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Loss-of-Control Mishaps in Revenue Airline Service 

RATIONALE 

Loss-of-control remains a major type of mishap to transport airplanes. These have included several high-profile accidents 
world-wide which emphasize the need to prevent and recover from loss-of-control incidents. This report reviews loss-of-
control events to revenue air carrier flights occurring from 1981 through 2010. This SAE Aerospace Information Report is 
intended to provide a comprehensive reference and background information pertaining to in-flight loss of control mishaps. 
It is expected that this report will lead to ARP6149. 

INTRODUCTION 

Loss-of-control (LOC) is the major cause of transport airplane mishaps. According to the Boeing Statistical Summary (1) 
20 fatal mishaps (out of 87 total) were caused by LOC during the decade 2001 through 2010. Controlled flight into terrain 
(CFIT) was second with 17 fatal mishaps. LOC mishaps resulted in 1756 fatalities, more than CFIT with 1007. Adoption of 
electronic means to mitigate the CFIT risk has reduced CFIT numbers in recent years. No such breakthrough has been 
evident in LOC mishaps. 

Recent high profile mishaps, such as Qantas 072, Colgan 3407, and Air France 447, re-emphasize the importance of 
preventing LOC. For this reason, this Aerospace Information Report reviews LOC accidents with a goal of finding trends 
and patterns. 
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1. SCOPE 

The scope of this document is to provide review of recent history of loss-of-control accidents during airline revenue 
operations. 

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the 
event of conflict between the text of this document and references cited herein, the text of this document takes precedence. 
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been 
obtained. 

2.1.1 FAA Publications 

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591, Tel: 866-835-
5322, www.faa.gov. 

General Operating and Flight Rules, Title 14, Code of Federal Regulations, Part 91; cited as Part 91 

Operating Requirements: Domestic, Flag, and Supplemental Operations, Title 14, Code of Federal Regulations, Part 121; 
cited as Part 121 

Operations: Foreign Air Carriers and Foreign Operators of U.S. Registered Aircraft Engaged in Common Carriage, Title 14, 
Code of Federal Regulations, Part 129; cited as Part 129 

Operating Requirements: Commuter and On-Demand Operations and Rules Governing Persons on Board Such Aircraft, 
Title 14, Code of Federal Regulations, Part 135; cited as Part 135 

Airplane Simulator Qualification, FAA-AC-120-40B, July 1991 

Stall and Stick Pusher Training, FAA Advisory Circular AC-120-109, August 6, 2012 

Upset Prevention and Recovery Training, FAA Advisory Circular AC-120-111, April 14, 2015 

Instrument Flying Handbook, FAA-H-8083-15, 2001 

Enhanced Upset Recovery Training, FAA-InFO-10010, July 6, 2010 

Manual Flight Operations, FAA-SAFO-13002, January 4, 2013 

2.1.2 NTSB Publications 

Available from NTSB Headquarters, 490 L'Enfant Plaza, SW, Washington, DC 20594, Tel: 202-314-6000, www.ntsb.gov. 

Notification and Reporting of Aircraft Accidents or Incidents and Overdue Aircraft and Preservation of Aircraft Wreckage, 
Mail, Cargo, and Records, Title 49, Code of Federal Regulations, Part 830; cited as Part 830 

2.1.3 ICAO Publications 

Available from International Civil Aviation Organization, 999 University Street, Montreal, Quebec  H3C 5H7, Canada, Tel: 
+1 514-954-8219, http://www.icao.int/ 

Aircraft Accident and Incident Investigation, Annex 13 to the Convention on International Civil Aviation, International Civil 
Aviation Organization; cited as Annex 13 
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2.2 References cited in this document: 

1. Statistical Summary of Commercial Jet Airplane Accidents, Worldwide Operations, 1959-2010, The Boeing Company, 
Seattle, www.boeing.com/news/techissues/pdf/statsum.pdf, Downloaded 16 January 2012 

2. Airplane Simulator Qualification, FAA-AC-120-40B, July 1991 

3. Notification and Reporting of Aircraft Accidents or Incidents and Overdue Aircraft and Preservation of Aircraft Wreckage, 
Mail, Cargo, and Records, Title 49, Code of Federal Regulations, Part 830 

4. Aircraft Accident and Incident Investigation, Annex 13 to the Convention on International Civil Aviation, International 
Civil Aviation Organization; cited as Annex 13 

5. B. Cheung, “Nonvisual Illusions in Flight,” in Spatial Disorientation in Aviation, F. H. Previc and W. R. Ercoline (eds.), 
Reston, VA: American Institute of Aeronautics and Astronautics, 2004, Chapter 6 

6. Instrument Flying Handbook, FAA-H-8083-15, 2001, p. 5-31-5-33 

7. Airplane Upset Recovery Training Aid, Rev 2, November 2008 

8. A. A. Lambregts, G. Nesemeier, J. E. Wilborn, and R. L. Newman, Airplane Upsets: Old Problems, New Issues, 
presented at AIAA Modeling and Simulation Technologies Conference, Honolulu, August 2008, AIAA 2008-6867 

9. J. Priest, Quick Look Evaluation of Recurrent In-Flight Simulation Based Advanced Maneuver and Upset Recovery 
Training, Calspan TM-FRG-URT-0007-R00, September 2007 

10. R. Dorsett, Aircraft Accident Reports on DVD, Flight Simulation Systems, Austin, TX, 2006 

11. D. Hirschman, “The ‘Panic Pull’,” AOPA Pilot, October 2011, pp. 91-93 

12. L. S. Peterson, L. A. Haworth, R. C. Jones, R. L. Newman, R. J. McGuire, A. A. Lambregts, T. McCloy, and 
T. R. Chidester, An International Survey of Transport Airplane Pilots’ Experiences and Perspectives of 
Lateral/Directional Control Events and Rudder Issues in Transport Airplanes, DOT/FAA/AM-10/14, October 2010 

