'slack of situational awareness

« Thecrew'sfailureto revert to basic radio navigation when they became confused about their
location

Schmid's article contains some discussion of the controller's role. Confusing Conversation at Cali points
out that ATC/pilot communication at acritical point, when the pilots were somewhat confused about the
clearance, did not proceed according to standard. The report contains more information, according to
Schmid. The controller told investigators that the pilots query at this point made no sense, because the
DME reading indicated that the aircraft had already passed the beacon. So he repeated the clearance to
land. 'Asked what he would have said to a Spanish-speaking pilot in the same location who asked
whether he should head for Tulua, [the controller] said "he would have told them that their request made
no sense, that their request wasillogical and incongruent, but he did not know how to convey these
thoughts...... in English.™

Aviation Week and Space Technology (1) says that the report states that the crew
« did not adequately plan and execute the approach, including "inadequate use of automation”
(quote from the report);

« failed to discontinue the approach despite numerous clues aerting them it was inadvisable to
continue;

« experienced alack of situational awareness with regard to vertical navigation, proximity to terrain,
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and the relative location of navaids;

« neglected to revert to basic radio navigation at a time when use of the flight management system
"became confusing and demanded an excessive workload in a critical phase of flight"

An intact FMC was recovered from the scene of the accident, and was examined by the NTSB Systems
Group at Honeywell in Phoenix AZ on April 29 and 30. The report was placed in the public docket in
August. An Aviation Week and Space Technology report (2) recounts that the memory wasinstalled in a
functioning FMC in a laboratory and read out. The FM C was programmed to fly direct Cali VOR
(identifier 'CLQO"), then reprogrammed to fly to 'R, which is the identifier for the ROZO NDB, but also
the identifier for the ROMEO VOR, near Bogota, some 150nm away from ROZO. Finally, the FMC was
reprogrammed to fly direct the TuluaVOR (identifier 'ULQ'), which was behind the aircraft at the time.
However, the aircraft did not head towards ULQ, athough this was the active leg at the time of the
accident, because lateral navigation mode was disengaged before the crash. At the time of impact, the
FMC interface wasin a “scratchpad' mode, in which 'R had again been entered, but was not yet part of
the active flight plan.

The identifier 'R for ROZO appears on the paper arrival and approach plates. However, in the FMC
database, it islisted as 'ROZO', and 'R’ designates the ROMEO VOR near Bogota. Thisisthe result of an
ARINC 424 specification, created to resolve the problem of multiple navaids in an area having the same
identifier. (Remember that AA965 had to fly from the US to Colombia, therefore navaids in multiple
countries had to be in the database. Clearly such a conflict-resolution specification is necessary.)

According to the Boeing submission to the docket, the cockpit area microphone picked up a sound as of
rustling pages as the aircraft approached Tulua VOR from the north (between 49 and 44 DME from
CLO, at between 2136:43 and 2137:25 on DFDR time). At about 41 DME, Execute Direct to 'R’ was set
in the FM C (time 2137:40) and the aircraft began the left turn towards ROMEO, which ended at about
2139.07 (for atotal of 87 seconds unremarked by the crew). The crew then engaged Heading Select and
the fatal right turn began. American Airlines, the Allied Pilots Association and Boeing al made
submissions to the docket, which give "similar descriptions of key crew actions during the last 7 min. of
the flight. The descriptions are a synthesis of the information from the digital flight data recorder
(DFDR), the cockpit voice recorder (CVR) and the FMC readout. None of these devices gives a complete
story, and judgement is required to piece together the scenario." (2).

American Airlines proposed the following probable causes:

« Inadequacies of the FMC's navigational database, and failure of those responsible to ensure that
the database matched conventional published and charted information (the database did not have
terminal files as recommended by ARINC 424-13);

« Theflight crew'sfailure to perceive the FM C-initiated turn away from the intended routing;

« The approach controller's alleged inadequate English language abilities and inattention during a
critical phase of the approach. (AA alleges the controller was distracted by a nonpertinent phone
call during acritical radio transmission, and that he should have noticed that the reported DME
distance was not decreasing, and thus that the aircraft was on awrong heading.)

American also proposed contributing causes, including:
« lack of radar coverage
« increased task overload caused by the unexpected change in assigned runway
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Also mentioned were "the manufacturer's/vendor's over confidence in FMC technology [ ...]

Manufacturer and the FAA training guidance emphasizes use of the FMC in virtually all facets of flight;
asaresult, airline training programs have transferred this philosophy to their line pilots." AA suggested
an evaluation of current training methods.

AA's submission seems to me to broadly agree with that of the final report, except that the controller's
performance is not (reported to be) cited amongst the probably causes in the final report.

One should keep in mind that many parties to the final report have interests, namely the manufacturers,
pilots associations, the airline, and the Colombian government. The NTSB is disinterested. This situation
pertains more or less with all accident investigations. One may obtain some human insight into how this
may affect an investigation from (3).

References

(1): NEWS breaks, Aviation Week and Space Technology, September 30, 1996, p21. Back

(2): Michael A. Dornheimer, Recovered FMC Memory Puts New Spin on Cali Accident, Aviation Week
and Space Technology, September 9, 1996, pp58-61. Back

(3): Jonathan Harr The Crash Detectives, The New Y orker, August 5, 1996, pp34-55. Back

Back to top

Back to the “Incidents and Accidents Compendium

Copyright © 1999 Peter B. Ladkin, 1999-02-08

Last modification on 1999-06-15
= by Michael Blume

http://www.rvs.uni-bielefeld.de/publications/Incidents/DOCS/ComAndRep/Cali/cali-fmc.html (3 of 3) [7/30/2002 12:05:48 PM]


http://www.rvs.uni-bielefeld.de/publications/Incidents/DOCS/FBW.html#Cali
http://www.apache.org/
mailto:mblume@rvs.uni-bielefeld.de

Cali NTSB Recommendations

University of Bielefeld - Faculty of technology

Networks and distributed Systems

Resear ch group of Prof. Peter B. Ladkin, Ph.D.
Back to Abstracts of References and Incidents Back to Root

NTSB Recommendations A96-90 through -106
AA 965 Accident in Colombia, Dec 20, 1995

Prepared for the WWW by
Peter Ladkin
Universitat Bielefeld
Germany

October 16, 1996

[Preparer's Note: Footnote markers are written in parentheses, e.g., (45), and footnotes appear denoted by
the same figures in parentheses at the bottom of the same page. PBL ]

National Transportation Safety Board
Washington, D.C. 20594
Safety Recommendation

Honorable David R. Hinson
Administrator

Federal Aviation Administration
Washington, D.C. 20591

Date: October 16, 1996
In reply refer to: A-96-90 through -106

On December 20, 1995, about 2142 eastern standard time, American Airlines (AAL) flight 965, a
regularly scheduled passenger flight from Miami, Florida, to Cali, Colombia, struck trees and then
crashed into the side of a mountain near Buga, Colombia, in night, visual meteorological conditions,
while descending into the Cali area. The airplane crashed 33 miles northeast of the Cali (CLO) very high
frequency omnidirectional radio range (VOR) navigation aid. The airplane was destroyed, and all but
four of the 163 passengers and crew on board were killed.

The investigation was conducted by the Aeronautica Civil of the Government of Colombia, with
assistance from the National Transportation Safety Board, in accordance with the provisions of Annex 13
to the Convention on International Civil Aviation. Assistance was also provided by the Federal Aviation
Administration (FAA), AAL, the Allied Pilots Association, the Boeing Commercial Airplane Group, and
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Rolls-Royce, Inc., (the engine manufacturer). The Safety Board received a copy of Aeronautica Civil's
report of the investigation on September 27, 1996.

Information about the circumstances of this accident was obtained from a variety of sources: the
airplane's cockpit voice recorder (CVR), didital flight data recorder (DFDR), and flight management
system (FMS) computer; and recorded air traffic control (ATC) communications. Although the
information obtained was considerable, and the DFDR procided substantial data, such as the engagement
status and mode selection of the airplane's automatic flight control system, other pertinent information
was not recorded, including pilot-selected navigation aids; pilot inputs into the control-display units;
selected mode specific parameter values, such as heading, airspeed altitude, and vertical velocity; and
selected electronic horizontal situation indicator (EHSI) formates, such as maps, scales, and radio
facilities selected to be displayed. Such data would have considerably enhanced the quality and quantity
of information regarding crew actions preceding the accident. The Safety Board

1

intends to address the issue of flight recorder data more fully in future correspondence with the FAA.

The data that were obtained reveal, in part, that the flight was uneventful until the airplane entered the
Cali airspace. Thefirst officer was the flying pilot, and the captain, as the non-flying pilot, was
performing al communications with ATC. Before reaching BUTAL, afix on the airway "Upper Green
(UG) 438," the airplane was cleared to the TULUA VOR. At 2126:42, while descending from flight level
(FL) 370 (1) to FL 240, the captain contacted AAL operations at Cali, estimated the flight's arrival time
to be in 25 minutes, and requested weather information. AAL operations reported that the weather was
good, the temperature was 72°, the altimeter was at 29.98 inches of mercury, and runway 01 would likely
be the active runway.

At 2134:40, when flight 965 was about 63 miles north of CLO and descending to FL 200, the captain
contacted Cali approach control (2). At 2134:59, the Cali controller told flight 965 that it was "cleared to
Cdi VOR," and then added, "no delay expect for approach report [crossing] TULUA." The captain
responded, "OK understood. Cleared direct to Cali VOR. Uh, report TULUA." The controller responded,
"Affirmative." During the next 3 minutes, the flight received descent clearances and was offered the
approach to runway 19; after a brief discussion, the flightcrew accepted the controller's offer.

At 2137:43, flight 965 passed TULUA on a heading of 193°, in a descent from FL 180, at an airspeed of
288 knots. The throttles were at flight idle and the speedbrakes were extended about |/2, when the
airplane began a left, descending turn. At 2137:46, the controller said, "report TULUA and eeh, twenty
one miles, ah, five thousand feet." During the turn, the captain and first officer discussed their
uncertainty regarding their location with respect to TULUA and the airport. The airplane continued to
descend, and the speedbrakes were further extended to about 3/4 and then full. Ninety-eight seconds after
the turn began, the airplane stopped turning left at a heading of 101°, and the first officer initiated aright,
descending turn to the southwest.

At 214105, about 104 seconds after the right turn began, the airplane was descending through 8,839 feet
mdl, its airspeed was 240 knots indicated airspeed (KIAYS), its descent rate was 1,400 to 1,500 feet per
minute, its throttles were at idle, and its speedbrakes were fully extended. Eleven seconds later, while the
airplane was passing through 8,571 feet mdl, the ground proximity warning system (GPWS) began
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issuing aural warnings of "TERRAIN" and "PULL-UP." These warnings continued for 12 seconds, until
2141:28, the end of the recorded data.

(1) Altitude expressed in hundreds of feet mean sealevel (mgl)
(2) Approach control radar coverage was not available for ATC in the Cali area.

2

Within 2 seconds after the initial GPWS alert, thrust (3) and airplane pitch attitude both began increasing.
The pitch increase continued for 3 seconds to an attitude 20.6° nose up, at which point the stick-shaker
warning activated. The airplane climbed to 8,987 feet mdl, anet gain of 436 feet from itslowest recorded
atitude of 8,551 feet msl before striking trees at the summit of a mountain ridge. The final recorded
airspeed was 187 KIAS, the pitch attitude was 27.9°, the rate of climb was about 100 feet per second, and
the resultant climb angle was about 15°. The speedbrakes, which had been extended earlier during the
descent, remained extended during the entire sequence. Evidence indicates that the flightpath of the
airplane through the trees was about 300 feet long and that the tail of the airplane struck the trees first.
The absence of gouging in the soil indicates that the airplane cleared the ridge without ground contact.
However, the airplane sustained catastrophic damage as aresult of the tree strikes and crashed on the
other side of the mountain.

American Airlines Corrective Actions

This accident occurred 38 days after a nonfatal accident involving AAL flight 1572, an MD-83, which
was substantially damaged when it flew through trees during a non-precision approach to runway 15 at
Bradley International Airport, CoMecticut, on November 12, 1995. Because this and the Cali accident
both involved controlled flight into terrain (CFIT), the Safety Board became concerned about the need
for urgent safety recommendations to prevent similar accidents. However, immediate actions by the FAA
and AAL mitigated the need for recommendations at that time.

AAL, with the cooperation of the FAA, formed a Safety Assessment Program to examine critical phases
of its operations. When the examination is complete, AAL will issue afinal report by January 1997, with
guarterly progress meetings and a 6-month interim report.

The airline briefed the Safety Board and the FAA at the 6th month or midpoint of its Safety Assessment
Program and informed them that the program is proceeding on schedule. The Safety Board appreciates
these efforts, will follow the progress of the program, and looks forward to receiving the final report.

AAL aso established a CFIT Task Force and a Non-Precision Approach Working Group, and added
specific guidance on pilot response to CFIT scenarios into its Advanced Aircraft Maneuvering Program.
All ssmulators now have specific terrain profiles that will cause GPWS terrain warnings, so that the pilots
will practice executing terrain escape maneuvers by extracting maxiumum aircraft performancein
recovery.

(3) The DFDR records the commanded EPR values once every 4 seconds but does not record power
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lever positions. At 2141:18, the commanded EPR was 1.721, and at 2141:26 the final commanded EPR
was the maximum available, 1.756. The final EPR value of 1.348 was consistent with the schedule for
engine spool-up toward the commanded EPR.

GPWS Escape Maneuver

Results of an initia study the Safety Board conducted of the performance of flight 965 following the
GPWS warning indicate that had the speedbrakes been retracted 1 second after initiation of the escape
maneuver, the airplane would have been able to climb 150 feet above the initial impact point, possibly
clearing the mountain. In addition, had the speedbrakes been immediately retracted and had the airplane
pitch attitude been maintained at the stickshaker activation angle, the airplane could have climbed 300
feet above the initial impact point.

The B-757 speedbrake handle, which has an armed detent position to allow automatic deployment on
landing, might be positioned to any desired level of spoiler panel deflection. When the automatic
speedbrake feature is in use and the airplane is on the ground, advancement of either thrust lever from
flight idle will cause any extended spoiler panels to stow. However, in flight, advancing the thrust levers
has no effect on deployed speedbrakes. In addition, an amber center panel speedbrake light, an amber
engine indicating and crew alerting (EICAS) SPEED BRAKES EXT message, the master caution light,
and a beeper activate when speedbrakes are extended between 15 and 800 feet above ground level and
flap extension isless than 25° (4). The evidence in this accident indicates that the crew did not attempt to
retract the speedbrakes and that the speedbrakes were extended throughout the attempted terrain
avoidance maneuver.

For both a CFIT and awindshear escape maneuver, immediate retraction of the speedbrakesis needed to
achieve the airplane's maximum climb performance. Y et this accident illustrates that during periods of
high workload, flightcrews may not recognize that speedbrakes have remained extended; therefore,
automatic stowage of the speedbrakes may be beneficial. Examination of other large jet
transport-category aircraft showed that 37 types do not have an automatic speedbrake stowing feature
when full forward thrust is used, while at |east eight jet airplanes, including the Airbus A-330 and A-340;
the Fokker F28 and F100; and one corporate jet, have such afeature.

However, Boeing engineers told Safety Board and Aeronautica Civil investigators that automatic
retraction of the B-757 speedbrakes during a go-around may result in unwanted pitch excursions. If the
speedbrakes are stowed as the throttles advance, the airplane would pitch down as aresult of the
aerodynamic effects of stowing the speedbrakes. The pilot would likely pull back on the control column
to regain the desired pitch attitude as the engines began to spool up. The pilot effort and the increasing
thrust could result in an undesirable upward pitch excursion. In fact, Boeing added compensating features
to the B-777 to minimize such effects, which can occur during manual retraction of the speedbrakes
whilein flight (the B-777 does not have automatic speedbrake retraction).

Nevertheless, because of the potential safety benefits, the Safety Board believes that the FAA should
evaluate the effects of automatically stowing the speedbrakes on existing airplanes when high power is
commanded and determine the desirability of incorporating automatic
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(4) For flap extension of 25° or more, the speedbrake caution indications will occur at any altitude.

4

speedbrake retraction on these airplanes for windshear and terrain escape maneuvers, or other situations
demanding maximum thrust and climb capability.

Further, because future airplanes can be equipped with features that compensate for potentially adverse
aerodynamic characteristics when speedbrakes automatically retract, the Saefety Board believes that the
FAA should require that newly certified transport-category aircraft include automatic speedbrake
retraction during windshear and GPW'S escape maneuvers, or other situations demanding maximum
thrust and climb capability.

For airplanes that do not have automatic retraction of the speedbrakes, the facts of this accident and the
results of theinitial performance study also suggest that improved GPWS escape maneuver procedures
are needed. Boeing's B-757 Flight Crew Training Manual provides a procedure for monitoring the status
of speedbrake deployment. The manual states that, "The Captain should keep his right hand on the
speedbrake lever whenever they are used in-flight. Thiswill preclude leaving the speedbrakes extended."
AAL does not have asimilar procedure. The Safety Board believes that the FAA should evaluate the
Boeing procedure for guarding the speedbrake handle during periods of deployment, and require airlines
to implement the procedure if it increases the speed of stowage or decreases the likelihood of forgetting
to stow the speedbrakes in an emergency situation.

Further, neither the Boeing operations manual addressing terrain avoidance nor the AAL operating
manual addressing GPWS escape procedures discusses the need to stow the speedbrakes during a GPWS
escape maneuver. Also, Boeing places the terrain avoidance procedures in the Non-Normal Procedures
section of its manual while AAL places the GPWS escape proceduresin Section 13, "Flight
Instruments,” of its manual. While airlines often place such procedures in operational sections of their
manuals, the Safety Board concludes that pilots would be better able to locate, be more familiar with, and
retain the material more readily if it is placed in the non-normal sections of operating manuals.
Therefore, the Safety Board believes that the FAA should evaluate the terrain avoidance procedures of
air carriers operating transport-category aircraft to ensure that the procedures provide for the extraction
of maximum escape performance and ensure that those procedures are placed in procedural sections of
the approved operations manuals.

Datarevealed that the first officer promptly initiated a nose-up elevator input after the GPWS warning
activated, and continued the nose-up inputs until the stick shaker activated. Next, he immediately
reduced the pitch attitude until the stick shaker stopped. He then increased the pitch attitude until the
stick shaker again activated, and continued to increase the pitch attitude to the stall angle-of-attack. As
noted, had the stick shaker activation angle been steadily maintained during the escape maneuver, the
airplane may have climbed above the initial impact point. The evidence from this accident demonstrates
that inadequacies in the use of the stick shaker as a primary indicator for angle-of-attack limited the first
officer's ability to obtain the maximum climb performance possible from the airplane when it was most
needed. Although the stick shaker presents effective tactile and aural indications of the angle of attack
needed to achieve maximum performance of the airplane, angle-of-attack information should be
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presented in avisual and more readily interpretable format. Military aircraft have been
5

equipped with angle-of-attack indicators for many years, however, these indicators are not required on
civil air transport aircraft.

Presentation of angle-of attack information can enhance pilot control of the airplane during takeoffs and
climbs, and during maneuvers such as engine-out procedures, holding, maximum range, GPWS
encounters, windshear, maximum range, approach, and missed approach procedures. The visual
presentation of angle-of-attack information in transport-category aircraft, combined with pilot training in
using thisinformation to achieve maximum airplane climb performance, would enhance the ability of
pilots to extract maximum performance from an airplane. Therefore, the Safety Board believes that the
FAA should require that all transport-category aircraft present pilots with angle-of-attack information in
avisual format, and that all air carrierstrain their pilots to use the information to obtain maximum
possible airplane climb performance.

