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FOREWORD 

 

Lebanon is a signatory to the Convention on International Civil Aviation (Chicago 1944) and a 

founding member of the International Civil aviation Organization (ICAO). In line with Article 

26 of the Convention, the Lebanese Government launched an investigation into the accident that 

occurred to Ethiopian Airlines flight 409 (ET409), a Boeing 737-800 type aircraft registered 

ET-ANB. An Investigation Committee (IC) and an Investigator in Charge (IIC) were appointed 

by the Lebanese Minister of Public Works & Transportation. The State of Registry/Operator and 

the State of Manufacturer were both invited to appoint accredited representatives to the IC. 

 

 A Preliminary Report was presented to the Lebanese Government on February 25, 2010. Two 

Investigation Progress report were presented to the Lebanese Minister of Public Works & 

Transportation on February 10, 2011 and on August 25, 2011; both reports were released to the 

public and have been posted on the Lebanese CAA website www.lebcaa.com. The final draft 

report was presented as a confidential document to HE the Lebanese Minister of Public Works 

and Transportation on 10
th
 September2011 and circulated to all parties (the NTSB -USA, ECAA 

- Ethiopia & BEA - France) for comments, as per ICAO Annex 13 requirements. The comments 

were received in due time and discussed with all parties prior to the issue of this final report. 

Some differences remained between the views of the Ethiopian party and the rest of the 

Investigation Committeeôs members. These differences are appended as ñAppendix Zò to this 

report.    

 

In accordance with Annex 13 to the Convention and with the Lebanese Air Regulations (LAR), 

the investigation has not been conducted so as to apportion blame, or to assess individual or 

collective responsibility.  

 

Consequently, the sole objective of this investigation into the tragic accident of ET 409 is to 

establish what happened, to analyze how and why the occurrence took place, and from this 

analysis to determine what the occurrence reveals about the safety health of the aviation system. 

Such information is used to arrive at conclusions and make safety recommendations aimed at 

drawing lessons from what happened in order to prevent similar reoccurrences, and where 

appropriate, to increase the overall safety of the aviation system. 

 

Furthermore, the use of this report for any purpose other than for the prevention of future 

accidents could lead to erroneous interpretations. 

 
 

  

http://www.lebcaa.com/
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Synopsis 
 

Date of accident Aircraft  

25th January 2010 at  00:41:30 
1 

 

Boeing 737-800 

 Registered  ET-ANB 

 

Site of accident 

 

Owner 

About 5 NM South West of BRHIA, 

Mediterranean Sea 

CIT Aerospace International Corporation 

 

 

Type of flight  

 

Operator 

International public transport of passengers. 

Scheduled flight ET 409 

Ethiopian Airlines 

 

 Persons on board 

  

Flight crew: 2 

Cabin crew: 5 

IFSO: 1 

Passengers: 82 

 

Summary 

 

On 25 January 2010, flight ET409 took off from Beirut Rafic Hariri International Airport 

(Lebanon) bound for Addis Ababa Bole International Airport (Ethiopia) on a regularly 

scheduled revenue flight. Less than five minutes after take-off the plane crashed into the sea. 
 

Consequences 

 

 People Equipment 

 
Fatally Injured Injured Unhurt 

Destroyed 
Crew 8 - - 

Passengers 82 - - 

Third parties  - - - 

 

 

  

                                                 
(1) 

All  times in this report are UTC, except where otherwise specified. 2 hours should be added to obtain the 

local time (LT) applicable in Lebanon on the day of the accident. 
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Executive Summary  

On 25 January 2010, at 00:41:30 UTC, Ethiopian Airlines flight ET 409, a Boeing 737-800 

registered ET-ANB, crashed into the Mediterranean Sea about 5 NM South West of Beirut Rafic 

Hariri International Airport (BRHIA), Beirut, Lebanon. 

ET 409 was being operated under the provisions of the Ethiopian Civil Aviation Regulations 

(ECAR) and as a scheduled international flight between BRHIA and Addis Ababa Bole 

International Airport (ADD) - Ethiopia. It departed Beirut with 90 persons on board: 2 flight 

crew (a Captain and a First Officer), 5 cabin crew, an IFSO and 82 regular passengers. 

The flight departed at night on an instrument flight plan. Low clouds, isolated cumulonimbus 

(CB) and thunderstorms were reported in the area. The flight was initially cleared by ATC on a 

LATEB 1 D departure then the clearance was changed before take-off to an ñimmediate right 

turn direct Chekkaò. After take-off ATC (Tower) instructed ET 409 to turn right on a heading of 

315°. ET 409 acknowledged and heading 315° was selected on the Mode Control Panel (MCP). 

As the aircraft was on a right turn, Control suggested to ET 409 to follow heading 270° ñdue to 

weatherò. However, ET 409 continued right turn beyond the selected heading of 315° and 

Control immediately instructed them to ñturn left now heading 270Áò. ET 409 acknowledged, 

the crew selected 270° on the MCP and initiated a left turn. 

ET 409 continued the left turn beyond the instructed/selected heading of 270° despite several 

calls from ATC to turn right heading 270° and acknowledgment from the crew. ET 409 reached 

a southerly track before sharply turning left until it disappeared from the radar screen and 

crashed into the sea 4ô 59ò after the initiation of the take-off roll (4ô17ò in the air). The aircraft 

impacted the water surface around 5 NM South West of BRHIA and all occupants were fatally 

injured. Search and Rescue (S&R) operations were immediately initiated.  

The DFDR and CVR were retrieved from the sea bed and were read, as per the Lebanese 

Government decision, at the BEA facility at Le Bourget, France. The recorders data revealed 

that ET 409 encountered during flight two stick shakers for a period of 27ò and 26ò. They also 

recorded 11 ñBank Angleò aural warnings at different times during the flight and an over-speed 

clacker towards the end of the flight. The maximum recorded AOA was 32°, maximum recorded 

bank angle was 118° left, maximum recorded speed was 407.5 knots, maximum recorded G load 

was 4.76 and maximum recorded nose down pitch value 63.1°. 

The DFDR recording stopped at 00:41:28 with the aircraft at 1291ô. The last radar screen 

recording was at 00:41:28 with the aircraft at 1300ô. The last CVR recording was a loud noise 

just prior to 00:41:30.   

The investigation revealed that the probable causes of the accident were the flight crewôs 

mismanagement of the aircraftôs speed, altitude, headings and attitude through inconsistent 

flight control inputs resulting in a loss of control and their failure to abide by CRM principles of 

mutual support and calling deviations. The other contributory factors that could have lead to 

probable causes are the increased workload and stress levels that have most likely led to the 

captainôs reaching a situation of loss of situational awareness similar to a subtle incapacitation 

and the F/O failure to recognize it or to intervene accordingly. The root causes for these failures 

are discussed in the analysis phase of this report. 

 

Safety recommendations are made affecting the operator, the ECAA, ICAO and Lebanon. 
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Organization of the investigation 

 

On Monday 25
th
 January 2010 at around 00.47, the Lebanese DGCA was informed of the loss of 

radio and radar contact with flight ET 409 a few minutes after take-off from Beirut.  

 

After having established without doubt that the airplane had disappeared, the Lebanese 

Authorities launched a technical investigation. In accordance with article 26 of the Convention 

and ICAO Annex 13 ñAircraft Accident and Incident Investigationò, an Investigation 

Committee (IC) from Lebanese investigators was formed by a ministerial decree issued by the 

Minister of Public Works and Transport in order to conduct the technical investigation. An 

investigator-in-charge (IIC)
2
 was designated in the same decree to lead and initiate immediately 

the investigation. As per Annex 13 provisions, the USA as State of Manufacture, and Ethiopia as 

State of the Operator/Registry, were invited to appoint accredited representatives and to be 

associated with the IC.  

 

Following the existence of a Memorandum of Understanding between the French Bureau 

dôEnqu°tes et dôAnalyses (BEA) and the Lebanese DGCA, the BEA was also invited to assist 

the Lebanese authorities to conduct the investigation. 

 

The Investigation Committee composition was as follows: 

 

Lebanon ï State of occurrence 

France ï Technical Advisor to the State of Occurrence 

Ethiopia ï State of Registry / Operator 

USA ï State of Manufacture 

 

Two working groups were formed as follows: 

¶ Operations 

¶ Engineering & Maintenance 

 

A Sea Search & Rescue (SSR) team was formed by Lebanese Army in conjunction with the 

Ministry of Public Works & Transportation.  All Sea Search & Rescue operations were 

conducted in full coordination with the IC including daily briefings given by the SSR team to 

the members of the IC.  

 

As per the Lebanese Government decision and in accordance with the Memorandum of 

Understanding (MOU) signed between the Lebanese DGCA and the French BEA, the DFDR 

and CVR were read at the BEA facilities at Le Bourget, near Paris, France. Both recorders were 

transported directly to the BEA under the custody of the State of Occurrence accompanied by 

members from the IC and readings were performed by BEA personnel in association with and 

under the direct supervision of the IC. 

 

It was also decided that media relations till the release of the final investigation report were to be 

handled by the Lebanese Minister of Public Works & Transportation with factual data and 

information relayed through the IIC directly to the Minister.  
  

                                                 
2
 Dr. Hamdi Chaouk was appointed as IIC in January 2010. He was replaced as IIC by Captain Mohammed 

Aziz, Ph.D., as of January 2011. 
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1. FACTUAL INFORMATI ON 

1.1 History of Flight 

 
On 25 January 2010, the accident airplane departed BRHIA, Beirut, Lebanon, as Ethiopian 

Flight 409 (ET 409), destined for ADD, Addis Ababa, Ethiopia. 

 

The following chronological history of flight was reproduced from verified data retrieved from 

the aircraft DFDR and CVR, in addition to verified data from Air Traffic Control (ATC) 

recordings and radar transcripts. Eye witness reports and interviews have also been considered.  

 

During the pre-flight preparation phase the crew was heard on the CVR discussing various 

operational issues within the crew and with the ground personnel. They were also heard 

receiving the ATIS on VHF and conducting the appropriate briefing and checklists. In addition 

to these operational issues, the crew was heard discussing their lay-over stay in Beirut and the 

meal which could have affected the quality of their sleep prior to operate the flight. However, 

their tone of voice and discussions were normal during that phase. The captain was also heard 

confirming that this was his first flight into Beirut. 

 

Once boarding was finished and at time 00:30:49 the Flight Crew of Ethiopian Flight 409 

received and read back the IFR clearance for a departure via LATEB 1 D
3
 with an initial climb 

to 3000ô. Between 00:30:14 and 00:30:29, ATC ï Ground issued taxi instructions to ET 409. ET 

409 was then handed over to the ATC - Tower frequency 118.90 and the Flight Crew advised 

the Tower controller that they were taxing on Lima .The Tower gave the clearance to line up 

runway 21 and report ready for departure.  

 

At time 00:35:36 the Tower controller cleared Ethiopian 409 for takeoff and amended the 

departure clearance with an instruction to make an immediate right turn to CHEKA
4
.  The Flight 

Crew read back the clearance. At 00:36:33, the takeoff thrust was set and N1 value reached 

90%. The recorded FMC data showed an airspeed selection of 170 kts, an altitude selection of 

3000ô and a flaps setting at 5. Both Navigational Display (ND) ranges were set to 10 miles; the 

captainôs display showed ñWeatherò while the F/O display showed ñTerrainò. The stabilizer that 

was recorded on the DFDR was approximately 5.94 units at the start of the takeoff roll. 

 

During the take-off roll and as the aircraft was accelerating towards 80 Kts, sound similar to 

interferences on the radio were recorded and heard on the CVR. The captain was then heard 

saying (in Amharic) ñdo you see that?ò 3ò later, the F/O was heard on the CVR saying ñeighty 

knotsò. 

 

The rotation was initiated at time 00:37:08 and lift off recorded 7ò later. The computed airspeed 

was 145 kts at rotation and 166 Kts at the time the main gear liftoff. The landing gears were 

retracted at 00:37:20 and at 00:37:35 sounds consistent with the trim wheel turning were 

recorded and heard on the CVR. The DFDR records did not show at that time any commanded 

trim input; however, it recorded an increase in nose up Pitch Trim (TU) from 5.9 to 6.1 units 

between 00:37:35 and 00:37:36, the recorded speed at that time was 171 Kts. The captain called 

                                                 
3
 The Lateb 1 D SID is attached as Appendix L to this report 

4
 Chekka is a VHF Omni-directional Range (VOR) navigational facility located 31 miles North East (016°) of 

BRHIA 
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ñNAV, Heading Select ratherò, the F/O replied ñHeading Selectò. A continuous pull back force 

on the control column was recorded throughout that period. 

 

At time 00:37:39 the Tower controller instructed ET 409 to turn right initially heading three one 

five. The Flight Crew replied ñthree one five, roger.ò The heading selection on MCP changed at 

00:37:49 from 210° to 315°. At time 00:37:51 the captain called ñN one flaps one speed, flaps 

up speed ratherò, to which the F/O replied by ñrogerò.  At time 00:37:59 the MCP airspeed 

selection increased from 150 Kts to 216 Kts and a right wheel input was commanded while the 

pull back force was still recorded on the control column. The aircraft was passing 1450ô. 

 

At time 00:37:57 and 00:38:02 sounds consistent with trim wheel turning were recorded and 

heard on the CVR. The DFDR data show at the same time two separate pilot commanded nose 

up trim inputs for 1ò each time. The DFDR recorded an increase in pitch trim from respectively 

6.1 to 6.4 units and from 6.4 to 7.0 units and an airspeed of 173 Kts at 00:38:02. The continuous 

pull back force on the control column that had been recorded since take-off was released at that 

time.  

 

At time 00:38:03 the F/O called ñN one flaps up speedò, the speed at that time was increasing 

through 174Kts. 4ò later the Tower instructed ET 409 to contact Beirut Control ñnineteen threeò 

and at 00:38:10 the captain ordered Flaps 1. A sound consistent with a flap lever movement was 

recorded and heard on the CVR. The DFDR recorded 8ò later the flaps at detent 1. During that 

time no inputs to the control column, the wheel or the pedals were recorded on the DFDR. The 

aircraft continued on a right turn and the speed was increasing. At 00:38:13, sounds consistent 

with trim wheel turning were recorded and heard on the CVR. The DFDR recorded at the same 

time a speed trim
5
 commanded nose up trim input for a period of 2ò. It also recorded an increase 

in pitch trim from 7.0 to 7.6 units and a speed of 192 Kts increasing at the beginning of that 

period. 

 

At time 00:38:17 ET 409 contacted Beirut Control passing 2000ô. The crew received and read 

back the clearance to climb to flight level 290 and the altitude was selected on the MCP. The 

aircraft was still on a right turn when at 00:38:22 sounds consistent with trim wheel turning were 

heard on the CVR. The DFDR records did not show at the same time any commanded trim 

input; however, it recorded an increase in pitch trim from 7.6 to 7.7 units at time 00:38:23, the 

recorded airspeed at that time was 206 Kts. The same sounds were heard again on the CVR 7ò 

later, the DFDR records show at that time a speed trim commanded nose up trim input resulting 

in an increase in pitch trim from 7.7 to 7.8 units. The DFDR recorded airspeed at the time was 

209 Kts.  

 

The captain commanded ñflaps upò at 00:38:31 and the F/O confirmed ñRoger flaps upò. A 

sound consistent with flap lever movement was recorded and heard on the CVR and the DFDR 

records show that the flaps were retracted. 

 

At time 00:38:35 Beirut Control advised ET 409, ñSir, I suggest for you due to weather to 

follow heading two seven zero to be in the clear for fifteen to twenty miles then go to CHEKA 

and itôs up to you, just give me the headingò. At that time the aircraft was still on a right turn 

and the roll angle had reached more than 35° triggering an automatic ñbank angleò call recorded 

on the CVR at 00:38:41; the same automatic call was also heard at 00:38:43. At 00:38:44, 

                                                 
5
 The 737-800 stabilizer trim can be activated either through pilot electrical or manual command input, or under 

certain conditions it could be automatically triggered through the speed trim function. For full information on 

the subject refer to Appendix M. 
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sounds consistent with trim wheel turning were recorded and heard on the CVR. The DFDR 

recorded simultaneously a pilot commanded nose up trim input for a period of 3ò while at the 

same time maintaining a control column push of 2° in the nose down direction. This resulted in 

a recorded increase in pitch trim from 7.9 to 8.7 units along with an airspeed of 196 Kts. 

(Beyond that point, no stabilizer trim manual command was recorded on the DFDR). 

 

At time 00:38:48, the captain was heard on the CVR enquiring ñtwo one say again?ò and the 

F/O asking the Tower ñconfirm heading two one zero?ò The aircraft heading at the time was 

beyond the selected 315° and reached a maximum recorded value of 003°.  

 

Beirut Control replied ñEthiopian 409, Sir, negative to proceed direct CHEKA, sir, turn left, fly 

heading two seven zeroò. The captain asked ñleft heading two seven zero?ò and the F/O replied 

and read back ñroger, left heading two seven zeroò. The heading selection on the MCP 

decreased to 270°and the F/O confirmed to the captain ñtwo seven zero is setò. This was 

associated with a sharp left wheel input of approximately 40° commanded by the crew which 

resulted in a roll angle of 45°, reaching a maximum of 64° left and triggering 5 automatic ñbank 

angleò calls recorded on the CVR between time 00:39:01 and 00:39:30. This left wheel input 

was followed by a right wheel input of 37° which initiated a roll back towards wings level. As 

the airplane was returning towards wings level, the speed was increasing and the column push 

was relaxed; the airplane began to pitch up and slow down. The airspeed had reached 243 Kts at 

00:39:43 before starting to fall back. Sounds consistent with heavy rain were heard on the CVR 

during that same period. The aircraft altitude at that time was 4320ô and the calculated 

temperature at that level on that day was +03° centigrade. Engine anti-ice selection was not 

recorded throughout the flight and no call for such a selection was heard on the CVR.  

 

At time 00:39:40 the captain was heard saying in Amharic ñOK, engage autopilotò. However, 

the DFDR data does not show any engagement of any auto-pilot throughout the flight. At the 

time of the call the DFDR shows the control wheel was Aft from the neutral position and the 

aircraft roll angle reaching 64° left bank with a heading of 237° and an altitude 4320ô. During 

this time, a column push was also commanded which reduced the pitch attitude to approximately 

5°. The column was then returned to neutral and pushed again resulting in the pitch attitude of 

12°. The airplane was then returned to wings-level flight at a heading of 204°. However, the 

pitch attitude continued to increase and the airspeed continued to decrease without any nose 

down column inputs. 

 

At time 00:39:46 ACC issued ET 409 the following instruction:  ñEthiopian 409 follow heading 

two seven zero, turn right heading two seven zeroò.  ET 409 read back ñright heading two seven 

zero, rogerò. The F/O was heard confirming to the captain ñtwo seven zero setò. No other 

action was recorded in compliance to that instruction.   

 

At time 00:40:01, as the aircraft was crossing 7250ô and the recorded airspeed 159 Kts 

decreasing, a speed trim commanded nose down trim input for a period of 7ò was recorded on 

the DFDR associated with a pitch trim decrease from 8.7 to 8.1 units. At 00:40:03, the speed had 

dropped to 141 Kts and the stick shaker activated at that same time and remained on for a period 

of 27ò. AOA values were 18° (right)
 6

 and 17Á (left). 2ò later the aircraft pitch angle reached a 

maximum of 38.5° up and the automatic ñbank angleò aural warning was heard twice on the 

CVR between time 00:40:06 and 00:40:08. 

                                                 
6
 The left AOA and right AOA are recorded at once per second at different time stamps on the DFDR data 

frame. The closest right AOA recorded after 00:40:01 is 18.8°  
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At time 00:40:09 & 00:40:13, the captain said (in Amharic) ñwhat is that?ò, then repeated in a 

louder voice, ñwhat is that?ò At that time the aircraft altitude was approximately 7700ô, the 

recorded airspeed was 120 kts, the recorded pitch about 4° up, the AOA values 25.5° (left) and 

23.6° (right),  and the vertical acceleration is 0.6 g. The maximum AOA values were recorded at 

00:40:14 as 32.0° (left) and 30.0° (right). 

 

Then the pitch attitude of the aircraft began to decrease sharply. As the pitch attitude began to 

decrease, a left bank angle developed that reached a maximum of 68°to the left. Two ñbank 

angleò aural warning occurred during the stall followed by right wheel and right rudder 

command. As the bank angle began to decrease towards wings level and the pitch attitude began 

to drop further, a nose-up column input was made, reaching a maximum of approximately 11° 

nose-up as the aircraft pitch attitude passed through zero° at time 00:40:25. The pitch attitude 

dropped below the horizon and the airspeed began to increase.  

 

During the period of the stick shaker activation, and between 00:40:16 and 00:40:20, the captain 

was heard on the CVR calling ñgo-aroundò four times and the F/O replying ñroger, go 

aroundò. The throttles were pushed full forward for a short instant then pulled back a little for a 

few seconds and then pushed again violently enough to be recorded on the CVR. The auto-

throttle was disconnected. At the same time Beirut Control instructed ET 409, ñEthiopian 409 

follow heading two seven zero, sir, follow heading two seven zero, turn right heading two seven 

zero nowò. To which ET 409 replied, ñroger, rogerò. Sounds consistent with heavy rain are 

heard on the CVR. 