13. R. H. Hoh, T. K. Nicoll, and P. Desrochers, Piloted Simulation Study to Develop Transport Aircraft Rudder Control 
System Requirements. Phase 2: Develop Criteria for Rudder Overcontrol, DOT/FAA/AR-10/17, November 2010 

14. W. C. Ocker and C. J. Crane, Blind Flight in Theory and Practice, San Antonio, Naylor Publishing, 1932 

15. Gleim Flight Instructor Refresher Course, Gleim Aviation, Flight Instructor Renewal Course Study Materials, 2012 

16. Stall and Stick Pusher Training, FAA Advisory Circular AC-120-109, August 6, 2012 

17. L. Knotts, “The NT-33A Variable Stability Aircraft -- Five Decades of Flight Test,” presented at SETP Southwest Section 
Meeting, October 2011 

18. J. Priest, Research into Reduction of Loss-of-Control Accident Tate in a Meaningful and Measurable Way Through the 
use of Innovative Pilot Training Technologies, presented at AIAA Modeling and Simulation Technologies Conference, 
National Harbor, Maryland, January 2014, AIAA-2014-1005 

19. Upset Prevention and Recovery Training, FAA Advisory Circular AC-120-111, April 14, 2015 
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2.3 Abbreviations and Definitions 

2.3.1 Abbreviations 

A/P Autopilot 

AC Advisory Circular 

ACAS Airborne Collision and Avoidance System 

AoA Angle-of-Attack 

ASN Aviation Safety Network 

ASRS Aviation Safety Reporting System (NASA) 

ATSB Australian Transport Safety Bureau 

BEA Bureau d'Enquêtes et d'Analyses pour la sécurité de l'aviation civile (France) 

BFU Bundesstelle für Flugunfalluntersuchungin (Germany) 

C/G Center of Gravity 

CFIT Controlled Flight into Terrain 

ECAM Electronic Centralized Aircraft Monitor 

EFIS Electronic Flight Instrument System 

EICAS Engine Indication and Crew Alerting System 

FAA Federal Aviation Administration 

FBW Fly-by-Wire 

FFS Full Flight Simulator1ICAOInternational Civil Aviation Organization 

IFS In-flight Simulator 

LOC Loss-of-Control 

NASA National Aeronautics and Space Administration 

NTSB National Transportation Safety Board 

PFD Primary Flight Display 

PIO Pilot-Induced-Oscillation 

PND Primary Navigation Display 

SDO Spatial Disorientation 
  

                                            
 
1 Level D Simulator (2) 
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SMS Safety Management System 

TO Takeoff 

TSB Transportation Safety Board (Canada) 

UA(R) Unusual Attitude (Recovery) 

UE(R) Upset Event (Recovery) 

URT Upset Recovery Training 

VMC Minimum Control Airspeed 

2.3.2 Definitions 

ACCIDENT (NTSB): An occurrence associated with the operation of an aircraft which takes place between the time any 
person boards the aircraft with the intention of flight and all such persons have disembarked, and in which any person 
suffers death or serious injury, or in which the aircraft receives substantial damage. (3) 

ACCIDENT (ICAO): An occurrence associated with the operation of an aircraft which takes place between the time any 
person boards the aircraft with the intention of flight until such time as all such persons have disembarked, in which: (4) 

(1) a person is fatally or seriously injured as a result of being in the aircraft, direct contact with any part of the aircraft, 
including parts which have become detached from the aircraft, or - direct exposure to jet blast, except when the injuries 
are from natural causes, self-inflicted or inflicted by other persons, or when the injuries are to stowaways hiding outside 
the areas normally available to the passengers and crew: or 

(2) the aircraft sustains damage or structural failure which: adversely affects the structural strength, performance or flight 
characteristics of the aircraft, and would normally require major repair or replacement of the affected component, except 
for engine failure or damage. when the damage is limited to the engine, its cowlings or accessories: or for damage 
limited to propellers, wing tips, antennas, tires, brakes, fairings, small dents or puncture holes in the aircraft skin: or 

(3) the aircraft is missing or is completely inaccessible. 

AIR CARRIER OPERATIONS: Revenue operations that are: 

(1) Conducted under Part 121 or under equivalent foreign regulations; or 

(2) Conducted as scheduled, multi-engine operations under Part 135 or under equivalent foreign regulations. 

INCIDENT: An occurrence other than an accident, associated with the operation of an aircraft, which affects or could affect 
the safety of operations. (3-4) 

MISHAP: In the context of this report, an accident or an incident. 

SERIOUS INCIDENT (ICAO): An incident involving circumstances indicating that an accident nearly occurred. (4) 

SERIOUS INJURY (NTSB): Any injury that: 

(1) requires hospitalization for more than 48 hours, commencing within 7 days from the date the injury was received;  

(2) results in a fracture of any bone (except simple fracture of fingers, toes, or nose);  

(3) causes severe hemorrhages, nerve, muscle, or tendon damage;  
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(4) involves injury to any internal organ; or  

(5) involves second- or third-degree burns, or any burns affecting more than 5% of the body surface. (3) 

SOMATOGRAVIC ILLUSION: The false sensation of body tilt that results from perceiving the direction of a nonvertical 
gravitoinertial force as being vertical. (5) 

UNUSUAL ATTITUDE: An airplane attitude not normally required for instrument flight. (6) It is often used synonymously 
with upset. Reference (7) describes an upset as an unintentional exceedance of  

• Pitch attitude greater than 25 degrees, nose up 

• Pitch attitude greater than 10 degrees, nose down 

• Bank angle greater than 45 degrees 

• Airspeed inappropriate for the conditions 

Lambregts et al. (8) modified the attitude limits to match the definition of aerobatic flight found in Part 91: an abrupt change 
in an aircraft's attitude, an abnormal attitude, or abnormal acceleration. 