Although the number of CFIT accidents has decreased substantially since the installation of GPWS on
transport-category aircraft following requirements to do so (by the FAA in 1975), and recommendations
by the International Civil Aviation Organization (ICAQO) in 1979, this accident and other recent accidents
demonstrate that pilots need improved training for GPWS escape maneuvers.

The Safety Board recognizes the efforts already underway to further reduce the number of CFIT
accidents. For example, an industry task force to prevent CFIT accidents internationally, which was
formed in 1992, has sent several interim recommendationsto ICAQO. Although such educational efforts
enhance flightcrew awareness of CFIT issues, they cannot provide the safety benefits of simulator-based
training programs such as those that address windshear and rejected takeoffs. Simulator training is the
best method for pilots to devel op the knowledge and skills needed to extract maximum performance from
large airplanes during a GPWS escape maneuver. Therefore, the Safety Board believes that the FAA
should develop a CFIT training program that includes realistic simulator exercises comparable to the
successful windshear and rejected takeoff training programs and make training in such a program
mandatory for all pilots operating under 14 CFR Part 121.

Retention of Critical Navigation Information in the FMS

The Safety Board recognizes that the introduction of the FM S has considerably influenced the nature of
flight operations. Pilots can control many aspects of aflight through the FM S and autopilot rather than
directly through the airplane controls. The flightpath of FM S-equipped aircraft can be controlled through
avariety of lateral and vertical automated flight modes of the autopilot, according to general parameters
that are entered into the FMS. In addition, FM S-generated displays can present flightcrews with
information on the airplane's systems and predicted future flightpath.

The CVR indicates that at 2135:28, the captain changed the FM S-programmed flightpath by
commanding "direct to" to proceed to the Cali VOR, following his misinterpretation of the Cali
controller's clearance. The "direct to" command caused the

6
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removal, between the airplane's present position and Cali, of all future waypoints programmed into the
FMS and displayed on the EHSI, including TULUA, the navaid the pilots were to report passing. The
evidence from the CVR indicates that neither pilot recognized that TULUA had been deleted from the
programmed flightpath until the flight was considerably closer to Cali and had already passed TULUA.
Because the crew was unaware that the flight had passed TULUA, it did not report thisto the controllers.
The removal of al programmed waypoints between the airplane's position and the navaid towards which
the airplane was directed compromised the situational awareness (5) of the crew, particularly regarding
the relative position of the airplane to waypoints and navaids critical to the approach.

Boeing had devel oped and implemented a change to the B-757 software that allows such waypoints to be
retained in the EHS| map display of the programmed flightpath. However, this retrofit, part of a product
improvement package for the airplane, had not been incorporated into the accident airplane, nor was it
required to be. The Safety Board believes that the FAA should require all FM S-equipped aircraft that are
not already capable of so doing, to be modified so that those waypoints between the airplane's position
and the one towards which the airplane is proceeding are retained in the FM S control display unit (CDU)
and FM S-generated flightpath following the execution of a command to the FM S to proceed direct to a
waypoint.

FMS Navigation Data

The Jeppesen-Sanderson Company supplies both "hard-copy" (i.e., printed on paper) approach charts
used for navigation, and navigation information for the electronic navigation data base in AAL's

FM S-equipped aircraft. The presentation of the VOR-DME (6) approach to runway 19 at Cali on the
approach chart differed in several significant ways from information displayed on the airplane's FMS and
electronic flight information system (EFIS). For example, the DME fixes for the runway 19 approach
were |abeled on the approach chart as D-21 and D-16 but were labeled in the FM S as CF19 and FF19 (7).
In addition, the ROZO NDB, a stepdown fix (8) located 2.6 miles

(5) Situational awareness has been defined as the "perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning, and the projection of their statusin the
near future." (Enddey, M.R., 1995. "Toward a Theory of Situation Awareness in Dynamic Systems."
Human Factors. 37, 65-84).

(6) Distance measuring equipment.

(7)7 D-21 and D-16 refer to the points located 21 and 16 nautical miles, respectively, from the CLO
VOR. They arelisted as D-2 1 and D- 16 on the approach chart for the VOR-DME approach to runway
19 at Cali and as CF 19 and FF 19 (for "capture fix" and "final fix" to runway 19) on the FM S-depicted
approach. The Boeing Operations Manual for B-757/767 aircraft defines CF as the final approach course
fix and FF as the final approach fix.

(8) A fix permitting additional descent within a segment of an instrument approach procedure by
identifying a point at which a controlling obstacle has been safely overflown.

v
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from the runway, was prominently displayed on the approach chart and identified as"R," but was not
displayed at all on the FM S-generated display.

The lack of commonality between instrument approach charts and FM S-generated displays is confusing
and can increase pilot workload. Therefore, the Safety Board believes that the FAA should develop and
implement standards to portray instlument approach criteria, including terminal environment information
and navigational aids, on FM S-generated displays that match, as closely as possible, the corresponding
information on instrument approach charts. Until such time as common standards are devel oped for

FM S-generated displays and instrument approach charts, the Safety Board believes that the FAA should
require Jeppesen-Sanderson to inform airlines operating FM S-equipped aircraft of each differencein the
naming and/or portrayal of navigation information on FM S-generated and approach chart information,
and require airlines to inform their pilots of these differences.

Further, the ROMEO NDB, a beacon located approximately 132 miles to the east- northeast of the
accident site, transmitted on the same frequency, 274 kilohertz. and was also identified by "R," and the
same Morse code identifier as was ROZO (9).

The identification of "R" for both beacons ROMEQO and ROZO could clearly confuse pilots, especially
during a high workload situation. Specifically, a pilot attempting to select ROZO through the FMS while
using the approach chart for reference may not realize that in the FMS, "R" designated ROMEO while on
the approach chart, "R" designated ROZO. Executing a command to the FM S directing the airplane to
the designator "R" would direct it away from ROZO towards the ROMEO beacon, located near Bogota.

Pilots can use two cues from the FM S to identify beacons. The first cue, using the latitude and longitude
coordinates of beacons identified by that letter (which are presented on the CDU of the FM S in the order
of increasing distance from the airplane) can be time- consuming and difficult to use during high
workload flight phases. The second cue, examining the projected flightpath to that beacon on the map
display of the EHSI, is easier to use and less prone to error.

Regardless, beacons with common identifiers introduce a potential source of error to pilots of automated
aircraft. The investigation found numerous NDB navigation stations with common single letter
identification codes including 28 NDBs, identified only as"R," outside of the United States (10).
Although ROMEO and ROZO were the only pair with common frequencies, three other pairs of NDBs
identified as"R" were found close enough to each other that the displayed |atitude/longitude coordinates
appeared similar before closer and more detailed examination.

(9) ROZO latitude/longitude - NO3 35.8/W076 22.5 --- ROMEQO latitude/longitude - NO4 40.7/W074 06
3

(10) In the United States, there are only two remaining single letter NDB stations; the letter "H" ison an
island in the Florida Keys, and the letter "F" ison a Farrallon island, located to the west of San Francisco

8

The Safety Board is concerned that pilots may not be aware of the hazards associated with FM S selection
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of waypoints with common identifiers, and as a result, they may make incorrect inputs into the FMS.
Therefore, the Safety Board believes that the FAA should inform pilots of FM S-equipped aircraft of the
hazards of selecting navigation stations with common identifiers when operating outside of the United
States and that verification of the correct identity and coordinates of FM S-waypointsisrequired at all
times.

Portraying Terrain Information--FMS

In FM S-equipped aircraft, the portrayal of flightpath, (in Boeing aircraft by means of a magenta colored
line), is so accurate and informative that pilots are permitted to rely on it as the primary means of
navigation. However, unlike hard-copy charts that have been revised to graphically portray terrain,

FM S-generated displays do not present terrain information and pilots who are accustomed to relying
exclusively on FM S-generated displays for navigation information can, over time, lose awareness of the
relative proximity of terrain. Therefore, the Safety Board believes that the FAA should require pilots
operating under 14 CFR Part 121 to have open and easily accessible the approach and navigation charts
applicable to each phase of flight before each phase is reached.

In addition, recent technological advances (i.e., enhanced GPWS) allow the presentation of terrain
information on FM S-generated displays and weather radar displays. The Safety Board has learned that
AAL has ordered enhanced GPWS for installation on its fleet. The system uses adigital terrain elevation
data base and airplane three-dimensional position to provide pilots with both an earlier warning of terrain
than on present GPWS- aircraft and avisual display of the threatening terrain. Because this equipment
may considerably reduce the potential for CFIT accidents and thereby enhance flight safety, the Safety
Board believes that the FAA should examine the effectiveness of the enhanced ground proximity
warning equipment and, if found effective, require all transport-category aircraft to be equipped with
enhanced ground proximity warning equipment that provides pilots with an early warning of terrain.

Portraying Terrain Information--Charts

Before the accident, Jeppesen-Sanderson was changing portrayal of terrain on the charts and maps that it
supplied to its customers, in accordance with new criteriathat it had established. According to the new
criteria, terrain is portrayed using graphics similar to those used in topographic charts, with colors added
to enhance the prominence of terrain and heighten its contrast with other information on the chart. These
criteriadiffered for approach charts and area charts. On approach charts, terrain would be displayed if it
was above 2,000 feet within 6 miles of the airport, and on local area charts, terrain would be displayed if
it was more than 4,000 feet above the planned view of the airport. Because the applicable criterion was
not met in the VOR DME runway 19 approach chart, terrain was not graphically presented on it.
Although the criterion was met with regard to the Cali local area chart, at the time of the accident the
company had not yet converted that chart to the new format.

9

Consequently, it islikely that the crew did not have a chart available that graphically depicted the high
terrain on either side of the descent into Cali.

Graphic information can readily present the proximity of terrain to aflightcrew and is an effective means
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of presenting critical information to flightcrews quickly and without extensive interference from other
tasks. The Safety Board notes the efforts of Jeppesen to upgrade its approach charts to present such
information in the absence of arequirement to do so. Had this portrayal of terrain been available to the
crew, and had the crew referred to charts containing this information, it is possible that the crew would
have been aware of the proximity of terrain to the flightpath, and the accident could have been avoided.
Therefore, the Safety Board believes that the FAA should require that all approach and navigation charts
graphically present terrain information.

Over time, repeated exposure to routine flight operations into potentially hazardous environments can
create complacency as pilots become acclimated to the environment, and the perceived need to maintain
constant vigilance against the unique hazards of certain operationsis diminished. In this accident, the
evidence suggests that both pilots failed to take the extra precautions that are needed when operating in a
mountai nous areathat lacks ATC radar coverage, such as Cali. In domestic United States airspace, an
approach controller without access to ATC radar would be unlikely to issue a clearance to proceed
directly to afix, and would expect pilots to execute all steps of an instrument approach. Therefore, to
ensure that pilots are aware of and act on the absence of radar coverage, the Safety Board believes that
the FAA should require that approach charts to airports that do not have radar coverage available at the
time of the publication of the chart prominently state, on the chart, that radar coverage is unavailable.

Naming Standard Terminal Arrival Routes

The crew of flight 965 may also have been confused because the standard terminal arrival route (STAR)
they were attempting to execute had been designated the ROZO 1 Arrival. This arrival was named by the
NDB and step down fix located just before runway 19, unlike most STARSs that are named by the fix at
the beginning of the arrival route. Had this naming convention been followed, the designator for the
STAR would have been TULUA. CVR evidence reveals that the crew may have expected the standard
STAR naming convention to be used with respect to the ROZO 1 Arrival and may have incorrectly
believed that ROZO was |located at the beginning of the route.

ICAO Annex 11, "Air Traffic Services, " recommends that STARS be identified according to Appendix
3, paragraph 2.1.2, which states:

The basic indicator (of a STAR or standard instrument departure) should be the name or name
code of the significant point where a standard departure route terminates or a standard arrival route
begins.

10

Further, the FAA provides similar guidance, in Order 7100.9B, "Standard Terminal Arrival, " paragraph
8.b. (2) which states, in part:

The STAR transition code is assigned by using the NAV AID identifier or intersection name marking the
beginning of the transition, following by a dot, followed by the identifier/name of the STAR.

Had the ROZO 1 arrival been designated the TULUA 1 arrival, a clear distinction would have been
established between beginning and ending points of the arrival. Thiswould likely have reduced or
eliminated any confusion by the crew regarding the location of the beginning of the STAR. Therefore,
the Safety Board believes that the FAA should review, with ICAO member states, the naming
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conventions used for standard instrument departures (SIDs) and STARs, and urge member states with
SIDs and STARs that do not follow the ICAO naming convention to rename them in accordance with the
| CAO recommendation.

ATC/Flightcrew Interaction

As the flight approached Cali, the captain's questions to the controller suggest that the crew was confused
about its situation. For example, at 2137:29, the captain asked the controller if flight 965 could "go direct
to ROZO and then do the ROZO arrival," suggesting that he did not recognize that the STAR began at
TULUA. The captain had, in effect, asked the controller for permission to go almost to the runway,
reverse course, proceed to the very beginning of the approach, and then execute the approach. The
subsequent communication at 2140:01, when the captain again asked the controller "...Y ou want usto go
to TULUA and then do the ROZO uh, to uh, the runway, right to runway one nine?' also made little
sense as he had already crossed TULUA and therefore would have had to reverse course according to his
guestion. Despite this evidence of confusion, the controller did not directly respond to the captain’s
request, reiterating the clearance instead.

The interaction between the captain and the Cali controller served to confuse rather than enlighten the
crew. While pilot-ATC communications are designed primarily to assure that the airspace, runway, and
taxiway ahead of the airplane are free of conflicting traffic, this assurance is dependent upon the common
understanding by each party of the intent underlying the other's communication. The Cali controller told
Investigators that he was unable to understand the intent of the captain's request; thus he could not
provide a meaningful answer and alleviate the captain's confusion. The controller explained that his
communications with the captain were hindered by hislack of English fluency, which prevented him
from determining the reason for the captain’'s question and from providing the information the captain
critically needed, i.e., that the approach began at TULUA and not at ROZO.

Controllers are not given training on how to clarify to flightcrews misunderstandings regarding flight
procedures. In addition, in certain cultures airline captains are accorded a level of status such that air
traffic controllers may be unwilling to question an airline pilot who may appear to be confused. In this
accident, the combination of language and cultural differences appears to have prevented effective
interaction between the controller and the pilot.

11

Such interaction could have enabled the controller to determine the extent of the pilots confusion
regarding the approach, and perhaps provided assistance to reduce their confusion.

It is essential that pilots and controllers work together to assure that airspace separation is maintained,
and that situational awareness regarding critical features of the airspace has been obtained. Effective
interaction between pilots and controllersis especially critical in non-radar environments, in which there
are few redundant features available to prevent errorsin situational awareness from becoming
catastrophic accidents. Therefore, the Safety Board believes that the FAA should develop, with air traffic
authorities of member states of ICAQO, a program to enhance controllers fluency in common
English-language phrases and interaction skills sufficient to assist pilotsin obtaining situational
awareness about critical features of the airspace, particularly in non-radar environments.

http://www.rvs.uni-bielefeld.de/publications/Incidents/DOCS/ComAndRep/Cali/cali-ntsbrec.html (11 of 15) [7/30/2002 12:05:58 PM]



Cali NTSB Recommendations

Training in CRM and Situational Awareness

The FAA has encouraged airlines to implement effective CRM programs and has mandated them to be a
fundamental part of its advanced qualification program (AQP). The FAA hasissued Advisory Circular
(AC) No. 120-51B, which provides guidance to airlines on elements needed for an effective CRM
program and identifies topics that should be included in a CRM program. These include the following:
communications processes and decision behavior; briefings; inquiry/advocacy/assertion, crew
self-critique; conflict resolution; communications and decisionmaking; teambuilding and maintenance;
and individual factors/stress reduction. Within the topic of teambuilding, the AC suggests that workload
management and situational awareness be addressed so that, "the importance of maintaining awareness
of the operational environment and anticipating contingencies..." is addressed.

Consistent with the intent of the AC, beginning in 1994 AAL applied information from the report of an
accident similar to this (11) in CRM training sessions attended by over 95 percent of AAL pilots, to
inform its pilots of potential risks of piloting highly automated aircraft. It islikely that the pilots of flight
965 learned of that accident in their recurrent CRM training. In the recurrent CRM program, AAL
informed its pilots that they should use charts and either partially or completely disengage the FMS when
they believe that the FM S is exacerbating and not alleviating a confusing or difficult situation. Delta
Airlines has developed a similar course, given to all pilots before they first transition to a glass cockpit
airplane, that provides comparable guidance.

Although the pilots of flight 965 articulated misgivings several times during the approach, neither one
apparently recognized that they had lost situational awareness. The evidence indicates that this crew was
given background material and information necessary to avoid this accident, including information on the
hazardous terrain in South America, the need for maintaining responsibility for being aware of aircraft
position at all times, the lack of radar coverage, the overreliance on automation for position awareness,
among others, but during a

(11) "Aviation Accident Report, Thai Airways International, Ltd. Airbus Industries A310-304, HS-TID,
Near Katmandu, Nepal, 23 NNE, 31 July 1992. His Majesty's Government of Nepal, June 1993.
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stressful situation when it was most needed, the guidance was not applied, possibly because the pilots
were unable to recognize the parallels of the situation they were experiencing with the guidance and
information they had been provided.

This accident demonstrates the need for training that effectively provides pilots with the ability to
recognize when they have lost or have failed to obtain situational awareness. Therefore, the Safety Board
believes that the FAA should revise AC 120-SIB to include specific guidance on methods to effectively
train pilots to recognize cues that indicate that they have not obtained situational awareness, and provide
effective measures to obtain that awareness.