 

The stick shaker sound stopped at 00:40:28. AOA values were 14.9° (right) and 11° (left). The 

nose up column input was still maintained associated with a left wheel input of 50° and a right 

rudder input of approximately 5Á which were maintained for about 20ò. 

 

With the airspeed increasing beyond 195 Kts, the speed trim system commanded at time 

00:40:25 a nose-up trim input for a period of 12ò and the pitch trim increased from 8.2 to 9.3 

units. (Beyond that point, no stabilizer trim command is recorded on the DFDR or heard on the 

CVR). At time 00:40:30 a control column push was recorded for a few seconds, the speed kept 

on increasing and reached a maximum of 238Kts at 00:40:39. The column was then relaxed 

towards neutral, and the airplane began to pitch up and slow down again. The airplane altitude 

had reached a minimum altitude of about 6000ô and began to climb again. No significant bank 

angle changes have been recorded over the next 20ò as the airplane continued to pitch up and 

slow down while the left wheel input and right rudder input were maintained.  

 

At approximately 00:40:45, the right rudder input was removed while the left wheel input was 

maintained. The airplane responded by rolling to the left while it continued to pitch up and slow 

down. The captain noticed that speed trend and was heard on the CVR saying at time 00:40:48 

ñthe speed is droppingò, the F/O replied (in Amharic) ñspeed is going downò and the captain 

immediately said (in Amharic) ñOK, try to do somethingò.  At that moment the DFDR shows 

the speed dropping through two hundred knots. The pitch attitude increased to a maximum of 

31° before beginning to pitch down. The airplane continued to roll left past 35°. The ñbank 

angleò aural warning was recorded twice at 00:40:52 and 00:40:54 followed by a right wheel 

and right rudder command at time 00:40:57.  

 

At time 00:40:56 the stick shaker activated again for a period of 26ò while the airplane 

continued to roll left, eventually reaching 75° of left bank; the AOA values were 14.4° (left) and 
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13.5° (right); the AOA reached its maximum value of 26° at 00:41:09. A full left wheel was 

commanded while the right rudder input was maintained. A nose-up column was commanded 

and gradually increased over the next 17ò while the airplane pitched down. Between 00:40:59 

and 00:41:08, the altitude stabilized at about 9000 feet. The airspeed reached 150 kts. At 

approximately time 00:41:08, the wheel returned to neutral and the rudder was commanded 3° 

left; the bank angle continued to increase to the left. 

 

During this time, Beirut Control called ñEthiopian 409, Ethiopian 409 youôre going to the 

mountain, turn right now heading two seven zeroò. The crew did not respond verbally, but 

rather activated the microphone for approximately 3ò as recorded on both the CVR and the ATC 

Control tape. 

 

At time 00:41:14, with the wheel and pedal inputs near zero, the airplane continued rolling to the 

left the roll angle reached a maximum value of 118.5° with a pitch attitude of 48° nose-down. 

The recorded airspeed at that time was 228 kts increasing and the altitude about 7370 ft 

decreasing. Over the next 10ò, as the pitch attitude reached 63.1° nose-down, large left and right 

wheel inputs were made, and the bank angle decreased to between 35° and 75° to the left. 

 

The stick shaker stopped at time 00:41:22. The AOA values were 18.6° (left) and 18.1° (right), 

the recorded airspeed was 283 kts increasing and the altitude about 5110 ft decreasing. Right 

wheel input was made with left rudder input. 

 

Immediately after, at 00:41:26, sounds similar to over-speed clacker were heard on the CVR 

followed by an additional loud sound as the CVR recording stopped just before 00:41:30. 

 

The DFDR last recorded data was at time 00:41:28 and it shows an airspeed of 407.5 knots 

(above the maximum dive speed of 400 Kts), an altitude of 1291 ft rapidly decreasing together 

with a pitch of  32.2° airplane nose down, a left bank roll angle of 61.5°, 3.75 G and engines 

number 1 & 2 at respectively 93.6% and 93.4% N1 .  

 

Between 00:41:28 and 00:45:10 Beirut Control made several calls to ET 409 with negative 

response. The AT|C immediately activated the emergency response plan. 

 

No indication of the aircraft being hit by a lightning strike was recorded on the CVR or any 

interference affecting the flight instruments recorded on the DFDR, apart from the short 

interference recorded during the take-off roll, prior to the aircraft reaching 80 Kts. 

 

Throughout the time the aircraft spent in the air, the DFDR recorded the control column steady 

in neutral position between time 00:38:05 and 00:38:41. It also recorded the control wheel 

steady in neutral position between time 00:38:05 and 00:38:40 and the rudder pedal in neutral 

between 00:38:05 and 00:39:05. Apart from these periods, the control column and the control 

wheel were always recording variable pressure from the crew, as well as the rudder pedals, 

which was continuously used, sometimes in opposite direction to the control wheel inputs. 

 

The standard call ñAfter- Take-off checklistò done by the PF, as stipulated in ET Normal 

Operations (FCOM v.1, NP.21.42), was not heard on the CVR; neither were the checklist items 

carried by the PNF heard on the CVR. 

 

Eye witness reports including a Tower controller reported seeing ña lightò, ñan orange 

explosionò, ña ball that lasted 2-3 secondsò, or a ñball of fireò around the time of the accident.  
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The following two figures developed by the French Bureau dôEnqu°tes et dôAnalyses (BEA) 

reproduce the entire flight horizontal and vertical tracks as derived from the DFDR data: 
 
 
 
 

 
 

Figure 1: ET 409 horizontal tracks  
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Figure 2: ET 409 vertical tracks  

 

1.2 Injuries to Persons 

 

 

Injuries  
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Others 
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8
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Serious 
 

 

0 

 

 

0 

 

 

0 

 

 

Light/none 
 

 

0 

 

 

0 

 

 

0 

 

                                                 
7
 Including 1 IFSO listed on the passengersô manifest with a coded name  

8 Including 2 children  
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1.3 Damage to Aircraft 

 

The aircraft was completely destroyed. 

1.4 Other Damage 

 

Not applicable. 

1.5 Personnel Information 

 

1.5.1 Flight Crew 
 

The flight crew consisted of the captain and the first officer.  Five flight attendants and an In-

Flight Security Officer (IFSO) were also on duty aboard the airplane. All crew were certified in 

accordance with the ECAA requirements.  

1.5.1.1 Captain 

 

Male, according to records provided by Ethiopian Airlines, he joined the company on 27 

January 1989 and started operations on agricultural spraying aircraft. He then flew as co-pilot on 

DHC 6, B 737-200 and B 757/767 type aircraft prior to be promoted to captain on Fokker 50 in 

2008.   

 

He holds an Ethiopian ATPL number AA 333, issued 10 June 2008, showing the date of birth as 

17 October 1965 and ratings as PIC for Multi-Engine Land on 22 December 1988, for Single 

Engine Land on 4 January 1989, for Fokker 50 on 10 June 2008 and for Boeing 737-700/800 on 

16 October 2009. It also shows ratings as co-pilot for DHC 6 on 31 December 1998, for B 737-

200 on 23 July 2002 and for B757/767 on 4 September 2003. 

 

According to records provided by Ethiopian Airlines the captain completed company command 

training and was released to operate solo as PIC on F-50 as of 7 July 2008. He also completed 

company training consisting of 120 hours of ground school, 56 hours of simulator and 1 hour of 

base training prior to commence and then complete his route training and be released to operate 

solo as PIC on B737-700/800 type aircraft on 3 December 2009. His last recurrent/type rating 

training was satisfactorily  completed on 14 October 2009 and last proficiency check was 

satisfactorily completed on 15 October 2009. His last CRM was done on 11 December 2007 and 

the last Adverse Weather and Upset Recovery training done on 15 December 2007. His total 

flying experience is 10,233 hours including 3,718 hours as PIC of which 2,488 hours are on 

different light and spray aircraft, 1,042 hours on Fokker 50 and 188 hours acquired since his 

release to operate solo as PIC on B 737-700/800, 51 days prior to the accident.  

 

Records provided by Ethiopian Airlines show his flying hours in the previous 6 months as 340 

hours, 3 months as 236 hours, 30 days as 99 hours and 24 hours as 4.7 hours. His most recent 

medical certificate was issued on 25 November 2009 and he was found to be medically fit to fly 

in accordance with the standards specified in ICAO Annex 1, "Medical Standards and 

Certification." 
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The Captain arrived in Beirut, Lebanon on the early morning (around 01:30 LT) of 24 January 

2009 while serving as PIC on Ethiopian Airlines flight 408. That was his first flight into 

BRHIA. 

Interviews conducted with the captainôs superiors, trainers and Next of Kin (NoK) revealed that 

he had a nice personality, was very polite, open to take criticism, healthy, did not smoke or drink 

alcohol, was keen on reading and sports and had many sports equipment in his house. Records 

provided by Ethiopian Airlines do not show any reported sickness or any medical surgery. The 

only medication he was having was related to a hair fungus treatment. 

1.5.1.2 First Officer 

 

Male, according to records provided by ET, he joined the company on 16 January 2009. He 

holds an Ethiopian Commercial Pilot license number AC 1012,  issued 7 April 2009, showing 

the date of birth as 16 September 1986 and ratings for Single Engine Land on 7 April 2009 and 

for B 737 700/800 on 25 June 2009. He held a first-class ECAA airman medical certificate with 

no limitations or restrictions, dated 11 June 2009.  

 

According to records provided by ET, the First Officer graduated from Ethiopian Aviation 

Academy on 15 January 2009 and was transferred to the ET Flight Operations Division on 16 

January 2009. His initial operation training consisted in part of 80 hours course in Jet 

Conversion, 60 hours of Basic Instrument Flying (Simulator) completed on 16 March 2009 and 

Adverse Weather Upset Recovery training done on 12 March 2009. He completed company 

training on B737-700/800 consisting of 120 hours of ground school, 60 hours of Simulator, 1 

hour of base training and 64 hours of route training and was fully released to fly solo as First 

Officer on B737-700/800 on 30 August 2009. His most recent re-currency and proficiency 

checks were satisfactorily completed respectively on 16 and 17 December 2009.  

 

His total flying experience was 673 flying hours, of which 350 were as released First Officer on 

B737-700/800 type aircraft. The records show his total flying hours in the previous 6 months as 

394 hours, 3 months as 178 hours, 30 days as 56 hours and 24 hours as 4.7 hours.  

 

The First Officer arrived in Beirut, Lebanon on the morning (around 01:30 LT) of 24 January 

2009 while serving as First Officer on Ethiopian Airlines flight 408.  

 

Interviews with the F/O superiors, trainers and friends revealed that he had a nice personality, 

was a good student who graduated among the best 6 in the Flight Academy. He had good family 

life and relations, no particular medical conditions, save for an appendectomy at some point, an 

occasional/social smoker who loved his company and carefully prepared his flights. One of the 

pilots who trained the F/O and flew with him described him in the following terms: ñhe seemed 

like a senior FO on his callouts and performance in flight, he says what he needs to say, he was 

not the quiet type and I was surprised on the CVR
9
.ò 

1.5.2 Cabin crew 

 
According to records provided by ET, the cabin crew consisted of 5 female flight attendants. All 

                                                 
9
 That pilot was one of the technical advisors to the Ethiopian accredited representative, he had listened to the 

CVR in that capacity and helped in the translation of the Ethiopian words during the 2nd listening session at the 

BEA. 
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5 cabin crew were fully licensed in accordance with the provisions of the ECAA.  

 

1.5.3 IFSO 

 

The IFSO was seated in the front passengersô cabin amongst the passengers. He was counted for 

the load-sheet as a passenger and listed on the passengers manifest under a coded name. 

However, he was listed on the Crew General Declaration (GD) and his official status on board 

was ñextra-crewò. The IFSO was licensed in accordance with the provisions of the ECAA 

national regulations after completing the appropriate AVSEC courses and was authorized to fly 

on board of Ethiopian airplanes in the capacity of IFSO sitting and mixing with the regular 

passengers. 

 

1.5.4 ATC Controllers 

 

ET 409 was handled by 3 ATC services: ATC Ground for initial departure clearance, push-back 

and taxi, ATC Tower for take-off clearance and initial climb, and ATC Control for the 

remaining part of the flight. According to records provided by the BRHIA Navigation Section, 

all ATC controllers that dealt with the accident aircraft were properly licensed in according to 

LARs.  

1.6 Aircraft information  

 

The aircraft was owned by CIT Aerospace International Corporation. It had been operated by an 

Irish operator from its entry into service in 2002 until April 2009.  Ethiopian Airlines had 

operated the aircraft since September 2009. The aircraft was configured to seat a maximum of 

16 first class, and 138 economy-class passengers and also to carry cargo
10

. 

1.6.1 Airframe 

 

Manufacturer Boeing 

Type B737-800 

Serial number 29935 

Entry into service February 2002 

Change of registration ET-ANB (11 September 2009) 

Certificate of registration  12/09/2009 

Registration ET-ANB 

Certificate of Airworthiness  valid until 11/9/2010 

Utilization till  24 January 2010 26,459 flying hours and 17,823 cycles 

1.6.2 Engines 

Manufacturer: CFM International    

Type: CFM56-7B27     

                                                 
10

 Refer to cabin map inserted as Appendix A 
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 Engine No. 1 Engine No. 2 

Serial number 890932 890963 

Engine time since new  18,110 18,137 

Engine cycles since new 11,728 11,757 

1.6.3 Weight and balance 

 

The weight and balance form for the event flight was provided by ET and listed a gross takeoff 

weight of 70,443 kg (155,300 lb). This is consistent with the gross weight that was recorded on 

the DFDR.  

 

The engine N1 that was applied during takeoff was consistent with a 22k de-rate thrust setting
11

. 

With a 22k de-rate thrust setting, a weight of 70,443 kg (155,300 lb), and a center of gravity of 

18%, the Airplane Flight Manual (AFM) for ET-ANB defines the recommended takeoff 

stabilizer as approximately 6.9 units. The event weight and balance form listed the stabilizer 

setting as 5.26 units
12

. This is 1.64 units in the airplane nose-down direction beyond that 

recommended in the AFM. In addition, the stabilizer that was recorded on the DFDR was 

approximately 5.94 units at the start of the takeoff, which is still within the certified range for 

take-off (green-band range).  

1.6.4 Condition of the aircraft before departure 

 

No defect or deferred maintenance item was reported on the technical log after the arrival and 

before departure of the plane from Beirut. 

1.6.5 Maintenance operations follow-up 

 

The last four months of the maintenance records were examined within the framework of the 

investigation.  

 

Ethiopian Airlines have conducted two maintenance checks since the introduction of ET-ANB 

to the fleet on 12 September 2009. The first check, conducted during November 20-22 

timeframe, included a ó2Aô and a ó3Aô check.  The second check, conducted during the 

December 24-25 timeframe, included a ó1Aô and a ó4Aô check. 

 

Transit checks are conducted after each flight segment and include review of the technical log 

for any discrepancies noted during the flight. A flight mechanic may be included with the Flight 

crew for stations with no Ethiopian airlines ground personnel. There was no flight mechanic on 

board the accident flight as Ethiopian airlines has a technical station engineer stationed in 

Beirut.  

 

Daily checks are completed prior to the first flight of the day and include routine examination of 

the serviceability of the airplane for the dayôs flights. 

 

                                                 
11

 While the ñNotes for the CG Limitsò mentioned on the ET 409 Balance Chart (refer to Appendix V) only 
shows ratings of 24K, 26K and 27K, Appendix 2 of the Airplane Flight Manual (AFM-D631A001.8AS4) 

applicable to the accident plane includes provisions for the 22K trust rating.  
12

 Refer to Appendix V for a copy of the Load-Sheet 
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Weekly checks are similar to daily checks however include more detailed tasks and are 

conducted on 50 flight hour intervals. Documentation is retained only for the most recent 

checks; older check documents are destroyed per the Ethiopian documentation retention policy.  

 

As pertinent to the accident airplane, Ethiopian airlines conduct óblockô checks. There are óAô 

checks (system zonal and structural), each with a defined interval of flight hours and cycles. 

Typical óAô checks include a general visual inspection of the airframe components (systems and 

interior components), filter changes, general visual inspection (including baroscopic) of the 

engines, etcé 

 

A review of the maintenance records for the above mentioned óAô checks denoted activities 

associated with airplane preparation (panel access), routine maintenance actions (filter changes, 

engine oil and hydraulic fluid quantities, etcé), and results of inspection items.  Inspection 

items are noted either as óno findingô or ófindingô with a reference to a non-routine task card 

which outlines the anomalous finding and the corrective action taken.  All items are signed by 

both the mechanic and the inspector. 

 

A summary review of all non-routine findings from both the November and December checks 

noted no significant airframe component issues or interior component issues. 

 

Ethiopian airlines are also certified for óCô checks. There are óCô checks (system zonal and 

structural) and, like óAô checks, are in óblocksô. óCô checks are conducted on an interval of flight 

hours and cycles. Such checks include detailed airframe and component checks. The accident 

airplane had not been subject to a óCô check whilst being operated by Ethiopian airlines as it was 

not due for one. 

 

The engines logbooks and the airframe and engines airworthiness directives (AD) status were 

also examined and did not reveal any significant anomalies.  

1.7 Meteorological Information  

 

The Lebanese Civil Aviation Authority reviewed the data from the Lebanese Meteorological 

Services that was collected on 25 January 2010 after the accident. Meteorological data revealed 

some significant meteorological conditions in the area at the time of the accident.  Relevant 

meteorological documents are included in Appendix B of this report.   

1.7.1 General meteorological situation 

 

At the time of the accident, there was thunderstorms activity southwest and west of the field, as 

well as to the northwest and southwest on the localizer path for runway 16.  

1.7.2 Local meteorological situation 

 

The meteorological conditions at the airport were fair and the surface wind recorded at the take-

off time was calm, no rain over the field and visibility 8 km. Few CB clouds was recorded at 

2000 feet and scattered clouds at 2600 feet.  

 

METAR and TAFOR reports indicate significant meteorological conditions were in the area 

South West, North West and North East of the airport with isolated CB and thunderstorm 

activities beyond 10 km from the airport. The D-ATIS was transmitting the METAR. Reports 
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from arriving traffic at the time of the accident confirmed the reported meteorological 

conditions.   

 

A SIGMET number 03, valid 242020/250220 was also issued by the Met office. The SIGMET 

stipulated ñBeirut FIR TS OBS and over OLBA FIR top CB ABV FL 250 moving NEò.  The 

ATIS weather information transcript is found in Appendix B and was heard by the Flight Crew 

prior to start-up. 

 

1.7.3 Information collected by the crew 

 

A weather package which includes the METAR, TAF of the departure airport and airports along 

the flight plan route, wind/temperature charts for FL300, 340 and 390 and significant weather 

chart for FL100-450 was delivered to the handling agent who acknowledged relaying the same 

to the ET 409 operating crew. SIGMET number 03, valid 242020/250220 was also issued by the 

MET office and made available to flight crews through VOLMET. 

1.8 Aids to Navigation  

 

The Lebanese Civil Aviation Authority reviewed that the Primary and Secondary radars, 

including the weather function, were checked and verified for accuracy. All systems tested 

normal. No other navigation aids were reported to be abnormal. 

1.9 Communications 

 

ET409 has been in contact consecutively with the ATC Ground controller (Ground), the tower 

controller (Tower) and the radar controller (Control). All communication between ET 409 and 

the 121.9 Ground, 118.9 Tower, and 119.3 Control and Emergency frequency 121.5, have been 

recorded by the ATC facilities and on the CVR and have been used to produce this report. 

1.10 Aerodrome Information   

 

BRHIA, (OLBA) is an international airport with a field elevation of 85ô MSL. It is located on 

the western Lebanese sea shore line to the South of the city of Beirut. The area surrounding the 

airport is composed of the Mediterranean Sea to the West, the city of Beirut to the North and the 

mountains of Lebanon to the East. These mountains reach a height of more than 3,000 feet less 

than 5 NM East and 6900 feet 13 NM East. 

 

Due to this constraint, no departure or approach is allowed from the East. Furthermore, due to 

the area as of 15 NM South of BRHIA is a military restricted area; no approach to BRHIA is 

allowed from that area. This leaves a window of opportunity for arriving and departing traffic 

between a westerly heading and a bearing of 016° from BRHIA to Chekka VOR on the 

Northern Lebanese sea shore line. All departing and arriving traffic should be channeled through 

that area. 

 

The airport has three runways: 

 

¶ Runway 03-21 is 12, 467ô long, 3,800 meters. 

¶ Runway 17-35 is 10,663ô long, 3,250 meters. 

¶ Runway 16-34 is 11,138ô long, 3,395 meters. 
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Runways 03, 16, 17 are served by an Instrument Landing System (ILS). An Airport lay-out map 

is included in this report as Appendix C. 

 

The airport is also served by a primary Raytheon Radar system, ASR-10SS and a Secondary 

radar system, MMSR Condor, MK-2 with automatic Auto tract 2 Display and weather display. 

All radars and equipment were fully operational on the night of the accident. 

1.11 Flight Recorders 

 

The DFDR was recovered from the Mediterranean Sea by the Lebanese Navy divers and turned 

over to the IIC in presence of members from the IC on 7 February, 2010. The DFDR was 

immediately packed in water to prevent/delay the onset of corrosion and transported to the BEA 

laboratory in Paris France under the custody of the IIC accompanied by a Lebanese and an 

Ethiopian IC members.  