UPSET: An airplane unintentionally exceeding the parameters normally experienced in line operations or a control failure 
or disturbance that alters the normal response of the airplane to pilot input such that the pilot must adopt an alternate control 
strategy to regain and sustain controlled flight. (9) 

3.  UPSET REVIEW 

Air carrier upset accidents were reviewed for the period 1981 through 2010. All Part 121 and scheduled Part 135 (commuter) 
revenue operations were covered. Equivalent non-U.S. operations were included. Only transport and commuter categories 
of airplanes were considered. Single-engine airplanes used in scheduled Part 135 operations were excluded. The following 
databases were reviewed: 

- Australian Transport Safety Bureau (ATSB)2 

- Canadian Transportation Safety Board (TSB)3 

- French Bureau d'Enquêtes et d'Analyses pour la sécurité de l'aviation civile (BEA)4 

- German Bundesstelle für Flugunfalluntersuchungin (BFU)5 

- Irish Air Accident Investigation Unit (AAIU)6 

- National Transportation Safety Board (NTSB)7 

- International Civil Aviation Organization (ICAO)8 

- Aviation Safety Network (ASN)9 
  

                                            
 
2 www.atsb.gov.au  
3 www.tsb.gc.ca  
4 www.bea.aero/en/index.php  
5 http://www.bfu-web.de/DE/Home/homepage_node.htm  
6 www.aaiu.ie  
7 www.ntsb.gov/ntsb/query.asp  
8  www.icao.int  
9 http://aviation-safety.net/database/  
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- Ascend Fleets from Flight Global10 

- Aircraft Accident Report DVD (10) 

The keywords used were “loss-of-control,” “upset,” “unusual attitude,” “stall," "crash out of control," and "uncontrolled 
descent.” For the NTSB search, operating rules were restricted to Parts 121, 129, and 135 (scheduled flights only). Following 
identification from the databases, the accident reports were reviewed. Accidents resulting from midair collisions (e.g., Gol 
1907), criminal or deliberate activities (e.g., Egyptair 990), in-flight fire (e.g., UPS 006) or pilot incapacitation (e.g., Helios 
522) were culled from the list. 

3.1 Incident Data 

Ideally, incident data, particularly serious incident data, should be used in a report of this type. A fundamental tenet of Safety 
Management Systems (SMS) is to make widespread use of incident data to predict accidents trends proactively. 
Unfortunately, this is not always possible. Many incident reports are incomplete and unverifiable. This is particularly true for 
the most common reporting system, the NASA Aviation Safety Reporting System. The S-7 Committee made an early 
decision not to use unverifiable incident reports. 

Normally, accident reports present enough data, either in the report or in the supplementary material, to verify the pertinent 
facts. Recently, many accident investigation agencies are de-identifying accident and incident reports to the extent that they 
are all but unusable for trend identification. 

3.2 Identification of Accidents 

There are a number of identification methods used to identify accidents and incidents.11 The most common is to use the 
geographic location (i.e., Roselawn). This is often an obscure town near a major airport. Another approach is to list the 
airline and flight number (i.e., Simmons 4184). A third possibility lists the airport, often by the ICAO identifier (i.e., KORD, 
for Chicago O’Hare). Many national investigation agencies use the aircraft registration (i.e., N-401AM). Finally, aircraft 
manufacturers use the aircraft serial number (i.e., 401). This multiplicity of reference formats for the same mishap is a 
potential source of confusion. 

In this report, particularly since we confine the results to airline operations, each accident will be identified by airline and 
flight number. The ICAO operator code is used, where known. IATA or FAA operator codes are used if the ICAO identifier 
is not known or does not exist. In some cases, the flight number is not known and the flight number will use the last two 
characters of the aircraft registration. If the operator code is not known, then the full aircraft registration is used. 

4. RESULTS 

202 mishaps were identified resulting in 9072 onboard fatalities with an additional 214 ground fatalities. There were 610 
serious injuries to airplane occupants and an additional 20 on the ground. Forty-four percent happened at night and 53% 
occurred during instrument conditions as shown in Table 1. 

Table 1 - Flight conditions 

Flight Conditions Day Night Twilight Total 
Visual Conditions 31% 16% 1% 47% 
Instrument 
Conditions 23% 28% 2% 53% 
Total 54% 44% 3% 100% 

Thirty-one percent (85 mishaps) occurred during takeoff/initial climb. Other phases of flight with large proportion of mishaps 
were climb (44 mishaps-16%), cruise (43 mishaps-15%), and approach (42 mishaps-15%). Figure 1 shows the distribution 
of mishaps by phase of flight. 
  
                                            
 
10 www.ascendworldwide.com.  
11  All of the accident references in this paragraph are alternate references to the accident to Simmons Flight 4184, N-401AM, near 

Roselawn, Indiana, October 31, 1994. 
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Figure 1 - Mishaps distributed by phase of flight 

Details of the mishaps are shown in the two appendices. Appendix A lists and summarizes the mishaps. Appendix B shows 
brief descriptions of each one. 

The results are summarized in Tables 2 and 3. 

4.1 Aerodynamic Stalls 

There were sixty accidents (2550 fatalities) involving stalls either as the primary cause or as a consequence of the upset. 
There were a wide variety of models: 

• 36 Jet transports:     16 different models12 

• 24 Prop transports:  14 different models13  

Ten stalls (336 fatalities) were the result of the autopilot flying the airplane into a stall. Six different models were involved in 
these stalls. One model (SF-340) had three such stalls and two models, one jet (MD-80) and one turboprop (E-120), had 
two such stalls. 
  

                                            
 
12 Counting DC-9 and MD-80 as the same model. 
13 Counting ATR-42 and ATR-72 as the sane model and Jetstream 31 and 41 as the same model. 