Therefore, as aresult of the investigation of this accident, and with the concurrence of the Aeronautica
Civil of Colombia, the National Transportation Safety Board recommends that the Federal Aviation
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Administration:

Evaluate the effects of automatically stowing the speedbrakes on existing airplanes when high power is
commanded and determine the desirability of incorporating automatic speedbrake retraction on these
airplanes for windshear and terrain escape maneuvers, or other situations demanding maximum thrust
and climb capability.(Class |1, Priority Action) (A-96-90)

Require that newly certified transport-category aircraft include automatic speedbrake retraction during
windshear and ground proximity warning system escape maneuvers, or other situations demanding
maximum thrust and climb capability. (Class 1, Priority Action) (A-96-91)

Evaluate the Boeing Commercial Airplane Group procedure for guarding the speedbrake handle during
periods of deployment, and require airlines to implement the procedure if it increases the speed of
stowage or decreases the likelihood of forgetting to stow the speedbrakes in an emergency situation.
(Class I, Priority Action) (A-96-92)

Evaluate the terrain avoidance procedures of air carriers operating transport- category aircraft to ensure
that the procedures provide for the extraction of maximum escape performance and ensure that those
procedures are placed in procedural sections of the approved operations manuals. (Class 11, Priority
Action) (A-96-93)

Require that all transport-category aircraft present pilots with angle-of-attack information in avisual
format, and that all air carrierstrain their pilotsto use the information to obtain maximum possible
airplane climb performance. (Class I1, Priority Action) (A-96-94)

Develop a controlled flight into terrain training program that includes realistic simulator exercises
comparable to the successful windshear and rejected takeoff

13

training programs and make training in such a program mandatory for all pilots operating under 14 CFR
Part 121.(Class |1, Priority Action) (A-96-95)

Require all flight management system (FM S)-equipped aircraft, that are not already capable of so doing,
to be modified so that those fixes between the airplane's position and the one towards which the airplane
Is proceeding are retained in the FM S control display unit and FM S-generated flightpath following the
execution of acommand to the FM S to proceed direct to afix. (Class |1, Priority Action) (A-96-96)

Inform pilots of flight management system (FM S)-equipped aircraft of the hazards of selecting
navigation stations with common identifiers when operating outside of the United States and that
verification of the correct identity and coordinates of FM S-generated waypoints datais required at all
times.(Class I1, Priority Action) (A-96-97)

Develop and implement standards to portray instrument approach criteria, including terminal
environment information and navigational aids, on FM S-generated displays that match, as closely as
possible, the corresponding information on instrument approach charts.(Class |1, Priority Action)
(A-96-98)

Until such time as common standards are devel oped for flight management system (FM S)-generated
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displays and instrument approach charts, require the Jeppesen- Sanderson Company to inform airlines
operating FM S-equipped aircraft of each difference in the naming and/or portrayal of navigation
information on FMS- generated and approach chart information, and require airlines to inform their
pilots of these differences. (Class 11, Priority Action) (A-96-99)

Require pilots operating under 14 CFR Part 121 to have open and easily accessible the approach and
navigation charts applicable to each phase of flight before each phase is reached. (Class 1, Priority
Action) (A-96-100)

Examine the effectiveness of the enhanced ground proximity warning equipment and, if found effective,
require all transport-category aircraft to be equipped with enhanced ground proximity warning equipment
that provides pilots with an early warning of terrain. (Class |1, Priority Action) (A-96-101)

Require that all approach and navigation charts graphically present terrain information. (Class |1, Priority
Action) (A-96-102)

Require that approach chartsto airports that do not have radar coverage available at the time of the
publication of the chart prominently state, on the chart, that radar coverage is unavailable. (Class I,
Priority Action) (A-96-103)

14

Review, with the International Civil Aviation Organization (ICAO) member states, the naming
conventions used for standard instrument departures (SIDs) and standard terminal arrival routes
(STARSs), and urge member states with SIDs and STARs that do not follow the ICAO naming convention
to rename them in accordance with the ICA O recommendation. (Class 11, Priority Action) (A-96-104)

Develop, with air traffic authorities of member states of the International Civil Aviation Organization, a
program to enhance controllers fluency in common English-language phrases and interaction skills
sufficient to assist pilots in obtaining situational awareness about critical features of the airspace,
particularly in non-radar environments. (Class I1, Priority Action) (A-96-105)

Revise Advisory Circular 120-SIB to include specific guidance on methods to effectively train pilots to
recognize cues that indicate that they have not obtained situational awareness, and provide effective
measures to obtain that awareness. (Class |1, Priority Action) (A-96-106)

Chairman HALL, Vice Chairman FRANCIS, and Members HAMMERSCHMIDT GOGLIA, and
BLACK concurred in these recommendations.

[Signed]
Jm Hall
Chairman
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FACTUAL DATA:

National Transportation Safety Board

Washington, D.C. 20694
December 28, 1995

The Director General of Civil Aviation of Colombia has requested that the National Transportation
Safety Board make the following information available to the news media. Thisinformation was released
today by the Government of Colombiain connection with the investigation of the December 20, 1995,
American Airlines flight 965 accident near Buga, Colombia

The accident investigation is being conducted by the Colombian officials in accordance with the
provisions of Annex 13 to the Convention on International Civil Aviation. Under those provisions, the
U.S. team, led by Safety Board investigators, is participating fully in the investigation. The U.S. team
includes advisors from the Federal Aviation Administration, American Airlines, Allied Pilots
Association, and Boeing Commercia Airplane Company. The U.S. team participated fully in the
development of the factual material contained in the attached Colombian press release.

Mediainquiries about this investigation should continue to be directed to the Colombian civil aviation
authorities.

Colombian Press Release--Factual Data
Aircraft Accident Investigation
American Airlines, Flight 965, Boeing 757, N651AA, Near Buga, Columbia, December 20, 1995

On December 20, 1995, at about 2138 EST, American Airlines, Flight 965, aregularly scheduled
passenger flight from Miami, FL to Cali, Columbia, with 156 passengers and 8 crewmembers aboard,
crashed into mountainous terrain during a descent under instrument flight rules 38 miles north of Cali.
Four passengers survived.

The flight had made initial radio contact with the Cali Approach Control while descending to flight level
200 (20,000 feet) about 63 miles north of the Cali VOR. The flight was subsequently cleared to the Cali
VOR, to descend and maintain one five thousand feet. The barometric altimeter setting was reported as
30.02 Hg and the flight was told that no delay was expected for the approach. It was also told to report
the TuluaVOR, an en route navigational aid for an instrument approach procedure and landing at Cali.

As of 27 December 1995 | nvestigator s have:
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Successfully downloaded the DFDR for the final 30 minutes of flight AA 965
Reviewed data for parameters applicable to the investigation

Auditioned and transcribed the CVR tape, which was of good quality; the tape is 30 minutes
and 36 seconds in duration

The data show:

Extended discussion of a non-pertinent nature (flight attendant crew duty time) prior to
descent

No indication of descent checklist procedures

No indication of an arrival (approach) procedures briefing

No indication of any aircraft systems or powerplants malfunction

No indication of any unusual meteorological event, i.e. turbulence, wind shear

No indication of any external hostile force acting on the aircraft (subversion or terrorism)
No indication of any out-of-service condition of any applicable ground based navigational
aids

Radio communications were accomplished from the left seat of the cockpit without evidence

of language difficulty by either the flightcrew or the ATC controller

Flight 965 was operating in aradar surveillance environment until afew minutes before the
end of the flight when radar coverage was no longer available

Flight 965 was on autopilot-L-NAV mode, southbound in the Bogota flight information
region (FIR) on adirect route from BUTAL to Tulua (ULQ)

Following a position report from the airplane at 63 DME, Cali Approach Control issued the
following clearance, "cleared to Cali VOR, descend and maintain 15 thousand feet, altimeter
3002, no delay expected for approach, report Tulua VOR" The flightcrew replied, "OK,
understood cleared direct to Cali VOR, report Tulua and altitude 15, that's fifteen thousand,
3002, isthat all correct Sir?

Approach replied, "Affirmative"

About two minutes later, Cali approach transmitted, “"Okay Sir, the wind is calm, are you
able to approach runway 19?

The flightcrew replied, "Ah, yes sir, we'll need alower altitude right away though”

Approach replied, "Roger 965 is cleared to the VOR DME approach runway one niner,
ROZO Number One arrival, report TuluaVOR"

The flightcrew readback was, "Cleared the VOR DME one niner ROZO one arrival, welll
report the VOR, thank you Sir"
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Cali approach immediately clarified with, "Report Tulua', and the flightcrew immediately
acknowledged, "Report Tulua’

The flightcrew referred to the cockpit chart package (approach publications) after ATC
instructions to "Report Tulua'

Flightcrew discussion took place about the navigational aids to be used in the ROZO 1
Arrival, specifically their position relative to Tulua

About 30 seconds later the flightcrew requested, "Can American Airlines 965 go direct to
ROZO and then do the ROZO arriva sir?"

Several radio transmissions then took place: Approach replied, "affirmative direct ROZO
one and then runway one niner, the winds calm". The flightcrew replied, "all right, ROZO,
the ROZO 1 to 19, thank you, American 965. And the controller stated, "Affirmative, report
Tulua and twenty one miles, 5000 feet". The flightcrew acknowledged, "OK report Tulua,
twenty one miles at 5000 feet, American 965"

DFDR information indicates that, at a point south of Tulua, while continuing descent, the
flightcrew selected UL Q in the flight management system and the aircraft made aleft turn of
about 90 seconds to an easterly heading

Flightcrew discussion took place during thisturn regarding areturn to the centerline of the
approach course, and then also to selection of a course direct to the ROZO radio beacon

DFDR information indicates that, while continuing the descent, the autopilot mode was
switched to HDG SEL and the aircraft entered aright turn to a southwesterly heading to the
end of the recorded data

Nine seconds prior to end of the recordings, data indicates a ground proximity warning
system (GPWS) "TERRAIN" mode warning, then "PULLUP" warnings continue to the end
of data

Dataindicates the crew initiated a GPWS escape maneuver with increased engine power and
airplane pitch attitude two seconds after the initial GPWS alert

The stick shaker activated during the GPWS escape maneuver During the GPWS maneuver,
the flight spoilers, which had been extended during the descent, remained in the extended
position to the end of the recorded data

Cap. German Duarte P.
Jefe Oficina de Control y
Seguridad Aerea
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AIRCRAFT ACCIDENT REPORT

AERONAUTICA CIVIL OF THE REPUBLIC OF COLOMBIA
SANTAFE DE BOGOTA, D.C. - COLOMBIA

CONTROLLED FLIGHT INTO TERRAIN
AMERICAN AIRLINES FLIGHT 965, BOEING 757-223, N651AA
NEAR CALI, COLOMBIA, DECEMBER 20, 1995

1. FACTUAL INFORMATION

1.1 History of Flight

At 2142 eastern standard time (est) [l], on December 20, 1995, American Airlines Flight 965 (AA965), a
Boeing 757-223, N651AA, on aregularly scheduled passenger flight from Miami International Airport
(MIA), Florida, U.S.A., to Alfonso Bonilla Aragon International Airport (SKCL), in Cali, Colombia,
operating under instrument flight rules (IFR), crashed into mountainous terrain during a descent from
cruise atitude in visual meteorological conditions (VMC). The accident site was near the town of Buga,
33 miles northeast of the Cali VOR [2] (CLO). The airplane impacted at about 8,900 feet mean sea level
(mdl), near the summit of El Deluvio and approximately 10 miles east of Airway W3. Of the 155
passengers, 2 flightcrew members, and 6 cabincrew members on board, 4 passengers survived the
accident.

On the previous flight under adifferent crew, the airplane arrived at MIA from Guayaquil, Equador, at
1438, on December 20, 1996. The Guayaquil to MIA flightcrew reported that there were no significant
mai ntenance or operations-related discrepancies on the airplane. The captain and first officer of AA965
(MIA to SKCL) arrived at the airline's MIA operations office about 1 hour before the proposed departure
time of 1640. The operations base manager later stated that

[1] All times herein are expressed in est, based on the 24-hour clock, unless otherwise indicated. The
Colombian and MIA local time was the same (est).

[2] Very high frequency (VHF) omni-directional radio range.
1

both the captain and first officer were in his office about 40 minutes before the required check-in time,
and appeared to be in good spirits.
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According to the AA flight dispatcher at MIA, AA965 was delayed about 34 minutes, waiting for the
arrival of connecting passengers and baggage. The flight departed the gate at 1714, and then experienced
another ground delay of 1 hour 21 minutes that the flight dispatcher stated was related to gate congestion
dueto airport traffic. AA965 departed MIA at 1835, with an estimated time enroute to Cali of 3 hour 12
minutes.

AA965 was cleared to climb to flight level (FL) 370 [3]. The route of flight was from MIA through
Cuban airspace, then through Jamaican airspace, and into Colombian airspace, where the flight was
recleared by Barranquilla Air Traffic Control Center (Barranquilla Center) to proceed from KILER
Intersection direct to BUTAL Intersection. The flight then passed abeam Cartegena (CTG). Bogota
Center subsequently cleared the flight to fly direct from BUTAL to the TuluaVOR (ULQ)

At 2103, AA965 estimated to Bogota Center that they would cross BUTAL at 2107. As AA965 passed
BUTAL, Bogota Center again cleared the flight from its present position to ULQ, and told the flight to
report when they were ready to descend. At 2110, AA965 communicated viaACARS [4] with AA's
System Operations Control (SOC) center, asking for weather information at Cali. At 2111, Cali weather
was reported as clear, visibility greater than 10 kilometers, and scattered clouds. At 2126:16, AA965
requested descent clearance. The flight wasinitially cleared to FL 240 and then to FL 200. At 2134:04,
the flight was instructed to contact Cali Approach Control (Approach).

AA965 contacted Approach at 2134:40. The captain, making the radio transmissions [5] said, "Cali
approach, American nine six five." The approach controller replied, "American niner six five, good
evening. go ahead." The captain stated, "ah, buenos noches senor, American nine six five leaving two
three zero, descending to two zero zero. go ahead sir." The controller asked, "the uh, distance DME [6]
from Cali?' The captain replied, "the DME is six three." The controller

[3] 37,000 feet. Flight levels are expressed in hundreds of feet above mdl.
[4]Aircraft Communications Addressing and Reporting System.

[5] Based on the air traffic control (ATC) and cockpit voice recordings (CVR), the captain made the
radio communications and the first officer was at the controls of the airplane.

[6] Distance measuring equipment, providing adisplay in nautical miles.

2

then stated, "roger, is cleared to Cali VOR, uh, descend and maintain one, fve thousand feet. altimeter
three zero zero two.... no delay expect for approach. report uh, TuluaVOR." The captain replied, "OK,
understood. cleared direct to Cali VOR. uh, report Tulua and altitude one five, that's fifteen thousand
three zero.. zero.. two. isthat all correct sir?' The controller stated, "affirmative." The captain replied at
2135:27, "Thank you. At 2135:28, the captain informed the first officer that he had "...put direct Cali for
you in there." [7]

At 2136:31, Approach asked AA965, "sir the wind is calm. are you able to [execute the] approach [to]
runway one niner?' (see approach charts, appendix C, "VOR DME Rwy 19" and "ILSRWY 01") The
captain responded, "uh yes sir, we'll need alower altitude right away though." The approach controller
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then stated, "roger. American nine six fiveis cleared to VOR DME approach runway one niner. Rozo
number one, arrival. report TuluaVOR." The captain, replied, "cleared the VOR DME to one nine, Rozo
one arrival. will report the VOR, thank you sir." The controller stated, "report uh, TuluaVOR." The
captain replied, "report Tulua."

At 2137:29, AA965 asked Approach, "can American airlines uh, nine six five go direct to Rozo and then
do the Rozo arrival sir?' The Cali approach controller replied, "affirmative. take the Rozo one and
runway one niner, the wind is calm." The captain responded, "alright Rozo, the Rozo one to one nine,
thank you, American nine six five." The controller stated, "(thank you very much) [8].... report Tuluaand
e'eh, twenty one miles ah, five thousand feet." The captain responded, "OK, report Tulua twenty one
miles and five thousand feet, American nine uh, six five."

At 2137, after passing ULQ [9], during the descent, the airplane began to turn to the left of the cleared
course and flew on an easterly heading for approximately one minute. Then the airplane turned to the
right, while still in the descent. At 2139:25, Morse code for the letters "V C" was recorded by navigation
radio onto the airplane's CVR. At 2139:29, Morse code similar to the letters "UL Q" was recorded. At
2140:01, the captain asked Approach, "and American uh,

[7] A reference to the airplane's flight management system (FMS).
[8] "Questionable insertion” transcribed during hearing of the tape by CVR investlgators.

[9]Position based on ATC and CVR recordings, flight data recorder (FDR) information, time and
distance measurements, and reconstructed data from the airplane's flight management computer (FMC).
(see section 1.16).

thirty eight miles north of Cali, and you want us to go Tulua and then do the Rozo uh, to uh, the runway,
right to runway one nine?"' The controller answered, "...you can [unintelligible word] landed, runway one
niner, you can use runway one niner. what is (you) altitude and (the) DME from Cali?' The flight
responded, "OK, we're thirty seven DME [10] at ten thousand feet." The controller stated at 2140:25,
"roger. report (uh) five thousand and uh, final to one one, runway one niner."

The CVR recorded the flightcrew's conversations as well as radio transmissions. At 2140:40, the captain
stated, "it's that [expletive] Tulua l'm not getting for some reason. see |l can't get. OK now, no. Tulua's
[expletive] up." At 2140:49 the captain said, "but | can put it in the box if you want it." The first officer
replied, "I don't want Tulua. let's just go to the extended centerline of uh...." The captain stated, "whichis
Rozo." At 2140:56, the captain stated, "why don't you just go direct to Rozo then, alright?' The first
officer replied, "OK, let's...The captain said, "I'm goin' to put that over you." The first officer replied,
"...get some altimeters, we'er out of uh, ten now."

At 2141:02, Cali Approach requested the flight's altitude. The flight replied, "nine six five, nine thousand
feet." The controller then asked at 2141: 10, "roger, distance now?' The flightcrew did not respond to the
controller. At 2141:15, the CVR recorded from the cockpit area microphone the mechanical voice and
sounds of the airplane's ground proximity warning system (GPWYS), "terrain, terrain, whoop, whoop."
The captain stated, "Oh [expletive],” and a sound similar to autopilot disconnect warning began. The
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captain said, "...pull up baby." The mechanical voice and sound continued, "...pull up, whoop, whoop,
pull up." The FDR showed that the flightcrew added full power and raised the nose of the airplane, the
spoilers (speedbrakes) that had been extended during the descent were not retracted. The airplane entered
into the regime of stick shaker stall warning, nose up attitude was lowered dightly [11], the airplane
came out of stick shaker warning, nose up attitude then increased and stick shaker was reentered. The
CVR ended at 2141 :28.

The wreckage path and FDR data evidenced that the airplane was on a magnetic heading of 223 degrees,
nose up, and wings approximately level, asit struck trees at about 8,900 feet msl on the east side of El
Deluvio. The airplane

[10] 37 DME north of the Cali VOR (CLO) places the airplane 6 miles south of ULQ and 28 miles north
of the approach end of runway 19 at SKCL.

[11] From FDR data.

continued over aridge near the summit and impacted and burned on the west side of the mountain, at 3
degrees 50 minutes 45.2 seconds north latitude and 76 degrees 6 minutes 17.1 seconds west longitude.
Approach unsuccessfully attempted to contact AA965 several times after the time of impact (see
appendix D, two photographs of the accident site).

1.2 Injuries to Persons

Injuries Flightcrew Cabincrew Passengers Total

Fatal 2 6 151 159
Serious O 0 4 4
Minor O 0 0 0
None O 0 0 0
Total 2 6 155 163

1.3 Damage to Airplane

The airplane was destroyed.

1.4 Other Damage

None. Impact was in tree-covered mountainous terrain.
1.5 Personnel Information

The captain and first officer were certified by the U.S. Federal Aviation Administration (FAA) to hold
their respective positions in the Boeing 757 (B-757) and each possessed a current first class medical
certificate. FAA records showed that neither had been involved in an accident, incident, or enforcement
action.
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1.5.1. Cockpit Crew

Pilot In Command First Officer

Age 57 39
Date of Birth 11/17/38 6/24/56
Date of Hire with American Airlines 9/22/69 10/11/86
First Class Medical Certificate Issued 12/7/95

5

Approximate Total Flying Time 13,000 hrs 5,800 hrs

Total on Type (B757/B767) 2,260 hrs 2,286 hrs
Tota hrslast 90 Days 182: 13 163 :40
Total hrslast 60 Days 104: 14 101 :55
Total hrslast 30 Days 60:13 19:50
Total Last 7 Days 12:19 13:22
Accident Flight hrs (est.) 4:38 4:38
Hours On Duty Prior to Accident 5:58 5:58

Hours Off Duty Prior to Work Period 120+ (5 days) 120+(5 days)

1.5.2 Captain

The captain began flying as a civilian student pilot in September 1963. He then joined the U.S. Air Force,
became an Air Force pilot and flew avariety of military airplanesincluding fighters and 4-engine
transport airplanes in domestic and foreign operations through 1969. He became employed by AA on
September 22, 1969. Employment records at AA indicated that he had acquired about 2,698 flight hours
before being hired, and al except 36 hours were with the U.S. Air Force. His service at AA began asa
B-727 flight engineer. Asflew as captain on the B-727, -757 and -767 [12].