 

The CVR chassis was recovered from the Mediterranean Sea on 10 February, 2010 but was 

missing the Crash Survivable Memory Unit (CSMU). A thorough hand search of the sea bed 

was then carried out the Lebanese Navy divers who finally succeeded in retrieving the CSMU 

and handing it over to the D/ICC in the presence of members from the IC on 16 February. The 

CSMU was immediately packed in water to prevent/delay the onset of corrosion and transported 

under the custody of the D/IIC and an Ethiopian member of the IC to the BEA laboratory in 

Paris France, for readout on 16 February, 2010. A second readout was also conducted at the 

BEA on 17 September 2010 in the presence of members from the IC in order to validate more 

data. 
 

1.11.1 Digital Flight Data Recorder (DFDR) 

 

The DFDR installed on the accident airplane was a Honeywell Aerospace Electronic SSFDR, 

Make & Model Allied Signal 4700, P/N 980-4700-042, and S/N 3986. This model records at 

least 25 hours of flight data on a solid state memory.  The opening and read-out operations were 

performed following BEA procedures and Honeywell ñReference Procedure for SSFDR Data 

Recovery after an Incident or Accidentò document. The memory extraction operations were 

successful and videotaped. 
 

The CSMU was attached to the chassis. The chassis was damaged but the CSMU was in good 

condition.  A complete set of accident flight data, from take-off through the last recorded DFDR 

parameters was prepared. There were 1000+ parameters available for the analysis.  

 

Flight performance parameters recorded by the DFDR included but were not limited to the 

following: pressure altitude; airspeed (computed); engine N1; pitch; roll; heading; AOA (Angle 

of attack ï both left and right sensors); normal (vertical), longitudinal, and lateral acceleration 

(load factors); left and right elevator positions; left and right aileron positions; left and right 

trailing edge flap positions; rudder position; horizontal stabilizer position, stabilizer trim 

operations and stick shaker activation (both left and right stall warning systems). In addition, the 

DFDR recorded speed brake handle position, both left and right throttle resolver angles, 

autopilot engagement/disengagement, engine low oil pressure, and engine fuel cut signals.  A 

graphical plot of essential parameters is included in this report as Appendix D.  
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Figure 3: ET 409 DFDR 

 

 

A trajectory was computed based on the ñLATITUDE POSITIONò and ñLONGITUDE 

POSITIONò parameters recorded on the DFDR. These parameters, recorded every 4 seconds, 

generated to represent this trajectory starting at 00 h 30 min until the end of the DFDR recording 

at 00 h 41 min 28 s. These files are published in this report as Figures 1 and 2. Another file was 

generated to represent the flight trajectory in 3D and is published in this report as Figure 11. 

 

Initially, there was a concern related to the DFDR data for the Captain and the F/O control 

inputs, as many of the control inputs registered by the DFDR as F/O actions were known to have 

been accomplished by the Captain and vice versa. The issue at hand involved a software revision 

for the Digital Flight Data Acquisition Unit (DFDAU) and is addressed in details in section 3 of 

the M-Cab session report appended as Appendix K to this report. Nevertheless, tests and 

research discussed in section 3 of Appendix K confirmed ñthat the pilot in the left seat was 

flying during the eventò. 

 

1.11.2 Cockpit Voice Recorder (CVR) 

 

The CVR installed on the accident airplane was a Honeywell Electronic Systems SSCVR Make 

and Model Honeywell 6022, P/N 980-6022-001, S/N 05449. The CSMU of the CVR exhibited 

P/N 617-6096-006, S/N 8922. This model records at least 2 hours of flight on a solid state 

memory. 

 

The CVR unit chassis exhibited external and internal structural damage with the CSMU 

detached from the chassis; the CSMU was in good condition.  The opening, extraction of the 

double memory board from the CSMU and the read-out operations were performed following 

BEA procedures and Honeywell ñReference Procedure for SSCVR Data Recovery after an 



Investigation Report ɀ ET 409                                                                                                        Page 36 
 

Incident or Accidentò document. The memory extraction operations were successful and 

videotaped. 

 

The CVR recording consisted of five audio files identified as follows: 3 files containing at least 

30ô of recording of Captain, First Officer and PA, everyone mixed with VHF communication 

channels 1, 2 & 3; 1 file containing a mix of at least 2 hours of recordings of the 3 tracks 

described above; and 1 file containing at least 2 hours of recording of the CAM.  

 

The quality of the audio information recorded by the CAM was good. Synchronization with the 

DFDR was performed using VHF communications recording on the DFDR allowing a 

preliminary transcription. Nevertheless, 1 memory chip (presumably U16, on which a crack was 

visually detected) out of 24 memory chips was still unreadable and prevented getting the full 

audio CAM track, creating a gap of 10ò of missing recording on the CAM channel 

approximately every 4 minutes. An attempt to recover these lost 10ò was carried out at the BEA 

and is addressed in section 1.16 of this report. 

 

The CVR recording was heard a first time on 17 February 2010 and a preliminary transcript 

developed in the presence of BEA personnel, Lebanese, USA and Ethiopian members of the IC 

and Captain Haile Belai as an independent expert requested by the Lebanese party to translate 

the Amharic conversation recorded during the event. 

 

A second hearing of the CVR was conducted on 17 September 2010 at the same BEA location 

in the presence of BEA personnel, Lebanese, USA and Ethiopian members of the IC. Amharic 

conversation was translated by Captain Gedlu Melesse and Captain Tensae Berhanu from 

Ethiopian Airlines. The purpose of that hearing was to cover in more details the discussions that 

occurred during the pre-flight phase. 
 

 

 
 

 

Figure 4: CVR Chassis 
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Figure 5: CVR chassis with CSMU 

 

1.12 Wreckage and Impact Information  

 

1.12.1 Recovery Operations 

 

The airplane wreckage was located in debris field about 300 meters long and 100 meters wide 

centered about a latitude of 33
0
 44.6ô North and a longitude of 035

0 
24.58ô East on a heading of 

210
0
 magnetic. The water depth in this area was approximately 45 meters. 

About 8% of the airplane was recovered during the initial recovery operations, which began 

along with the S&R operations and continued till the morning of 25 January and ended on 19 

February 2010. 

 

The largest pieces found consisted of the tail section including the horizontal and vertical 

stabilizer and aft fuselage section extending forward to the #2 left entry door.  These sections 

were found at the north eastern portion of the wreckage field.    

 

A number of pieces of floating wreckage were recovered from the waterôs surface near to the 

last recorded radar point and to various distances north east of that point. One of these pieces 

was the winglet panel that was identified by the logo paint scheme and by the part number 

located on the interior surface. This panel was from the side lower closeout panel at the wingtip 

as shown in figure 6. That part is of composite material. It was found floating near the beach of 

Beirut, about 8 NM NE of the impact site. 

 

Many evaluation visits to examine the wreckage were conducted by the Airworthiness Group. 

They included a thorough examination of the left and right elevators shown in figures 7 and 8. 

As a result of these visits, the Group also recommended to the IC to further evaluate the 
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stabilizer trim tab and black soot detected near the APU exhaust. The IC approved these 

recommendations and both parts were sent for further evaluation through the NTSB as described 

in section 1.16 of this report. 

 
  

               
 

 

Figure 6: Winglet Panel and its installed location 

 

1.12.2 Identification of the floating items recovered 

 

As of 4 February 2010, 97 pieces of debris were recovered and recorded by the Lebanese Navy. 

The debris consisted of airplane interior and exterior items as well as items not belonging to the 

airplane. The following observations were made: 

 

Identified interior components: 

 

¶ Two bulkheads associated with lavatories (sink & toilet). One tentatively identified as 

from the forward section of the airplane. The other then must be from the rear section of 

the airplane (it is equipped with one fwd and two aft lavatories) 

¶ Galley floor mat (rubber) 

¶ Miscellaneous interior floor panels (location in airplane not identified) 

¶ A number of seat covers and cushions from first and economy class 

¶ Crew oxygen cylinder (valve installed but stem broken off) 

¶ One escape slide and two life rafts (independent from escape slides) 

 

Identified exterior components: 

 

¶ One winglet upper portion (fractured approximately 2/3 way towards the attach point).  

Logo on both sides of winglet. 

¶ A/C pack door 

¶ NLG door (partial) ï left side 
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¶ Two composite panels from vertical stabilizer (with logo paint) 

¶ 1 MLG wheel + tire (inflated) 

¶ Portion of elevator and elevator tab 

 

General observations of wreckage: 

 

¶ Significant impact damage to most components as there is a high degree of 

fragmentation. Most components were not found fully intact 

¶ Identified seats consisted mainly of loose padding and covers. No seat structure was 

identified 

¶ No observed damage consistent with heat/ soothing/ smoke. Components appeared clean 

except for some black soot traces found around the APU exhaust which are addressed in 

section 1.16 and analyzed in the analysis part of this report. 

 

 
 

Figure 7: Left Elevator 

 

 

 
                                         

Figure 8: Right Elevator 
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1.12.3 Additional wreckage observations 

 

Based on underwater video recorded from a ROV, the following was observed: 

 

¶ Aft fuselage section extending from the # 2L passenger door to approximately the rear 

pressure bulkhead 

¶ Vertical Stabilizer (composite rudder missing) 

¶ Horizontal Stabilizer (centre section & both stabilizer surfaces with approximately 1 

meter missing from each end) 

¶ Trailing Edge Flap portion 

¶ Portions of the forward fuselage cockpit section (cockpit window frames and structure) 

 

The horizontal stabilizer section was recovered (during the search for the DFDR and CVR); this 

portion was relocated to Beirut Naval Station. The Airworthiness Group has recommended the 

removal of the Trim Tab section and sending it to the NTSB for further investigation. That 

recommendation was approved by the IC and the Trim Tab analysis is discussed in section 1.16 

of this report with he full report attached as Appendix O. 

 

 
 

Figure 9: Recovery of the Stabilizer Section  

1.13 Medical and Pathological Information 

 
A visual examination of the bodies showed that most of them were severely affected by the high 

speed impact with the water. All of the bodies and remains were handed over to the Beirut Rafic 

Hariri Governmental Hospital morgue. DNA analysis and a DNA bank were established by the 

Medical Authorities to facilitate the positive body identification process. 
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The IC has had access to autopsy and body examination data made available by the Lebanese 

Ministry of Health, they included 10 full legal medical autopsies of bodies which were found in 

conditions allowing this operation to be conducted, and of DNA analysis of all recovered human 

remains allowing the identification of all persons who were on board the flight. 

 

All the reports observed through clinical exams the absence of burns, wounds and cyanosis. 

Some of them concluded that ñthe death is the consequence of a violent trauma, with projection 

of the passengers against a hard surface, resulting in severe vital lesions that led to immediate 

death before the drowning.  

  

Most passengers suffered even more severe physical consequences that did not allow any 

autopsy to be carried out. However DNA was extracted from all recovered human remains and 

all passengers and crew were identified. 

 

The medical forensic reports concluded that  passengers died as a result of ñmultiple fractures 

and contusions with consequent acute hemorrhage and immediate death.ò  

1.14 Fire 

 

A small section of fuselage which normally surrounds the Auxiliary Power Unit (APU) 

remained attached to the inboard side of the left stabilizer. During examination of the recovered 

wreckage, the airworthiness team identified a black soot near the APU exhaust. The IC decided 

to send that part for examination at the NTSB labs in order to determine its source. The analysis 

is discussed in section 1.16 of this report and the result confirmed that the black soot was not 

related to excessive heat or fire. 

 

Based on the on-site and lab examination of the recovered wreckage, on the medical and 

pathological information and on the under-water pictures and video taken of the remaining 

wreckage, there is no evidence of any pre-impact fire. 

1.15 Survival Aspects 

 

Beirut Control contacted Beirut Tower to inform them they felt something went wrong with 

Ethiopian 409 due to loss of contact. Beirut Control asked Beirut Tower to activate the 

emergency response plan.  

 

The alarm bell was activated and the Tower contacted the Fire Fighting and Rescue to give them 

information about the airplane with souls on board and possible emergency at 00:43. The 

medical department was notified at 00:45. Others were notified in accordance with the chain of 

command by 00:47.   

 

A brief description of the S&R operations was prepared by the Lebanese Army Command and is 

included in this report as Appendix E.  

 

Due to the vertical and lateral speed at which the aircraft impacted the water, survival aspects in 

this accident are irrelevant. 
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1.16 Tests and Research 

 

1.16.1 Reconstruction of the aircraft track based on the Radar recorded data 
 

Prior to the retrieval of the  CVR and DFDR data, a reconstruction of ET flight path was carried 

out by the Lebanese CAA IT technician in synchronization with the ATC transcript data. This is 

shown in figure 10 below.   
 

 
 

 

Figure 10: ET 409 Radar Tracks with ATC transcripts 
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Further reconstruction of ET flight path was later on carried out by the Lebanese CAA IT 

technician in synchronization with the meteorological office at BRHIA and the ATC weather 

data. This is shown in figure 11 below.   

 

 

 
 

 

Figure 11: ET 409 Radar Tracks with cloud information 

 

1.16.2 Reconstruction of the aircraft track based on the DFDR recorded data 
 

A reconstruction of ET horizontal and vertical track were developed by the BEA based on the 

data retrieved from the DFDR recording. These reconstructions are incorporated as Figure 1 and 

Figure 2 of this report. The following Figure 12 reproduces in 3D the flight profile associated 

with the major events points. 
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Figure 12: ET 409 Flight 3 D profile 

 

1.16.3 Simulation of the Accident (M-Cab) 

 

Upon the Investigation Committee decision and in cooperation with the NTSB, 3 simulation 

sessions were conducted at the Integrated Aircraft Systems Laboratory (IASL) located within 

the Boeing facilities in Seattle, WA on September 22-23, 2010. The sessions were conducted in 

the Multi -purpose engineering simulator-Cab (M-Cab) in order to simulate the accident based on 

the recorded data, to verify if the airplane reacted as expected to the recorded control inputs and 

to perform operations that could help during the analysis phase.  

 

All parties participating in the investigation were notified of the dates and invited to participate 

in these sessions. Only the USA and Lebanese parties participated. The BEA had advised the 

Investigation Committee that it was not necessary for them to attend. The Ethiopian party had 

notified the IIC that they will attend but did not show up.  

 

The M-Cab is an engineering simulator that is capable of supporting 707, 727, 737, 747, 767, 

777, & 787 Boeing models. The cab itself is a 767 flight deck shell with a generic interior, 2 

pilot seats, 3 observer seats, and a wrap-around 180-degree visual system on a 6-degree of 

freedom motion system platform. It utilizes a simulation running the same aerodynamic model 

as the crew training simulators as well as the desktop engineering simulation which was used in 
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the analysis of the event. The cab is able to be run in open-loop mode (normal mode) where the 

pilots make inputs in the cab flight deck which control the airplane simulation. However, the cab 

is also able to be run in ñback-driveò mode where external data are used to drive the simulation 

and move the controls in the flight deck. A breakout capability allows cab occupants to interrupt 

the back-drive and resume control of the simulator in normal mode. This breakout capability 

allows investigators to perform recovery evaluations at various points along the event flight 

profile. 

 

During the sessions, 3 back-drive run were conducted, one with dark, 2600ô ceiling conditions to 

reproduce the accidents conditions, one with day-light, 2600ôceiling conditions to be able to see 

the aircraft behavior in similar cloud conditions and one with day-light and no clouds in order to 

see the aircraft behavior throughout the accident. Another 11 run were initiated with the back-

drive and investigators had the opportunity to interrupt the sequence of events and control the 

simulator in the normal mode to perform recovery evaluations at various points along the flight 

profile. The following table illustrates these 11 M-Cab interrupted runs: 

 

     

Run Left Seat Right Seat Other Occupants Goal/Phase of flight 

1 PF - Lebanon Boeing NTSB - Boeing Breakout during initial right 

turn to 315° 

2 PF - Lebanon Boeing NTSB - Boeing Breakout during left turn 

towards 270° 

3 PF - Lebanon Boeing NTSB - Boeing Breakout at A/P engage call on 

CVR 
4 PF - Lebanon Boeing NTSB - Boeing Breakout ~25ò  into 1st  stick 

shaker 
5 PF - Lebanon Boeing  NTSB - Boeing Breakout after 2nd  stick shaker 

activates 
6 PF - Lebanon Boeing NTSB - Boeing Breakout after ñspeed is 

droppingò call on CVR 
7 PF - Lebanon Boeing  NTSB - Boeing Breakout at 118° bank angle from 

left hand seat 

8 Lebanon PF - Boeing NTSB - Boeing Breakout at 118° bank angle from 

right hand seat 
9 PF -  Lebanon NTSB NTSB - Boeing Breakout after A/P engage call, 

& engaging A/P 
10 PF - Lebanon NTSB NTSB - Boeing Breakout after A/P engage call, 

& engaging A/P 
11 PF - Lebanon NTSB NTSB - Boeing Breakout @ 3000 feet in dive, 

aircraft reached ~600 ft 
 

Table 1: M-Cab Demonstration Run Log 

 

 

In all 11 runs where the investigators had the opportunity to interrupt the sequence of events and 

control the simulator in the normal mode to perform recovery evaluations, the PF was able to 

recover control of the aircraft from every mentioned stage using the standard Boeing recovery 

techniques.  

 

The M-Cab sessions report is attached to this investigation report as Appendix K. 

 

 



Investigation Report ɀ ET 409                                                                                                        Page 46 
 

1.16.4 Recovery attempt of the CVR U16 Memory Chip 

 

The IC had agreed to perform a recovery attempt of the U16 memory chip. In line with 

Honeywell documentations and procedures, the CVR board examination was performed in 

February 2011 at the BEA Labs in Le Bourget based on the agreed test plan referenced ñET-

ANB CVR action plan / Date of issue November 2nd 2010ò. 

 

The test report was issued by the BEA on 5 March 2011 and confirmed the assumption based on 

the visual inspection performed in 17 February 2010 that ñU16, the memory chip with the crack, 

is the non-functioning memory chip.ò  

 

The BEA report concluded that: ñBased on the external visual inspection and the asymmetrical 

results of the electrical characterization, it is very probable that the internal die is cracked and 

the data from U16 cannot be retrieved.ò 

 

The CVR U16 Memory Chip Recovery Attempt report is attached to this investigation report as 

Appendix Q. 

 

1.16.5 Trim-Tab Analysis 

 

The Airworthiness Group inspected and examined both tab mechanisms in details with specific 

emphasis on the Boeing Service Bulletin 737-27A1297 issued at a later date from the accident 

(original release 16 April 2010; revision 1 released 2 August 2010) and the associated FAA 

Airworthiness Directive. This bulletin examines for any looseness or gaps in the swaged bearing 

lugs and spacer which attach the mechanism to the rear spar of the horizontal stabilizer.  

 

On the accident aircraft, both sides of the horizontal stabilizer were accessed and the inspections 

revealed no discrepancies for the inspected components. The spacers were tight and could not be 

rotated by hand pressure. Although a feeler gage was not available, there were no observed gaps 

in between the lugs or the lug and the spacer. A fingernail could not be inserted between the 

pieces inspected. 

 

The inspection also noted that the left mechanism inboard attach point could be displaced 0.25 

inches laterally and vertically using hand force and that the inner race of the bearing appears to 

be damaged. However, the tab hinges (three hinges on the right tab; all hinges on the left tab), 

tab rods and their connections were inspected and found to have all hardware present. All hinge 

points move freely and without noticeable play or looseness.  

 

In order to clear that issue and to verify consistency with the DFDR recorded data, which 

showed no uncommanded movement or oscillation of the elevator or horizontal stabilizer 

surfaces, the Airworthiness Group recommended the removal of the mechanism for further 

evaluation. The IC approved that recommendation and decided to send the Trim Tabs of flight 

ET 409 Boeing 737-800 aircraft to the NTSB for analysis in order to verify consistency with 

DFDR recorded data. 

 

The Right Trim Tab was removed by technical advisors to the Ethiopian accredited 

representative and under the supervision of the IC, it was then sent to the NTSB and an 

examination was carried out on March 21
st
 at the Boeing facilities in Seattle under the 

supervision of the IIC and technical advisors from the investigation committee. The Left Trim 

Tab was also removed by technical advisors to the Ethiopian team and under the supervision of 
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the IIC, it was then sent to the NTSB and an examination was conducted at the same Boeing 

facilities on May 11
th
 under the supervision of technical advisors from the investigation 

committee. 

 

 
 

Figure 13: Left Outboard Lugs & Spacer 

 

 

The analysis was then carried out by Boeing. An initial draft report on the ñInvestigation of Left 

Hand (LH) Elevator Tab Mechanism Assembly of Airplane YC490 (737-800)ò was received on 

July 18, 2011 and up-dated by the US Accredited Representative on July 27, 2011. The final 

report was completed on August 9, sent to the US Accredited Representative on August 11, 

circulated to all IC members on August 15
th
. A revised version correcting some editorial 

mistakes was then sent by the US accredited representative on September 8. The revised final 

report is included as Appendix O and analyzed in this investigation report. 