Mishaps by Phase of Flight

Initial Climb
Climb
Cruise
Descent & Leveloff
Holding
Approach
VFR Pattern
Circling Approach
Final Approach
Landing
Go-Around (VFR)
Missed Approach
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Table 2 - Primary cause of upset mishaps 

Primary Cause  Jet Aircraft Propeller Aircraft     All Aircraft
No Fatal No Fatal No Fatal

Aerodynamic Stall 22 1315 21 277 43 1592
Stall
Autopilot-induced stall
Icing stall

Flight Controls 28 1225 12 95 40 1320
Flight control integrity lost
Autopilot malfunction
Flight control hardover
Flight control disconnected
Jammed/binding flight control
Flight control hydraulic failure
Pilot-induced-oscillation
Uncommanded bank or pitch
Flight control software logic

Pilot Involvement 19 1292 13 203 32 1495
Vmc loss-of-control
Incorrect takeoff configuration
Attempt to override autopilot
Failed to maintain control
Abrupt/aggressive maneuver
Inadvertent control input

Spatial Disorientation 18 1329 5 58 23 1387
Spatial disorientation
Somatogravic illusion
Instrument failure

Atmospheric Disturbances 19 1072 3 68 22 1140
Windshear
Turbulence
Wake Vortex

Airframe Ice 10 473 7 169 17 642
Takeoff with contaminated airfoil
Inflight contaminated airfoil
Tailplane stall

Propulsion System 3 319 1 23 4 342
Hydraulic System 1 111 1 111
Other 6 530 8 191 14 721
Undetermined 3 228 4 94 7 322
Total 129 7894 74 1178 203 9072  
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Table 3 - Factors in upset mishaps 

Primary Cause     Jet Aircraft Propeller Aircraft     All Aircraft
No Fatal No Fatal No Fatal

Pilot Involvement 45 2607 21 382 66 2989
Aerodynamic Stall 36 2257 24 293 60 2550
Improper Recovery 26 2175 16 306 42 2481
Flight Controls 40 2198 14 163 54 2361
Spatial Disorientation 24 1790 10 104 34 1894
Atmospheric Disturbance 23 1072 3 68 26 1140
Inappropriate Takeoff Attempt 16 864 2 51 18 915
Airframe Ice 12 473 17 206 29 679
Totals don't match. Many mishaps have multiple factors.  

4.2 Flight Control Malfunctions 

Fifty-four mishaps (2361 fatalities) involved the flight control system. 

• 4 autopilot-induced stalls (305 fatalities) 

• 3 instances of spatial disorientation (341 fatalities) 
 
 1 lack of tactile feedback from sidesticks (113 fatalities) 
 1 control dynamics change from sensor failure (228 fatalities) 
 1 autopilot disconnection with asymmetric thrust (no fatalities) 

• 40 flight control malfunctions (such as hard-overs, runaway trim, etc.) 
 
 11 non-FBW prop airplanes (68 fatalities)  
 15 non-FBW jet airplanes (1223 fatalities) 
   5 FBW jet airplanes (no fatalities) 

Table 4 compares jet transports with propeller transports. Table 5 compares FBW jet transports with non-FBW jet transports. 
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Table 4 - Flight control factors in upsets 

Primary Cause  Jet Aircraft Propeller Aircraft     All Aircraft
No Fatal No Fatal No Fatal

Aerodynamic Stall 3 305 7 31 10 336
Flight Controls

Flight control integrity lost 2 630 4 57 6 687
Flight control system 2 164 2 164
Flight control hardover 3 157 1 4 4 161
Flight control disconnected 1 132 4 7 5 139
Jammed/binding flight control 2 88 1 3 88
Uncommanded bank 2 52 2 52
Pilot-induced-oscillation 4 2 1 27 5 29
Autopilot 3 3
Flight control software logic 2 2
Unexpected control gains 2 2
Uncommanded pitch 2 2
Trim controls 1 1
Flight control mode change 1 1
Uncommanded spoiler extension 1 1
Flight control actuator 1 1

Pilot involvement 3 63 3 63
Spatial disorientation 3 341 3 341
Atmospheric disturbance 2 260 2 260
Airframe Ice 1 68 1 68
Other 1 4 1 4
Total 40 2198 20 194 60 2392  

Table 5 - FBW and conventional light control factors in jet transport upsets 

Primary Cause FBW Flt Cntrls Conv Flt Cntrls     All Aircraft
No Fatal No Fatal No Fatal

Aerodynamic Stall 3 305 3 305
Flight Controls

Flight control integrity lost 2 630 2 630
Flight control system 2 164 2 164
Flight control hardover 3 157 3 157
Flight control disconnected 1 132 1 132
Jammed/binding flight control 2 88 2 88
Uncommanded bank 2 52 2 52
Pilot-induced-oscillation 3 1 2 4 2
Autopilot 3 3
Flight control software logic 2 2
Unexpected control gains 2 2
Uncommanded pitch 1 1 2
Trim controls 1 1
Flight control mode change 1 1
Uncommanded spoiler extension 1 1
Flight control actuator 0

Pilot involvement 3 63 3 63
Spatial disorientation 2 341 1 3 341
Atmospheric disturbance 1 1 260 2 260
Airframe Ice 0 0
Other 1 4 1 4
Total 12 341 28 1857 40 2198  
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4.3 Faulty Recoveries 

Forty-two mishaps (2481 fatalities) involved faulty recovery techniques. We did not include an otherwise correct recovery 
that was unsuccessful because of the low altitude. 