The captain underwent his last proficiency check in aflight smulator on April 28, 1995. AA referred to
this check asthe "R2" check or the "simulator check." The check ended a S-day training and checking
sequence in which other annual requirements were also met, including training regarding security and
hazardous materials, crew resource management (CRM), and international operations. The captain
completed annual line checks, administered by an AA FAA-approved check airman on November 9,
1995 (domestic) and on December 9, 1995 (international). In the line check on December 9, 1995, he
flew as captain on AA965 from MIA to SKCL. Including flightsto SKCL on December 9, and
December 14, 1995, the captain flew atotal of 13 timesinto Cali before the accident flight.

[12] The FAA awards common type ratings to pilots qualifying on the B-757 and -767 because of the
similarities between the two airplanes. B-757/767 type rated pilots for AA and other airlines may serve
on both airplane types equally, without need of additional certification.

6
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The captain’s last medical examination was on December 7, 1995, when his Class | medical certificate
was renewed. His certificate bore the following limitation: "Holder shall wear lenses that correct for
distant vision and possess glasses that correct for near vision while exercising the privileges of this
airman certificate."

The captain was described by his colleagues as a non-smoker, avid tennis player, in exemplary health,
and respected for his professional skills, including his skill in communicating with crewmembers and
passengers. Company records contained numerous letters from passengers and company employees that
reflected outstanding and courteous performance. The captain was married and had two adult children
who lived outside of the home.

On the day of the accident, December 20, 1995, the captain arose around 0500. His wife began to prepare
for atrip in her capacity as an AA flight attendant. She was later not sure whether the captain had
returned to sleep after she departed their home at 0600. She estimated that he departed from home about
1200 for the drive to MIA.

The day prior to the accident, December 19, the captain awoke about 0700, and spent the day relaxing
around the house and then playing tennis about | 1/2 hours with his wife. They returned home about
2130. From December 15 through 18, the captain and his wife visited his family in New Jersey, on what
was described as an enjoyable Christmas visit that they took early because of the scheduled trips.

1.5.3 First Officer

Thefirst officer began his flying eareer as a college undergraduate by enrolling in the U.S. Air Force
Reserve Officer Training Corps. He began pilot training with the Air Forcein 1979, flying avariety of
aircraft, including trainers and F-4E fighters, through 1986. He served as an instructor in ground school,
in flight simulators, and in airplanes, and in 1985 was awarded Air Force Instruetor of the Y ear.

Thefirst officer beeame employed by AA on Oetober 11, 1986. Company reeords indicated that he had
accumulated atotal of 1,362 flight hours when hired. He began as aflight engineer on the B-727. Later
duties included first

officer on the B-727, McDonnell Douglas (MD) 11, and B-757 and -767. He possessed type ratings in
the MD 11 and B757/B767.

Thefirst officer attended the AA 5-day qualification and recurrence course and satisfactorily completed
the required annual simulator check on November 27, 1995. As part of that sequence, annual recurrent
requirements also ineluded training regarding security, hazardous materials, CRM, and international
operations. The first officer's annual line cheek was aeeomplished on August 31, 1995.

Thefirst offieer's Class 1 medical certificate was renewed on June 21, 1995, with no limitations.

Thefirst officer had never flown into Cali. However, he had flown to other destinations in South
Americaas an internationally qualified B-757/767 first officer.
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Thefirst officer was described by his colleagues as professionally competent, and appropriately assertive
as aflightcrew member. He was married and the father of three young children who lived at home.

On the day of the accident, the first officer arose about 0700, and had breakfast with his family. Around
0830, he worked with hiswife to prepare for their children's home schooling aetivities. He later
exercised. He visited with his father and family around midday and, around 1230, left for the airport at
Orlando, Florida, for the flight to MIA.

On the day prior to the accident, December 19, the first officer arose about 0700, and had an 0830,
appointment with an aviation medical examiner (AME) for aflight physical [13]. Afterwards, the first
officer visited with his brother at his brother's place of business, and later the two had lunch. The first
officer returned home at 1530, and played basketball with his children. The family had dinner about
1730, and at 1900, he, hiswife, and children attended a basketball game where their son was playing.
The family returned home about 2015, and at 2115 the first officer helped put the children to bed. He and
his wife watched television briefly and retired about 2330.

[13] The AME later stated that the first officer was found in excellent health.
8

On December 18, the first officer arose about 0715, and after breakfast exercised at the local YMCA. He
assisted hiswife in home schooling their children and then had lunch with his wife. After shopping for
holiday gifts, they took the children to a restaurant for dinner and returned home about 2100.

1.6 Airplane Information

The airplane, aBoeing 757-223, seria no. 24609, was operated by AA since new on August 27, 1991.
The airplane was owned by Meridian Trust Company of Reading, Pennsylvania, U.S.A., and leased to
the airline.

Before the accident flight, the airplane accumulated 13,782 flight hours and 4,922 cycles. The airplane
was equipped with two RB-211 535E 4B Rolls Royce turbofan engines. The left engine, serial no. 31146,
accumulated 10,657 hours and 3,768 cycles. The right engine, serial no. 31042, had accumulated 13,274
total hours and 4,966 cycles.

There were no malfunctions or outstanding maintenance items on the airplane prior to its departure from
MIA on December 20, 1995. The airplane received a B-level maintenance check (B-check) in November
1995, and all subsequent required maintenance checks were performed. In addition, there was no record
of repetitive navigation or flight control system anomalies.

1.6.1 Weight and Balance Information

The airplane weight and balance was determined by AA's dispatch center at Dallas/Ft. Worth
International Airport (DFW), Texas, U.S.A. The airplane was loaded with 43,300 pounds of fuel for
takeoff from MIA on December 20, 1995. Its takeoff gross weight was calculated as 209,520 pounds.
The airplane's center of gravity (c.g.) at takeoff was determined to be 25.2 percent mean aerodynamic
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chord (MAC). The gross weight and c.g. were within limits for takeoff.

Estimated flight plan calculations indicated that the airplane consumed 26,620 pounds of fuel prior to
Impact. Its impact gross weight was 182,900 pounds and its c.g. was 23.8 percent MAC. The final gross
weight and c.g. were within landing limits.

1.6.2 Flight Management System

The B-757 and -767 are flight management system (FM S)-equipped airplanes. The accident airplane
incorporated an FM S that included an flight management computer (FMC), aworldwide navigation data
base that contained radio frequencies, and latitude and longitude coordinates of relevant navigation aids
aswell as coordinates of airports capable of B-757 operations. The FMC data base also included B-757
performance data which, combined with pilot inputs, governed autothrottle and autopilot functions. The
FM S monitored the system and engine status and displayed the information, as well as airplane attitude,
flightpath, navigation, and other information, through el ectronically-generated cathode ray tube (CRT)

displays[14].

Pilot input into the FM S could be performed either through a keyboard and associated cathode ray tube
(CRT), known as a control display unit (CDU), or through more limited FM S input via controls on the
glareshield (see section 1.16, regarding post-accident testing of FM S components).

1.7 Meteorological Information

The flight crew received the following AA terminal weather forecast for Cali in the flight dispatch
records:

Cali at 0606 universal coordinated time (utc) [15]: Winds calm, visibility more than 10 kilometers,
clouds scattered at 2,500 and 10,000 feet

Temporary change (Cali) from 0900 to 1300 utc: 8000 meters visibility, rain showersin the vicinity,
clouds scattered at 2,000, broken at 8,500 feet

Temporary change (Cali) from 2000 through 0200 utc: Winds 360 degrees at 05 knots, rain showersin
the vicinity, clouds scattered at 2,000 feet and broken at 8,000 feet

The flight departure paper recorded the weather at 1500 est as. Winds calm, visibility more than 10
kilometers, clouds scattered at 2,000 and 12,000 fest,

[14] On the instrument panel before each pilot
[15] Universal coordinate time. Est is5 hours behind utc.
10

temperature 28 centigrade, dew point 18 degrees centigrade (C.), altimeter (QNH) 29.94 inches of
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mercury

The flight crew received an updated weather message viathe ACARS. The weather was for 1700 est and
was reported as:

(Cdli): Winds 340 degrees at 06 knots, visibility more than 10 kilometers, rain showersin the vicinity,
clouds scattered at 1,700 feet and broken at 10,000 feet, temperature 28 degrees C., dew point 18 degrees
C., dtimeter (QNH) 29.98 inches of mercury

Enroute, the flight crew requested the Cali weather via ACARS at 2050 est. The company replied at
2051, via ACARS, that there was "no current data.”

At 2110 est, the flightcrew requested, again, the weather for Cali. At 2111, the flightcrew received via
the uplink, the following weather information for 2000 local at Cali: Winds 160 degrees at 04 knots,
visibility more than 10 kilometers, clouds scattered at 1,700 and 10,000 feet, temperature 23 degrees and
dew point 18 degrees C., altimeter (QNH) 29.98 inches of mercury. Thiswas the last request and uplink
of weather recorded.

1.8 Aids to Navigation

There were no difficulties with aids to navigation.

1.9 Communications

There were no difficulties with communi cations equipment.
1.10 Aerodrome Information

Alfonso Bonilla Aragon Airport (SKCL) in Cali, islocated in along, narrow valley oriented north to
south. Mountains extend up to 14,000 feet mdl to the east and west of the valley. The airport is located
approximately 7.5 miles north of CLO, at an elevation of 3,162 feet mdl.

11

At the time of the accident, the airport control tower operated 24 hours a day, controlling departing and
arriving traffic to runways 01 and 19. The runway was hard surfaced, 9,842 feet long, and 148 feet wide,
with a parallel taxiway running the full length. Runway 01 had instrument landing system (ILS) CAT 1
and VOR/DME approaches available. The ILS has a 2.5 degree glide slope, with precision approach path
indicator (PAPI) visua glide path lighting to match the 2.5 degree electronic glide slope. Runway 19 had
aVOR/DME approach available and the lighting included a PAPI system with a 3.0 degree glide path.
Two standard arrivals (STARS) were available, one from the north of the airport (ROZO 1) and one from
the east (MANGA 1). There were 12 published departures available.

Radio navigation facilitiesincluded the ILS (IPAS), the Cali VOR (CLO), Rozo NDB (R), the middle
marker (AS), and the Cali NDB (CLO). The TuluaVOR (ULQ) was approximately 33 nautical miles
north of the airfield (43 DME from CLO), and was the initial point depicted on the ROZO 1 arrival.

The airport was served by Cali Approach. No approach control radar was available.
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Thefield report recorded in the AA dispatch records indicated that runways 01 and 19 were open and
dry. There were three notices to airmen (NOTAMYS) in the flight departure papers, they were:

1. Until further notice, runway 01 LM/AS frequency 240 Mhz ops on test period.
2. Fire and rescue services downgradesto VI cat.
3. Until further notice, MER/NDB 1.685 Khz inop.

1.11 Flight Recorders
1.11.1 Flight Data Recorder

The airplane was equipped a Sundstrand digital FDR, serial no. 6707. FDR recorded parameters
included: pressure altitude; radio altitude; magnetic heading; computed airspeed; pitch attitude; roll
attitude; engine status; navigation mode; indicated airspeed; autothrottle and autopilot parameters;
ground proximity warning alerts; and parameters indicating flight control position, including speed

12

brake deployment. The data were recorded on a continuous 25 hour cycle in which the oldest data were
erased and new data recorded.

The FDR was extensively damaged by impact forces. There was no evidence of fire damage to the
recorder. The tape recording medium was undamaged. The FDR was brought to the U.S. National
Transportation Safety Board's (NTSB's) laboratories in Washington, D.C., U.S.A., and read out.

1.11.2 Cockpit Voice Recorder

The airplane was equipped with a Fairchild model A-lOOa CVR, seria no. 59225. Examination in the
NTSB CVR laboratory found exterior structural damage. The exterior case was cut away to access the
tape medium. The tape did not sustain heat or impact damage. The recording was of good quality and a
transcript was prepared of the entire 30:40 minute recording.

1.12 Wreckage and Impact Information

The airplane struck near the top of a mountain ridge about 35 miles northeast of Cali. The elevation of
the top of the ridge was about 9,000 feet mean sea level. The airplane initially struck trees on the east
side of the ridge, and the preponderance of the wreckage, which contained the occupants of the airplane
and included both engines, came to rest on the west face of the ridge. There was no indication of in-flight
fire or separation of parts beforeinitial impact.

The initial impact area was marked by an area of broken trees, followed by a swath where the trees had
been essentially flattened or uprooted. The area of uprooted trees began about 250 feet below the top of
the ridge. The initial impact swath was oriented along a heading of about 220°. Wreckage that was found
at the beginning of the wreckage path included thrust reverser parts, afan cowling, an APU tail cone,
flap jackscrews, an engine fire bottle, the FDR, and a small section of wing. The pattern of the broken
trees indicated that the airplane initially struck at a high nose up attitude.
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The main wreckage came to rest on the west side of the ridge, about 400 to 500 feet from the top. In
addition to the engines, the largest portion of wreckage included the cockpit, a section of center fuselage
about 35 feet long, the CVR, aviation electronics (avionics) boxes, a section of the aft fuselage, and a
portion of the wing center section.

13

The wreckage evidence indicated that both flaps and landing gear were in the retracted position at the
time of impact.

Both engines were examined on site. The left engine showed ingestion of soil and foliage as far aft as the
inlet guide vanes to the intermediate compressor section. There was a substantial bending of fan bladesin
a counter-clockwise direction, with some bent clockwise.

The right engine was found dslightly buried into the ground. The blade damage that was observable was
similar to the damage observed on the left engine. Soil and foliage were found as far aft asthe inlet to the
intermediate compressor section. Neither engine showed evidence of fire damage.

Numerous cireuit cards and other parts that were onsidered likely to contain non-volatile memory were
retrieved from the site, packed in static free material, and shipped to the United States for read out at the
facilities of their manufacturers. With the exception of one circuit card from the Honeywell-
manufaetured FMC, the materia either did not contain non-volatile memory or was too severely
damaged to permit data retrieval. Discussion of the data retrieval of the non-volatile memory from the
FMC islocated in section 1.16, Tests and Research.

1.13 Medical and Pathological Information

The body of the first officer was recovered on the first day after the accident. The body of the captain
was retrieved from the crash site on the third day after the accident. The cause of death of each was
determined to be blunt force trauma.

Specimens of liver, blood, and vitreous humor were obtained and analyzed by the Colombian Instituto
Naciona de MedicinaLegal. The samples from the body of the first officer were found to be negative for
alcohol and drugs of abuse. The blood and liver samples from the captain were found to be positive for
alcohol at 0.074 percent and 0.35 percent blood alcohol levels, respectively, and negative for drugs of
abuse. Vitreous specimens were found to be negative for both pilots.

Portions of the liver and blood samples from the bodies of the flightcrew members were then flown to the
United States to be further analyzed by
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the Forensic Toxicology Laboratory of the U.S. Armed Forces Institute of Pathology. The analysis and
subsequent reexamination of the results of the analysisin Colombiaindicated that the positive alcohol
level derived from post-mortem microbia action, and not from pre-mortem alcohol ingestion.

1.14 Fire
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The was no evidence preimpact fire or explosion. There was limited postimpact fire, where the main
fuselage came to rest.

1.15 Survival Factors

Search and rescue facilities coordinators around the Cali and Buga area were notified of the missing
flight at 2150 local time. At 2230, the Civil Defense, Red Cross, Police and Army contingencies were
mobilized to the Buga general area where the airplane was last reported. The initial sighting of the crash
site was made by a helicopter at 06:30, December 21, 1995. Search teams arrived by helicopter to the
crash site within afew minutes of the sighting.

The characteristics and magnitude of the impact and subsequent destruction of the airplane indicated that
the accident was non survivable. However, 5 passengersinitially survived the crash, having sustained
serious injuries. One died later in the hospital.

Postmortem examination of the occupants indicated that the characteristics of the fatal and non fatal
injuries varied according to the location of the persons in the crashed airplane. All of the injuries were
consistent with deceleration trauma of different intensity consistent with the aircraft's impact and
breakdown pattern. Because some passengers were found to have changed seats within the airplane,
evaluating individual injuries by seat assignment was not successful.

1.16 Tests and Research

Follow-up examinations and testing were conducted regarding aircraft systems, operations procedures,
and human performance. These were conducted in the United States at Flight Safety International
Academy in Miami, Florida; Honeywell Air Transport Systems, in Phoenix, Arizona; Jeppesen
Sanderson
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Company, in Englewood, Colorado; American Airlinesin Fort Worth, Texas; and Boeing Commercial
Airplane Group, in Sesattle, Washington.

1.16.1 FMS Component Examinations

Portions of the FM S, including the FM C, that had been recovered from the wreckage, were examined at
Honeywell Air Transport Systems.

After the components were cleaned for laboratory examination, it was found that the FMC contained a
printed circuit card that had two non-volatile memory integrated circuits. Data recovered from the
integrated circuits included a navigation data base, guidance buffer, built in test equipment (BITE)
history file, operationa program, and other reference information.

A load test of the FM C memory showed that the operational software and navigational data were current
for the time of the accident. The BITE showed that there had been no recorded loss of function during the
last 10 flights of the airplane.
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The guidance buffer recorded that the FM C-planned route of flight at the point of power loss [16] was
from the last passed waypoint, shown as KILER, direct to the next waypoint that had not yet been
passed, shown as ULQ. The route beyond UL Q was shown as waypoint R, then CLO, then CLOO03 [17],
then the stored IL S runway 01 approach of CI01, then FI01, then RWO01, then ROZO, then ahold [18] at
ROZO.

When the FMC memory was first restored, a modification to the above route was displayed. The
modified route was shown as ULQ, aROUTE DISCONTINUITY message, then R, another ROUTE
DISCONTINUITY message, then CLO, then CLOO3, then CI01, then FI01, then RWO01, then ROZO,
then ahold at ROZO.

The FMC was put through a short term (power transient) initialization and the captain's and first officer's
CDU displays were identical, as follows:

[16] Coinciding with the time of impact.
[17] CLOO03 was found to be a point-bearing distance location.

[18] BITE provided non volatile memory of FMC activity for previous 10 flights of the accident airplane.
Hold indicates routing to a preplanned holding pattern location.