 

1.16.6 Analysis of the Black Soot near the APU Exhaust 

 

Upon the observation made by the Airworthiness Group on the presence of a ñblack sootò near 

the APU exhaust area and some wrinkle on the metal, the IC decided to send a section of 

fuselage skin from the APU compartment comprising that black soot to the Materials Laboratory 

of the NTSB for examination. The reason was to determine whether the ñblack sootò identified 

in that area was heat related and to determine its origin.  

 

The section of fuselage was extracted by a team of technical advisors to the Ethiopian accredited 

representative, under the supervision of the IIC. It was then sent to the NTSB. The extracted 

section was 16 inches (in) long, 2.5 in wide at the narrowest end and 5 in at the widest end. 

 

The NTSB report was received from the US Accredited Representative on July 29, 2011. The 

report specified that ñThere was no discoloration to the primer paint and the surface was 

uniformly covered with a light coating of sand or dirt. Zinc chromate primer paint changes 

color when exposed to heat.ò It goes to conclude that ñSince there was no change in the color of 

the paint on the primer side, there was no indication that this section of fuselage was exposed to 

heat/high temperatures.ò 
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As for the origin of the black soot it determines after examining the material associated with the 

black soot that ñThe spectrum obtained from the submitted unknown sample suggests that the 

material was organic as evidenced by the presence of characteristic carbon-hydrogen bonding 

peaks between ~3000 cm-1and ~2800 cm-1 as well as a small group of peaks between 2300 and 

1400 cm-1. This peak configuration is indicative of a straight chained, aliphatic hydrocarbon. 

When compared to the spectra of known materials, the unknown material most closely matched 

spectra from lubricating oils.ò  

 

 
 

Figure 14: The APU Exhaust area showing the Black Soot 

 

N.B. Kindly note in Figure 13 above the aircraft wreckage part is set with the bottom of the 

aircraft up and the forward part of it pointing towards the left. 

 

That NTSB Black Soot Analysis report concerning the work carried out during the analysis of 

the part is also addressed in the analysis and included as Appendix P to the final investigation 

report. 

1.17 Information on Organizations and Management  

 

1.17.1 Ethiopian Airlines  

 

Ethiopian Airlines is a scheduled passenger and freight air operator incorporated in Ethiopia 

under the ECAA provisions and supervision to operate commercially in accordance with the 

Operations Specifications specified in their AOC.  The airline has services to over 50 

destinations worldwide as well as domestic services. 
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1.17.1.1 ET Air Operator Certificate (AOC) 

 

Ethiopian Airlines operated under an AOC issued by the Ethiopian Civil Aviation Authority. 

The AOC number CATO ï 001/270295 was delivered to Ethiopian Airlines Enterprise, P.O. 

Box 1755, Addis Ababa, authorizing the airline to conduct scheduled, non-scheduled and charter 

domestic and international commercial air transport operations. The AOC was current on the 

date of the accident. A Full copy of that AOC is attached as Appendix A to this report. 

 

1.17.1.2 History 

Ethiopian Airlines was founded on December 29, 1945, by Emperor Haile Selassie with 

assistance from TWA. It commenced operations on April 8, 1946, with a weekly service 

between Addis Ababa and Cairo with five Douglas DC-3 propeller-driven aircraft.  

The airline started long-haul services to Frankfurt in 1958 and inaugurated its first jet service in 

January 1963 from Addis Ababa to Nairobi. In 1965, it changed from a corporation to a share 

company and changed its name from Ethiopian Air Lines to Ethiopian Airlines. In the early 

1960s it provided some initial aviation support to the Ethiopia-United States Mapping Mission 

in its operation to provide topographic maps of Ethiopia. It is wholly owned by the government 

of Ethiopia and has 4,700 employees (at March 2007). 

Although it relied on American pilots and technicians at the beginning, by its 25th anniversary 

in 1971 Ethiopian Airlines was managed and staffed by Ethiopian personnel. In 1998, it started 

transatlantic services. The airline was featured by The Economist as an example of excellence in 

late 1987, and Ethiopians Paul B. Henze recognized it in 2000 as being "one of the most reliable 

and profitable airlines in the Third World", In 2007, Ethiopia Airlines provided basic pilot and 

aviation maintenance training to trainees from African countries including Rwanda, Tanzania, 

Chad, Djibouti, Madagascar and Sudan. Other training was given to employees of Kenya 

Airways, Air Zimbabwe, Belleview Airlines, Cape Verde Airlines and Air Madagascar.  

1.17.1.3 Personnel Training and Authorization 

 

According to the documents provided by ET and interviews conducted at Addis Ababa 24-27 

January 2011, all personnel involved with ET 409 were trained and authorized as per the 

provisions of the ECAA.  

 

1.17.1.4 Preparation of flight ET 409 at Beirut 

 

According to the documents provided by ET and their handling agent in Beirut LAT, all 

documents required in accordance with ET procedures were provided to the crew prior to 

departure from Beirut. 

 

1.17.1.5 Work cycles and flight crew rest 

 

The crew arrived to Beirut 25 hours before the Scheduled Departure Time (SDT) and had the 

opportunity to have their full rest at the Beirut Commodore Hotel. The crew work cycles and 

rest have also been investigated by the Investigation Committee during their visit to Addis 

Ababa 24-27 January 2011 to confirm compliance with the ECAA regulations and Ethiopian 

Airlines requirements regarding Flight Crew weekly, monthly and yearly limitations. According 
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to the ECAA regulations and the ET requirements, the crew was within the legal duty/flight time 

limitations. 

 

1.17.1.6 Procedure for use of on-board Weather Radar 

 

ET provided their procedure for the operation of the weather radar during departure; the 

procedure is inserted as Appendix G of this report. It calls for both Radars to be set to a range of 

40 NM, with the Pilot Flying (PF) selecting ñWeatherò and the Pilot Monitoring (PM) selecting 

ñTerrainò. A Boeing procedure, also inserted in Appendix G, stipulates ñset the weather radar 

as neededò. 

 

1.17.1.7 Procedure for Flight Crew pairing 

 

ET provided their procedure for crew pairing; the procedure is inserted as Appendix H of this 

report. It stipulates under ñInexperience flight crewsò that ñCaptain who has less than 300 hours 

and F/O who has less than 100 hours on type should not be scheduled together.ò 

 

The captain of the flight had 188 hours as PIC on type, while the F/O had 350 hours on type. 

 

1.17.1.8 Procedure for the use of Auto-Pilot 

 

ET provided their procedure for the use of Auto-Pilot in flight. The procedure is inserted as 

Appendix W of this report. It stipulates that the PF should ñengage the autopilot when above the 

minimum altitude for autopilot engagement.ò The minimum altitude for autopilot engagement is 

defined in the Limitations section of the ET FCOM as ñ400 feet AGL.ò  

 

Furthermore, the introduction part of the companyôs B737 emphasizes on the use of the 

autopilot; however, it stipulates that ñmanually following the FD commands below 10,000 ft 

AAL in good weather and low traffic areas may also be used to maintain proficiencyò. 

 

1.17.1.9 Procedure for Moderate to Heavy Rain, Hail or Sleet 

 

ET provided their procedure for flying in moderate to heavy rain, hail or sleet. It stipulates in the 

FCOM v.1, page SP.16.18 ñFlights should be conducted to avoid thunderstorm or hail activity. 

If visible moisture is present at high altitude, avoid flight over the storm cell. (Storm cells that 

do not produce visible moisture at high altitude may be over-flown safely.) To the maximum 

extent possible, moderate to heavy rain, hail or sleet should also be avoided.ò 

 

1.17.1.10 Approach to Stall Procedure 

 

ET provided their procedure for pilotsô response to approach to stall. That procedure is 

stipulated in the QRH MAN 1.1 and attached to this report as appendix X. The procedure calls 

for the PF, when ground contact is no longer a factor, to adjust pitch attitude to accelerate while 

minimizing altitude loss, then to return to speed appropriate for the configuration.  It also calls 

for the PM to verify maximum thrust; monitor altitude and airspeed; call out any trend toward 

terrain contact; verify all required actions have been completed and call out any omissions
13

. 

 

                                                 
13

 For more information refer to Appendix X 
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During the interview conducted by the IC in Addis Ababa with 11 officials from ET 

representing the operations, training, safety and scheduling departments, these procedures were 

confirmed by the training pilots and were reflected in the records of the crew involved in the 

accident as being satisfactory completed during training. 

 

1.17.1.11 Upset Recovery Procedures 

 

ET provided their procedure for upset recovery. That procedure is attached as Appendix Y to 

this report. It starts by defining Upset situations as ñunintentionally exceeding the following 

conditions: 

 

Å Pitch attitude greater than 25 degrees nose up, or 

Å Pitch attitude greater than 10 degrees nose down, or 

Å Bank angle greater than 45 degrees, or 

Å Within above parameters but flying at airspeeds inappropriate for the conditions.ò 

 

Once such a situation is identified, the priority is to recover from the stall, if any, then to recover 

from the upset. The upset recovery calls first to ñroll in the shortest direction to wings level, 

unload and roll if bank angle is more than 90°, recover to level flight.ò It also calls for the 

application of nose up trim if required. At the same time, it warns against the use of rudder ñas it 

might aggravate the situation.ò  

 

During interviews conducted in Addis Ababa with the training pilots, the IC was informed that 

upset recovery training is conducted through a briefing in addition to being part of a full flight 

simulator training session (FFS ï 7). However, the ET VP Flight Operations advised the IC that 

the ñsimulators donôt support jet upset recovery trainingò. Nevertheless, one of the training 

pilots advised the IC that training pilots can induce a simulated upset by asking the trainee pilot 

ñto turn his head sideways while the training pilot sets the plane to high nose up, more than 25 

deg, with no bank angle, high power setting and wings level, then asks the trainee to recover as 

per the procedure described in the QRH
ò14

. He also confirmed that this procedure was a memory 

item. 

 

1.17.1.12 CRM Training 

 

Ethiopian Airline conducts CRM program for crew. CRM issues are also included in the airline 

SOP in details.  

 

The ET Flight Operations Policy Manual (FOPM) contains a section on CRM. That section 

divides the crew performance competences into 3 areas: technical competence, procedural 

competence and interpersonal competence. The technical competence includes manual flying 

skill, knowledge of systems and use of automation. The Procedural competence skill includes 

knowledge of the procedures and adherence to procedures. The interpersonal competence 

includes Threat & Error management, communication, leadership and teamwork, workload 

management, situational awareness and decision making. 

 

In the interpersonal competence section, pilots are encouraged to announce ambiguities and 

uncertainties so an understanding can be gained. The PM is required to call attention to 

deviations from desired attitude, speed, heading, altitude or track using appropriate call outs as 

                                                 
14

 For the ET Jet Upset Recovery Procedure refer to Appendix Y 
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outlined in the B737 SOP
15

. If the deviation is not corrected he must again make the appropriate 

call. 

 

The FOPM stipulates that ñthe captain determines the assignment of PF and PM at the start of 

each flight
16
ò. It also gives the captain the decision to re-assign himself as PF at anytime during 

the flight, with due considerations of all relevant circumstances. 

 

Interviews conducted by the IC confirmed that the CRM facilitators as well as the training pilots 

emphasized on the F/O to be assertive. They also confirmed that they were required to take over 

control in case the captain becomes incapacitated. The review of the ET training program 

revealed that this situation was part of the training curriculum, information confirmed by the 

training pilots who clarified that it was done mainly during simulator sessions. Chapter 3 of the 

ET FOPM discusses the issue of incapacitation; both obvious and subtle. It clearly stipulates that 

subtle incapacitation is ñconsidered a more significant safety hazard, because it is difficult to 

detect and the effects can range from partial loss of function to complete unconsciousnessò. It 

also provides guidance to recognize incapacitation through one of the following symptoms: 

ñIncoherent speech, strange behavior, irregular breathing, pale fixed spatial expression or jerky 

motion that is either delayed or too rapid.ò    

 

Training to identify cases of subtle incapacitation was further discussed with ET; the way to 

identify that situation was explained by the VP Flight Operations as ñcallouts when deviations 

from norm; if not positive response, then PM takes overò. The way to take over is explained in 

Chapter 3 of the ET FOPM and calls for the PM to take over control of the aircraft by 

announcing ñI have controlò and engaging the auto-pilot.  

 

However, in one of the F/O early fixed base simulator training sessions (FBS ï Lesson 7), the 

following remark was written about his performance as PM: ñAs a PM interferes with PF duties 

unnecessarily. Has to be confident with his actions. Should stop asking irrelevant questions. 

Should stop repeating minor mistakes.ò 

 

During one of the interviews with a pilot who was very close to the F/O, that pilot recalled 

hearing from the pilot instructors that had taught the F/O that he was ñthe best studentò. The 

same interviewed pilot replied to a question from the IC about the F/O assertiveness in the 

following terms: ñassertive with his peers, when he is flying, he will assert himself to defend 

what he is doing.ò  

 

Furthermore, in one of the captainôs transition training report (FFS ï 8), the training pilot 

mentioned about his trainee that ñgenerally lack of concentration is observedò. 

 

1.17.1.13 Ethiopian Airline Safety Program 

 

As an IOSA registered operator, Ethiopian Airlines has a safety program that was verified by the 

investigation during the visit to Addis Ababa. That program includes essential elements like the 

Flight Operations Quality Assurance (FOQA) program and the confidential reporting system. 

 

Trends from the FOQA program are addressed and were also discussed with the IC. In 

accordance with the information relayed by the safety personnel of ET, no particular identified 
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 Refer to Appendix N for the Standard Deviation Table 
16

 Refer to Appendix W of this report 
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trend could be related to the events of flight ET 409. 

 

1.17.1.14 The Maintenance Organization  
 

In accordance to documents provided by ET, the company is a FAR 145 Approved Maintenance 

Organization (AMO). It covers the maintenance from light checks (e.g. transient checks) to 

heavy checks (C checks). The operatorôs maintenance program data, drawn up on the basis of 

the manufacturerôs recommended maintenance program, is approved by the ECAA and subject 

to its oversight. It is also audited by the FAA in line with their FAR 145 approval requirements. 

 

1.17.2 Review of oversight by the ECAA  
 

The IC has had access to relevant oversight documents by the ECAA during their visit to Addis 

Ababa 24-27 January 2011.  

1.17.3 The ATC 

 

The Lebanese DGCA controls the ATC Services located at BRHIA. According to documents 

provided by the Lebanese DGCA, the ATC system consists of a Manager, a chief for the ACC 

and a chief for the Aerodrome Control.  Thirty six air traffic controllers work as three groups; 

each group works for twenty four hours and rests for forty eight hours. The working hours and 

rest periods within each shift are planned by the supervisor; typically an ATC controller would 

work between 2 - 3 hours then take his rest at the designated area.  

 

Each group working at the ACC consists of a supervisor and six air traffic controllers who work 

as Area and Approach controllers and as assistants. The Tower group consists of a supervisor 

and four controllers who work as Tower and Ground controllers. In addition there is the Flight 

Information Centre where there are some personnel from the ATC staff & Telecom department 

handling the work. 

 

Typically, the Ground controller would handle flights on taxiways and at gates. He will also 

issue the initial ATC clearance, start-up and taxi permissions. The Tower controller issues the 

departure and landing clearances and controls the air traffic within the airport airspace up to 

3,000 feet. Above that altitude, the ACC is responsible for the control of arriving, departing and 

overflying air traffic.   

 

According to ATC records, at the time of the accident there was one ground controller, one 

tower controller and a supervisor handling the traffic in the Tower. There was also an Approach 

controller, an assistant controller and a supervisor handling the traffic in the ACC.  All 

controllers reported for duty at 0700 LT on the morning of 24 January 2010 and were scheduled 

to come off duty at 0700 LT on 25 January 2010. During this twenty four work period, the 

supervisor scheduled all shift and rest times. The Lebanese CAA confirmed these times as 

correct. 

 

All the controllers handling Ethiopian Airlines flight 409 (ETH409) on 25
 
January 2010 have 

licenses issued by Lebanon DGCA in accordance with the LARs provisions and ICAO 

standards. Records provided by the Lebanese CAA, all the above mentioned controllers 

completed the required initial and recurrent training. Their last recurrent training was completed 

in March 2009. 
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The relevant controllersô most recent medical certificates were checked. They carried a 

certification stipulating they were conducted in accordance with the standards specified in ICAO 

Annex 1, "Medical Standards and Certification.ò 

1.18 Additional information 

 

1.18.1 Location of Wreckage  

 

Based on the Radar track recorded at the ATC, the IC estimated the aircraft wreckage to be 

located 4-5 miles SW of BRHIA.  

 

The search and Rescue operations started in a dominantly stormy weather and rough sea. This 

has forced the S&R operations to be suspended from time to time. Floating parts of the aircraft 

and some bodies were collected and found at different locations NE of the calculated wreckage 

area. 

 

The IC requested from the ships conducting the S&R operations to try to locate the exact area 

where the wreckage could be found. This was done through a survey of the sea bed where the 

wreckage location was calculated and through trials by a ship equipped with submarine 

identification technology to try to locate the signal transmitted from the CVR and DFDR. The 

equipment on board that ship was adjusted to enable it to pick up the signals sent from the 

pingers attached to the DFDR or CVR. 

 

On 27 January, one of the S&R ship reported picking a signal 14 Km to the west of BRHIA. The 

sea bed in the area where the signal was located is 1400 m deep. The Lebanese Government 

decided to contract the Ocean Explorer ship to come to Lebanon in order to retrieve the 

wreckage, the recorders and the human remains from that deep location; the estimated time for 

the arrival of that ship was 10 days. In the mean time, a team from the BEA equipped with the 

proper technology was dispatched to that same area in order to determine with greater precision 

the location of the wreckage.  The BEA team was unable to receive any signal at the location 

reported previously as 14 Km West of BRHIA. 

 

However, the team decided to sail back to the area originally calculated by the IC. This time the 

BEA team succeeded in locating precisely a signal. The Ocean Alert ship took underwater 

pictures of that area and the location of the aircraft wreckage was successful. The depth of the 

sea bed in that area is 45m. However, the pictures and videos did not reveal the location of the 

DFDR or the CVR. Navy divers were sent with the proper equipment and the signal was located 

under the tail of the aircraft. 

 

The USNS Grapple ship picked up the tail from the sea bed, which allowed the Navy divers to 

retrieve the DFDR, which was delivered to the IC. 

 

The CVR was emitting no signal. Photos of the CVR were issued to the divers who continued a 

physical search of the sea bed to locate that equipment. On 10 February the CVR Chassis was 

located, but the CSMU was missing. The physical search continued and the CSMU was finally 

located by the Navy divers and delivered to the IC on 16 February.    

 

1.18.2 Search & Rescue Operations 

 

Once the accident was acknowledged, the S&R operations were launched under the command 



Investigation Report ɀ ET 409                                                                                                        Page 55 
 

and control of the Lebanese Army. The Directorate General of Internal Security Forces, The 

Directorate General of Civil Defense, the Lebanese Red Cross and the Beirut Fire Brigade were 

all incorporated into the S&R efforts. However, due to lack of advanced equipment, the Army 

command decided to seek the assistance of the UNIFIL Naval Forces located in the area, this 

included ships and helicopters belonging to Germany, Italy, Turkey and Greece. The 

government also requested the assistance of the USA, France and the UK. Two civilian ships 

properly equipped for underwater search, the Ocean Alert and the Odessey Explorer, were also 

contracted by the government and put at the disposition of the S&R team. 

 

The reason the Army was tasked to lead the S&R operations are three fold: the 24 hours level of 

preparedness available at the Army Operations center, the necessity to protect the accident site 

and the lack of resources available to the other governmental entities. The Army also entertains 

good relationship with other forces operating in the region, especially the UNIFIL. This 

cooperation provided the government with supplemental developed tools that helped achieve the 

required S&R operations to a high standard, considering the prevailing weather and the logistics 

available to the Lebanese government. A report describing the S&R operations has been 

prepared by the Lebanese Army and is attached as Appendix E to this investigation report. 

 

The total time spent carrying the S&R operations was 25 days, out of which 3 days where the 

operations ceased because of rough sea and bad weather. The equipment designed to detect the 

signals from the black boxes was sent by the BEA and became operational on the 30
th
 of 

January. 

 

1.18.3 Testimonies  

 

Many eye witnesses, including a Tower controller and arriving aircraft crew reported concerns 

about the weather and seeing a ñball of fireò or an ñorange lightò or an ñorange explosionò at the 

time of the accident. Testimonies from these eye witnesses were recorded. Some of these 

testimonies are included in this report, particularly the ones of the ATC controllers and crew in 

the vicinity of the flight. 
 

1.18.3.1 ATC Controller 

 

Testimonies from ATC controllers revealed that ET 409 was cleared on a standard Lateb 1 D 

departure by Ground frequency 121.9. The flight was then released to Tower frequency 118.9 

who issued ET 409 a clearance for take-off with a direct right turn to Chekka VOR as the 

controller specified in his testimony that he ñnoticed that this is a good heading to avoid 

weather observed to the south west of the airportò.   However, when the Tower controller 

contacted ACC to advise them of the new clearance issued to ET 409, ACC advised him that 

they had arriving traffic and suggested heading 300° or 315°. ACC testimony advised that these 

two suggested headings ñpermit Ethiopian flight to be away from the bad weather and the 

clouds é also they ensure the safety of the flights landing on runway 16ò.  