• 22 stalls (833 fatalities) 

• 11 spatial disorientation encounters (833 fatalities) 

• 2 wake vortex encounters (260 fatalities) 

• 8 Other faulty recoveries (235 fatalities) 

The most common theme is failure to reduce angle-of-attack (AoA). It appears that many pilots respond to upsets by pulling 
back on the stick. (11) 

A second recurring theme is application of rapid rudder reversals. This appears to be much more common than previously 
thought. (12-13) 

4.4 Spatial Disorientation 

There were 34 mishaps (1894 fatalities) in which SDO played a factor. 

• 19 traditional14 spatial disorientation (1040 fatalities) 

• 4 occurred during or following a stall (147 fatalities) 

• 4 somatogravic illusion during takeoff or missed approach (347 fatalities) 

• 3 occurred following instrument failures (46 fatalities) 

Ten mishaps resulted in classic spiral dives with 596 fatalities). Five models -- no FBW airplane -- were represented. Bank 
angle aural warnings15 were heard on the CVR in four mishaps (454 fatalities). 

Three mishaps (246 fatalities) occurred where the mix of pilots with extensive experience on Russian style attitude indicators 
(outside-in) were flying western attitude indicators (Inside out). Early attitude indicators used a fixed horizon line with a 
moving airplane symbol. (14) Later, indicators with a fixed airplane symbol and a moving horizon were developed. Human 
factors researchers use the term "outside-in to describe this format since the display is that of a view looking at the airplane 
from the rear. This format was adopted by Russia and Eastern bloc countries. An alternative approach uses a fixed airplane 
symbol and a moving horizon line. Human factors researchers use the term "inside-out" to describe this format since the 
view is that of looking through the windshield. This approach was adopted by the rest of the world. With Western cockpits 
becoming common among former Eastern bloc countries, many pilots experienced in outside-in displays are flying in-side 
out displays. This presents a problem for experienced Eastern bloc pilots who may not be able to ignore their early 
experience in stressful situations. 
  

                                            
 
14 Excludes instrument failures and somatogravic illusions 
15 Three aural warnings were automated “bank angle” warnings and one was the first officer repeating calls of overbank and wrong 

direction. 
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4.5 Pilot Involvement in Cause 

Thirty-four mishaps (1526 fatalities) were caused directly by pilot actions. 

• 13 involving engine failure and VMC loss of control (405 fatalities) 

• 7 pilots simply failed to maintain control of the airplane (426 fatalities) 

• 6 attempted takeoffs with incorrect configuration (391 fatalities) 

• 4 pilot attempts to overpower the autopilot (264 fatalities) 

• 2 abrupt maneuvers from both pilots providing sidestick inputs (none fatal) 

• 1 in flight selection of beta (9 fatalities) 

• 1 inadvertent control input (not fatal) 

One of the attempted takeoffs with incorrect configuration was a takeoff with full nose-up trim. The others were flap-up 
takeoff attempts. 

4.6 Atmospheric Disturbances 

Twenty-one mishaps (1140 fatalities) involved flight through an atmospheric disturbances. 

• 9 mishaps involving turbulence (333 fatalities) 

• 7  mishaps caused by an encounter with a wake vortex (269 fatalities) 

• 5  mishaps caused by wind shear (538 fatalities) 

4.7 Takeoff Mishaps 

Fifty-six mishaps (2466 fatalities) happened during takeoff and initial climb. 

• 12 takeoff mishaps with ice or frost on the wings (524 fatalities) 

• 10 stalls after liftoff (514 fatalities) 

• 9 takeoff mishaps resulting from FCS failure (116 fatalities) 

• 6 takeoff mishaps with an incorrect configuration (391 fatalities) 

• 5 encounters with windshear, etc. (381 fatalities) 

• 5 engine failure followed by a VMC departure (168 fatalities) 

• 6 other causes (250 fatalities) 

• 3 undetermined causes (122 fatalities) 
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4.8 Airframe Ice 

Thirty-one icing-related mishaps resulted in 765 fatalities. Twelve happened when takeoffs were made with contaminated 
wings resulting in most of the icing-related fatalities (524 fatalities). 

There were twenty upsets with 243 fatalities during up-and-away flight.16 

All but two of the up-and-away mishaps happened with boot-equipped airplanes. 

• 16 Mishaps to Booted Turboprop Airplanes 
 
 10 stalls (37 fatalities)  
   5 non-stall icing mishaps (173 fatalities)  
   1 tailplane stall (no fatalities) 

• 2 Mishaps to Heated Wing Turboprop Airplanes 
 
 1 stall (2 fatalities) 
 1 tailplane stall (13 fatalities) 

• 2 Incidents to Jet Airplanes 
 
 2 PIO Incidents on Unprotected Flap Airfoils (no fatalities) 

4.9 Pilot Experience 

The reduction of pilot experience from 1981 through 2010 was examined. The data is sparse. While there is a downward 
trend in experience since 1980, low pilot experience doesn’t appear to stand out as a factor. There appears to be no 
consistent difference between North American carriers and worldwide. Although commuter pilots in general have less time, 
and there were fewer commuter operations in the 1980s. Tables 6 through 8 show the data. 

In reviewing the mishap reports, it appears that investigating teams are not rigorous in recording pilot experience in the 
factual investigation reports, particularly for second pilot, even if the second pilot was the pilot flying. 

