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FOREWORD
This report presents the factual information, data analysis, conclusions, and safety
recommendations reached during the investigation. The purpose of the
investigation was to establish the circumstances surrounding this accident.
In accordance with the provisions of Annex 13 to the convention on
International Civil Aviation Organization, and Aviation Act, 1962 (Act No. 74
of 1962) as amended, the accident’s analysis, conclusions, and safety
recommendations contained therein are intended neither to apportion blame nor
to single out any individual or group of individuals. The main objective was to
identify the systematic deficiencies and draw lessons, from the occurrence,
which might help to prevent accidents and incidents in the future. To this
end, many a time, the reader may be interested in whether or not an issue was
a direct cause of the accident (that has already taken place), whereas the
investigator is mainly concerned with the prevention of future accidents/incidents.
As a result, usage of this report for any purpose other than (the latter and spirit
of Annex 13 and Aviation Act, 1962 Act No. 74 of 1962 or other relevant
statutes) prevention of similar occurrences in the future might lead to erroneous
interpretations and applications.
Note: It should be noted that this occurrence is not a typical accident and does not
strictly fall into the accident definition of ICAO Annex 13. Annex 13 defines an
accident as:Accident. An occurrence associated with the operation of an aircraft which, in the
case of a manned aircraft, takes place between the time any person boards the
aircraft with the intention of flight until such time as all such persons have
disembarked, or in the case of an unmanned aircraft, takes place between the time
the aircraft is ready to move with the purpose of flight until such time as it comes
to rest at the end of the flight and the primary propulsion system is shut down, in
which:
a) a person is fatally or seriously injured as a result of:
— being in the aircraft, or
— direct contact with any part of the aircraft, including parts which have become
detached from the aircraft, or
— direct exposure to jet blast,
except when the injuries are from natural causes, self-inflicted or inflicted by other
persons, or when the injuries are to stowaways hiding outside the areas normally
available to the passengers and crew; or
Based to the above definition and subsequent investigation process, DAAI
continued with the investigation of the occurrence with the sole purpose of
prevention.

(iii)
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Ministry of Works and Transport

ACCID/112913/1-12

DIRECTORATE OF AIRCRAFT ACCIDENT INVESTIGATION
ACCIDENT REPORT – EXECUTIVE SUMMARY
Aircraft Registration C9-EMC
Date of Accident
29 November 2013
Time of Accident
11:16
Type of Aircraft
EMBRAER 190
Type of Operation
Scheduled
Pilot – In - Command License Type
ATPL
Age
49
License Valid
Yes
Pilot – In - Command Flying
Total Flying Hours 9052.87
Hours on Type
2519.83
Experience
Last point of departure
Maputo International Airport, Mozambique (FQMA)
Next point of intended landing
4 de Fevereiro International Airport, Luanda – Angola (FNLU)
Location of the accident site with reference to easily defined geographical points (GPS readings if possible)
Bwabwata National Park, Namibia S 18° 14ʹ 24ʺ E 021° 55ʹ 02ʺ
Meteorological Information

Wind: 140°, Wind speed: 11kts , Visibility: CAVOK, Temperature: 32ºC,
Cloud cover: Scattered, Cloud base: Few @3000ft , Dew point: 14°C

Number of people on board

6 + 27

No. of people injured

0

No. of people killed

6 +27

Synopsis
The Directorate of Aircraft Accident Investigations (DAAI) under the Ministry of Works and Transport was notified by
the Namibia Air Traffic Control (ATC) at 14:30 UTC on the 29th Nov 2013 about the accident. In accordance with
Annex 13 of the Chicago Convention, Namibia as a state of occurrence notified Mozambique, state of registry and
operator, Brazil, state of manufacturer and design, Botswana, the state that was controlling the accident aircraft, Angola,
the state of final destination and USA, state of power plant manufacturer. The five (5) countries sent accredited
representatives and advisors. DAAI was responsible for organizing and conducting the investigation as well as releasing
the final report.
On the 29th November 2013 at 09:26 UTC , an Embraer ERJ 190-100 IGW aircraft with registration number C9-EMC
departed Maputo International Airport on a scheduled flight to Luanda, Angola. On board the aircraft were a total of 33
people comprised of the following: Six (6) crew members (two pilots, one engineer and three flight attendants) plus 27
passengers. The flight operations were normal and the aircraft was in radio communication with Gaborone Area Control
Centre (ACC) on frequency 126.1 MHz and was cruising at FL380 (38000 ft). At position EXEDU, a mandatory
reporting point in Gaborone FIR (Flight Information Region) which is at 72 Nautical Miles (nm) south of the point
called AGRAM in the Zambezi strip, the Namibian radar data revealed that the aircraft commenced a sudden descent
from the normal cruising level of FL 380. Radar contact and voice contact were lost with ATS (Air Traffic Services).
Search and Rescue was instituted but could not locate the accident site the same day of the crash due to bad weather that
developed in the region and nightfall. The Search and Rescue team only managed to locate the accident site the
following day (30 November 2013) at around 08:00 U T C , in Bwabwata National Park. Due to the high rate of
impact with terrain and post- impact fire, the aircraft was totally destroyed and there were no survivors.
The team led by Namibian investigators was dispatched to commence with the on-site investigations. CVR and FDR
recorders were retrieved and send to the National Transportation Safety Board (USA) laboratories for further
investigations.
The pilot was a holder of a valid Airline Transport Pilot License with Class I medical certificate valid until 02
September 2014. No restrictions were endorsed in his license. His English proficiency check was also valid until 18
March 2014 and the aircraft type was endorsed in his license. The en-route weather was fine with unrestricted
visibility. The aircraft had undergone last inspection certified on the 28 of November 2013 at 2902.00 airframe hours.
At the time of the accident, the aircraft had accumulated a further 3.0 hours since its last inspection was certified.
According to available records, the Aircraft Maintenance Organization (AMO) that certifies the last inspection prior
to the accident was in possession of a valid AMO approval number 02/OMA/2011 issued on the 20 September 2013
with an expiry date of 19 September 2014.
The Regulatory Authority (IACM) conducted an AMO audit on the 06 May 2013 and no discrepancies were identified.
As per LAM’s Maintenance and Technical Log Records, the aircraft had not yet undergone any major services apart
from some Intermediate Checks, Out of Phase Check as per the Job Card No: 296/13 that was completed on 24 October
2013 and as per MPD Rev. 5 19/13, the 14 days/120 hrs Check that was carried and certified on 28 November 2013 (the
previous day prior to the accident) as per the Job Card No: 0332/13. The aircraft was purchased brand new and has been
in operation for at least a year since it was type accepted on the Mozambique Civil Aircraft Register on 25th October
2012.
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Probable Cause
1. The inputs to the auto flight systems by the crew member believed to be the Captain who remained
alone in the cockpit when the person believed to be the co- pilot requested to go to the lavatory,
caused the aircraft to depart from cruise flight to a sustained controlled descent and subsequent
collision with the terrain.
Contributing factors
1. The non-compliance to company procedures that resulted in a sole crew member occupying the flight
compartment.
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CIVIL AIRCRAFT ACCIDENT REPORT
Name of Owner
Name of Operator
Manufacturer
Model
Nationality
Registration Marks
Place
Date
Time