16
MOD RTE 1LEGS 1/2
066°
R 268/FL 364
THEN
HRRRN
--ROUTE DISCONTINUITY -
CLO 237/5510
161° 3NM
CLOO03 207/5190
307° 2NM
Ciol 189/5000
<ERASE RTE DATA>

The CLOO03 was not seen on a printed format of the route. When the (L4) line select key (L SK) for
CLOO03 was pressed, the scratch pad area (LSK L6) at the bottom of the screen was displayed:

CL0O163.0/003.0

Pushing the NEXT PAGE button showed:

MOD RTE LEGS 2/2
013° 2NM
F101 170/5000
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013° 7NM

RWO01 130/3200
013° ANM

ROZO ---/3560A
HOLD AT

ROZO ---/5000
<ERASE RTE DATA>

[19] The font size on the airspeeds and altitudes associated with CLO and CLOO03 were smaller than the
font sizes of comparable information for CIO1. These differences indicate that the information for CI01
was inputted by the pilot whereas the information for CLO were generated by the FMS.
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REF NAV DATA was displayed for the following points:

IDENT  LAT LONG FREQ MAG

VAR ELEV

ULQ NO4degO5.8 W076degl3.6  177.70 w1

CLO NO3deg24.2 W076deg24.6  115.50 W2
3300ft

CLOO3  NO03deg2l.4 W076deg23.6

clo1 NO03deg22.5 W076deg25.0

Fl01 NO3deg24.5 W076deg24.7

RWO1 NO3deg3l.6 W076deg23.2  LENGTH=9842ft
3150ft

ROZO  NO3deg35.8 WO076deg22.5

R NO4deg40.7 W074deg06.3 [20]

SKCL NO03deg32.8 W076deg23.1
3160ft

KILER N15deO00.0 WO076deg52.0

All of the above points were within 0.1 mile of their location in the ARINC-424 [21] navigational data
for December 21, 1995, with the exception of RWO1 at SKCL. However, it was found that the FMC
display showed the threshold of the runway and the ARINC-424 data showed the touch-down point for
the instrument landing system.

During testing at Honeywell Systems, the memory card from the accident airplane was installed into an
FMC that was programmed in the AA configuration and run on an engineering simulator. Different route
modifications were executed and timed for delays after the EXECUTE button was pushed. Over ULQ,
inputting "direct” changes to ROZO from different orientations, aswell asto KILER, resulted in
execution delays of not more than approximately 2 seconds (see appendix E, Reconstructed Route Pages
from accident FMC).
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At the completion of the tests, the memory card was returned to the original FM C computer case that had
been recovered from the accident site. Dirt

[20] R refersto an NDB in Bogota, located about 130 miles east-northeast of Cali.
[21] Aeronautical Radio. Inc. of Annapolis, Maryland).
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was vacuumed from the interior of the FMC and brushed from the faces of dirty circuit cards. Although a
number of connector pins were found broken from the dented rear face, they were then box mounted into
the ssmulator without difficulty and operated successfully.

1.16.2 At Jeppesen Sanderson

The Jeppesen Sanderson Company described that software inputs that are provided by contract to
operators of FM S-equipped aircraft are made in accordance with the guidelines of ARINC-424 Chapter
7, "Naming Conventions, " establishes the coding rules of identifiers and Name fields when government
source data does not provide these Identifiers or Names within the rules established by International Civil
Aviation Organization (ICAO) Annex 11. As stated by the Jeppesen Sanderson Senior Vice President,
Flight Information and Technology, in a subsequent letter to the President of the Investigation:

An important item to remember is that all of Jeppesen's navigation data is entered into our database using
the ARINC 424 Aeronautical Database Specifications standard. This standard is the result of an effort
that began in August 1973 and has been continuously updated and now isin its 14th revision. The
ARINC spec isaset of rules that has been established by industry, airlines, avionics manufacturers,
FAA, ICAOQ, international AlS offices, and othersto ensure agreement in concept of using aeronautical
information in automated systems worldwide.

As one of thefirst considerations, databases cannot accept duplicate information. There cannot be two
names for the same item. Specifically, the Romeo NDB uses the letter R for itsidentifier. The Rozo NDB
also uses the same letter R for itsidentifier. The letter R was assigned to both of these navaids by the
Colombian government.

Both of these navaids are within the same country and therefore have the same ICAO identifier. For
enroute facilities, the combination of both the NDB identifier and [emphasisin original] the ICAO code
is normally adequate to provide uniqueness for entering data in the database.
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When entering navaid information into the database, the navaid identifier is used as the key identifier.
This means that the letter R is the default value for the Romeo NDB and the Rozo NDB. Since the
Bogota city and airport is larger than Cali, the larger airports are entered sequentially at the beginning to
satisfy the greatest amount of users. The letter R was entered for the Romeo NDB as the "key" to the
navaid. Therefore, when using most FM Ss, entering the letter R when in Colombiawill call up the
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Romeo NDB sinceit isthe identifier for the Romeo NDB.

When the Rozo NDB was entered into the database, the letter R was attempted, but the computer rejected
the letter R since it had already been used for the Romeo NDB. According to the ARINC 424 standards,
when a duplicate exists, the name of the NDB can be used as the identifier for entry into the database. In
the case of Rozo, since the nameisfour letters or less, the complete name of Rozo was used as the
identifier. At Jeppesen, we are not experts on the use of FMSs, but we understand the accessto NDBsin
most FM Ssisviatheir identifier. In this case, an entry of the single letter R would retrieve Rome since R
isthe identifier for Romeo. To retrieve the Rozo NDB, the letters ROZO would need to be entered into
the FMS since that is the identifier for Rozo.

Under the NavData tab in the Jeppesen Airway Manual, there is an explanation of most of the procedures
specified in ARINC 424 as they apply to the user of an FMS....

1.16.3 At Boeing

Following the examinations at Honeywell Systems and the meehngs at Jeppesen Sanderson, tests were
conducted at Boeing Commercial Airplane Group, using a B-757 fixed base smulator aswell asa
CDU/FM S bench-type simulator. Several different displays were used to replicate the flightpath and
routing information that was recovered from the accident FM C non volatile memory at Honeywell
Systems, and the accident flight's arrival, descent, approach phase, and attempted escape maneuver were
replicated as closely as possible on the fixed-base simulator.
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It was found that neither the Boeing fixed base simulator nor the CDU/FM S simulator could be
backdriven with the data obtained directly from the accident airplane's FDR. Instead, data obtained from
the FDR and non volatile memory data from the FMC were input into both simulators, to replicate the
flight as closely as possible from 63 miles north of CLO to and including the escape maneuver. It was
found that calling up R on the CDU displayed a series of waypoints and their coordinates. They were
located north and south of the equator and ordered from top to bottom of the display by their distance
from the airplane. Romeo, a non directional radio beacon (NDB) in the City of Bogota, was the first and
closest waypoint displayed. Rozo, which was aso an NDB, was not displayed, and entering R would not
call up Rozo. Rozo could only called up by spelling out ROZO on the CDU.

The Simulations found that when R was entered into the CDU, a white dashed line pointed off the map
display towards the east-northeast. When R was "executed,” the airplane turned towards R (in the City of
Bogota) and the white dashed line turned to a solid magenta colored line on the display.

Investigators also attempted to replicate the GPW'S escape maneuver, particularly because wreckage
examinations and FDR dataindicated that the speedbrakes were not retracted during the escape
maneuver. Because the B-757 flight simulators could not be back driven during the tests, it could not be
determined with precision whether the airplane would have missed the mountain/tree tops if the
speedbrakes had been retracted during the escape attempt.

1.17 Organizational and Management Information
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AA began operating its Latin American routesin July 1991, and the MIA crew base opened at that time.
At the time of the accident, the MIA base was third in terms of the number of pilots, behind DFW and
Chicago-O'Hare International Airport (ORD). The accident flightcrew members were based at MIA. On
AA's Latin American and Caribbean routs, 98.4 percent of the flightcrews were based at MIA.

The MIA base was overseen by a base manager who was a B-757/767 captain in their South American
division. He had been aline pilot until approximately one year before the accident. AA's Latin American
operations and domestic operations from MIA were each overseen by their own chief pilot.
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Pilots based at MIA reported to the base manager. He was supervised by the Assistant Vice President,
Line Operations., who reported to the Vice President, Flight Operations. He was supervised by the
Executive Vice President, Operations, who reported to the President of AA. The President was
responsible to the Chief Executive Officer of the airline.

1.18 Additional Information
1.18.1 Air Traffic Control

Upon entering Colombian airspace on December 20, 1995, AA 965 was under the control of the
Barranquilla Center, and then Bogota Center. Upon exiting the limits of the Bogota Center airspace, the
airplane entered the airspace controlled by Cali Approach.

At the time of the accident, the Cali approach control facility was located in the control tower at SKCL.
The approach controller was located in asmall cab 8 to 10 feet from the tower controller. Flight progress
strips were used to keep track of aircraft that were inbound or outbound from the airport, or traversing
the Cali airspace. Radar coverage and radar services were not available.

Colombian controllers operate under rules promulgated by the Aeronautica Civil Communications. Pilots
are governed by Annex 10 to the Convention on International Civil Aviation, "Aeronautical
Telecommunications.”" The annex establishes the rules under which pilots and controllers, who are not
conversant in each other' s native language, can communicate. Section 1.2 of Annex 10 states:

The primary means for exchanging information in air-ground communications is the language of the
ground stations, which will in most cases be the national language of the State responsible for the station.

Paragraph 5.2.1.1 2 recommends, that where English is not the language of the ground station the English
language should be available on request, thereby, the recommendations of the Annex indicate that the
English language will be available as a universal medium for radiotel gphone communications.
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Section 1.4 of the Annex adds:;

That means of assuring safety, however, can hardly be satisfactory in practice. It is always possible that
an emergency may reguire communication with a ground station not foreseen in the original planning,
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and that the handicapping or prevention of such emergency communications by the lack of alanguage
common to the flightcrew and the ground station could lead to an accident.

In the Latin American Pilot Reference Guide that AA provided to its Latin American division pilots, the
following guidance was given:

Because the controller may not understand any comments that are unexpected, out of sequence, or not in
the ICAO format, you should use only ICAO accepted radio-telephony terminology.

Colombian rules included the following:

If aclearance given by the air traffic control center is not satisfactory to the pilot of the aircraft, the pilot
can request an amended clearance, and if possible, he will receive an amended clearance.

1.18.2 Cali Air Traffic Controller

The air traffic controller, who was on duty at the time of the accident, in hisfirst interview indicated to
investigators that there were no language difficulties in the communications between himself and the
accident flightcrew. However, in a second interview, when asked a specific question regarding his
opinion about the effects the difference in native languages between the accident flightcrew and approach
control may have had, he stated that he would have asked the pilots of AA965 more detailed questions
regarding the routing and the approach if the pilots had spoken Spanish. He stated that he believed that
his comprehension of the pilot's transmission was satisfactory and that the pilot also understood him. The
controller said that, in a non-radar environment, it was unusual for a pilot to request to fly from his or her
present position to the arrival transition. The air traffic controller also stated that the request from the
flight to fly direct to the TuluaVOR, when the flight was 38 miles north of Cali, made no sense to him.
He said that his fluency in non-aviation English was limited and he could not ask them to elaborate on
the request. Rather, he restated the clearance and requested their position
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relative to the Cali VOR. He believed that the pilot's response, that AA965 was 37 miles from Cali,
suggested that perhaps the pilot had forgotten to report passing the Tulua VOR.

The controller further stated that had the pilots been Spanish-speaking, he would have told them that
their request made little sense, and that it wasillogical and incongruent. He said that because of
limitations in his command of English he was unable to convey these thoughts to the crew.

1.18.3 FAA Surveillance

At the time of the accident, FAA oversight of AA's operationsinto Latin America was the carried out by
its Flight Standards District Office (FSDO) No. 19, based at MIA. The FAA office responsible for
overall survelllance of AA was based near the airline's headquartersin at DFW. FSDO 19 was the largest
FSDO in the United States, responsible for the oversight of 11 carriers operating under 14 Code of
Federal Regulations (CFR) Part 121, 51 carriers under Part 135, 12 flight schools operating under Part
141, 233 repair stations operating under Part 145, as well as several other certificates. FSDO 23, also
based at MIA was responsible for surveillance of Part 129 foreign carriers operating into MIA. Under a
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memorandum of understanding (MOU) with FSDO-19, FSDO-23 accomplished some of the surveillance
of U.S. carriers operating into Latin America. FSDO 19 was responsible for performing geographic
surveillance of AA surveillance as well as surveillance of United Airlines and Continental Airlines
operationsinto Latin Americaand the Caribbean. AA management personnel described the FAA
presence at MIA as positive and cooperative.

During post accident interviews, FAA personnel indicated that AA conducted about 1,870 of the 7,200
weekly operations at MIA, and that enroute surveillance of operations into South America were often
conducted by airworthiness inspectors who were aready traveling to Latin Americato perform facility
inspections. Airworthiness inspectors would plan and conduct enroute inspections on flights to South
America, inspect the facility at the destination, and conduct enroute inspections on the return trip.
Inspections were planned in this manner to reduce the FAA expenses associated with overseas travel.
During interviews, FAA personnel verified that operations inspectors, who perform cockpit enroute
checks are given different FAA training than airworthiness inspectors. Airworthiness inspectors
specialize in maintenance matters and are not qualified flightcrew operational evaluators.
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International Civil Aviation Organization (ICAO) document no. 8335, Chapter 9, part 9.4.1 states:

Ideally a CAA inspector should be at |east as qualified as the personnel to be inspected or supervised. To
carry out in-flight inspections, a CAA inspector should not only be qualified in the type of aircraft used
but al so possess appropriate route experience.

Part 9.6.33 states:

The following guidelines are suggested as minimum requirements with respect to the frequency of
conducting the various inspections.

Type Frequency
En-route inspection quarterly

Three operations inspectors at FSDO-19 performed 1,807 flight checks, including simulator, oral or
actual airplane checks, out of 3,400 requests.

1.18.4 American Airlines Training in Latin American Operations

AA provided additional ground school instruction to all flightcrew members who were to begin
operationsinto Latin America. Thisfollowed a 2-day ground school for al pilots who were to begin
flying international routes. In the Latin Americatraining, the airline also distributed to students a
Jeppesen-sized reference guide devoted exclusively to the hazards and demands of flying into Latin
America. Pilots also participated annually AA provided CRM training, exclusive to Latin American
flight operations. The training and reference guide were not required by Federal Aviation Regulations
(FARS).

The following were among the title of topics addressed in both the reference guide and initial ground
school training:

« Warning! Arrivals May be Hazardous
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« They'll [ATC] Forget About Y ou
e« Know Where You Arel
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« When "Knowing Where You Are" is Critica
« Howto Determine Terrain Altitude

In addition, the introduction to the reference guide included the following guidance:

Flights into Latin America can be more challenging and far more dangerous than domestic flying or the
highly structured North Atlantic/European operation. Some Latin American destinations have multiple
hazards to air operations, and ATC facilities may provide little assistance in avoiding them.

Enroute and terminal radar coverage may be limited or non-existent. Mountains, larger and more
extensive than anything you've probably ever seen, will loom up around you during descent and
approach, and during departure. Communications, navigation, weather problems, and an Air Traffic
Control philosophy peculiar to Latin Americamay conspire with disastrous consequences.

There are many hazards in this environment, but the greatest danger is pilot complacency. From 1979
through 1989, 44 major accidents involving large commercial aircraft occurred in South America. Of
these 44 accidents, 34 were attributable to pilot error, or were pilot-preventable with proper situational
awareness (emphasisin original).

1.18.5 Speedbrake System Description for the B-757

The speedbrake system in the B-757 consists of overwing control surfaces that extend and retract at the
command of the pilot through the aft and forward movement of the speedbrake control lever located in
the top left side of the center control stand. In flight operation of the speedbrake system is manual.
Automatic extension and retraction are restricted to the landing phase and is activated upon main wheel
touchdown and forward movement of the power levers respectively. Due to the limited aerodynamic
effect of the speedbrakes, flightcrews may become unaware that they are in the extended mode.
Annunciation of speedbrake deployment only becomes activated in landing configuration and / or below
800 feet. (see appendix D, Aileron and Spoiler Controls)
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1.18.6GPWS Escape Maneuvers

The Ground Proximity Warning Escape Maneuver procedure was contained in American Airlines B-757
Flight Operations Manual under the section entitled, "Instruments.” The procedure addressed the
flightcrew actions that must be carried out in order to attain maximum climb performance of the airplane
in order to overcome the obstacles ahead of its flight path. These pilot actions include the dlsengagement
of autopilot and autothrottle system as well as selecting maximum power and attaining best angle of
climb.
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2. ANALYSIS

2.1 General

There was no evidence of failures or malfunctionsin the airplane, its components, or its systems.
Weather was not afactor in this accident. Both crewmembers were properly qualified and certificated to
operate the airplane on this flight. The specific details of the training history of the accident flightcrew
was not available to the accident investigation team, because of the AA policy of maintaining training
records which indicate only pass/fail on evaluations. No evidence was found that either crewmember was
experiencing a behavioral or physiological impairment at the time that could have caused or contributed
to of the accident.

The evidence indicates that AA965 continued on the appropriate flight path until it entered the Cali
Approach airspace. After contacting the Cali approach controller, the flightcrew accepted the controller's
offer to land on runway 19 at SKCL, rather than runway 01 per the flight planned route. After receiving
clearances to descend, lastly to 5,000 feet mdl, neither flighterew member made an attempt to terminate
the descent, despite the airplane's deviation from the published approach course, in avalley between two
mountain ridges. After the flightcrew recognized that the airplane had deviated from the prescribed
inbound course, asthefirst offieer stated less than 1 minute prior to impact, they attempted to turn back
to the "extended centerline" of the runway, which as the eaptain then stated, "...is Rozo." The accident
occurred following the turn back to the right from atrack to the east of the prescribed course and an
attempt to fly in a southwesterly heading to directly intercept the extended runway centerline.

The investigation examined flightcrew actions to determine how a properly trained and qualified crew
would allow the airplane to proceed off course, and continue the descent into an area of mountainous
terrain. In addition, the investigation examined the actions of the Cali approach controller to determine
what role, if any, his actions may have had upon the accident. The quality of the FAA surveillance of the
AA South American operation was examined. The investigation also assessed survivability issuesto
determine the extent to which the number of the injuries and fatalities could have been reduced, and the
design of the speedbrake, and AA's procedures and training in retracting speedbrakes during GPWS
escape maneuvers..
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2.2 The Decision to Accept Runway 19

The evidence indicates that the captain and first officer committed a series of operational errors that led
to the accident. The errors, which individually were not causal, interacted in away that caused the
accident. The CVR contained the final approximately 30 minutes of cockpit voice recording, but did not
contain details of an approach briefing into Cali, and investigators were unabl e to determine whether or
how detailed aflightcrew approach briefing took place before the beginning of recorded information.
However, investigators were able to identify a series of errorsthat initiated with the flightcrew's
acceptance of the controller's offer to land on runway 19 rather than the filed approach to runway 01.
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This expectation was based on the experience of AA pilots operating into Cali, where almost al landings
had been on runway 01, and AA's operations office at SKCL had radioed the accident flightcrew about 5
minutes prior to the controller's offer information regarding the active runway. Also, FMC reconstruction
found that the IL S approach to runway 01 had been entered into the airplane's FM S,

The CVR indicates that the decision to accept the offer to land on runway 19 was made jointly by the
captain and first officer in a 4-second exchange that began at 2136:38. The captain asked: "would you
like to shoot the one nine straight in?' The first officer responded, "Y eah, we'll have to scramble to get
down. We can doit." Thisinterchange followed an earlier discussion in which the captain indicated to
the first officer his desire to hurry the arrival into Cali, following the delay on departure from MIA, inan
apparent attempt to minimize the effect of the delay on the flight attendants' rest requirements. For
example, at 2126:01, he asked the first officer to "keep the speed up in the descent.”

As aresult of the decision to accept a straight in approach to runway 19, the flightcrew needed to
accomplish the following actions expeditiously:
« Locate, remove from its binder, and prominently position the chart for the approach to runway 19

« Review the approach chart for relevant information such as radio frequencies, headings, altitudes,
distances, and missed approach procedures

» Select and enter data from the airplane's flight management system (FMS) computers regarding the
new approach
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« Compare information on the VOR DME Runway 19 approach chart with approach information
displayed from FM S data

« Verify that selected radio frequencies, airplane headings, and FMS- entered data were correct

» Recaculate airspeeds, atitudes, configurations and other airplane control factors for selected
points on the approach

» Hasten the descent of the airplane because of the shorter distance available to the end of new
runway.