Table 6 - Pilot experience in upset mishaps by aircraft type 

Aircraft        Pilot      Copilot
Type Total In Type Total In Type
Jet Transports 12698 2648 5712 1482
Propeller Transports 8494 2164 4479 745
All Transport Aircraft 11309 2477 5339 1226  

Table 7 - Pilot experience in upset mishaps, 1981-2010, 
North American carriers 

     Decade        Pilot      Copilot
Total In Type Total In Type

     1981-1990 13927 2872 6396 1234
     1991-2000 10198 2278 5669 1466
     2001-2010 8200 2403 3713 489
     Entire Period 10927 2487 5459 1234  

  

                                            
 
16  These include all upsets other than attempted takeoffs with ice-contaminated airfoils. 
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Table 8 - Pilot experience in upset mishaps worldwide 

Operator's        Pilot      Copilot
Region Total In Type Total In Type
North America 10927 2487 5459 1234
South America (a) (a) (a) (a)
Western Europe 10226 1929 4382 1419
Eastern Europe 9107 1350 7475 529
Asia (exc Middle East) 9890 2857 4067 1450
Africa 17317 2060 5409 3143
Middle East 15654 4114 3583 525
Australia 7804 2704 7804 1570
Oceana (a) (a) (a) (a)
Worldwide 11309 2467 5359 1239
(a) Insufficient data for a meaningful comparison  

4.10 Chronological Changes in Mishap Patterns 

A significant question is "What are the changes in mishaps over the period 1981 to 2010. Table 9 shows the accident causes 
on a decade by decade basis. 

Table 9 - Accident causes on a decade-by-decade basis 

Primary  1981 - 1990  1991 - 2001  2001 - 2010
Cause No Fat No Fat No Fat
Stall 12 538 10 454 21 600
Flight Controls 11 786 16 493 13 41
Pilot Involved 7 316 16 844 9 335
SDO 2 45 10 355 11 987
Atm Disturbance 10 517 7 97 5 526
Icing 6 345 7 242 4 55
Propulsion 4 342
Hydraulic 1 111
Other 6 222 3 207 5 292
Undetermined 1 38 2 118 4 166
Total 56 2918 75 3152 72 3002

 

It is difficult to make quantitative arguments considering the limited sample size and the absence of hours flown worldwide. 
The number of spatial disorientation mishaps is increasing as is the number of fatalities. Icing mishaps are down both in 
numbers and in fatalities. The number of atmospheric disturbances in decreasing although the number of fatalities does not 
show a consistent trend. The number of stall mishaps in increasing, but the number of fatalities appears constant. 

5. DISCUSSION 

5.1 Instrument Skills 

Many upsets were identified where manual instrument flying skills appeared to be lacking. There clearly has been a change 
in emphasis from “stick and rudder” skills to “system management.” This begins with initial pilot training in light airplanes. 
Recent flight instructor training emphasizes that decision making skills are to be emphasized over stick and rudder skills. 
To quote from the course material: “‘Stick and rudder’ skills are no longer the primary focus.” (15) 

Many upsets begin with disconnection of the autopilot, degraded handling, and/or systems faults. When coupled with 
reduced instrument skills from lack of use, it shouldn’t surprise us when the crew has difficulty in regaining control.   
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There is a critical need to address the loss of instrument skills in pilots today. This must take into account the minimal 
amount of hand-flying in airline operations today. In addition, many of these upsets are a result of failure of the automation 
with the pilot being given manual control of the airplane in difficult circumstances. 

5.2 Stall Prevention and Recovery 

5.2.1 Stall Training 

The primary problem is the failure of many pilots to aggressively reduce the AoA. This is very likely a result of over-emphasis 
on minimizing loss of altitude. Pilots are trained to “power out” of approaches to stalls, rather than actually recover from a 
stall. Recently, the FAA published an Advisory Circular (16) which proposes to change the criteria for air carrier stall training 
to emphasize angle-of-attack reduction over minimizing altitude loss. While it is too early to measure the effect of this 
Advisory Circular, it is clearly a step in the right direction and should be followed by similar recommendations for primary 
training and general aviation as well. 

However, the Committee is concerned that some existing simulators cannot be reliably used for stall training, particularly in 
high altitude, out-of-trim conditions, or during steep turns. While simulators can potentially be useful in these flight regimes, 
such use requires flight test and aerodynamic data that is not always available. The AC stresses the need for motion cues 
to allow the pilot trainee to recognize and feel the differences as the airplane approaches the stall. These differences are 
subtle. Training simulators, at this stage of their development, do not have realistic motion cues. Motion cues can help, but 
misleading motion cues can provide negative transfer of training. For this reason, we recommend that stall and upset training 
should be in a fully validated simulator using data throughout the achievable flight envelope, not just the normal flight 
envelope. The final validation of training effectiveness must take place in flight. 

5.2.2 Envelope Protection 

The data clearly shows that FBW airplanes equipped with envelope protection are extremely effective in preventing stall 
mishaps. During the time period studies, there were no in-service stall mishaps in an airplane with a functional envelope 
protection system onboard. AFR 447 did become stalled, however the alpha-protection had been disabled by a sensor 
failure. Two airplanes17 are presently certified with retrofit envelope protection systems. 

5.3 Spatial Disorientation 

The problem of SDO follows from the deterioration of instrument skills. However, simply improving pilot instrument skills 
may not be sufficient. Pilot training should include specific spatial disorientation training on unusual attitude recognition and 
recovery. This should include specific illusions, such as the somatogravic illusion which may lead a pilot into perceiving a 
much higher pitch attitude during a go-around. 

There is some indication that standby attitude instruments may not be providing adequate cues. The approval process for 
standby indicators should include upset recognition and recoveries from both pilot seats. Both primary and standby attitude 
indicators could provide graphic cues to clearly show the pilot the angular relationship of AoA. This would aid in preventing 
the situation where the airplane descends into the ground with the stick back as in AFR 447.  

An air-mass flight path angle, such as the Klopfstein format demonstrated in the Air Force variable stability NT-33, should 
be evaluated further (17). 

5.4 Upset Training Effectiveness 

Research in aircraft Advanced Maneuver and Upset Recovery Training (AM-URT) has been sponsored by a number of 
government and industry organizations, including NASA, FAA, US Navy, and several commercial airlines. (9, 18) One study 
included simulator evaluations intended to assess incremental effects of the three training venues: Classroom training, 
simulator training18, and flight training19, to assess the relative benefits of each.    