 

The Tower controller re-cleared ET 409 on a heading of 315° after being airborne, then 

transferred the flight to Control frequency 119.3. Once with ACC the controller suggested to the 

crew a heading of 270° for 15-20 miles in order to avoid weather; he also gave the crew the 

choice of any other heading they deem necessary to accomplish such weather avoidance, as long 

as they advise the controller if that heading. However, when the controller saw the flight turning 

well beyond the 315° cleared to heading, he suspected they were proceeding direct to CAK and 

immediately changed his ñsuggestionò to turn to a heading of 270° to an ñinstructionò to turn 
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left to a heading of 270°. That heading was acknowledged by the crew and the aircraft started a 

left turn. Nevertheless, the aircraft was never steady on that heading and continued to turn 

further to the South, which instigated the controller to instruct the flight many times to turn right 

on to a heading of 270° til l the end of the flight. 

 

The testimony of the ACC controller is consistent with all what was recorded on the aircraft 

CVR and the ATC recordings till the aircraft disappeared from the Radar screen. 

 

Following that disappearance, the controller tried several times to communicate with the aircraft 

on 119.3 and on the Emergency frequency 121.5 without success. He asked other arriving traffic 

to check for ET 409 on their TCAS, but that was also in vain. He called the Tower to advise 

them of the situation and to activate the emergency plan. One of the Tower controllers advised 

that he saw ña light over the Costa Bravaò (SW of BRHIA). The ACC supervisor specified in 

his report that the Tower controller reported seeing: ñsome orange light falling into the seaò. 

The incident Notice filled by the Chief of the ANS mentions under ñRemarksò that ñwe saw an 

orange explosion on the sky over the sea before the aircraft fell downò
17

.       

 

1.18.3.2 Crew in the vicinity of the flight 

 

Testimonies from crew flying in the vicinity of the flight were requested and received by the IIC 

and reviewed by the IC. Three testimony reports were received from the following flights: 

Etihad Airways flight EY 533, Malev flight MA 240 and Olympic flight OA 463. EY 533 was 

arriving from the NE, MA 240 from the NW and OA 463 from the West. 

     

These testimonies provide good weather and environmental information from a flight crew 

perspective. The EY 533 testimony states that ñduring the approach there was bad weather all 

around the airport with reported thunderstorms and lightningò. They also reported seeing 

ñmajor lightning from the nearest cell, just off the coastò and ñrunning into medium rainò. They 

also confirmed that ATC asked them to look for ET409 on the TCAS and that they had no trace 

on the flight.   The crew provided a sketch of remembered storm in the area which is in accord 

with the weather recorded on the Radar at the time. EY eventually carried a go-around from 

runway 16 and landed on runway 03 due to tail-wind. During that go-around EY 533 was given 

by the Tower the standard go-around procedure for runway 16, which is turn right heading 270° 

climb 2000 feet. However, they maintained a heading of 250° to avoid the cell west of the field. 

It is worth noting that the go-around route is about 5-6 miles south of the point where the ET 

409 was given instruction to turn left heading 270°
18

. 

 

The MA 240 testimony reported that they ñexperienced light to moderate turbulence during the 

approach and observed embedded and isolated thunderstorms pits.ò The aircraft was 

approaching the field from the North West.  

 

The OA 463, approaching BRHIA from the West, reported that their path ñwas clear of 

weather, but there was thunderstorms activity North and North West of the airport 5-15 NM 

from the coast.ò The OA captain also reported seeing N/NW of the airport ña ball which lasted 

for 2-3ò and which I considered to be a lightning due to the thunderstorm activity at the area.ò  

 

 

                                                 
17

 Refer to the ATC testimonies and incident notice in Appendix T 
18

 Refer to EY 533 go-around diagram in Appendix U
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1.18.3.3 Other eye witness 

 

Many eye witnesses contacted the government officials stating that they saw at the time of the 

accident a ñball of fireò falling into the sea at the time and calculated location of the accident. 

These reports raised many speculations by the media who associated the eye witness reports 

with the aircraft accident and built various stories and theories based on these accounts. Some 

various declarations by people who were not associated with the investigation also contributed 

to fuel some media speculations. 

 

1.18.4 Autopsy of Flight Crew 

 

The recovered remains of the flight crew did not allow any autopsy to be conducted.  
 

1.19 New Investigation Techniques 
 

No new investigation techniques have been used apart from the technical work conducted by the 

BEA, the NTSB and Boeing. 
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2. ANALYSIS 

 
 

2.1 General 
 

The flight crew was properly certificated and qualified and had received the training and off-

duty time prescribed by the ECAA regulations. Data from the CVR and DFDR indicates that the 

captain was PF and the F/O was the PM. The FD was ON during all the flight and the AP was 

OFF during all the flight. 

 

Apart from the crew comments during pre-flight on the meal that prevented them of sleeping 

properly, no other evidence reported to the IC indicated any pre-existing history of medical or 

behavioral conditions that might have adversely affected the flight crewôs rest quality prior to 

the flight or their performance during the accident flight. 

 

The airplane was certificated, equipped, and dispatched in accordance with the ECAA 

regulations and approved Ethiopian Airlines procedures. Neither the DFDR data, nor the CVR 

data showed any evidence of a warning linked to a system malfunction, or a major failure 

occurring during the flight.  

 

At the time of the accident, there were light winds, isolated clouds and imbedded cumulonimbus 

extending between 2,000ô and 24,000ô to the area SW, NW and NE of BRHIA. This had 

generated some thunderstorm activities associated with changes in the wind direction and speed, 

in addition to some rain and light to moderate turbulence around the airport area. The 

temperature on ground was 11° indicating that icing conditions would most likely be 

encountered during climb, once flying into clouds at higher altitude and lower temperature. 

There was no record on the DFDR or the CVR for the use of anti-icing during the flight; 

however, there was no record of any system malfunction or failure normally associated with 

icing. Furthermore, the recorders data and the pieces of the wreckage retrieved from water did 

not show any evidence of a lightning strike that may have jeopardized the flight. 

 

According to the DFDR data and the analysis of this data reproduced during the simulation 

performed at the Boeing facilities in September 2010 (refer to section 1.16.3 and Appendix K), 

the flight profile was not significantly affected by winds. The flight profile was the direct result 

of the flight controls inputs and of thrust settings; the simulation proved that the aircraft was 

recoverable at every stage of the flight till the last few seconds when passing 3,000ô with a very 

high rate of descent and increasing speed beyond the maximum certified. Simulation beyond 

that point would not allow a realistic reproduction of the aircraft behavior under these excessive 

prevailing conditions. 

 

The reports about seeing a ñball of fireò are not consistent with the aircraft flight pattern, the 

CVR or the DFDR recordings, nor with the wreckage examination and the autopsies conducted 

on recovered bodies. This issue is further discussed in part 2.2 of this analysis. 

 

Therefore, the immediate reasons of this accident are to be found in the crew actions which are 

discussed in the following scenario. In that scenario we did break down the accident flight by 

event in order to analyze what happened at every stage of the flight, thus allowing us to conduct 

a step by step analysis prior to analyze the factual information based on the different areas that 

affect aviation safety. 
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2.2 Analysis of the Flight Events  
 

The beginning of the flight is considered as normal until 00:38:30, despite the fact that the crew 

was flying the aircraft with the control column not in the neutral position for the first minute and 

a half of the flight. Events happening before that time, such as discussions prior to start, start-up 

operation and taxi out  are correctly dealt with and do not reveal any indication that the crew had 

difficulties to run the flight. The crew seems aware of the weather conditions; just before take-

off, and in line with ET procedures, the captain is heard on the CVR saying ñWeather on my 

sideò referring to the information he selected on his Radar. Although this is in-line with ET 

procedure for the PF to have Weather on his side, the fact the radar range was set to 10 NM 

instead of the 40 NM called for as per SOP is an indication that the crew suspected to encounter 

weather in the immediate vicinity of the airport.  

 

In the following analysis, the flight scenario as reproduced from the DFDR and CVR recorded 

data has been broken down into 11 parts; a first phase followed by 10 events (from 2-11) in 

order to facilitate the analysis and allow a better understanding of each event within the 

operational context of the flight.  

 

2.2.1 Phase 1: Take-off  
 

During the take-off run, the CVR recorded a sound similar to interference on the radio followed 

by the captain saying ñdid you see that?ò  Those two events may refer to lightning activities 

somewhere in the vicinity of the airport. However, no reaction is recorded from the F/O apart 

from the standard ñ8o Knotsò call when passing that speed on take-off. Which most probably 

implies that nothing which might affect the flight had happened; apart from the fact that bad 

weather was not far from the field, as broadcasted on the ATIS which was copied by the crew. 

 

Apart from that recorded event, the aircraft take-off weight as listed on the weight and balance 

form was 70,443 Kg; which was consistent with the gross weight that was recorded on the 

DFDR.  However, the AFM recommended take-off stabilizer setting under the flight conditions 

is 6.9 units. The event weight and balance form listed that setting as 5.26 units, while the actual 

setting recorded on the DFDR was 5.94 at the start of the take-off roll. As a result, the stabilizer 

position during take-off was more airplane nose-down than the stabilizer position recommended 

by the AFM; although that setting was still within the acceptable certified range for take-off 

(Green Band). 

 

The investigation was unable to determine why the weight and balance form showed a 

difference of more than 1 unit in trim setting from the AFM or why the actual stab trim for the 

event flight was set almost ¾ unit from that listed on the weight and balance form.  

 

Nevertheless, as a result of that miss-trim, the crew had to pull the column during the initial 

climb to maintain the desired climb attitude. That pull was maintained by the crew for nearly 

one and half minute after rotation. During that period, only a shy attempt to trim the aircraft is 

recorded more than a minute after rotation on the CVR, without being long enough to be 

recorded on the DFDR, bringing the pitch trim from 5.9 to 6.1 units, which was still far from the 

recommended take-off setting of 6.9 units. 

 

 2.2.2 Event 2: Turning beyond the cleared/selected heading 315°  
 

The second unusual event is recorded at 00:38:30 when the actual heading of the aircraft 
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exceeded the 315° selected heading without any action from the PF on the control wheel to 

reduce the roll or to stop the turn, although the FD gives indication to reduce roll. That inaction 

was not met by a call from the PM as required by the ET SOP. This exceedance continued for 

14ò when the aircraft had exceeded the cleared/selected heading by 48Á reaching a maximum 

heading of 003°. According to the CVR, in the time period around this precise moment, the crew 

workload seems to be focused on three things: to take into account the ATC clearance to climb 

to FL 290, the ñflaps upò called by the captain, and a long ATC message to avoid weather.  

 

As PM, the F/O had many things to do during that period, such as: reading back the climb 

clearance, setting FL 290 on the MCP, checking the speed before actuating flaps lever as 

commanded by the captain, and finally listening to an unexpected ATC message on suggested 

new heading and routing to avoid weather.  

 

The Captainôs workload was certainly lower, and his priority should have been to fly the aircraft 

and verify the weather on his Radar. However, his roll bank angle exceedance and his continued 

turn beyond the selected heading and against the FD command indicates that his attention was 

most probably diverted to other things, maybe monitoring what the F/O was doing and listening 

to what the controller was saying: the captain spontaneously asked to repeat the suggested 

heading leading the F/O to ask for a confirmation. The difficulties encountered by the captain 

were certainly aggravated by the fact that he was pushing down the control column while at the 

same time commanding at 00:38:44 for a period of 3ò a trim up which resulted in an increase of 

pitch trim from 7.9 to 8.8 units and an airspeed of 196 Kts. That manual trim command was the 

last one commanded by the crew during the flight and resulted in the aircraft computer 

memorizing that speed as the one the crew wanted to maintain, despite the different speed 

selected on the MCP
19

. 

 

Thereafter, the Captainôs workload was increased by flying an aircraft that is out of trim, which 

generally requires more efforts and attention. This explains that he only realized that the aircraft 

attitude was becoming unusual when the ñbank angleò alarm was triggered because of excessive 

bank to the right. This also indicates that the captain was most likely momentarily unaware of 

the aircraft bank angle and heading. The use of the autopilot would have helped the crew to 

reduce its workload and would have improved piloting accuracy. The airline SOP emphasizes 

the use of the autopilot and states that ñmanually following the FD commands below 10.000 ft 

AAL in good weather and low traffic areas may also be used to maintain proficiencyò. That 

encouragement implies the necessity to use the autopilot whenever the weather is not good and 

the traffic is not low, both conditions present during that dark night period. Therefore the 

captainôs decision to fly manually was a major contributor towards the degradation of the 

situation. Technically, the autopilot could have been engaged after 400 feet, according to 

FCOM.  

 

2.2.3 Event 3: Overbanks during left turn 
 

At 00:39:01 two ñbank angleò alarms were heard again. This time the bank angle was in excess 

to the left. Since 00:38:42, in reaction to the previous ñbank angleò alarms, the captain had kept 

the control wheel to the left. Three seconds before this second series of alarm was heard, the 

captain had asked for a confirmation of heading. At this moment the selected heading was still 

315°. Therefore the captain was turning to a heading target which was not yet updated. He may 

have felt uncomfortable with that and asking a confirmation of the heading may also be 
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 For more information on the different modes of operations of the stabilizer trim, please refer to Appendix M.  
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interpreted as a request to the F/O to update the selected heading. However, as he was paying 

attention to heading, he was not paying enough attention to bank angle. The captain reaction to 

those alarms showed that he was most likely unaware of the bank angle he was himself 

generating. It must be kept in mind that it was night time with large clouds bringing probably 

total darkness outside the aircraft which was turning above the sea, and depriving the captain of 

any external horizontal reference, which could lead to spatial disorientation.  

 

The Primary Flight Display (PFD) is the main tool to display the aircraft attitude, therefore the 

main display used by the pilot to monitor and adjust that attitude, as required by the flight 

requirements. While this is normal flying practice in airline flight operations, it is vital in 

Instrument Meteorological Conditions (IMC), similar to which the accident flight was in (night, 

clouds and no outside visual references). During this left turn, the FD vertical bar, displayed on 

the same instrument, moved from left to right to indicate that the pilot should reduce roll. The 

selected heading 270° was set by first officer at 00:39:04 providing the captain with an updated 

heading target. This indication, as well as the excessive bank angle, seems to have been 

unnoticed by the captain.  

 

2.2.4 Event 4: 3
rd

 series of overbanks 
 

At 00:39:29 a third series of ñbank angleò alarms was heard on the CVR. The bank angle was 

again in excess to the left because the captain initial reaction to the right to the previous ñbank 

angleò alarms was neither consistent nor sufficient and did not significantly reduce the bank 

angle. Furthermore, he had kept the control wheel slightly to the left after his initial action to the 

right, contrary to the FD indications. Additionally, the actual aircraft heading was crossing the 

270° selected heading, indicating that the captain missed this target; both as heading reading or 

FD command.  

 

After initially reacting to the overbank warning while turning left by applying more left wheel 

input, as recorded on the DFDR, the captain applied a roll input to the right. All this information 

tends again to tell that the captainôs attention had been insufficiently paid to the basic flying 

parameters. An explanation could be that his attention was diverted by the sudden rain the 

aircraft encountered at 00:39:22. At this time the weather condition may have been a significant 

preoccupation for the crew, especially that it must have been displayed on the captainôs radar 

which was selected to ñWeatherò.   

 

A few seconds later, the captain said ñOK engage autopilotò, indicating that he felt 

uncomfortable with manually controlling the aircraft and that he was looking for a solution. 

Despite this call, there was no recorded autopilot engagement. The reason why it did not engage 

was that the pilot was applying some forces on the controls, which is outside the engagement 

conditions of the auto-pilot
20

. It must be noted that throughout the flight, with the exception of 

the period between 00:38:05 and 00:38:40, there had been continuous forces applied on the 

control column due to the fact that the last speed the aircraft was trimmed to was 196 Kts and 

the flight crew did not adjust the stabilizer trim manually in order to keep their aircraft in trim at 

the required speed. That surely increased the PFôs workload and was surely not compatible with 

basic flying skills requiring the aircraft to be continuously in trim when flying manually in order 

to relieve the pressure on the control column, allowing the pilot to focus on managing the flight.  

 

As no reply from the F/O was heard on the CVR, it is likely that he hadnôt heard the captainôs 
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 The Boeing FCTM clearly stipulates that ñthe airplane should be in trim and the Flight Director commands 

should be satisfied before autopilot engagementò. 
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call concerning the auto-pilot, or that he did not make the confirmation call because the autopilot 

did not engage. If so, the captain should then have detected that his call (and action?) had not led 

to the expected result; however, he made no comment about it. Those principles (calls/answers 

or challenges/responses and actions/results) are the basics of piloting discipline and of CRM. 

 

Six second later, the controller repeated the instructed heading of 270°. The F/O reads back the 

instruction correctly. The captain asked again for the heading indicating that he was still lost in 

the direction he was supposed to go, despite the fact that it had been received and confirmed 

more than once and displayed on the instruments in front of him. 
 

2.2.5 Event 5: 1
st
 Stall 

 

At 00:39:59 the captain was heard saying in Amharic ñwhat is thatò, just before the activation 

of the stick shaker (from 00:40:01 to 00:40:28). That call was repeated twice during the stall. He 

was also heard saying ñspeedò as the stick shaker was coming on. His voice indicated a 

significant stress level. It is not possible to know what he was precisely referring to; referring to 

ñbank angleò is unlikely because those alarms were previously heard; referring to stick shaker 

would indicate that he did not identify the stall warning which would be surprising for a 737 

qualified pilot; referring to the strange displays related to airspeed and/or the aircraft vertical and 

lateral attitudes on the PFD would indicate a loss of situational awareness; referring to an 

external factor such as weather would also indicate a loss of situational awareness, since the 

weather was displayed on the PFôs screen. Therefore, it is more likely that he was referring to 

the global situation indicating that he didnôt understand why the situation was degrading in such 

a way.  

 

He then called 5 times ñgo aroundò; starting from the moment he pushed the throttle. The 

TO/GA switches on the thrust levers were pushed, with no change in the FD modes since the 

TO/GA mode was already engaged. The F/O said in a cool voice ñRoger Go aroundò 

confirming that this mode was active.  This action was in line with the initial approach to stall 

recovery procedure in force at the time of the accident and could have contributed in 

aggravating the situation by increasing the AOA, had the thrust been at a lower power setting
21

. 

However, neither the thrust was reduced since take-off to produce such an effect nor the pilot 

followed the laid down approach to stall recovery procedure in force at the time of the accident. 

The increase in the AOA was the direct result of the aircraft being out of trim and the pilot 

failure to adjust the attitude by pushing on the control column. As a matter of fact, the pitch 

eventually reduced through the nose-down stabilizer trim input made by the speed trim system 

for a period of 7ò to compensate for the decreasing airspeed. That implies most likely that the 

flight crew did not realize what was exactly going on at that time, when the aircraft attitude was 

very high, the speed decreasing at a fast rate, the aircraft loosing altitude and the stick shaker 

active, while at the same time hearing more ñbank angleò calls. Events were outpacing the 

crew. 

 

Additionally another ñbank angleò series was heard a few seconds later, while the stick shaker 

was still active. This excessive bank angle to the left was a consequence of the stall situation 

(AOA was around 20° at 00:40:02 and then reached 30° at 00:40:14) where aileron were less 

efficient. The throttle were pushed full forward  for a short instant then pulled back a little for a 

few seconds and then pushed again violently enough to be heard on the CVR. This can be 

interpreted as a hesitation of the captain on what action to take.  
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 That procedure was changed later on and the new procedure calls for smoothly applying nose down prior to 

advance thrust as needed Refer to Appendix X for the old and the revised approach to stall recovery procedure. 
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The auto-throttle was then disconnected, most probably via the auto-throttle disconnect switch. 

In fact, there are several ways for the auto-throttle to disconnect; not just with the switch. 

However, this switch is directly recorded on the DFDR and was shown active at the same time 

that the auto-throttle disconnected. Furthermore, it is typical for crews to press this switch twice, 

once to disconnect the auto-throttle and the second time to cancel the auto-throttle disconnect 

light; that was the case in the accident flight. 

 

During that time period, the aircraft attitude was pitching towards 38.5° up and the speed was 

abnormally dropping through 154 Kts towards the minimum 118 Kts reached during the stall. 

The captain had difficulties maintaining pitch because the aircraft was trimmed to a low speed 

resulting in a tendency to pitch up. Once his focus was on correcting the ñupsetò resulting from 

the excessive bank angles, his attention was diverted from maintaining the correct pitch attitude 

of the out of trim aircraft.  

 

Technically, and as per the definition of ñupsetò in the ET QRH, the aircraft required recovery 

action from stall prior to upset recovery action. The upset is defined in the ET QRH as a 

situation where the aircraft is ñunintentionally exceeding the following conditions: 

 

Å Pitch attitude greater than 25 degrees nose up, or 

Å Pitch attitude greater than 10 degrees nose down, or 

Å Bank angle greater than 45 degrees, or 

Å Within above parameters but flying at airspeeds inappropriate for the conditionsò 

 

During the period discussed in this event, 3 out of these conditions were met: the aircraft pitch 

reached values greater than 25° nose up, the bank angle reached values greater than 45° and the 

airspeed was inappropriate for the conditions. In such a case, the QRH calls for the following 

pilot action: ñIf the airplane is stalled, recovery from the stall must be accomplished first by 

applying and maintaining nose down elevator until stall recovery is complete and stick shaker 

activation ceases.ò What really happened is completely opposite to that!
22

 

 

In fact, at the beginning of the stall, as the speed was dropping below the last pilot commanded 

trimmed speed, the aircraft speed trim system commanded, as per design, a trim down input 

relieving some of the pressure from the control column. The pilot reacted by significantly 

pulling the control column back and bringing the wheel to the right, while putting some pressure 

on the right rudder pedal. Those actions did not completely match what was expected as a 

reaction to a stall, the ET QRH calls for the pilot to apply and maintain ñnose down elevatorò, 

which was not initially done by the captain. However, that nose down elevator was applied later 

on during the stall, which eventually helped the aircraft to recover from the stall 27ò after the 

activation of the stick shaker.  Was that a training issue or a lack of situational awareness issue? 