« Monitor the course and descent of the airplane, while maintaining communications with air
traffilc control (ATC)

The evidence of the hurried nature of the tasks performed and the inadequate review of critical
information between the time of the flightcrew's acceptance of the offer to land on runway 19 and the
flight's crossing theinitial approach fix, ULQ, indicates that insufficient time was available to fully or
effectively carry out these actions. Consequently, several necessary steps were performed improperly or
not at all and the flightcrew failed to recognize that the airplane was heading towards terrain, until just
before impact. Therefore, Aeronautica Civil believes that flightcrew actions caused the accident.

Researchers studying decision making in dynamic situations [22] have suggested that experienced
persons can quickly make decisions based on cues that they match with those from previous experiences
encountered in similar situations. A referenced text refers to this characteristic as Recognition Primed
Decision Making, in which a decision maker's rapid assessment of the situation is almost immediately
followed by the selection of an outcome. It states:
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Our research has shown that recognitional decision making is more likely when the decision maker is
experienced, when time pressure is greater, and when conditions are less stable. [23]

It islikely therefore that when previously faced with similar situations, such as the opportunity to execute
an approach that was closer to the airplane's

[22] Klein, G., (1993), Naturalistic Decision Making: Implications for Design. Wright-Patterson Air
Force Base, Ohio: Crew System Ergonomics Information Analysis Center.

[23] Klein, G., (1993), A recognition primed decision (RPD) model of rapid decision making. In Klein,
G. A., Orasanu, J., Calderwood, R., and Zsambok, C. E., (Eds.), Decision Making in Action: Models and
Methods. Norwood, New Jersey, Ablex, p. 146.
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position than the approach anticipated, the pilots of AA965, each of whom had acquired years of
experience as air transport pilots, accepted the offers and landed without incident.

However, recognition primed decision making can present risks to the decision maker if the initial
assessment of the situation isincorrect, or if the situation changes sufficiently after the decision has been
made but the initial decision is not reconsidered. In this accident, the latter scenario appears to have been
the case; there is no evidence that either flightcrew member reconsidered the initial decision to accept the
offer to land on runway 19 and all subsequent actions were directed to completing the steps necessary to
successfully land.

The evidence suggests that either of two reasons could account for the flightcrew's persistencein
attempting to land rather than discontinuing the approach. These include the failure to adequately
consider the time required to perform the steps needed to execute the approach and the reluctance of
decision makersin general to alter a decision once it has been made.

The CVR transcript indicates that the captain, at 2137:10, gave the only consideration either flightcrew
member expressed in reference to the time available, after accepting the offer to land on runway 19,
when he asked the first officer, in responseto an ATC clearance, "Y eah he did [say the Rozo 1 arrival].
We have timeto pull that [approach chart] out?' There is no response to this question, but the CVR
records the sound of "rustling pages,” likely the approach chart. Despite this comment, thereis no
evidence that either pilot acknowledged that little time was available to perform the preliminary tasks
such as verifying their position relative to the navaids that formed the basis for the approach or to execute
the approach.

Once they began to prepare for the approach to runway 19, there is no evidence that the flightcrew
revisited the decision, despite increasing evidence that should have discontinued the approach. This
evidence, supported by recovered FMC non volatile memory, includes the following:

« Inability to adequately review and brief the approach

« Inability to adhere to requirement to obtain oral approval from the other pilot before executing a
flight path change through the FM'S

« Difficulty inlocating the VLQ and Rozo fixes that were critical to conducting the approach.
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« Turning left to fly for over one minute a heading that was approximately aright angle from the
published inbound course, while continuing the descent to Cali

By not reconsidering that initial decision, the flightcrew acted consistently with the findings of human
factors research on decision making that found that decision makers are reluctant to alter a decision after
it has been made. For example [24]:

Operators tend to seek (and therefore find) information that confirms the chosen hypothesis and to avoid
information or tests whose outcome ... could disconfirm it. This bias produces a sort of "cognitive tunnel
vision" in which operators fail to encode or process information that is contradictory to or inconsistent
with the initially formulated hypothesis. Such tunneling seems to be enhanced particularly under
conditions of high stress and workload.

Thus, in addition to simply being too busy to recognize that they could not properly execute the
approach, once the decision to land on runway 19 had been made, the course of action taken was to
continue the approach, rather to consider discontinuing it.

2.3 Situational Awareness

Once they made the decision to accept the offer to land on runway 19, the flightcrew displayed poor
situation awareness, with regard to such critical factors as the following:

o Location of navaids and fixes
o Proximity of terrain
 Flight Path

The flightcrew's situation awareness was further compromised by alack of information regarding the
rules which governed the logic and priorities of the navigation data base in the FMS.

[24] Wickens, C. D., (1984), Engineering Psychology and Human Performance. Columbus, Ohio:
Charles E. Merrill, p. 97.
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Situational awareness has been defined [25] as the:

...perception of the elements in the environment within a volume of time and space, the comprehension
of their meaning, and the projection of their status in the near future.

To airline pilots, situational awareness refers to aflightcrew's understanding of the status and flightpath
of the aircraft, and the accuracy of their prediction about its future status and flightpath. Deficienciesin
situation awareness can lead to potentially catastrophic failures involving flightpath prediction or
comprehension and prediction of system parameters.

The accident CVR indicated that from the beginning of their attempt to land on runway 19, the flightcrew
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exhibited alack of awareness of fundamental parameters of the approach. From 2137:11, when the sound
of rustling pages can be heard, the flightcrew attempted to both review the approach and determine the
airplane's present and predicted position in reference to critical points on the approach. Their inability to
effectively do both tasks is evidenced at 2138:49, when the first officer asked, "where are we," followed
by a short discussion between both the captain and first officer regarding their position relative to the
ULQ VOR. Again at 2139:30, two minutes before impact, neither flightcrew member could determine
which navaid they were to proceed towards. The first officer stated, "left turn, so you want aleft turn
back around to ULQ." The captain replied, "Nawww... hell no, let's presson to..." Thefirst officer stated,
"well we're, press on to where though?' The captain replied, "Tulua." Thefirst officer staid, "that's a
right u u. The captain stated, "where we goin'? one two.. come to the right. let' go to Cali first of all, lets,
we got [expletive] up her didn't we." Thefirst officer replied, "yeah."

The captain established the flightpath that initially led to the deficiency in situational awareness by
misinterpreting the Cali approach controller's clearance to proceed to Cali, given at 2134:59, asa
clearance "direct to" Cali. The captain's readback of the clearance, "... understood. Cleared direct to Cali
VOR. Report Tulua ... " received an affirmative response from the controller. The captain's readback was
technically correct because he stated that he was to report Tulua, thus requiring him to report "crossing”
the fix first. However, the CVR indicates that the

[25] Endsley, M R. (1995). Toward atheory of situation awareness in dynamic systems. Human Factors,
37, 65-84, p. 36.
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captain then executed a change in the FM 'S programmed flightpath to proceed "direct to" the Cali VOR.
In so doing he removed all fixes between the airplane's present position and Cali, including Tulua, the fix
they were to proceed towards.

Thereisno evidence in the CVR transcript that either pilot recognized that ULQ had been deleted from
the display until they were considerably closer to Cali, and were in fact past ULQ at that time.
Consequently, largely as aresult of this action, the flightcrew crossed the initial approach fix ULQ,
without realizing that they had done so and without acknowledging the crossing to the controller.
Aeronautica Civil believes that the logic of the FM S that removed all fixes between the airplane's present
position and the "direct to" fix compromised the situational awareness of the flightcrew. In particular, it
affected their awareness of the position of the airplane relative to critical fixes and navaids necessary for
the approach. Sinee theinitia certification of the FM S on the B-757/-767, the Boeing Company has
developed and implemented a change to the B-757 software that allowed such fixes to be retained in the
display. However, thisretrofit, part of a product improvement package for the airplane, had not been
incorporated into the accident airplane. Aeronautica Civil believes that the FAA should evaluate all

FM S-equipped aircraft and, where necessary, require manufacturers to modify the FM S logic to retain
those fixes between the airplane's position and those the airplane is proceeding towards, following the
execution of acommand to the FM S to proceed direct to afix.

Deficient situation awareness is also evident from the captain’s interaction with the Cali air traffic
controller. At 2137:29, the captain asked the controller if AA965 could "go direct to [the non directional
beacon] Rozo and then do the Rozo arrival." The controller later stated that this question that made little
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sense since Rozo was a beacon located just before the approach end of runway, and not an initial or
intermediate approach fix located considerably before the runway. The interaction with the controller
continued at 2140:01, when the captain asked the controller a similar question. The captain announced
his position and properly interpreted the approach when he asked "...Y ou want usto go to Tuluaand then
do the Rozo ... to the runway?' While this question demonstrated that the captain understood the
appropriate flight path necessary to execute the approach, his position report contradicted his statement,
because the airplane had already crossed ULQ and therefore would have to reverse course to comply
with his statement
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2.4 Awareness of Terrain

In addition to deficiencies in situation awareness already noted, there is no evidence that, before the onset
of the ground proximity warning system (GPWS) alert, the flightcrew recognized the proximity of terrain
to the airplane's present and future flight path. The evidence suggests severa explanations for this
deficiency in the flightcrew's situational awareness:

« Cali wasnot onthe"hit list" [26] of South American airports

« Theguidance given in the AA referenced guide and in training did not have sufficient impact to be
recalled in atime of high stress and workload.

« They had become acclimated to the hazards of flying in mountainous terrain.

« Thefirst officer relied primarily on the captain's experience in operating into Cali and
consequently relaxed his vigilance

« Terrain information was not shown on the electronic horizontal situation indicator (EHSI) or
graphically portrayed on the approach chart

« Thenight visual conditions limited the ability to see the terrain

There was evidence that AA provided the captain and first officer of AA965 with the information they
needed to be sufficiently alert to the need to maintain constant awareness of proximity to terrain when
operating in South America. Thetraining and information that AA provided to its crews on the hazards
specific to Latin America addressed many of the issues noted in the investigation of this accident.
Following its entry into the South American market, AA developed the information in the reference
guide and in training, after making significant effort to identify and address the unique demands of South
American flight operations.

Aeronautica Civil believesthat AA provided valuable information to its flightcrews regarding flying in
South America, including many safety topics and advisories that were overlooked by the crew of AA965.
Despite the high quality of the training that AA provided to their flightcrews, this accident demonstrates
that the performance of flightcrewsin the cockpit may not manifest the attitudes, skills, and procedures
that such atraining program addresses.

[26] AA defined airplanes deserving special pre approach briefing criteria
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Both the reference guide and the Latin American training program noted that three South American
airports. Bogota, Colombia; Quito, Ecuador; and La Paz, Bolivia, were critical airports because of the
effects of their high altitudes on aircraft performance. Pilots were required to meet additional training
requirements before being permitted to fly into these cities for the first time. Because Cali, Colombia,
was not at high altitude, it was not listed as a special airport and no additional training or checking was
required to operate into it. Therefore, because it was not given "special consideration,” the accident
flightcrew may not have exercised the same level of vigilance when operating into Cali as they would
have when operating into the three target airports.

In the years since the flightcrew members received their initial Latin American training, both had
operated in South America and the captain had operated into Cali 13 times without incident. Over time,
repeated exposure to flight operations into potentially hazardous environments can become routine as
pilots acclimate to the environment and their vigilance is diminished. Unless information is presented
regularly in anovel and interesting way, pilots may fail to display the lessons of earlier training when
those lessons are most needed. The Investigation Team believes that the pilots of AA965 became task
saturated and did not recognize that the hazards the airline had warned them about as they were
encountered during the accident approach.

In addition, the first officer's lack of experience in the Cali environment served to increase his reliance on
the captain for situational awareness. For example, at 2133:25, the first officer asked the captain for the
transition level at which altimeter settings were to be changed on approach to Cali. Two minutes later, at
2135:44, he asked the captain whether speed restrictions were required, as well. Throughout the
approach, the captain's experience into Cali appears to have reduced the first officer's otherwise assertive
role as the pilot flying.

The CVR indicates that the flightcrew had insufficient time to review thoroughly or effectively the
approach chart for Cali's VOR DME approach to runway 19. Had more time been available, the
flightcrew likely would also have selected the VOR DME runway 19 approach in the FMS. By using the
approach chart as the primary reference to execute the approach into Cali, the pilotsrelied on it as their
source for terrain information. High point of the terrain were displayed by several altitude dots on the
chart and their associated elevations above mdl. Although this method presents the necessary
information, it takes pilots time to recognize and understand its significance because of the lack of
prominence of this
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information. During a high workload period, or when insufficient time may be available to adequately
review the chart pilots may not be able to assimilate that information to gain a comprehensive view of the
airplane, itsflight path, and its adherence to the approach parameters.

Before the accident, the Jeppesen Sanderson Company, the supplier of approach charts and navigation
information for electronic navigation data bases, began to change the portrayal of terrain on the charts
and maps that it supplied to its customers. In the new method, terrain is portrayed using graphics similar
to those used in topographic charts, with colors added to enhance the prominence of terrain and heighten
its contrast with other information on the chart. The criteria the company uses to determine whether to
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display terrain information on approach charts require that terrain is 2,000 feet above the airport within 6
miles of the airport, and on local area charts, that terrain is elevated more than 4,000 feet above the
planned view of the airport. Because neither of these criteriawas met in the VOR DME runway 19
approach chart, terrain was not graphically presented on it.

the terrain display criteria Jeppesen Sanderson devel oped were met regarding the local area chart, at the
time of the accident the company had not yet converted the Cali local area chart to the new format. The
chart that was available displayed terrain high points, but not in the same color graphic portrayal asis
used in the newer format. Consequently, the chart used by the flightcrew did not graphically show the
high terrain on either side of the descent into Cali. The Investigation Team believes that graphically
portraying terrain information on approach chartsis an effective means of presenting critical information
to flightcrews quickly and without extensive interference with other tasks. Aeronautica Civil appreciates
the efforts of Jeppesen Sanderson in upgrading its approach charts in order to present such information in
an absence of arequirement to do so. Had this portrayal of terrain been available to the flightcrew, and
had they referred to charts containing the information, it may have heightened their awareness of the
proximity of terrain in their flightpath and the accident could have been avoided. Therefore, Aeronautica
Civil believesthat the FAA should require that all approach and navigation charts portray the presence of
terrain located near airports, or flight paths.

The evidence from the flightcrew's statements on the CVR and their inability to initially locate ULQ
indicates that they did not refer to the local area chart during the flight and only referred to the approach
chart. Therefore, during the descent they had no information available that could have quickly informed
them of
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the proximity of terrain. AA did however, provide the flightcrew with written terrain information on the
flightplan. This noted that: "Critical terrain exists during the descent--Strict adherence to STAR
necessary for terrain clearance." The evidence suggests that the flightcrew did not take this information
into consideration during the descent into Cali.

In FM S-equipped aircraft, the portrayal of flightpath, (in the Boeing/Honeywell Systems-equipped
airplanes by means of a magenta colored line), is so accurate and informative that pilots are permitted to
rely on it as the primary means of navigation, believing that they are secure in the knowledge that the
airplane will be maintained along a safe flightpath as long as the magenta line is followed. However,
unlike charts, the FM S-generated displays do not present associated information, such as terrain, and do
not display navaids that are behind the airplane unless specifically directed to by a flightcrew member.
As aresult, pilots who are accustomed to relying exclusively on FM S-generated displays for navigation,
can, over time, fail to recognize the relative proximity of terrain and can lose the ability to quickly
determine that afix or beacon is behind them. The evidence suggests that this partially explains the
difficulty of the AA965 flightcrew in locating the ULQ. Aeronautica Civil believes that the FAA should
require pilots operating FM S-equipped aircraft to have open and easily accessible the approach and
navigation charts applicable to each phase of flight before each phase is reached.

In addition, technological advances in the more than one decade since the introduction of "glass cockpit”
aircraft allow for the presentation of terrain information on FM S-generated displays, a feature that was
not possible at the time of their introduction. This information can enhance pilot situation awareness and
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considerably expand the ability of pilots operating glass cockpit aircraft to maintain awareness of the
proximity of terrain to the airplane's flightpath. Therefore, because of the importance of FM S-generated
displays to flightcrew situation awareness, Aeronautica Civil believes that that the FAA should
encourage manufacturers to develop and validate methods of accurately displaying terrain information on
airplane flightpath displays.

Nevertheless, the history of flight indicates that the AA965 flightcrew did not effectively use all
navigation information that was available to them and that they relied amost exclusively on their EHS
for navigation. Furthermore, they attempted to review the chart of the Cali VOR DME runway 19
approach only during the period while the airplane was descending towards Cali and while they
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were engaged in numerous critieal tasks. Thereis no evidence that they reviewed that chart earlier in the
flight, or referred to the Cali area chart at any time. Had they done so, it is possible that they would have
recognized that they had already crossed the initial approaeh fix, (ULQ), were flying between two
mountain ranges, that necessitated adherence to approach charts, and as aresult the accident may have
been avoided.

The captain's communications also indicate alack of appreciation for the differences between South
American airspace and that in the United States. Terrain clearance in the United States is much more
likely because of the ATC surveillance available with radar coverage over most of the airspace, the
integration of computer programs with radar to aert controllers to aircraft that are descending towards
terrain, and the common use of the English language. As aresult, pilot requests for clearances direct to a
fix are often made, and often granted. The captain's misinterpretation of the controller's clearance to Cali
indicates that, despite his experience in operating into South America, his expectations of controller's
capabilities were still largely influenced by his experience in the United States. Irrespective of the
controller's "affirmative" response to the readback of the clearance to Cali, the captain could not assume
that the controller understood the captain's intent, could monitor the airplane's flight path to assure terrain
clearance, or could even assume that that the "direet to" clearance was legal. Aeronautica Civil believes,
based on the interactions with the controller, that the captain and first officer both incorreetly assumed
that alevel of redundancy existed in the ability of the Cali controller to provide terrain clearance to the
crew when no such ability existed.

The limited visibility resulting from nighttime conditions at the time of the accident also hindered the
flightcrew's terrain awareness. As aresult, they were unable to visually reeognize the terrain until just
before impact while descending towards Cali, despite the visual meteorologieal eonditions with visibility
"greater than 10 kilometers' [27] that were present. The fact that the captain, the only one of the two
flightcrew members to have operated into Cali, had likely previously landed only at night, also limited
his appreciation for the presence of the mountains along either side of the approach into Cali.

[27] See section 1.7, Meteorological Information
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2.5 Automation

The accident airplane, a B-757, isone of the first automated "glass cockpit" types of transport aircraft
introduced into the commercial aviation fleet in reeent years. These automated airplanes employ
computers, known as FM Ss on Boeing aircraft, extensively for navigation, systems monitoring, and
flight path control. The FMS monitors and can display systems information and navigation data,
including the airplane's predicted flight path, in an electronically generated graphic format. The FMS,
considered to be highly reliable, can aso exercise almost complete flightpath control through pilot inputs
into CDUs, which are located on the console, one for the captain and one for the first officer. Either pilot
can generate, select, and execute al or part of aflightpath from origin to destination through CDU inputs.
In addition, asin other glass cockpit aircraft, only a 2-pilot flightcrew is required to fly the airplane and
monitor its systems.