                                            
 
17 The two airplane models are Cirrus SR-20 and King Air 200. 
18  Ground based training in a Level D simulator. 
19  All flight training was given in an in-flight simulator. 
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This research is summarized in the following points: 

• Classroom training formed the basis of all the training programs. 

• Pilots participating in these studies generally did not have the knowledge or skills to successfully recover from an upset 
event prior to the upset recovery training provided during the study. 

• Pilots were much better at recovering from simple unusual attitudes where there were no aircraft malfunctions or 
extenuating factors. 

• Pilots had significant difficulty and were often unable to recover from upset events which were precipitated by an aircraft 
malfunction or external factor and required an alternate control strategy to successfully recover the aircraft (e.g., bank 
to control pitch, rudder to control roll, etc.). 

• Pilots’ performance increased after being provided upset recovery training in a ground simulator. In the studies where 
simulator training was provided, care was taken to ensure: 

• The maneuvers flown in the simulator did not exceed envelopes defined by flight test or wind tunnel data 

• The simulator was evaluated for suitability for upset training by subject matter experts 

• The pilots were briefed on the differences between the simulator and the actual airplane during upset recovery 
events (e.g., lack of motion and “g” cues) 

• For pilots who received upset recovery flight training (IFS) after simulator training, their performance increased further 
after the flight training. This increase was significant for upset events caused by a flight control malfunction that required 
an alternate control strategy. 

• When one group of pilots received flight training and a second group received ground simulator training, the group that 
received flight training performed better than the group that received ground simulator training. The difference was 
significant for upset events caused by a flight control malfunction that required an alternate control strategy. 

The data indicated that pilot awareness, performance, and ability to execute recoveries were distinctly different for recovery 
categories (UAR and UER). Consequently, these are treated separately. 

5.4.1 Unusual Attitude Recovery 

The contribution that each training venue made to the total improvement in recovery scores for the unusual attitude recovery 
maneuver set is shown in Figure 2. The classroom phase of training accounted for 19% of the total improvement. Over half 
of the improvement was due to the ground simulation phase of training (54%). The flight training phase of the training 
contributed an additional 27% improvement in recovery scores. As noted previously, the pilots came into the study with a 
basic knowledge of unusual attitude recovery. They all reported having accomplished such training in an aircraft at some 
point in their career. While they gained additional understanding during the classroom phase of the specific issues related 
to unusual attitude recoveries in transport aircraft, they showed the greatest improvement to their scores from receiving 
hands-on training in the simulator where they learned type-specific techniques. The flight training further improved their 
scores but, as they entered that phase of the training with preexisting aircraft experience, the incremental improvement 
was less.  
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Figure 2 - Training effect for UAR maneuvers 

5.4.2 Upset Recovery 

None of the pilots reported more than a very limited knowledge of the issues associated with upset recovery prior to the 
training. This was particularly true where some internal failure or external event caused the aircraft to be upset such that 
the pilot had to adopt a novel control strategy in order to make a successful recovery. Consequently, the classroom phase 
of the training had a very significant contribution to performance improvement and increase in awareness (47%). Due to the 
pilots’ inability to effectively utilize the limited cues provided by the ground simulator, this training resulted in only a marginal 
improvement in performance (17%). The airborne training provided the critical real-world motion cues necessary for 
accurate identification of the upset event and efficient recovery (37%). Figure 3 illustrates this. 

 

Figure 3 - Total training effect for UER maneuvers 
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Based on analysis of the data, recorded evaluator comments, and post-experiment review of cockpit video recordings, 
errors and improvements in performance noted in the two maneuver categories for each phase of training are summarized 
below. These observations were documented from each of the Ground Simulation evaluations.  

In stark contrast to the unusual attitude recovery data, pilots were generally not able to reliably diagnose the upset events 
and execute the recoveries prior to the classroom training. Most pilots did not come armed with the requisite alternate 
control strategies necessary for a successful recovery. Often the roll event was misdiagnosed as a yaw event and vice 
versa. As the recovery techniques are night-and-day different, if not corrected, this misdiagnosis resulted in an unsuccessful 
recovery. Prior to the classroom instruction, most pilots did not understand the underlying aerodynamic principals governing 
the events. However, some pilots had a technique for recovering from the yaw event – namely input full rudder and apply 
asymmetric thrust. When asked, they reported that they had “picked it up along the way” from training in other aircraft or 
through informal channels (urban legend). Those who possessed this technique tended to implement it too aggressively. 
Few had the concept of loading versus unloading to increase or decrease the effect of roll due to sideslip. After the 
instruction, performance improved significantly but two discrepancies were noted that limited this improvement. First, the 
new aerodynamic concepts learned were not always correctly or fully understood. For example, those who had the critical 
load-versus-unload ideas backward performed worse when they attempted to apply it to their recovery strategy. Second, 
even armed with the knowledge, some struggled to correctly apply it to their recovery techniques having had little or no 
practice in doing so. Most pilots did not verbalize their analysis of the circumstance or any aspect of the recovery. However, 
in the case of upsets it appeared that this was more due to their not knowing for certain what was causing the upset and 
what exactly they should do about it. 