That point is further discussed in section 2.5 of this report.  
 

Throughout that event, apart from the ñroger go aroundò confirmation on the thrust setting, no 

other comment was heard from the F/O; however, when he replied in a fast manner ñroger, 

rogerò to the ATC instructions of turning towards heading 270°, his calm tone of voice had 

changed, which most probably indicated a certain amount of stress that was not identified in his 

previous transmissions. This indicates that he was aware that the situation was not normal. In 

fact, throughout the flight, the F/O seems to be responding properly to all instructions from the 
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 While the DFDR records only stick shaker, the DFDR data concerning speed, AOA and altitude indicate that 

the airplane was in full aerodynamic stall at this time. 
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captain and the ATC, he was selecting on the MCP and calling all the headings and flight levels 

instructed by the ATC, so why didnôt he raise any concern to the captain when he felt that the 

flight was deviating so far from normal? The ET standard deviation calls SOP requires the PM 

to call any ñinappropriateò pitch deviation, any bank beyond 30° and any speed deviation of +15 

Kts or ï 5 Kts, all of these conditions had been encountered and exceeded by far, many times till 

that phase, without any challenge from the F/O. Why didnôt the F/O call any of these deviations? 

This question will be addressed in the Human Factors part of this analysis. 

  

2.2.6 Event 6: The captain requesting help from the F/O 
 

Towards the end of the stall, as the aircraft pitched down towards zero, a left wheel input was 

made on the order of 50° along with a right rudder input of 5°. These opposing inputs resulted in 

a condition known as ñcross-controlò and resulted in no significant bank angle changes over the 

next 20ò.  

 

At the same time, as the speed started to increase beyond 195 Kts, the speed trim commanded a 

nose up trim input increasing the pitch trim from 8.2 to 9.3 units at 00:40:37, resulting in a 

further increase in the aircraft pitch up tendency. The crew did not take any action to re-trim the 

aircraft to the desired speed, so, once the nose down pressure was released on the control 

column, the aircraft pitch started to increase again and became close to 30° up, well above the 

FD indication that the captain hadnôt followed. The direct result of the pitch increase was a 

speed decrease. This was noticed by the F/O who applied for the first time the standard 

deviation calls SOP and called in English at time 00:40:48 ñthe speed is droppingò, as it was 

decreasing below 200 Kts. At the same time the flight crew released the right rudder input while 

the left wheel input was maintained.  

 

The captain reaction to the F/O call was a confirmation in Amharic ñspeed is going downò. That 

confirmation by the captain was immediately followed by him with a request in Amharic ñOK, 

try to do somethingò. Once more, that call indicates that he most probably needed help to 

control the situation without being able to specify what type of help he was requesting. No 

reaction from the F/O was recorded till 7ò later when he re-affirmed his deviation call ñspeedò. 

 

2.2.7 Event 7: Approach to the second stall 
 

As the flight crew released the right rudder input and maintained the left wheel input, the aircraft 

rolled to the left beyond 35° triggering at 00:40:52 and 00:40:54 two ñbank angleò alarms. The 

cross control situation that was induced by the crew action during stall recovery prevented the 

roll command from being effective and possibly lead the captain to add more left wheel, so 

when the captain brought the rudder back to neutral the roll authority was back and the aircraft 

rolled excessively to the left. The captain reaction at 00:40:57 was to induce a right control 

wheel input and a right rudder input; however, the stick shaker activated again at that same time 

and the crewôs priority became, most likely, to solve the decreasing speed and increasing pitch 

problems previously mentioned. 2ò later, a full left wheel was commanded while the right 

rudder input was maintained, resulting again in a ñcross-controlò situation as the aircraft was 

entering its second stall. The captain was probably overloaded with solving the escalating 

situation.  

 

2.2.8 Event 8: 2
nd

 Stall 

 

The second stall started as the aircraft was approaching 9,000 feet; at 00:40:57 the stick shaker 
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activated again and remained on for 26ò. The aircraft re-entered a stall situation (AOA reached 

its maximum values of around 26° at 00:41:09).  Contrary to any stall recovery procedure, the 

control column was initially kept backward and gradually increased over the next 17ò. The 

control wheel was commanded to the left with right rudder input which didnôt permit to improve 

the situation. Roll reached more than 90° to the left. The aircraft pitched down, the speed started 

to increase at a high rate and the vertical acceleration dramatically increased.  

 

In the midst of all what was happening, the aircraft was still turning to the left towards the 

mountains. This alarmed the ATC controller who repeated for the fourth time his instruction to 

the aircraft to turn right heading 270° warning them that they were turning towards the 

mountain. This time, no reply was recorded; however, a sound of an open mike was recorded on 

both the aircraft CVR and the ATC transcript for a period of 3ò. This indicates that someone 

(probably the F/O) was trying to read back the clearance or transmit another message but 

couldnôt do that, probably due to the fact that he was overwhelmed by what was going on which 

had left him speechless.    

 

Simulation performed during the investigation process showed that it was possible to recover 

from this second stall with significant nose down input. However, the crew of ET409 was not in 

the same psychological situation than the investigator during the simulation. But this 

nevertheless shows that with adequate maneuvers the situation during this event, as well as the 

situation in all previously analyzed events, was recoverable through the application of the 

approach to stall recovery procedure in force at that time
23

. 

 

2.2.9 Event 9: Spiral dive 

 

As the aircraft continued stalling, the aircraft roll to the left continued leading the aircraft into a 

spiral dive with the bank angle reaching a value of 118.5° left and a pitch attitude of 48° nose 

down. At 00:41:15 a right control wheel input was recorded with a right rudder pedal input, 

which could have been an attempt by the crew to level the wings. Simulation performed during 

the investigation process showed that, even at that stage, it was possible to recover from the 

upset and save the aircraft without exceeding any structural limitations. However, retarding the 

throttles all the way to idle and the manual use of the electric trim switch would have been 

essential. 
 

Two seconds later, at 00:41:17, as the bank angle was decreasing to a value of 45° left, the crew 

induced a left control wheel input again and brought the rudder back to neutral then to the left. 

The aircraft was still stalling at 00:41:20 and the bank angle was 60° left when the crew rolled 

right again, still applying left rudder! The control column was kept between neutral and aft 

throughout that event, the input on the control wheel was shifting between right and left as well 

as the input on the rudder pedals, often leading to a ñcross controlò situation that was 

aggravating the situation.  

 

It is difficult to understand the captainôs logic to make all these input changes. He may have had 

difficulties to read the PFD as very unusual high banks and low pitch were encountered. He 

could have also felt some unusual heavy G loads which could have disoriented him. Those 

changes in flight control inputs and maintaining the thrust at go-around didnôt allow the captain 

to recover from stall situation or from the pitch down attitude, but indicates that he was still 

struggling to save the situation. They surely indicate a high level of stress the crew was facing 

                                                 
23

 Refer to Appendix K, M-Cab session report  
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and a loss of situational awareness of what was really happening, apart from their awareness that 

they were facing an abnormal situation. 

 

2.2.10 Event 10: The stick shaker stops! 

 

As the aircraft was approaching the few last seconds before the end of the recording, the pitch 

attitude decreased to between 35° and 75° nose down and the speed increased rapidly through 

283 Kts, the stick shaker stopped. The aircraft was passing 5110 ft. The Flight Crew was 

applying right wheel input with left rudder input while pushing the control column forward. 

While this is a clear indication of a loss of situational awareness, it shows that the Flight Crew 

was still physically conscious at that advanced stage of the flight, despite the G loads 

encountered due to the aircraft maneuvers. 

 

The over-speed clacker was heard on the CVR 3ò before the end of the recording. The aircraft 

continued in its uncontrolled dive towards the sea till it impacted the water. The last recorded 

altitude was 1291ô and the last recorded G load was 4.412, well beyond the maximum structural 

limitation of the aircraft. 

 

Even at that advanced stage when the aircraft was passing 3,000ô, the simulation showed that 

with appropriate action, the aircraft was recoverable and prevented from impacting the water, 

but with some G load, in excess of the +2.5 G for which the aircraft is certified.  

 

2.2.11 Event 11: A ñball of fireò 

 

Eye witness accounts including an ATC controller and a crew flying in the vicinity of the 

aircraft reported seeing an ñorange lightò or ñan orange explosionò or ña ball of fireò or ña ball 

that lasted 2-3ò ò at the time and towards the location the aircraft crashed into the sea. 

 

No sign of any explosion or fire were detected on the wreckage, whether recovered or under 

water. No sign consistent with fire or explosion were detected during the autopsies carried on 

some of the bodies. Furthermore, neither the CVR or DFDR patterns reflect signs of an 

explosion or suggest an aircraft break-up as a result of such an explosion. The only loud noise 

recorded on the CVR was consistent with the calculated time the main aircraft body impacted 

the water surface. 

 

The cloud base in the area of the crash at that time was 2,000ô, the aircraft was diving at a speed 

of 407 Kts increasing, this means that the time required to travel the 2,000ô is less than 3ò. With 

the aircraft lights ñon and that speed this could have appeared as an orange explosion, a ball of 

fire, and most certainly as a ball that lasted 2-3ò as described by the Malev crew in his 

testimony. 

 

The presence of thunderstorm activities in that area could have also created such an impression; 

especially that they produce loud noises similar to the noise produced by explosions and that 

they were present and active around the area of the crash. In fact, the Malev crew report clearly 

states what the crew saw in the following terms: ña ball which lasted for 2-3ò and which I 

considered to be a lightning due to the thunderstorm activity at the area.ò 

 

Did the aircraft break-down because of G forces just before impact, resulting in the end of 

DFDR and ATC Radar recording at 1291ô?  This will be discussed in section 2.4.5 of this report. 

Nevertheless, such a break-up wouldnôt have produced an explosion, especially that the aircraft 
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was less than 2ò from impacting the water; time at which the CVR stopped recording with a 

loud interrupted noise. 

  

2.3 Flight Operations 
 

In the flight operations section we shall analyze systemic issues related to the airline, the ATC, 

the weather, communication between the ATC and the flight, the Airport and the navigational 

aids available. 

  

2.3.1 Airline Systemic Issues 

 

In this section we examine the airline systemic issues that could have helped prevent such an 

occurrence or helped detect precursors to it. It examines crew qualification and pairing, 

procedures, training and safety. 

 

2.3.1.1 Crew Qualifications and pairing 

 

The ET 409 crew experience was within the minimum criteria stipulated in the ET Procedures in 

the following terms: ñCaptain who has less than 300 hours and F/O who has less than 100 

hours on type shall not be rostered together.
24
ò 

 

The ET 409 crew met those requirements since the Captain had 188 hours and the F/O had 350 

hours on type; therefore they could legally be paired together. That level of experience, although 

within the required approved standard, did not constitute a comfortable margin that would allow 

the crew to have enough confidence in the operation of the aircraft under demanding conditions, 

especially when we consider that the captainôs experience on the B737-700/800 was acquired in 

the 51 days preceding the accident, which might have affected the purpose for setting that 

experience level. 

 

2.3.1.2 Ethiopian Airline operational procedures 

 

The operational procedures of Ethiopian Airlines were reviewed by the IC and were found 

adequate. They are in line with the Boeing procedures for that type of aircraft and have been 

verified during the IOSA audit. They do cover for situations like the ones encountered by the 

aircraft, in particular weather avoidance, recovery from stall and upset recovery. It also includes 

procedures to call for deviations and for the use of autopilot above the minimum engagement 

altitude of 400 ft. 

 

The M-Cab simulation proved that the proper application of these procedures would have had 

saved the aircraft at every stage of the flight. The last part of the spiral dive is well beyond 

situations encountered by commercial operations. Therefore, no particular procedure is expected 

to be developed for it. However, applying the appropriate recovery techniques during any 

previous phase of that flight would have certainly avoided the aircraft reaching such a situation.  

 

However, procedures requiring the PM to challenge the PF are restricted to calling and re-

calling deviations when not corrected. When the captain is PM, the procedures clearly stipulate 

that he can further interfere by re-assigning himself as PF. However, no clear written procedure 

gives the F/O that right, except in the case of incapacitation. Is the pilot incapacitation procedure 
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published in the emergency section of the FOPM enough? When the incapacitation is complete, 

yes; when the incapacitation is subtle, it is debatable. This will also be further discussed in 

section 2.5 of this report.    

 

2.3.1.3 Training in Ethiopian Airline 

 

Ethiopian Airlines training program was reviewed by the IC and discussed with various 

responsible training pilots, including the ones who trained the crew. The program is a well 

developed one and includes the CRM part in both pilot training and evaluation. Both pilots were 

trained in accordance to that program and got qualified through passing all the required stages of 

training. 

 

Despite those facts and although the captain and the F/O were qualified according to the relevant 

regulations and training program, the accident happened. It happened because of the 

combination of a failure in basic piloting skills for the captain, and of a CRM failure from the 

F/O to take sufficient initiatives and be more assertive in helping his captain or identifying a 

possible case of subtle incapacitation. The issue of CRM and subtle incapacitation are addressed 

in more details and depth in section 2.5 of this report. 

 

Nevertheless, one can wonder why Ethiopian Airline, a major IOSA registered airline with a 

training department, sound procedures, safety program, good reputation and long history, was 

unable to detect, in ab-initio training, recurrent training or graduating training that these two 

pilots, combined together, were possibly to fail. The strict adherence to SOP and regulation is 

not sufficient to prevent such accidents.  

 

Another matter is the stall recovery training. The captain was rated as ñgoodò in these exercises 

during his transition to 737-700/800. However, if he was able to recover from the first stall 

where the stick shaker lasted for 27ò, he was also unable to avoid the second one and to recover 

from it, or to recover from the unusual nose low attitude and excessive bank that resulted from 

the second stall. Despite the fact that the approach to stall recovery procedure was changed after 

the accident, had the crew applied the procedure in force at that time, they could have recovered, 

as demonstrated during the M-Cab sessions. As a matter of fact, the difference between the old 

and the new approach to stall procedures are essentially in the necessity to lower the nose prior 

to apply thrust in order to avoid difficulties in reducing the AOA resulting from the pitch up 

tendency as a result of thrust increase. In the case of the accident flight, the thrust was still at 

take-off setting; however, the aircraft was not trimmed properly and had a nose up tendency as a 

result of this miss-trim. 

 

The captain had joined ET more than 20 years prior to the accident. He flew on spraying aircraft 

for 9 years prior to move to passengersô aircraft. These spraying aircraft require flying and 

handling skills, which is what we miss in the accident flight. 

 

He was transferred to many other types of commercial aircraft, including turboprops, jet aircraft 

and jet aircraft with glass cockpit. He spent around 6 years on glass cockpit Boeing 757/767 

prior to get his command on F-50 and eventually on B 737-700/800. According to records 

presented by ET and interviews carried with the ET training personnel, his track history was 

good apart from a final simulator check that he had to repeat during transition to B 737 -

700/800. Only once during his training a comment is written on ñconcentrationò. Was that 

indicative of any precursor? Could we consider it as a systemic issue? That question is very 

much debatable and not sufficiently backed to be considered as such, especially that it was only 
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mentioned once! 

 

2.3.1.4 Ethiopian airline safety policy 

 

Ethiopian Airlines has a safety policy and program that complies with IOSA standards, therefore 

with ICAO and industry best practices. That program includes a FOQA program and a 

confidential reporting system. A safety officer is appointed and is independent from Flight 

Operations; he reports to VP Flight Safety and Quality. 

 

Information relayed to the IC by ET safety and operational personnel revealed that there was no 

previous indication that trends leading to this scenario were identified. The fact remains the 

accident happened! Were there any precursors that would have alarmed the safety department 

about F/O assertiveness? The Flight Safety Officer, who is a captain, had heard the CVR tape as 

a technical advisor to the Ethiopian Accredited Representative. He knew the F/O and had flown 

with him, he described the F/O in the following words: ñhe seemed like a senior FO on his 

callouts and performance in flight, he says what he needs to say, he was not the quiet type and I 

was surprised on the CVR.ò 

 

That effect of surprise should be further evaluated and addressed by the airline when reviewing 

its safety program in order to prevent such reoccurrences. 

 

2.3.2 ATC 

 

ET 409 was handled by 3 ATC services: ATC Ground for initial departure clearance, push-back 

and taxi, ATC Tower for take-off clearance and initial climb, and ATC Control (Area) for the 

remaining part of the flight. According to records provided by the BRHIA Navigation Section, 

all ATC controllers that dealt with the accident aircraft were properly licensed in according to 

LARs.  

 

Appropriate manuals and procedures have also been verified by the IC and found adequate. 

They contain detailed normal and emergency procedures. The ATC personnel schedule was also 

verified and is compatible with the LARs and work laws in Lebanon. The AIP of the aerodrome 

describes the departure procedures out of BRHIA as well as the arrival procedures. During the 

night of the accident, the ATC was handling both departing and arriving flights while having to 

deal with the weather avoidance issues, which are primarily the responsibility of the flight crew . 

 

In his endeavor to help ET 409 avoid weather, the Tower controller amended the clearance to 

the aircraft from a LATED 1 D departure to a right turn direct Chekka as he was clearing the 

flight for take-off. Had the aircraft followed the initial standard departure it would have had to 

climb to 5,000ô prior to turn right to Chekka, which would have taken it 5-7 miles SW of the 

field. An active CB was identified close to the airport towards the SW. Following the LATEB 

1D SID route would have lead the flight right into that CB
25

.  

 

However, he Tower controller called by phone the Area controller to advise him about the new 

instruction to ET 409. The Area controller, who was handling at the time two arrivals from the 

North, advised the Tower to amend the clearance to a heading of 300° or 315°, which the Tower 

controller did prior to transfer ET 409 to the Area controller. That constituted 2 changes in less 
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 For information on LATEB 1 D departure refer to Appendix K. For information on the weather, refer to 

Appendix B and to the Etihad Captainôs report in Appendix U 
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than a minute, but did not seem to affect at that stage ET 409 who acknowledged reception of 

both clearances and acted accordingly. 

 

Normal ATC SOP calls for the Tower controller to verify with the Area prior to amend the 

departure clearance. According to the Tower controller, this SOP was not followed in order not 

to delay the take-off clearance given to ET 409. However, this had no effect on the 

communication exchange with the flight, since the new heading was immediately well received 

and acknowledged by the flight crew. Nevertheless, the ATC personnel should act in accordance 

with the laid down SOP. 

 

For the remainder part of the flight and the action following the disappearance from the radar 

screen of ET 409, the controller appeared to be monitoring the flight closely and getting in 

contact with it confirming the same instruction to turn onto a heading of 270° in order to steer it 

away from both weather and arriving traffic route. Nevertheless, these repetitive instructions 

were ineffective in making the overloaded flight crew respond to the instruction to turn into the 

270° heading.  

 

Once the aircraft disappeared and no answer to ATC calls came back, the controller initiated the 

emergency response procedure. 

 

The communication part between the ATC and ET 409 is further analyzed in section 2.3.4 of 

this report. 

 

2.3.3 Weather 

 

The reported weather on the night of the accident was cloudy, rainy and the sky around the 

airport was filled with isolated imbedded CB ranging between 2,000ô and 26,000ô. Similar 

weather is not uncommon in that area during that period of the year. BRHIA seldom close 

because of weather, and when it does it would be for a very short period of heavy rain associated 

with strong cross-wind, or with CBs over the field. Both these conditions were not present that 

night at the time of the accident and the airport continued uninterrupted operations throughout 

that night. 

 

However, this type of weather and the presence of isolated active CBs produce noise and lights 

similar to those produced by large explosions. Furthermore, for aircraft flying in the vicinity, 

they add to the stress level caused by added IMC conditions, whereby the land lights and 

features disappear behind the clouds and are replaced by intermittent stormy lights originating 

from active CBs. Airline pilots are trained to avoid flying into such weather, and the ET 

procedure for weather avoidance is clear in his instruction to flight crew to avoid flights into 

areas with known or forecast thunderstorms. It also calls for pilots ñnot to take-off during heavy 

thunderstorm activity at the departure airfield.
26
ò  

 

Nevertheless, the thunderstorms around BRHIA were isolated and could have been avoided by 

abiding to the headings provided by the ATC, or by selecting other headings and advising the 

ATC accordingly, as advised by the controller. That part is also further discussed in the 

following section 2.4. 
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 Refer to ET Adverse Weather Operation Policy in Appendix G 
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2.3.4 Communications 

 

The communication between the crew and between the crew and the ATC sounded very normal 

till the end of the 2
nd

 event, when the aircraft turned beyond the 315° heading to which it was 

cleared and the ATC thought they were turning towards CAK VOR. Till then, the standard call 

outs and the communication between the ATC and the flight were perfectly understood and 

complied with by both pilots. 