Among its features is the map display, which graphically displays on the EHSI the airplane's present
position and future flightpath, as well as the location and relative position of adjacent navigational aids
and airports, at the option of the pilot. The FM S also calculates and can display the position of the
airplane at the conclusion of a constant rate climb or descent and can automatically tune and locate
navigational aids to assure positioning on the programmed flightpath.

The FM S navigation data base is developed and maintained for AA and most other airlines by the
Jeppesen Sanderson Company, the organization that also supplies most airlines with navigation charts,
and is formatted by the manufacturer of the FM S itself. The data base, updated at regular intervals as are
the approach charts, includes frequencies and positions of navigational aids worldwide. In addition,
Instrument approach proeedures are maintained, using similar, but not identical data, to those shown in
the charts.

Pilots of glass cockpit aircraft can select an instrument approach procedure from the approaches stored in
the FM S data base. They can then either direct the FM S to electronically fly the approach or manualy fly
it. Retrieving the available approaches and selecting a procedure requires several key strokes on the
CDU. The FM S also possess superior computational ability. It can perform highly complex aircraft
performance cal culations more quickly and accurately than any pilot can.
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Human factors researchers have written extensively on the potential risks that have been introduced by
the automation capabilities of glass cockpit aircraft [28]. Among those identified are: over reliance on
automation; shifting workload by increasing it during periods of already high workload and decreasing it
during periods of already low workload; being "clumsy" or difficult to use; being opaque or difficult to
understand, and requiring excessive experience to gain proficiency in its use. One researcher [29] has
observed pilots on numerous occasions, even ones experienced in the systems, asking "What's it doing
now?" in reference to an action of the FM S that they could neither explain nor understand.

In recent years aircraft automation technology has changed, and line pilots, training departments, and
flight standards and procedures officials have attempted to adopt to its demands. Researchers have aso
gained better understanding of the potential risks and benefits that highly automated FM S systems have
brought to air transport operations, while identifying other risks as well. For example, with the
introduction of highly advanced "fly-by-wire" aircraft, researchers [30] have noted that pilots can lose
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awareness of the flight mode the aircraft is operating in. Investigators attempted to identify what role, if
any, use of the FM S played in the sequence of events that led to this accident.

Both of AA965's pilots were experienced in the airplane, and were described as proficient in the use of
the FMS by their peers. Y et, most likely because of the self-induced time pressure and continued
attempts to execute the approach without adequate preparation, the flightcrew committed a critical error
by executing a change of course through the FM S without verifying its effect on the flightpath. The
evidence indicates that either the captain or the first officer selected and executed a direct course to the
identifier "R," in the mistaken belief that R was Rozo as it was identified on the approach chart. The
pilots could not know without verification with the EHSI display or considerable calculation that instead
of selecting Rozo, they had selected the Rome beacon, located near Bogota, some 132

[28] Wiener, E. L., & Curry, R. E., (1980). Flight deck automation: Promises and problems. Ergonomics,
23, 995-1011. Billings, C. E., (1996). Human-centered aviation automation: Principles and Guidelines.
(TM No. 110381) Moffett Field, Californiac NASA-Ames Research Center.

[29] Wiener, E. L. (1989). Human factors of advanced technology (Glass cockpit) transport aircraft
(NASA CP No. 177528). Moffett Field, California: NASA-Ames Research Center.

[30] Sarter, N. B., & Woods, D. D. (1995). How in the world did we ever get into that mode? Mode error
and awareness in supervisory control. Human Factors, 37, 5- 19
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miles east-northeast of Cali. Both beacons had the same radio frequency, 274 kilohertz, and had the same
identifier "R" provided in Morse code on that frequency. In executing a turn toward Romeo rather than
Rozo, the flightcrew had the airplane turn away from Cali and towards mountainous terrain to the east of
the approach course, while the descent continued. At this time, both pilots also attempted to determine
the airplane's position in relation to UL Q, the initial approach fix. Neither flightcrew member was able to
determine why the navaid was not where they believed it should be, and neither noted nor commented on
the continued descent. The CVR indicates that the flightcrew became confused and attempted to
determine their position through the FMS. For example, at 2138:49 the first officer asked, "Uh, where are
we?' and again, 9 seconds later asked, "Where [are] we headed?' The captain responded, "1 don't know

... what happened here?' The discussion continued as each attempted to determine the position and path
of the airplane relative to the VOR DME 19 approach to Cali. At 2140:40, the captain indicated that he
was having difficulty again, apparently in locating TuluaVOR through the FMS. Over 1- minute | ater the
deviation from course was recognized by both and areturn to the extended runway centerline was
attempted by turning right. However, since they had been flying on an easterly heading for
approximately 1 minute and were now well east of the prescribed course, the direct track back towards
"centerline," or "Rozo," about 2 miles north of the approach end of runway 19, took the flight towards
mountainous terrain which was then between them and the approach end of the runway. Impact occurred
shortly thereafter.

The first automation-related error by the flightcrew, the selection of Romeo instead of Rozo, was a
simple one, based on the method used to generate a selection of navaids from the FM S data base, using
the single letter identifier. All navaids having that identifier are displayed, in descending order of
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proximity to the airplane. The one closest to the airplane is presented first, the second is further from the
position and so on. Selecting R resulted in adisplay of 12 NDBs, each of which used the "R" asan
identifier. Choosing the first beacon presented in thislist resulted from alogica assumption by the pilot.

The investigation determined that because of rules governing the structure of the FM S data base, Rozo,
despite its prominent display as"R" on the approach chart, was not available for selection as"R" from
the FMS, but only by its full name. The evidence indicates that this information was not known by the
flightcrew of AA965. Furthermore, considerable additional differences existed in the presentation of
identical navigation information between that on the approach charts and that in the FM S data base,
despite the fact that the same company
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supplied the data to both. For example, DME fixes for the Cali VOR DME runway 19 approach that were
|abeled on the charts as D-21 and D-16 were depicted on the FM S using a different nomenclature
entirely, that is, CF19 and FF19. The company explained that it presented datain the FMS according to a
naming convention, ARINC 424, developed for electronic data, while data presented on approach charts
met requirements of government civil aviation authorities.

Aeronautica Civil believes that the discrepancy between the approach chart and FM S presentation of data
for the same approach can hinder the ability of pilotsto execute an instrument approach, especialy since
flightcrews are expected to rely on both the FM S-generated display and the approach chart for
information regarding the conduct of the approach. When two methods of presenting approach
information depict important information differently or one readily show it at al, that information can be
counterproductive to flightcrew performance in general, and their ability to prepare for an approach in
particular. The lack of coordinated standards for the devel opment and portrayal of aeronautical charts
and FM S data bases and displays has led to a situation in which, not only are the charts and displays
different in appearance, but the basic data are different. Thislack of commonality is confusing, time
consuming, and increases pilot workload during a critical phase of flight, the approach phase. Therefore,
Aeronautica Civil urges the FAA to develop and implement standards for the portrayal of terminal
environment information on FM S/electronic flight instruments (EFIS) displays that match, as closely as
possible, the portrayal of that information on approach charts. Furthermore, until such time asthe
differences between FM S-based navigation data and data on approach and navigation chartsis eliminated
to the extent possible, Aeronautica Civil believes that the FAA should require the Jeppesen-Sanderson
Company to inform airlines operating glass cockpit aircraft of the presence of each differencein the
naming or portrayal of navigation information on FM S-generated and approach chart information, and
require airlines to inform their flightcrews of these differences.

Although the differences between the presentation of the same information could be confusing, and the
selection of Romeo instead of Rozo can be understood according to the logic of the FMS, the fact
remains that one of the pilots of AA965 executed a direct heading to Romeo in violation of AA's policy
of requiring flightcrew members of FM S-equipped aircraft to verify coordinates and to obtain approval
of the other pilot before executing a change of course through the FMS. The failure to verify and to
obtain verbal approval for the execution of the courseto "R" occurred primarily because of the
self-induced pressure of the pilots of AA965 to execute the approach without adequate time being
available. This exacerbated their confusion regarding their

http://www.rvs.uni-bielefeld.de/publications/Incidents/DOCS/ComAndRep/Cali/calirep.html (34 of 48) [7/30/2002 12:06:17 PM]



Cali Accident Report

43

position, the positions of the critieal navaids, and the manner in which the approach was to be flown.

Subsequently, the captain continued unsuccessful attempts to locate Tulua VOR, the initial approaeh fix,
through the FM S. Perhaps had more time been available the flightcrew would have been under less
pressure and could have recognized earlier that the airplane had turned away from Cali and was
continuing to descend and could also have referred to their Cali area navigation charts to help determine
their position. Furthermore, with more time the flightcrew may have selected the VOR DME Runway 19
approaeh on the FMS. The continued use of the FM S to mitigate their confusion was unsuccessful and
contributed to their not using other sources of information, such as charts, to reduce their confusion, as
well asto their failure to consider discontinuing the approach.

The FMSis highly reliable and presents navigation information in an easily interpretable manner.
Researchers have shown [31] that operators will increase their use of and reliance on an automated
system as their trust in the system increases. Also, as hoted, pilot confusion regarding FM S-presented
information is not unusual, even among experienced pilots. Confusion about the FM S presentation, asis
true for use of any computer, is often resolved after persistent interaction with it. Thus, it islikely that the
captain believed that the confusion he was encountering was related to his use of the FMS, and that
continued interaction with it would ultimately clarify the situation. He could not be expected to
recognize, because it rarely occursin regular flight operations, that the fix he was attempting to locate
(TuluaVOR) was by thistime behind him, and the FM S-generated display did not provide sufficient
information to the flightcrew that the fix was behind the airplane.

In addition, the actions of the captain are consistent with literature that indicates that under stress, people
tend to narrow their focus of attention [32].

Probably the most widespread finding is that under various forms of stress, people tend to narrow their
field of attention to include

[31] Moray, N., Lee, J. D., & Hiskes, D. (1994). Why do people intervene in the control of automated
systems? In Mouloua, M. & Parasuraman, R. (Eds.) Proceedings of the first Automation Technology and
Human Performance Conference. Washington, DC

[32] ibid. Endsley.
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only alimited number of central aspects.... In many dynamic systems, high mental workload is a stressor
of particular importance...

Therefore because of the lack of time, the need to perform multiple tasks in the limited time, with the
difficulty inlocating a critical navaid, the accident captain appears to have been under considerable
stress, which further compromised his ability to perform in the objective manner needed to develop and
maintain good Situation awareness. His attention thus narrowed to further repeated unsuccessful attempts
to locate UL Q through the FMS.
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The evidence indicates that AA, as other airlines operating FM S-equipped aircraft, communicated to its
pilots the appropriate impression of the high reliability of the FMS. Failure of the FM S is so unlikely that
if it occursitisitisbelieved to be likely be an electrical system anomaly and not one of the FM S itself.
Pilot training in FM S-system failures is generally directed to display or total computer failures and the
response suggested is to substitute working displays or computers for non-working ones. As aresult,
flightcrews have been taught that the FM Sis an all-or-none system that will either work or not work, and
that failures, which are few and far between, will be total. Therefore, since the FM S and the electronic
displays were functioning, the appropriate pilot assumption was that difficulty in interacting with it was
because of pilot input, and not something related to the FMS.

At the same time, the FM S is a complex system that requires extended experience for pilots to gain
proficiency it. Researchers[33], have noted that it often takes pilots as long as ayear of regularly flying a
glass cockpit airplane before feeling proficient in use of the FMS. Pilots are generally trained to be able
to use almost al of the capabilities of the FM S, from programming simple courses, to "building" a course
or holding pattern with navaids that are not part of a"canned" or FM S-stored flight plan in order to
obtain the skills needed to pass a flight check. However, pilots are not given much information about the
logic underlying much of the performance of the FM S, or shown many of the numerous options available
to achieve identical goalsin the FMS. This accident demonstrates that proficiency in the use of the FMS,
without knowledge of the logic underlying such critical features as the design and programmed priorities
of its navigation data base, can lead to its misuse. Such prioritiesin the system logic may result in one
waypoint or fix being easily called up viathe CDU by inputting simply the first letter of the name, and

[33] ibid. Wiener.
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then selecting the nearest waypoint, at the top of the display, while another, equally important waypoint,
can never be called up unlessit is spelled out properly on the CDU keyboard. Such partially understood
logic may partially account for the finding that use of the FM S often increases workload during periods
of already high workload.

Aeronautica Civil believes that the circumstances of this accident demonstrate the need for airlines to
revise the procedures used to operate FM S-equipped aircraft, and the training they provide to pilotsin the
application of those procedures. Giving pilots information on the FM S sufficient to pass a flight test, and
relying on sustained use of the equipment thereafter to gain fluency inits useis counter to safe operating
practices. Therefore, Aeronautica Civil urges the FAA to evaluate the curricula and flight check
requirements used to train and certificate pilots to operate FM S-equipped aircraft, and revise the
curriculaand flight check requirements to assure that pilots are fully knowledgeable in the logic
underlying the FM S or similar aircraft computer system before being granted airman certification to
operate the aircraft.

2.6 Crew Resource Management

In a previous accident involving an FM S-equipped airplane, the flightcrew of a Thai Airways Airbus
A-310 that crashed into the side of a mountain while on approach to Katmandu, Nepal, lost awareness of
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terrain and of the location of navaids that were in reality behind the aircraft [34]. Investigators found that
after encountering and correcting a system anomaly during the approach, which was a period of high
workload, the pilots lost awareness of the airplane's course and did not realize that they were headed
towards, and not away from, high terrain. The displayed navigation information was confusing to them
and they repeatedly attempted to use the FM S to clarify their understanding of the airplane's position.
The airplane impacted the terrain while both the captain and first officer were interacting with the FMS.

Numerous parallels exist between the findings of the Thai accident and the subject accident. In both,
pilots of sophisticated glass cockpit aircraft on approach in mountainous environments relied on the FMS
and continued to interact

[34] Aviation Accident Report, Thai Airways International Airways, Ltd., Airbus Industrie A310-304,
HS-TID, Near Katmandu, Nepal, 23 NNE, 31 July 1992. His Majesty's Government of Nepal. June 1993
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with the FM S in futile efforts to gain situational awareness, at the expense of reference to charts that
could have enhanced terrain awareness. Y et, to its credit, AA has used the report of the Thal accident to
train flightcrews on the potential risks of piloting highly automated aircraft, in a recent recurrent CRM
training session that was given to well over 95 percent of AA'spilots. It islikely that the Cali accident
pilots were trained in reference to lessons learned from the Thai accident, in recurrent CRM training. AA
had also, in the recurrent CRM program, begun to inform pilots that they should use charts and either
partially or completely disengage the FM S when they believe that the FM S is exacerbating and not
aleviating a confusing or difficult situation. Delta Airlines developed a similar course, given to all pilots
before they first transition to a glass cockpit airplane, providing comparable guidance.

Nevertheless, the subject accident at Cali demonstrates that when they encountered very similar
circumstances to those experienced by the Thal Airways crew, the flightcrew of AA965 was too busy
attempting to use the FM S in order to execute the approach to recognize the many parallels between the
two accidents, even as they were experiencing them. This accident demonstrates that merely informing
crews of the hazards of over reliance on automation and advising them to turn off the automation is
insufficient and may not affect pilot procedures when it is needed most.

This accident also demonstrates that even superior CRM programs, as evidenced at AA, cannot assure
that under times of stress or high workload, when it is most critically needed, effective CRM will be
manifest. In this accident, the CRM of the crew was deficient as neither pilot was able to recognize the
following:

« Theuse of the FM S was confusing and did not clarify the situation
« Neither understood the steps necessary to execute the approach, even while trying to execute it

« Numerous cues were available that illustrated that the initial decision to accept runway 19 wasiill
advised and should be changed

« They were encountering numerous parallels with an accident scenario they had reviewed in recent
CRM training

« Theflight path was not monitored for over a minute just before the accident.
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Although the accident flightcrew articulated misgivings several times during the approach, neither pilot
displayed the objectivity necessary to recognize that they had lost situation awareness and effective
CRM.

The FAA has encouraged airlines to implement effective CRM programs and has mandated it as a
fundamental part of the advanced qualification program (AQP), an innovative method of training airline
pilots. The FAA hasissued an advisory circular (AC), No. 120-51A, that provides guidance to airlineson
elements needed for a effective CRM program. The AC identifies topics that should beincluded in a
CRM program. These include: communications processes and decision behavior; briefings;
inquiry/advocacy/assertion, crew self-critique; conflict resolution; communications and decision making;
team building and maintenance; and individual factors/stress reduction. Within the topic of team
building, the AC suggests that workload management and situational awareness be addressed, so that "...
the importance of maintaining awareness of the operational environment and anticipating contingencies
.." i1s addressed.

Aeronautica Civil believes that this accident demonstrates the difficulty in training for enhanced pilot
situational awareness. The crew of AA965 was trained in a CRM program that adhered to the guidance
of AC 120-51A, and that had added additional information on hazards unique to the South American
operating environment. The evidence indicates that this crew was given background material and
information necessary to avoid this accident, but during a stressful situation, when it was most needed,
the information was not applied, most likely because the critical situation was not recognized.

Offering further guidance on training in situation awareness does not address the fact that pilots who
have lost or not achieved situation awareness cannot be expected to recognize that they have lost or not
achieved it. More importantly, these pilots cannot be expected to devel op a mechanism to efficiently
achieveit.

2.7 Speedbrakes

After the GPWS alerted, the first officer initiated a go around and correctly followed AA's procedures
regarding GPWS escape maneuvers. However, neither pilot recognized that the speedbrakes (spoilers),
deployed earlier to increase the descent rate, remained deployed, and no effort was made to retract them.
The evidence indicates that few cues were available to the pilots to recognize the speedbrake extension
and the airline had no procedure at the time to require
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speedbrake retraction as part of a GPWS escape maneuver. Neverthel ess, because of the critical effect of
speedbrakes on maximum performance maneuvers, the flightcrew should have recognized that the
spoilers were still extended during the attempt to avoid the terrain, and should have retracted them early
In the escape maneuver.

2.8 The Cali Approach Controller
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The investigation examined the performance of the Cali approach controller to determine what role, if
any, he may have played in the cause of the accident. The evidence indicates that he provided clearances
in accordance with applicable ICAO and Aeronautica Civil rules and requirements, maintained
separation of the aircraft he was controlling, and sequenced flights expeditiously and efficiently. His
offer to AA965 to land on runway 19 was consistent with standards of safety and airspace management.
By the standards of the FAA, ICAO and Aeronautica Civil, the flightcrew and not the controller was in
the best position to determine the safety of the acceptance of that offer.

However, the Cali airspace differed in several critical ways from comparable airspace in the contiguous
48 states of the United States, the airspace in which the accident flightcrew had accrued the
overwhelming mgjority of their flight experience. The Cali airspace was not provided with:

« radar coverage

« computer software to alert aircraft deviation from a safe atitude

« computer software to enhance the radar image of a particular flight

« acontroller who shared a native language and culture with the flightcrew.

Because of these not insubstantial differences, unlike in domestic U.S. airspace, the Cali approach
controller was entirely dependent on crew-provided information to determine the location, altitude,
airspeed and climb/descent rate of aflight, and to assess whether that flight required air traffic control
services beyond that provided for in the applicable rules and regulations. Consequently, in this airspace a
controller's perception of the state of aflight that he or she is controlling is entirely dependent on the
quality of the information that flightcrew provides. Deficiencies in that information directly caused
deficiencies in the controller's awareness of the situation experienced by that particular flight.
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The accident flightcrew did not request additional services from the Cali controller and at all times
expressed confidence in their position, their flight path, and their ability to properly execute the approach
and landing that the controller had offered them. The controller could not know and could not be
expected to have known that the conversation within the cockpit, as recorded by the CVR, indicated that
just the opposite was true.