While the level of understanding and the techniques for recovery improved with the ground simulation training, this was 
limited due primarily to the misdiagnosis of the events and the requisite misapplication of recovery techniques. In other 
words, in many cases the wrong technique was correctly applied. The roll event was misdiagnosed as a yaw event and vice 
versa. Misdiagnose of the events was likely exacerbated by the cue-deficient environment of the simulator. For example, 
the lack of a significant lateral-kick when the rudder went hard-over (yaw upset) resulted in it being misdiagnosed as the roll 
event at the onset of roll-due-to-sideslip. Furthermore, in contrast to the unusual attitude recoveries, none of the pilots had 
ever experienced the upset events in the full-cue in-flight environment and, therefore had an incomplete picture of the 
event’s look-and-feel. This resulted in a less efficient use of the cues that were available to execute the given recovery. 
Generally the magnitude and speed of inputs increased as the pilots gained more confidence in their technique. For some, 
this resulted in overly aggressive inputs as they attempted to keep the airplane from being at all upset and this proved 
problematic for two reasons. First, in cases where the initial inputs were incorrect this resulted in an immediate and 
unrecoverable loss-of-control. Second, when the risk of LOC would not have been significantly elevated had the aircraft 
been allowed to be slightly upset, a judicious application of recovery controls (measured response) would have been 
superior because it would have lessened the loads put on the airplane. Verbalization of the upset events was more prevalent 
following ground training. Knowledge of the causal factors and confidence in the appropriate recovery improved after the 
training. 

By far, the largest increase in knowledge, understanding, and performance occurred during flight training. The misdiagnosis 
of the events and the requisite misapplication of recovery techniques were virtually eliminated. Most notably, after having 
felt the differences between the roll and yaw events, the pilots were able to accurately distinguish one from the other. After 
this phase of training, the correct technique was almost always correctly applied. 

5.4.3 Final Comments on Unusual Attitude Recovery 

During the final review of this report, the FAA published Advisory Circular AC-120-111 (19) which provides guidelines for 
conducting upset prevention and recovery training. This document makes many of the same points as are made in this 
report.  

We are also concerned that many of the training approaches have been incompletely validated. A training syllabus is 
developed and the success criteria is "can the student recover the simulator from an unusual attitude?" At the very least the 
success of the syllabus should be based on "Can the student recover the airplane from an unusual attitude?" This means 
that sufficient data must be obtained in flight before releasing the syllabus to the training departments. 
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5.5 Takeoff Mishaps 

There were six takeoff mishaps where the configuration was improperly set. While there is a certification requirement for a 
takeoff warning system; this requirement may be inadequate. Perhaps §25.703 should be amended to require that takeoff 
be prevented with an improper configuration. This would be similar to §25.670(a) for flight control gust locks. 

There were thirteen takeoff mishaps where the wings were contaminated with ice or frost (546 fatalities). The Committee is 
concerned that these mishaps keep happening. 

5.6 Up-and-Away Icing Mishaps 

There were twelve up-and-away icing accidents reported (ignoring two tailplane stalls): 

• 1 heated wing airplane  (2 fatalities) 

• 11 boot-equipped airplanes (6 different models - 228 fatalities) 

In view of these numbers, the Committee questions the continued certification of pneumatic boots on transport airplanes? 

6. CONCLUSIONS 

The Committee is quite concerned about the deterioration in the basic flying skills of pilots today. The industry must take a 
long, hard look at the trends with pilot training emphasizing “management skills” and the de-emphasis of “basic flying skills.” 
As we have seen, every now and then, the pilot has to set aside his management skills and revert to basic “fly the airplane.” 

The Committee feels that many pilots today do not maintain their hand flying skills from lack of practice. We feel that the 
industry must provide a means for pilots to maintain proficiency. 

7. RECOMMENDATIONS 

The S-7 Committee recommends the following: 

To training organizations: 

• Ensure that piloting skills are trained and maintained to include the full spectrum of automation including manual flight, 
use of raw data, flight directors, autopilot, FMS, etc. 

• Ensure that upset recovery training includes a proper blend of classroom, ground-based simulation, and flight training. 

• Ensure that training conducted in simulators does not exceed envelopes defined by valid flight test or wind tunnel data. 

• Ensure that training conducted in ground-based simulators includes adequate briefing for trainees on differences 
between airplane motion cues and simulator motion cues. 

• Ensure that instructors for upset recovery training have received upset recovery training in flight 

• Final validation of training effectiveness must be conducted in flight.20 

To the Industry as a whole: 

• Ensure that flight operations, standard operating procedures, and company policies allow pilots to maintain their basic 
flying skills. 

  

                                            
 
20  This should be interpreted as validating the effectiveness of the training curriculum following its development and does not necessarily 

apply to each pilot trained. 
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• Adopt an industry standard that pilots must be proficient throughout the full automation spectrum and that pilots must 

be able to maintain this proficiency. 

• Continue the development of simulators with sufficient data to cover the high AoA regime with adequate motion cues. 

• Develop and evaluate displays to graphically present angle-of-attack information in high AoA situations as an aid to stall 
and upset recovery. 

• Develop displays to cue the pilot to developing SDO scenarios and to provide guidance to recover the airplane to 
controlled flight. 

• Develop and install retrofit and forward-fit envelope protection as a mitigation technique. 

To regulatory agencies: 

• Expand the air carrier training Advisory Circular (16) to the entire aviation community, including general aviation and 
primary flight training. 

• Consider amending the takeoff warning systems requirement (§25.703) to require a means of preventing takeoff with 
an improper configuration, similar to §25.670(a) for flight control gust locks. 

• Consider amending the ice protection requirements (§25.1419) to require prevention on ice accretion on critical airfoils 
instead of allowing accretion followed by removal. 

• Ensure that incident reporting programs are in place to provide verifiable incident data for prediction of accident trends. 

To accident investigative agencies: 

• Ensure that pilot experience (including second pilot data) is documented during the accident investigation. A return to 
the NTSB Preliminary Report Aviation form would help. 

• Ensure that incident reporting programs are in place to provide verifiable serious incident data for prediction of accident 
trends. 

8. NOTES 

8.1 Revision Indicator 

A change bar (l) located in the left margin is for the convenience of the user in locating areas where technical revisions, not 
editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document title 
indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original 
publications nor in documents that contain editorial changes only. 
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APPENDIX A – LIST OF MISHAPS 
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APPENDIX B – DETAILS OF MISHAPS 
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