 

A proper analysis of the communication between the aircraft and ATC would reveal that once 

the ACC got in contact with the flight, he suggested heading 270°. The aircraft was now more 

abeam the field to the west, away from the CB that was to the SW. A couple of more CBs were 

identified NW and NE of the field, so the controller wanted the flight to navigate clear of them, 

while at the same time avoiding conflict with arriving traffic, who had to pass through the clear 

from weather corridor to the North of the field prior to establish on the localizer of the arrival 

runway 16
27

. 

 

The Area controller was even trying to be more helpful and suggested to ET 409, ñdue to 

weather to follow heading 270° to be in the clear for fifteen miles twenty miles then go to 

Chekka, and it is up to you just give me the headingò. Thus, the controller suggested first an 

avoidance heading to the crew and then left it up to them to choose any other heading they felt 

comfortable with to avoid weather, as long as they advised him of that heading, since the 

responsibility for weather avoidance rests with the Flight Crew and their aircraft radar is 

definitely more accurate than the ATC radar in identifying weather and assessing the associated 

risks. Figure 15 in that report reproduces the snapshot of the radar picture displayed in front of 

the controller at the beginning of that transmission.  

 

 

 
 

Figure 15: Radar Snapshot at 00:38:39 

 

However, at that same time, the captain was having problems handling the aircraft, he turned 

beyond the selected/cleared heading despite the FD command and overbanked triggering ñbank 
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 For more information on BRHIA layout refer to Appendix C 
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angleò warnings. That situation might have been preoccupying the crew, and the controller offer 

most likely added to their workload, since they were concentrating on more serious issues and 

focusing their attention on what was going on at an aircraft handling level. This could explain 

why the crew initially misread the heading as 210°. Nevertheless, that situation couldnôt have 

been known to the controller. 

 

Therefore the ATC controller who thought that the aircraft, which was now more than 45° right 

of the cleared to heading, had misunderstood the Tower amended clearance to fly heading 315° 

v/s fly direct Chekka. So he immediately issued a clearance to turn left heading 270°, which was 

acknowledged by the crew. Figure 16 below reproduces the snapshot of the radar picture 

displayed in front of the controller when the aircraft reached a heading of 003°. The captain was 

heard on the CVR reading back in the cockpit the correct heading and the F/O was recorded 

setting it on the MCP and confirming his action as per the SOP call-out. 

 

 
 

Figure 16: Radar Snapshot at 00:38:59 

 

Beyond that point, the ATC controller was unaware of the problems the crew had to control the 

aircraft, especially that no particular call indicating such difficulties was received, and all the 

clearances issued to the crew were read back in a calm and relaxed voice, with the exception of 

the last non-standard  ñroger, rogerò call back transmitted by the F/O one minute prior to the 

crash and the open microphone sound he got as a reply to the last instruction the flight crew 

could have heard around 20ò prior to the crash. 

 

The controller, unaware of the problems the crew were facing, was unable to understand why 

the flight was not maintaining the cleared to heading, or why it was flying south and away from 

both the cleared to heading and the flight plan track, directly towards the weather and later on 

towards the mountain. All what he could do was call the flight, repeat his instructions and warn 

them, towards the end, that they were approaching the mountains. 

 

CVR records confirm that both pilot received and confirmed the instructions from the ATC. The 

F/O always selected the new headings and level on the MCP as per SOP; however, the captain 

had difficulties following these instructions and the F/O never challenged him. 
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2.3.5 Airport & Aids to Navigation 

 

BRHIA is located on the western Lebanese sea shore line to the South of the city of Beirut. The 

area surrounding the airport is composed of the Mediterranean Sea to the West, the city of 

Beirut to the North and the mountains of Lebanon to the East. These mountains reach a height of 

more than 3,000ô less than 5 NM East of the field. 

 

Due to this constraint, no departure or approach is allowed from the East. Furthermore, due to 

the presence of a military restricted area as of 15 NM South of BRHIA, no approach to Beirut is 

allowed from that area. This leaves a window of opportunity for arriving and departing traffic 

between a westerly heading and a bearing of 016° between BRHIA and Chekka VOR on the 

Northern Lebanese sea shore line. All departing and arriving traffic should be channeled through 

that area. 

 

The airport is well equipped with approach facilities and other navigational aids. The equipment 

includes both Primary and Secondary radars. The airport is owned by the State and operated by 

the Lebanese Civil Aviation Authority (DGCA). Records provided by the Authority for the night 

of the accident revealed that the Primary and Secondary radars were checked and verified for 

accuracy. All systems were tested normal. All  other navigation aids were reported to be working 

normally as shown by the records of these navigational aids for the night of the accident. 

 

2.4 Aircraft  
 

2.4.1 Aircraft Maintenance 

 

The aircraft possessed a valid Certificate of Airworthiness, and had been maintained in 

accordance with the relevant regulations. The airplane had taken off from Beirut without any 

known technical problems.  

 

A few months after the accident, the FAA issued an AD not related to that accident requiring a 

periodic on-going inspection of the bearing retention for a secure swage on all Boeing NG 

airplanes. Therefore, the IC decided to send the trim tab mechanism to the NTSB for analysis, 

especially that inboard attach bearing of the left side tab mechanism was found with all of the 

bearing balls missing. Refer to Figure 17 below. 

 

 
 

Figure 17: Left Inner Attachment Bearing 
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The reason behind issuing the AD was two reports of unusual airframe vibration involving 

Boeing 737 NG airplanes. Despite airframe vibration, neither airplane suffered from ñloss of 

integrityò to their flight control systems; both airplanes continued safe flight and landings. Post 

flight examination of both airplanes revealed that the elevator tab mechanism on one side had 

become completely detached (both inboard and outboard lugs) from its mountings on the front 

spar of the elevator. Analysis attributed these fractures to the loss of the attach point bearing 

retention and subsequent fracture of the attach tab. However, the DFDR of the two airplanes that 

diverted as a result of the vibration oscillation triggering the issue of the AD showed significant 

oscillatory movement of the elevator following its final fracture. 

 

Because loss of the bearing balls would have had a similar effect as loss of the bearing retention 

(i.e. ï significant play in the joint), the left tab mechanism from the accident airplane was 

subject to the detailed examination, since it was found that the bearing had lost all the balls, but 

the other side of that mechanism remained intact and neither side had become detached. That 

metallurgical examination conducted at the Boeing facilities revealed that the Inboard Lug 

Assembly on the accident airplane was damaged prior to the accident but there were no 

problems with the swaged sleeves
28

.  

 

Furthermore, the subject accident airplane did not reveal fractures on the tab mechanism attach 

points. In those circumstances, the intact side will retain the structural load path of the 

mechanism and it will continue to function normally without the vibration issue noted in the 

case of two airplanes mentioned above, which were at the origin of the issue of that AD. 

 

Furthermore, review of the DFDR data from the subject accident airplane notes no anomalous 

oscillatory movement in the elevator control surface position during the accident flight or any of 

the recorded previous flights. The aerodynamic analysis of that data noted that the elevator 

always responded to the flight crew commanded inputs during the accident flight.  

 

In addition, the EQA examination found that the outboard attach bearing on the left mechanism 

was damaged by the forces of impact and therefore was intact during the accident flight. The 

bearing retention was also inspected per the above mentioned FAA AD (all 4 attach bearings for 

both mechanisms); none was found with any looseness.  

 

As such, the above data indicates that the damage noted to the inboard attach point bearing was 

not consistent with the previous events of the two airplanes at the origin of the AD where there 

was disengagement from the elevator front spar. It is worth mentioning that on these two 

occurrences of airframe vibration, despite the damages which were beyond the one identified on 

the accident airplane, the two airplanes landed safely. 

 

Therefore, the damage identified to the left trim tab of the accident plane was different from the 

previous two cases and did not contribute to the accident sequence.  

 

2.4.2 Aircraft Performance 

 

The DFDR data shows that the aircraft performed as per design and in response to the input 

commanded by the flight crew.  
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 For full information on that analysis refer to Appendix O of this report. 
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2.4.3 Mass & Balance 

 

The weight and balance form for the event flight was provided by ET and listed a gross takeoff 

weight of 70,443 kg (155,300 lb). This is consistent with the gross weight that was recorded on 

the DFDR.  

 

The engine N1 that was applied during takeoff was consistent with a 22k de-rate thrust setting
29

. 

With a 22k de-rate thrust setting, a weight of 70,443 kg (155,300 lb), and a center of gravity of 

18%, the Airplane Flight Manual (AFM) for ET-ANB defines the recommended takeoff 

stabilizer as approximately 6.9 units. The event weight and balance form listed the stabilizer 

setting as 5.26 units
30

. This is 1.64 units in the airplane nose-down direction beyond that 

recommended in the AFM.  

 

In addition, the stabilizer that was recorded on the DFDR was approximately 5.94 units at the 

start of the takeoff, which is still within the certified range for take-off (green-band range), but 

nearly 1 unit in the airplane nose down direction that recommended by the AFM. 

 

The DFDR data also shows a continuous pull on the control column in order to maintain the 

airplane climb attitude commanded by the DFDR. This confirms the fact that the set trim, 

although within the limitation of the aircraft, was in the nose down direction and was 

inappropriate for the take-off conditions.  

 

Similar situations of limited miscalculation do occur for various reasons during normal 

operations; however, basic flying skills require the pilot to maintain his aircraft in trimmed 

situation at all times. In that case, to trim ñupò in order to relieve the load on the control column. 

Why didnôt that happen? We shall discuss that in section 2.5 of this report.   

 

2.4.4 Aircraft Instrumentation  

 

No particular problem with the aircraft instrumentation was reported on the accident aircraft 

prior to the flight or on the DFDR. As per the design of these instrumentations, the investigator 

who flew the M-Cab was not a B 737 certified pilot and found no difficulties in reading the 

aircraft instruments or following the FD command.  

 

2.4.5 Aircraft Systems 

 

All the recorded data retrieved from the DFDR revealed that there was no specific issue related 

to the aircraft that could have contributed to the crash. Both the DFDR and CVR data did not 

record during flight any interference or sound associated with a lightning strike. An examination 

of the recovered wreckage, including interior components from the forward, mid and aft section 

of the airplane, including a large section of the stabilizer, and a review of the underwater videos 

of the remaining wreckage, revealed no indication of any sort of visual evidence associated with 

such a strike.   

 

A black soot near the APU exhaust was identified by the Airworthiness team and was sent for 

further analysis and evaluation by the NTSB. Despite the fact that nothing in the DFDR warrant 
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 While the ñNotes for the CG Limitsò mentioned on the ET 409 Balance Chart (refer to Appendix V) only 
shows ratings of 24K, 26K and 27K, Appendix 2 of the Airplane Flight Manual (AFM-D631A001.8AS4) 

applicable to the accident plane includes provisions for the 22K trust rating.  
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 Refer to Appendix V for a copy of the Load-Sheet and the Weight & Balance Form 
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the theory of system failure leading to explosion, interference as a result of a lightning strike, or 

another sort of unlawful interference that could have produced traces consistent with high 

temperature or fire, the IC wanted to rule out that theory and sent a piece of the aircraft 

wreckage where the black soot was identified.  

 

The analysis of that piece, along with autopsies of recovered bodies, confirmed without doubt 

that the aircraft was not subjected to heat or explosion. The fact that the DFDR readings end 

with the aircraft passing 1291 ft does not imply necessarily that the aircraft broke down at that 

moment, despite the fact that it could have started experiencing some loss of structural integrity 

due to the fact that the recorded airspeed at that altitude exceeded the certified dive velocity 

(Vd) of 400 Kts while the G load was well above the certified +2.5 G; under these 

circumstances, a loss of structural integrity would be possible. Nevertheless, both the speed and 

rate of descent at that stage were excessive and the calculated impact time was less than 2ò 

away, time at which the CVR stopped recording with a big bang noise, most likely resulting 

from the aircraft impact with the water. 

 

2.5 Human Factors 
 

The accident airplane possessed a valid Certificate of Airworthiness, and had been maintained in 

accordance with the relevant regulations. 

  

The airplane had taken off from Beirut without any known technical problems, flown by 

properly licensed and qualified crew. The documents received by the Flight Crew prior to 

departure, including weather information, were in accordance with the relevant requirements. 

The ATC controller were properly following up the accident flight and offering the necessary 

instructions, suggestions and reminder calls. The aircraft continuously responded to the crew 

input and all its systems reacted as per design, including the speed trim command and the 

warning/alarm systems. 

 

The captain had been flying for more than 21 years. Although new on the B 737-800 type, all his 

experience was on aircraft that required manual/electrical trim. He had been on jet aircraft as a 

F/O for nearly 8 years and as Captain for 51 days. So, he was familiar with that type of flying 

and he knew that rudder on this type of aircraft is not normally used to fly, unless there was an 

engine failure or a cross-wind take-off or landing. This raises a series of questions: Why didnôt 

the PF trim that aircraft properly? Why, out of 4ô 17ò of flight, that aircraft was in trim for less 

than 40ò? Why was the PF using the elevator in a manner inconsistent with the FD command 

and sometimes giving opposite inputs between the elevator and the electrical trim; trimming up 

while pushing down
31

? Why was the PF using the rudder and ailerons in a manner inducing 

ñcross controlò situations and inconsistent with the FD demands and the recovery procedures he 

had practiced during training? What had happened to the pilotôs basic flying skills and what was 

the reason for such degraded performance?  

 

                                                 
31

 In fact, the B737 type aircraft is equipped with a cutout function which will stop the electric trim if the 

column moves in the opposite direction, beyond the neutral range. This neutral range is defined such as the 

electric trim in the opposite direction (nose up in this case) will cutout when the control column is deflected in a 

nose down direction of between 2.5 to 3.9 degrees. A review of the DFDR data shows a control column 

deflection of 2.0 degrees in the nose down direction during the stabilizer nose up command electric command. 

As such, consistent with its design, the column deflection on the accident flight did not activate the stabilizer 

trim cutout switch at that time.   
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The F/O had been identified by his trainers and his peers as a good one; see one the best. He had 

been known to be assertive and was trained as such throughout most of his training program. His 

voice sounded very calm and confident on the CVR and during radio transmissions on the ATC 

transcript. The F/O received the ATC instructions, confirmed them to the captain and set them 

on the MCP.  

 

He must have also heard all the ñbank angleò warnings, and the 2 stick shakers. So why didnôt 

he, as PM, challenge the captain throughout the 4ô 17ò flight time, as required by the ET SOP?  

Why didnôt he try to take over control of the aircraft and save it as required by the ET 

procedures?    

 

Why didnôt the crew apply the procedures specified in the ET QRH and other operational 

manuals and recover from the stall as the aircraft was approaching it? Why did the crew allow 

the aircraft to enter into a spiral dive? These are the questions we shall try to find answer to 

during this analysis.  

 

We have established during the analysis of the DFDR data and the examination of the aircraft 

wreckage that the aircraft was airworthy and responding properly to the crew input. We have 

also established that this was the captainôs first flight into BRHIA, the flight was operated at 

night with isolated CBs around the airport affecting the standard departure route. The captain 

had 188 hours experience on type accumulated in 51 days and the F/O a total airline and type 

experience of 355 hours. 

 

We should keep all these elements in mind while we examine both physiological and 

psychological factors that might have affected the crew. We shall also examine how these 

factors became more critical when combined with other external factors and how they led to the 

crew degraded performance. We shall then discuss and analyze some CRM issues.  

 

2.5.1 Physiological factors affecting the crew 

 

Both pilots seem to have enjoyed a healthy life and no particular reported medical problems had 

been reported. No total incapacitation occurred leading to the accident, since both pilots were 

heard talking till a few seconds prior to the end. The flight crew inputs on the controls were also 

recorded on the DFDR till the end of recording. That is definitely a sign of a strong physical 

body.  

 

However, on the date of the accident, the crew was heard discussing with a ground staff the 

components of the meal they had in Beirut during their lay-over and were heard stating, 

although in a joking manner, that they suspect the food they ate contained ñweedò and that  they 

couldnôt sleep. That comment could have been a banal one if the accident didnôt occur.  

 

Could indigestion as a result of a heavy meal cause subtle incapacitation? Gastronomical 

disorders have been identified as major contributors to incapacitation. Physiological and 

psychological factors have also been identified as causal factors for subtle incapacitation. In 

fact, the FOPM clearly defines the causes of such an incapacitation as being ñminor brain 

seizures, low blood sugar (hypoglycemia), other medical disorders or preoccupation with 

personal problems.ò It also stipulates that ñsince the crew member concerned may not be aware 
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of, or capable of rationally evaluating his situation, this type of incapacitation is very 

dangerousò
32

.  

In fact subtle incapacitation is about a slow degradation of performance in a crew member. It is 

more dangerous when it occurs to the captain, due to the cockpit authority gradient. The pilot 

would look and sound as if he was conscious; however, his performance would have degraded. 

Symptoms of subtle incapacitation include: ñSkills or judgment may be lost with little or no 

outward sign; the victim may not respond to stimulus, may make illogical decisions, or may 

appear to be manipulating controls in an ineffective or hazardous manner; failure to respond 

normally to two consecutive challenges or one significant warning should trigger action. 

Symptoms may be evident only in moments of high stress or workload
33
ò.   

Most of these symptoms were present in the case of the captain: Turning beyond pre-selected 

and acknowledged headings, not following the FD, flying the aircraft out of trim, failure to call 

for the after take-off checklist or for anti-icing ñONò when penetrating heavy rain in probably 

icing temperature, failure to engage and confirm the engagement of the auto-pilot, late to 

recognize the stall, failure to properly apply the stall recovery procedures, manipulating the 

controls in an ineffective and hazardous manner, failure to respond to series of warning, failure 

to react to ATC repeated instructions and failure to follow the procedures the PF was freshly 

trained to follow, considering that he was released on type 51 days prior to the accident. 

The fact remains that all of this occurred in moments of high stress and workload: departure late 

at night from a new airport surrounded by high terrain on one side and weather on the other (1
st
 

time the captain flies out of BRHIA), having to cope with a new modern aircraft (51 days since 

release), having had a heavy meal that didnôt allow him proper sleep, having a junior F/O on the 

right seat and having to cope with ATC instructions, which at times required him to come back 

with his decision following an ATC suggestion.  

While these high stress and workload factors shouldnôt have caused by themselves the degraded 

performance recorded by the flight, they surely contributed to raise the stress level of the captain 

which, in turn, could have added to spatial disorientation and loss of situational awareness and 

developed into a case of, or similar to, subtle incapacitation. Such incapacitation have been 

identified by experts as being the result of sleep loss, fatigue, emotional stress, blood chemistry 

imbalances, or as a result of some drugs or alcohol.  

According to interviews with his NoK and colleagues, the captain did not drink and did not 

suffer any emotional stress. He enjoyed a good health and was only taking medication for hair 

fungus. However, he had accumulated more than 188 hours of flying on a new type of aircraft in 

51 days, often flying at different hours of the day. While that amount is still within the legal 

limits, it certainly could have generated some successive periods of acute fatigue
34

, due to the 

combination of mental activity required to fly a new aircraft and the excessive physical activity 

associated with the tight schedule. That could have eventually developed into a chronic 

fatigue
35

. That chronic fatigue linked with the sleep loss resulting from the heavy meal and the 
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 Refer to the ET FOPM extracts in Appendix  
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 Refer to Transport Canada document TP 11629 ï Pilot Incapacitation www.tc.gc.ca  
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 Acute fatigue is defined in the ICAO Manual of Aircraft Accident and Incident Investigation (Doc 9756), v. 

IV, as ñThe result of excessive physical and/or mental activity during a short period. A temporary condition that 

may be reversed by adequate rest.ò 
35

 The same manual mentioned in the previous reference defines chronic fatigue as ñThe result of long exposure 

to successive periods of acute fatigue, over many days or weeks, without adequate rest periods for recovery.ò 

http://www.tc.gc.ca/
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other external contributing factors discussed above could have most likely joined together and 

contributed to this situation, whereby symptoms of subtle incapacitation to the captain are 

identified; bearing in mind that the captain was the PF on that flight, this could explain some of 

the actions, reactions and inactions witnessed on the aircraft controls through the DFDR data. 

However, despite the fact that most of the facts linked with the symptoms of subtle 

incapacitation are identified through the DFDR and CVR data, the absence of autopsy to the 

pilotsô bodies/remains, as a result of their impact with the water surface at high speed, does not 

allow us to physically confirm the case of subtle incapacitation due to physiological reasons. 

Nevertheless, dismissing that possibility would certainly make it very difficult to explain the 

pilot mishandling and mismanagement of the flight, in view of his long experience, training 

received and time spent with the airline.   

2.5.2 Psychological factors affecting the crew 

 

While the case for the captainôs subtle incapacitation could be supported by factual evidence of 

related symptoms from the DFDR and CVR, regardless of the real reason for that subtle 

incapacitation; the passiveness of the F/O throughout the flight raises a lot of concerns. The F/O 

has been described by one of his training pilots in the following terms: ñhe seemed like a senior 

FO on his callouts and performance in flight, he says what he needs to say, he was not the quiet 

type.ò What made him so quiet on that particular day? 