Nevertheless, the investigation determined that within the communications between the controller and
the flightcrew, two critical sources of information may have provided some indication that AA965 was
experiencing difficulty: 1) the captain asked the controller two questions regarding the execution of the
approach to runway 19 that made little sense, and 2) two of the captain's position reports did not match
the time in which they were made.

The investigation team examined closely the quality of thisinformation to determine whether it was
sufficient to enable the controller to recognize that the flightcrew was facing imminent danger. Although
the crew expressed to him no misgivings about the offer to land on runway 19, these elements may have
provided some indication of potential difficulty.

However, the approach controller was not trained to solicit the information necessary from the flightcrew
in order to determine first hand the extent of the difficulty they were experiencing. He also lacked the
ability that radar coverage would have provided him to observe the flightpath directly. In addition, he
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lacked the English language fluency needed to probe the flightcrew, from the subtle hintsin the
inconsistencies of their responsesto him, to learn of the extent of their difficulties. Both AA's guidance
and ICAO's standards made it clear that English language ability by a controller who was not a native
English speaker was limited to routine aeronautical communications. It would have been very difficult, in
any event, for a Colombian controller to question or critically respond to the statements of an airline
captain. Moreover, based on his experience of aircraft flying into Cali and their responses to the
clearances he provided them, had he been able to suspect that the airplane was off course, he could not
then be expected to suspect that, given the nature of the terrain in the valley north of Cali, the flight
would also continue its descent.

The approach controllers experience in Cali was such that the flightcrews of all aircraft arriving from the
north recognized the proximity of high
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terrain to the flight path to the airport. Thus, if aflightcrew was off course and needed assistance from
the controller, the controller's natural expectation would be that they would ask for specific assistance
from him. Histraining, experience, and guidance under the applicable rulesin the non-radar environment
of Cali would have made it unlikely for him to solicit the necessary information from the flightcrew of
AA965 that would enabled him or the flightcrew to recognize the precarious nature of their flight path.
Consequently, Aeronautica Civil concludes that the Cali controller neither caused nor contributed to the
cause of this accident.

2.9 FAA Oversight

The investigation examined the quality of FAA surveillance of AA's operationsinto Cali to determine
whether surveillance played arole in the cause of the accident. Aeronautica Civil believes that
deficienciesin FAA surveillance of these operations were present, but that these deficiencies did not
adversely affect the performance of the flight crew or the safety of AA965.

Nonetheless, Aeronautica Civil is concerned that the FAA relied upon airworthiness inspectors to
perform en route inspections of flightsinto Latin America. These inspections, which were primarily
performed to conserve expense involved in sending operations inspectors abroad, were performed by
inspectors who lacked the training that operations inspectors received to assess the quality of flight
operations in the B-757, and crew compliance with required rules and procedures. Because AA
operations and training were considered to meet standards and were not believed to have played arolein
this accident, Aeronautica Civil concludes that the quality of FAA surveillance was deficient, but that
this deficiency did not contribute to the accident. Nevertheless, because of the importance of ng
the quality of flight operations into the unique airspace of Latin America, Aeronautica Civil urgesthe
FAA to perform en route inspections of U.S. carriers operating into Latin Americain compliance with
standards contained in ICAO manual 8335, paragraphs 9.4.1, and 9.6.3.3.

2.10 GPWS Escape Maneuver

FDR data from AA965 showed that within 2 seconds of the GPWS warning, the engines began to
accelerate from flight idle at arate of change consistent with a rapid advancement of the throttles. The
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speedbrakes were not retracted. Results of aninitial study of the performance of AA965 following the
GPWS warning indicates that if the flightcrew had retracted the speedbrakes |
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second after initiating the escape maneuver, the airplane could have been climbing through a position
that was 150 feet above the initial impact point. Therefore, because the airplane would have continued to
climb and had the potential to increase its rate of climb, it may well have cleared the trees at the top of
the ridge. The study also showed that if the speedbrakes had been retracted upon initiation of the escape
maneuver and if the pitch attitude had been varied to perfectly maintain the stickshaker activation angle
[35] the airplane could have been climbing through a position that was 300 feet above the initial impact
point.

Boeing's B-757 Flight Crew Training Manual provides one method of monitoring the status of
speedbrake deployment. The manual states that " The Captain should keep his right hand on the
speedbrake lever whenever they are used in-flight. Thiswill preclude leaving the speedbrakes extended.”
AA does not have asimilar procedure. Furthermore, neither the Boeing Operations Manual addressing
terrain avoidance nor the AA Operating Manual addressing GPW'S escape procedures discuss the need to
stow the speedbrakes to extract maximum performance from the airplane during an escape maneuver.
The investigation team noted that Boeing placed the terrain avoidance procedures in the Non-Normal
Procedures section of the manual while AA placed the GPWS escape procedures in Section 13 - Flight
Instruments. Airlines often place such procedures in non-operational sections of their manuals.
Aeronautica Civil believes that the FAA should evaluate the Boeing procedure for guarding the
speedbrake handle during periods of deployment, and require airlines to implement the procedure if it
increases the speed of stowage or decreases the likelihood of forgetting to stow the speed brakesin an
emergency Situation. In addition, Aeronautica Civil believes that the FAA should evaluate the controlled
flight into terrain (CFIT) escape procedures of air carriers operating transport category aircraft to ensure
that the procedures provide for the extraction of maximum escape performance and ensure that those
procedures are placed in operating sections of the approved operations manuals.

The speedbrake handle may be pulled back to any desired level of spoiler panel deflection. The
speedbrake handle also has an armed detent position to allow automatic deployment on landing. When
the automatic speedbrake feature isin use and the airplane is on the ground, advancement of either thrust
lever from flight idle will cause any extended spoiler panelsto stow. However, advancing the

[35] The FDR datarevealed that, at the sound of the stickshaker, the pilots "relaxed" back pressure on the
control yoke and then again pulled the control yoke to the point of stickshaker activation.
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thrust leversin flight has no effect on deployed speedbrakes. In addition, flightcrews would receive an
amber center panel speedbrake light and an amber engine indicating and crew alerting system (EICAS)
SPEED BRAKES EXT message, master caution light, and chime when a speedbrake fails to retract. The
speedbrakes remained extended and the CVR did not record the chime which indicates that the crew did
not attempt to retract the speedbrakes.
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Investigators interviewed numerous B-757/767 pilots who reported that circumstances exist in which
engine power may be advanced above flight idle, when speedbrakes are extended and it is desired that
they remain extended. The B-757/767 Operating Manual states that to maintain pressurization of anti-ice
bleed devices during descent above 10,000 feet, the engines should be kept at more than 70 percent N1.
Some airplanes, such asthe B-727, require engine power during descent to provide adequate bleed air to
pressurize the cabin. Speedbrakes are required to counteract the effects of increased thrust. There are
operational requirements to maintain engine power at levels greater than idle when the speed brakes are
deployed, however, a need for speedbrakes at maximum power could not be identified.

Although for both a controlled flight into terrain (CFIT) and windshear escape maneuver, immediate
retraction of the speedbrakes is needed to achieve the maximum climb performance of the airplane,
during periods of high workload, flightcrews may not recognize that speedbrakes have remained
extended. Thus, it is possible that the automatic stowing of speedbrakes may provide a significant safety
enhancement.

Examination of other large jet transport category airplanes showed that 37 types do not have an
automatic speedbrake stowing feature when full forward thrust is used, while, at least eight jet airplanes
including one corporate jet, the Airbus A-330, A-340, and Fokker F28 and F100 airplanes have such a
feature. However, the fly-by-wire airplanes have enhancements to the pitch control system to compensate
for the automatic retraction of the speedbrakes. In addition, Boeing engineers state that, for the B-757,
automatic retraction of the speedbrakes in a go-around maneuver may result in unwanted pitch
excursions. If the speedbrakes are stowed as the throttles advance, the airplane would pitch down due to
the aerodynamic effects of stowing the speedbrakes. The pilot would likely pull back on the control
column to regain the desired pitch attitude as the engines began to spool up. The pilot effort and the
increasing thrust could result in an undesirable upward pitch excursion. In fact, Boeing added
compensating features to the B-777
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to minimize such effects which can occur during manual retraction of the speedbrakes whilein flight (the
B-777 does not have automatic speedbrake retraction). Aeronautica Civil believes that the FAA should
evaluate the dynamic and operational effects of automatically stowing the speedbrakes when high power
is commanded and determine the desirability of incorporating on existing airplanes automatic speedbrake
retraction that would operate during windshear and GPW'S escape maneuvers, or other situations
demanding maximum thrust and climb capability. In addition, Aeronautica Civil believes that the FAA
should require that newly certified transport category airplanes include automatic speedbrake retraction
during windshear and GPWS escape maneuvers, or other situations demanding maximum thrust and
climb capability.

Although such educational efforts enhance the flightcrew's awareness of CFIT issues, those efforts
cannot provide the safety benefits provided by the wind shear training or rejected takeoff training
programs. Those programs include not only training aids but also specific simulator exercises that
provide crew with sufficient hands-on training in arealistic environment. Simulator training is the best
method for pilots to extract maximum performance from large airplanes during a CFI T escape maneuver.
Therefore, Aeronautica Civil urgesthe FAA to require a CHIT training program that includes realistic
simulator exercises comparable to the successful windshear and rejected takeoff training programs.
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2.11 Recording of FMS Data

Aeronautica Civil, assisted by specialists from the NTSB, has been hampered during the investigation by
the lack of recorded FM S information on AA965. Although the FDR provided considerable data
including the engagement status and mode selection of the airplane's automatic flight control system,
other pertinent information were not recorded, including pilot selected navigation aids; selected mode
specific parameter values such as heading, airspeed, altitude, and vertical velocity; and selected
electronic horizontal situation indicator formats such as maps, scales, and radio facilities selected to be
displayed. Thisinformation would have enhanced the investigation of the crew's actions leading to the
accident. Without knowledge of the nature and display of FM S information presented to flightcrews, and
their interactions with FM S systems; investigators may not be able to explain many potentialy critical
flightcrew actionsrelated to the FMS. Therefore, Aeronautica Civil believes that
flightcrew-generated/sel ected inputs to the FM C should be recorded as parametersin the FDR.

54

3.0 Conclusion.
3.1 Findings

1. The pilots were trained and properly certified to conduct the flight. Neither was experiencing
behavioral or physiological impairment at the time of the accident.

2. American Airlines provided training in flying in South Americathat provided flightcrews with
adequate information regarding the hazards unique to operating there.

3. The AA965 flightcrew accepted the offer by the Cali approach controller to land on runway 19 at
SKCL.

4. The flightcrew expressed concern about possible delays and accepted an offer to expedite their
approach into Cali.

5. The flightcrew had insufficient time to prepare for the approach to runway 19 before beginning the
approach.

6. The flightcrew failed to discontinue the approach despite their confusion regarding elements of the
approach and numerous cues indicating the inadvisability of continuing the approach.

7. Numerous important differences existed between the display of identical navigation data on approach
charts and on FM S-generated displays, despite the fact that the same supplier provided AA with the
navigational data.

8. The AA965 flightcrew was not informed or aware of the fact that the "R" identifier that appeared on
the approach (Rozo) did not correspond to the "R" identifier (Romeo) that they entered and executed as
an FM S command.

9. One of the AA965 pilots selected a direct course to the Romeo NDB believing that it was the Rozo
NDB, and upon executing the selection in the FM S permitted a turn of the airplane towards Romeo,
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without having verified that it was the correct selection and without having first obtained approval of the
other pilot, contrary to AA's procedures.
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10. The incorrect FM S entry led to the airplane departing the inbound course to Cali and turning it
towards the City of Bogota. The subsequent turn to intercept the extended centerline of runway 19 led to
the turn towards high terrain.

11. The descent was continuous from FL 230 until the crash.

12. Neither pilot recognized that the speedbrakes were extended during the GPWS escape maneuver, due
to the lack of clues available to alert them about the extended condition.

13 Considering the remote, mountainous terrain, the search and rescue response was timely and effective.

14. Although five passengersinitially survived, thisis considered a non survivable accident due to the
destruction of the cabin.

15. The Cali approach controller followed applieable ICAO and Colombian air traffic control rules and
did not contribute to the cause of the accident.

16. The FAA did not conduct the oversight of AA flightcrews operating into South America according to
the provisions of ICAO document 8335, parts 9.4 and 9.6.33.

17. AA training policies do not include provision for keeping pilots flight training records, which
indicate any details of pilot performance.

18. AA includes the GPWS escape maneuver under section 13 of the Flight Instrument Chapter of the
Boeing 757 Flight Operations Manual and Boeing Commercia Airplane Group has placed the
description of this maneuver in the Non Normal Procedures section of their Flight Operations Manual.
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3.2 Probable Cause

Aeronautica Civil determines that the probable causes of this accident were:

1. Theflightcrew's failure to adequately plan and execute the approach to runway 19 at SKCL and their
Inadequate use of automation.

2. Failure of the flightcrew to discontinue the approach into Cali, despite numerous cues alerting them of
the inadvisability of continuing the approach.

3. Thelack of situational awareness of the flightcrew regarding vertical navigation, proximity to terrain,
and the relative location of critical radio aids.

4. Failure of the flightcrew to revert to basic radio navigation at the time when the FM S-assisted
navigation became confusing and demanded an excessive workload in acritieal phase of the flight.
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3.3 Contributing Factors

Contributing to the cause of the accident were:

1. Theflightcrew's ongoing efforts to expedite their approach and landing in order to avoid potential
delays.

2. The flightcrew's execution of the GPWS escape maneuver while the speedbrakes remained deployed.

3. FMSlogic that dropped all intermediate fixes from the display(s) in the event of execution of a direct
routing.

4. FM S-generated navigational information that used a different naming convention from that published
In navigational charts.
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4.0 Recommendations

As aresult of this accident, Aeronautica Civil issues the following recommendations to the Federal
Aviation Administration:

1. Develop and implement standards for the portrayal of terminal environment information on FMSEFIS
displays that match, as closely as possible, the portrayal of that information on approach charts.

2. Evaluate all FM S-equipped aircraft and, where necessary, require manufacturers to modify the FM S
logic to retain those fixes between he airplane's position and one the airplane is proceeding towards,
following the execution of acommand to the FM S to proceed direct to afix.

3. Require airlines to provide pilots through CRM and flight training with the tools to recognize when the
FMC becomes an obstacle to the proper conduct of the flight and correctly evaluate when to discontinue
the use of the FMC and revert to basic radio navigation.

4. Require that al approach and navigation charts used in aviation graphically portray the presence of
terrain that are located near airports, or flight paths.

5. Require pilots operating FM S equipped aircraft to have open and easily accessible the navigation
charts applicable to each phase of flight before each phase is reached.

6. Encourage manufacturers to develop and validate methods to present accurate terrain information on
flight displays as part of a system of early ground proximity warning. (Enhanced GPWS)
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7. Require Jeppesen-Sanderson Company to inform airlines operating FM S-equipped aircraft of the
presence of each difference in the naming or portrayal of navigation information on FM S-generated and
approach chart information, and require airlines to inform their pilots of these differences, aswell asthe
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logic and priorities employed in the display of electronic FM S navigation information.

8. Evaluate the curricula and flight check requirements used to train and certificate pilots to operate pilots
to operate FM S equipped aircraft, and revise the curricula and flight check requirements to assure that
pilots are fully knowledgeable in the logic underlying the FM S or similar aircraft computer system
before being granted airman certification to operate the aircraft.

9. Perform en route inspections of US carriers operating into Latin Americain compliance with standards
according to the provisions of ICAO document 8335 part 9.4 and 9.6.33.

10. Evaluate the Boeing procedure for guarding the speedbrake handle during periods of deployment, and
require airlines to implement the procedure if it increases the speed of stowage or decreases the
likelihood of forgetting to stow the speed brakes in an emergency situation.

11. Evaluate the dynamic and operational effects of automatically stowing the speedbrakes when high
power is commanded and determine the desirability of incorporating on existing airplanes automatic
speedbrake retraction that would operate during windshear and GPW'S escape maneuvers, or other
situations demanding maximum thrust and climb capability.

12. Require that newly certified transport category airplanes include automatic speedbrake retraction
during windshear and GPWS escape maneuvers, or other situations demanding maximum thrust and
climb capability.

13. Develop amandatory CFIT training program that includes realistic ssmulator exercises that are
comparable to the successful windshear and rejected takeoff training programs.
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14. Evaluate the CFIT escape procedures of aircarriers operating transport category aircraft to ensure that
the proeedures provide for the extraction of maximum escape performance and ensure that those
procedures are placed in operating sections of the approved operations manuals.

15. Alert pilots of FM S equipped airplanes to the hazard of cornmonly identified navigation stations
when operating outside of the United States.

16. Review the pilot training record keeping systems of airlines operated under FAR Parts 121 and 135 to
determine the quality of the information contained therein, and require the airlines to maintain
appropriate information on the quality of pilot performance in training and checking programs.

17. Evaluate the possibility of requiring that flight crew generated inputs to the FM C be recorded as
parameters in the FDR in order to permit investigators to reconstruct pilot - FMS interaction.

The following recommendations are issued to the International Civil Aviation Organization:

1. Urge the members states to encourage its pilots and air traffic controllersto strictly adhere to ICAO
standards phraseology and terminology in all radio telecommunications between pilots and controllers.

2. Evaluate and consider the adoption of the recommendations produced by the CFIT Task Force that has
been created under the initiative of the Flight Safety Foundation.
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Establish a single standard worldwide that provides an unified criteriafor the providers of electronic
navigational databases used in Flight Management Systems.
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The following recommendations are issued to American Airlines:

1. Review the guidelines for ensuring that the flight crew preparation rendered by the training given at
the Flight Training Academy is maintained throughout the different operational pilot bases by the
standardizing the evaluation criteria of the check pilots.

2. Address the analysis of flight crew performance in flight crew training recordsin order to reinforce
CRM and the individual aspects of flight training programs.

BY AERONAUTICA CIVIL

/s Rodrigo Cabrera C.
Chief of the Investigation Committee

/s/ Orlando Jimenez R.
Senior Investigator

/9 Saul Pertuz G.
Senior Investigator

September, 1996 Santafe de Bogota D.C., Colombia
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5. APPENDICES

APPENDIX A
INVESTIGATION

Aeronautica Civil was notified of the accident at 2150 est, December 20, 1995. An investigative team
was dispatched, departing Bogota at 0600, necember 21 and arriving at the crash site at 0830, December
21, 1995.

Aeronautica Civil was assisted by aU.S. Accredited Representat1ve throughout the investigation and
preparation of the draft Report. The substance of the Accredited Representative's comments have been
included in the Final Report. It should be noted that investigative groups were formed using specialists
from Aeronautica Civil and the NTSB. The following groups participated in the investigation and in the
preparation of the Final Report as follows:

Aircraft Performance
Aircraft Systems
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Air Traffic Control
Cockpit Voice Recorder
Flight Data Recorder
Human Performance
Operations

Powerplants

Structures

Survival Factors

Aeronautica Civil wishes to acknowledge with gratitude the participation of the following parties to the
investigation:

U.S. Federal Aviation Administration
Allied Pilots Association

American Airlines

Boeing Commercia Airplane Group
Rolls Royce Engines
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