 

The F/O had more than 300 hours on type and was acknowledged by his superiors as well as by 

his peers as one of the best F/O. His radio transmissions, comments on the CVR and tone of 

voice showed that he was conscious of what was going on and performing his normal duties in a 

proper manner. However, he never took an initiative and he did not perform his expected duties 

whenever things deviated from normal: failing to remind the captain when he did not ask for the 

after take-off checklist, calling deviations from ATC instructions or aircraft profiles, challenge 

the captain when he was not controlling the aircraft as a PF should have been doing and 

avoiding to take control of the aircraft when he felt that the captain was completely out of the 

loop.  

In fact, twice the captain seems to have felt that he was not in good shape or unaware of what 

was exactly happening, so he requested assistance from his F/O. That came as the aircraft was 

entering its 2
nd

 stall when the F/O called in English ñthe speed is droppingò and the captain 

replied in Amharic ñspeed is going downé OK, try to do somethingò. A few seconds later and 

following 2 ñbank angleò aural warnings he told his F/O ñhold this thingò. These calls indicate 

a situation of cognitive saturation by the captain, where the information processed was 

exceeding his span of attention. That is another indication of subtle incapacitation when the 

subject is an experienced pilot who must have faced similar workload throughout his career.  

However, even when asked by the captain, the F/O failed to provide the assistance required. Did 

he feel that it was too late to intervene at that stage? Did he wonder what type of help was 

required of him? Was he reluctant to ñunnecessarilyò interfere as a PM in the PF duties? Was he 

afraid of making mistakes? Was he shy of asking the captain questions that might look 

ñirrelevantò? Did he consider that since the experienced captain couldnôt control the aircraft, he 

wouldnôt be able to? 

To properly analyze the F/O passiveness we must consider that, despite the fact that ET 

encourages during training the F/O to take over in case of subtle incapacitation, that 
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incapacitation was identified by the training pilots interviewed as failure to respond more than 

once to standard calls. The incapacitation procedures laid down in the ET FPOM emergency 

section lists 5 symptoms of incapacitation, mainly ñincoherent speech, strange behavior, 

irregular breathing, pale facial expression and jerky motions that is either delayed or too 

rapidò. It clearly specifies that ñif any of these are present, incapacitation must be suspected 

and action taken to check the state of the crewmember.ò We shall analyze the flight information 

in light with the above prior to analyze the F/O passiveness.  

While nothing in the recorded data we have allows us to confirm that the captain suffered from 

irregular breathing or pale facial expression, the recorded data points to some strange flying 

behavior associated with some uncoordinated, delayed or too rapid inputs on the control column, 

wheel and surprisingly enough, rudder!  While the captainôs speech cannot be clearly classified 

as incoherent, his tone of voice throughout his recorded conversations, once the aircraft started 

its take-off roll and till the crash in-flight, in addition to the need for him to re-confirm the 

clearances received in an interrogative way, implies that he was under some stress and was not 

properly aware of the prevailing situation affecting his flight.   

However, asking the F/O during flight to identify all these issues would be very demanding, 

regardless of his experience. Nevertheless, he could have surely noticed the unusual indications 

on the FD, the unusual movements of the control wheel and column, the unusual speed and the 

captainôs non abidance by the ATC instructions. He surely heard the captainôs request for his 

assistance, which were recorded twice on the CVR. He also must have heard the multiple ñbank 

angleò aural warnings and the two prolonged stick shakers. However, the CVR does not record 

any call or comment in that respect! If that is the case, his reluctance to intervene and take over 

control of the aircraft wouldnôt be surprising.  

In fact, all these require standard deviation calls by the PM, according to the ET SOP. Only 

twice did the F/O call ñspeedò! When he did, the captain immediately requested help, but the 

F/O failed to provide such help. This raises the following question: Was the F/O suffering some 

channelized attention with his full attention focused on one stimulus (accomplishing his normal 

PM duties) to the exclusion of all others? He surely accomplished those duties properly through 

the communication with the ATC, announcing normal changes and other standard call outs and 

setting the required information on the MCP. However, he did not remind the captain about the 

after take-off checklist and definitely failed to properly process the flight situation information 

and perform the standards deviation calls which were of a higher importance during the events 

that the flight went through.  

With the level of experience he had, would it be demanding to ask the F/O to intervene and take 

over from the captain, who had been in the company for more than 20 years, when one of his 

training instructors had written in his file that he shouldnôt ñinterfere with PF duties 

unnecessarilyò and discouraging him from asking ñirrelevant questionsò or repeating ñminor 

mistakesò? In fact, although that remark came in a training context and was mentioned once 

early in his training prior to start his FFS sessions and that the F/O training performance were 

highly quoted, especially in the field of CRM; such remark most likely affected his 

subconscious mind and could have contributed to his reluctance to intervene.    

 

2.5.3 Individual human performance and CRM 
 

The accident scenario indicates that the captain had progressively lost the control of the 

situation, starting with roll control problem to which were added heading control problems, then 
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pitch control problem until the final loss of control. The basic instrument flying performance of 

the captain on that day was questionable. It seems that he was at this time unable to alternatively 

pay attention to the basic parameters starting with attitude displayed on the PFD and ND 

indications.   
 

This insufficient performance could originate from a mix of low experience on type, high 

workloads, chronic fatigue, distraction by multiple ATC messages while concentrating on 

manually flying in bad weather, spatial disorientation at night and low situational awareness in a 

fast changing environment, all combining together to increase the workload and stress level to a 

high degree and create a situation of high anxiety with symptoms similar to those of a subtle 

incapacitation, which was not recognized by the F/O, even after two late requests for help by the 

captain. 

 

While the flight behavior indicates that spatial disorientation was an issue, since the pilot faced 

difficulties in maintaining the aircraft vertical, lateral and horizontal attitudes; that spatial 

disorientation evolved into a situational awareness issue, since his ability to keep track of the 

aircraft indications (namely on the PFD and ND) was degraded, and his ability to prioritize 

significant environmental, navigational and aircraft related events was impaired.  

 

If situation awareness refers to one's ability to accurately perceive what is going on in the 

cockpit and outside the aircraft, it further extends to the planning of several solutions for any 

emergency situation which could occur in the immediate future. The Flight Crew was unable to 

properly process the information from sense inputs, instruments, and other sources to form an 

accurate picture of what was happening. Did that loss of situational awareness come as a result 

of a subtle incapacitation by the captain and failure of recognizing it by the F/O, or was it a 

result of a combination of events, both external to the flight and inherent to the Flight Crew, that 

led to a situation of high workload and stress?  

 

In fact, there is no direct indication in the captainôs training record examined by investigators 

that he already had either occasional or recurrent serious difficulties in basic flying. However his 

repeated failure to focus on the main priorities of controlling the aircraft attitude and trajectory 

during the 4ô 17ò flight raises the question on his ability to divide his attention in a structured 

manner as it is taught (or should be) in initial pilot schools. Would that been possible after 21 

years of flying? His actions indicated beyond doubts that his situational awareness was 

impaired. So, why didnôt the F/O intervene as required by his company SOP? 
 

CRM principles are designed in such a way that if a pilot has difficulties, he could find support 

from the other pilot. The CVR does not indicate any significant help spontaneously offered by 

the F/O to his captain, even when requested to do so; exception to that is the F/O performance of 

his routine duties. Even when the captain did not call for the after take-off checklist, the F/O did 

not remind him of that important part of the SOP! 

 

While this is true for short term flying, questions can also be raised on how the crew took the 

weather condition into account; there is no evidence in the CVR of any discussion about the 

departure strategy before take-off, or about tactical choices during the flight to avoid weather, 

despite the fact that the Tower controller had given them the opportunity to exercise their 

tactical choice in avoiding the weather, as long as they inform him of the heading they wish to 

follow. No comment is made on what is depicted by weather radar, even when sounds of heavy 

rain are heard on the CVR. No request for engine anti-ice is recorded despite the fact that they 

most likely flew in icy conditions.  
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While the captainôs actions are consistent with the symptoms of loss of situational awareness 

that could indicate some form of subtle incapacitation, the F/O failure to challenge the captain or 

take over control could be found in his reluctance to act in a manner that might generate some 

remarks similar to the one mentioned once in his training file
36

, especially with the experience 

gradient that existed between him and the captain and despite the training program and 

documentation that should have given him the administrative support for such an action. That 

experience gradient could also explain why he did not take over control of the aircraft, even 

when requested to help: if the experienced captain cannot handle it, will I be able to?  
  

2.6 Survivability:  S&R Operations 

 

Due to the impact forces with the water at such high vertical and horizontal speeds and the G 

loads at the end, the accident was not survivable.   

 

The S&R operations were launched immediately by the Lebanese government using all the 

resources available and all the help provided by friendly nationôs ships and aircraft stationed in 

the region. The S&R was led by the Lebanese Army due to logistical reasons and in order to 

provide a good protection of the accident site. 

  

In view of the existing resources, the level of crisis management planning and preparedness to 

face such a catastrophe and the prevailing weather, we can consider that the effectiveness of 

these operations was good and the organization was acceptable. However, this wouldnôt have 

been possible without the help and assistance of friendly nations help and civilian contracted 

services. Furthermore the interagency coordination was spontaneous and not in response to a 

pre-planned and exercised plan.  

Therefore, the Lebanese government should consider establishing a crisis management plan in 

order to face such situations and either equip some entity with the required resources to face 

such crises, or to establish a contract with a S&R agency to complement the DGCA contract 

with the BEA. The lack of precise data on the sea bed surface within the Lebanese territorial 

water should also be addressed.     

 

The separation of the CSMU from the main CVR chassis can only be attributed to the forces of 

the aircraft impact with the water surface. Signs of such an impact have been identified on all 

the aircraft parts that were retrieved from the sea or pictured/videotaped in the sea bed. 

 

The efforts of the navy divers, who were operating with limited equipment and under difficult 

meteorological conditions and psychological pressure, were essential in the protection, search 

and retrieval of the human remains, aircraft recorders and parts.  

 

                                                 
36

 Even if that remark was mentioned once during his training, such remarks could negatively affect pilots till 

they acquire enough experience to allow them to link such remarks to their training context.  
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Figure 18: Airplane Map 

N.B. Seats marked with an X are the seats were of the passengers whose bodies were 

recovered on day 1. Two out of these passengers were children under 5 years of age. 
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3. Conclusions 

3.1 Findings 

 
3.1.1 The Aircraft 

 

1- The aircraft was certified, equipped and maintained in accordance with existing 

regulations and approved procedures. 

  

2- The aircraft was airworthy when dispatched for the flight. 

 

3- The aircraft had been properly loaded to a TOW of 70,443 Kg with a C of G of 18% at 

the gross take-off weight. 

 

4- The Weight & Balance form listed the stabilizer setting as 5.26 units. The DFDR 

recorded a setting of 5.94 units at the beginning of the take-off roll . The AFM 

recommended setting for the aircraft take-off conditions was 6.9 units. Therefore, the 

stabilizer position during take-off was more airplane nose down, although still within the 

certified range for take-off (Green Range). 

 

5- The aircraft flew in an out of trim situation for most of the time, while all systems were 

functioning properly. 

 

6- The aircraft behavior was the result of its response to the pilotôs input throughout the 
flight. 

 

7- There was no evidence of any defect or malfunction in the aircraft that could have 

contributed to the accident. 

 

8- The aircraft was structurally intact till the last couple of seconds prior to the accident. 

However, the aircraft could have began to experience loss of structural integrity when 

passing 1290 feet during the final dive (2ò before impact) due to the excessive speed and 

loads.  However, the wreckage lay-out and CVR recording supports that itôs main body 

was destroyed by impact forces with the water. 

 

9- No signs of fire or explosion was detected in the aircraft wreckage. 

 

10- The design of the aircraftôs primary flight instruments and radio navigation instruments 
are adequate for the situational awareness of the crew at a time of high workload. 

 

3.1.2 The Flight Crew 

 

1- The flight crew were properly licensed and qualified for the flight in accordance with 

existing regulations. 

  

2- The Flight Crew was in compliance with the flight and duty time limitation regulations. 

  

3- The flight crew possessed the proper medical certification and had the opportunity to 

have the appropriate rest to operate that flight. 
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4- This was the captainôs first flight into Beirut. 

 

5- The crew expressed some concerns as a result of the meal they had during the lay-over in 

Beirut and that it could have affected the quality of their sleep prior to operate the flight. 

 

6- The captainôs actions, statements and degraded performance during that period were 
consistent with the effects of spatial disorientation and loss of situational awareness that 

could have been the result of a subtle incapacitation, although there was insufficient 

evidence to determine the reasons of that incapacitation. 

 

7- The F/O failure to abide by all the airline SOPs and intervene with the captain 

throughout most of the events of the flight, even when called to do so, contributed to the 

flight crew degraded performance.  

 

3.1.3 Flight Operations 

 

1- The flight was dispatched in accordance to the company Operations Manual. 

  

2- The Flight crew carried out normal radio communications with the relevant ATC till the 

last phases of the flight when the aircraft was approaching the spiral dive. 

 

3- The aircraft anti-icing system was not used despite the fact that the aircraft most 

probably flew in icing conditions; however, the performance analysis conducted based 

on the DFDR data indicates that icing was not a factor in the accident. 

 

4- The crew did not discuss or perform any tactical action to deviate from CB clouds 

present in the area around the airport whenever required during the flight. 

 

5- The aircraft did not follow any assigned heading provided by the ATC, despite the fact 

the crew was acknowledging the headings and the F/O was selecting them on the MCP. 

  

6- The aircraft went twice into stall situations for prolonged times (27ò & 26ò) and there 

was sufficient altitude available to recover from stall each time. 

 

7- The aircraft flew many times in a ñcross lateral controlò situations induced by the pilot 
actions on the control wheel and rudder pedals. 

 

8- During the final phase of the flight the aircraft went into an uncontrolled spiral dive 

induced by the pilot inconsistent inputs on the aircraft flight controls.   

 

9- There was no distress calls received from the aircraft during flight. 

 

10- The ATC controllers provided proper instructions and follow-up to the flight.  

 

11- The weather on the night of the accident was a contributor in increasing the workload on 

both the controllers and the Flight Crew. 

 

12- The aircraft did fly in heavy rain and icing conditions, but it did not encounter any severe 

turbulence or lightning strike. 
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3.1.4 The Operator 

 
1- The SOP of the operator did contain a statement encouraging the PM to take over from 

the PF in cases of incapacitation. 

  

2- The operator is IOSA certified with a safety program in place. 

 

3- The SOP for the PM to monitor the PF and call any deviation was not properly 

implemented and was not effective in preventing the continued degradation in the 

captainôs performance during that flight. 

 

4- The CRM training provided by the operator was not effective in promoting F/Oôs 

assertiveness and leadership. 

 

5- The operator FOQA program did not identify trends that could have lead to such an 

accident.    

 

3.1.5 ATS & Airport  Facilities 

 

1- The Ground, Tower and Area Radar controllers were all licensed, medically fit and 

correctly rated to provide the service. 

  

2- The number of ATC controllers on duty was in accordance with the regulations. 

 

3- The ATC controllerôs load was assessed as moderate with minor complexity considering 
the normal workload, weather and traffic prevailing in Beirut during that part of the year.  

 

4- The coordination between the Tower and Area controller was not in line with the ATC 

SOP, although this had no particular bearing on the accident. 

 

5- The ATC controller requested ET 409 repetitively to turn to a heading of 270 in order to 

avoid weather, traffic and mountains.  

 

6- The ATC controllers provided prompt and efficient assistance to the Flight Crew, that 

assistance was not effective. 

 

7- Despite the fact that the ATC did not receive any distress call, the ATC effective radar 

monitoring resulted in an effective response from ATC to the accident. 

 

8- All airport equipment, radars, navigational facilities and lighting were operating 

normally at the time of the accident. 

 

 

3.1.6 Flight Recorders 

 

1- The aircraft was equipped with a DFDR and a CVR. 

 

2- The DFDR was recuperated from the sea and provided all the required information 

recorded on it. 
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3- The CVR detached from its chassis and had to be retrieved from the sea bed through 

thorough under-water hand search by the Lebanese Navy Divers. 

 

4- One out of the 24 CVRôs memory chips (U16) was unreadable and prevented getting the 

full audio CAM track, creating a gap of 10ò of missing recording on the CAM twice 

during the flight. 

 

5- The quality of the audio information recorded was good. All information was 

transcribed. 

 

6- Both DFDR and CVR data were instrumental in revealing the factual information related 

to that flight. 

 

7- An ATC Radar recording was also verified and information on it was found consistent 

with the DFDR data. 

 

8- An ATC communication transcript was also developed and found consistent with the 

CVR data. 

 

3.1.7 Medical 

 
1- As a result of the impact, there was no possibility to carry an autopsy on the flight crew.  

 

2- The inability to carry such an autopsy deprived the investigation from a factual tool that 

could reveal evidence of incapacitation or other physiological factors that might have 

affected the flight crew performance.  

 

3- No medical history of the flight crew and presented to the investigation indicate any sign 

of physiological or psychological disturbance. 

 

4- Post-mortem examination and autopsies of some bodies that were recovered in 

acceptable conditions revealed no signs consistent with fire or explosion.    

 

5- All 90 persons on board were identified through DNA matching. 

 

3.1.8 Survivability 

 

1- The accident was not survivable due to the magnitude of the acceleration forces and the 

impact with the water surface. 

  

2- The occupants succumbed to the effects of the impact with the surface of the water. 

 

3.1.9 Search & Rescue Operations 

 

1- The S&R operations were effective and timely. 

  

2- Despite the lack in appropriate equipment, the devotion of the Lebanese Army personnel 

and divers was instrumental in the success of the S&R operations. 
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3- The foreign assistance provided by friendly forces stationed in the region was 

instrumental in the success of the S&R operations.  

 

4- The devotion of the Lebanese Army command and personnel and the foreign assistance 

compensated for the weak crisis management planning and interagency coordination. 

 

3.1.10 Safety Oversight 

 

1- The ECAA oversight of the operatorôs procedures and operations was adequate. 

 

3.2 Causes 
 

3.2.1 Probable Causes 

 

1- The flight crewôs mismanagement of the aircraftôs speed, altitude, headings and attitude 
through inconsistent flight control inputs resulting in a loss of control.  

 

2- The flight crew failure to abide by CRM principles of mutual support and calling 

deviations hindered any timely intervention and correction. 

 

3.2.2 Contributing Factors  

 

1- The manipulation of the flight controls by the flight crew in an ineffective manner 

resulted in the aircraft undesired behavior and increased the level of stress of the pilots.   

 

2- The aircraft being out of trim for most of the flight directly increased the workload on 

the pilot and made his control of the aircraft more demanding. 

 

3- The prevailing weather conditions at night most probably resulted in spatial 

disorientation to the flight crew and lead to loss of situational awareness. 

 

4- The relative inexperience of the Flight Crew on type combined with their unfamiliarity 

with the airport contributed, most likely, to increase the Flight Crew workload and stress.  

 

5- The consecutive flying (188 hours in 51 days) on a new type with the absolute minimum 

rest could have likely resulted in a chronic fatigue affecting the captainôs performance. 

 

6- The heavy meal discussed by the crew prior to take-off has affected their quality of sleep 

prior to that flight. 

 

7- The aircraft 11 bank angle aural warnings, 2 stalls and final spiral dive contributed in the 

increase of the crew workload and stress level.  

 

8- Symptoms similar to those of a subtle incapacitation have been identified and could have 

resulted from and/or explain most of the causes mentioned above. However, there is no 

factual evidence to confirm without any doubt such a cause. 

 

9- The F/O reluctance to intervene did not help in confirming a case of captainôs subtle 
incapacitation and/or to take over control of the aircraft as stipulated in the operatorôs 

SOP.  
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4. Safety Recommendations 
 

In accordance with Annex 13 to the Chicago Convention, the sole objective of the investigation 

shall be the prevention of accidents and incidents. Therefore, the following recommendations 

aim at preventing other accidents from similar causes.    

 

4.1 The Operator 

4.1.1 The operator should revise its CRM program in order to stress on the F/O assertiveness 

and leadership requirements especially in periods of abnormal performance. 

4.1.2 The operator should consider its classification of airports where non-technical constraints 

might affect flight operations and brief their flight crew accordingly.  

4.1.3 The operator should re-examine his crew pairing and scheduling policies in order to ensure 

a less stressful cockpit environment. 

4.1.4 The operator should consider establishing write up criteria for pilots training files in order 

to avoid the adverse effects of any miss-interpretation by the trainees. 

4.1.5 The operator should consider developing his safety oversight program in order to detect 

such potential flight crew performance. 

4.2 The ECAA 

4.2.1 The ECAA should ensure that the recommendations to the operator have been 

implemented. 

4.2.2 The ECAA should re-examine the regulations concerning crew pairing policies.  

4.3 ICAO 

The Investigation recommends that ICAO re-examines the international requirements for the 

identification, training and reporting of subtle incapacitations symptoms and cases.    

4.4 Lebanon 

4.4.1 The Investigation recommends that the Lebanese Government establishes requirements to 

ensure that responses to such accidents are made systematically without reliance on 

foreign ad hoc assistance.  

4.4.2 The Investigation recommends that the Lebanese DGCA re-evaluate the working 

conditions of the ATC personnel.   

4.4.3 The Investigation recommends that the Lebanese government considers establishing 

administrative and logistic support for such investigations.  
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Appendix A: ET Air Operator Certificate (AOC)  
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