: ALC E190 581 LLC
: Mozambique Airline (LAM)
: Embraer
: ERJ 190-100IGW
: Mozambican
: C9-EMC
: Bwabwata National Park, Namibia
: 29 November 2013
: 11:16

All times given in this report are in Co-ordinate Universal Time (UTC).(Namibian daytime +1 GMT)

Disclaimer:
This report is given without prejudice to the rights of the Directorate of Aircraft Accident Investigation, which are
reserved.

Purpose of the Investigation:
In terms of the Aviation Act (Act 74 of 1962) as amended, and ICAO Annex 13, this report was
compiled with sole interest of the promotion of aviation safety and the reduction of the risk of
aviation accidents or incidents and not to apportion blame or establish legal liability.
This report contains fact relating to aircraft accidents or incidents which have been determined at the
time of issue. The report may therefore be revised should new and substantive facts be made available to
the investigator(s).

1.

FACTUAL INFORMATION

1.1

History of Flight

1.1.1

On the 29th November 2013 at 09:26, an Embraer ERJ 190-100 IGW aircraft with registration
number C9-EMC departed Maputo International Airport on a scheduled flight to Luanda,
Angola. On board the aircraft were a total of 33 people comprised of the following: Six
(6) crew members (two pilots, one engineer and three flight attendants) plus 27 passengers. The
flight operations were normal and the aircraft was in radio communication with Gaborone Area
Control Centre on frequency 126.1 MHz and was cruising at FL380 (38000 ft).

1.1.2 At position EXEDU, a mandatory reporting point in the Gaborone FIR (Flight Information
Region) which is at 72 nautical miles (nm) south of the point AGRAM which is the boundary
position between Gaborone FIR and Luanda FIR (18’ 56S 02’ 228E), the Namibian Radar
Data (after it was played back) revealed that the aircraft commenced a sudden descent from
the normal cruising level of FL380 at 11:09:07. Radar footage from the Namibian Air Traffic
Services (ATS) during the investigation indicated that the target was lost at 11:15:49 at an
altitude of 6 600 ft AMSL while on its abrupt descent. The aircraft impacted the ground at
11:16:04 at an altitude of 3 390ft Above Mean Sea Level (AMSL) as indicated by the Flight
Data Recorder (FDR).
3

1.1.3

There were no distress calls made by the pilot to declare an emergency nor was there any signal
transmitted from the Emergency Locator Transmitter (ELT) due to the fact that its antenna cable
was cut during the time the aircraft impacted the terrain.

1.1.4

Namibian authorities (police) at the Eastern Kavango and Zambezi regions were informed about
the missing aircraft at around 12:00.

1.1.5

Search and rescue operation was instituted by Namibia Air Traffic Services but could not
locate the accident site the same day due to bad weather and darkness in the area. Eyewitnesses
from villagers on the Botswana side near the border heard explosions and observed smoke
coming from the Namibian territory then informed the Namibian Authorities.

1.1.6

The accident site was located the following day (30 November 2013) at around 07h00 , in
Bwabwata National Park (Namibia). The Namibian Investigators responded immediately after
the crash site was located.

1.1.7

The Government of Mozambique and the Mozambique Airline were informed by the Namibian
Government on Saturday 30 November 2013 that the wreckage has been located and identified
as that of C9-EMC, an Embraer ERJ 190-100IGW and that there were no survivors. Both
CVR/FDR recorders were retrieved from the accident site on Saturday 30th November 2013.

1.1.8

DAAI lead a team of accredited representatives and advisors from Mozambique, the state of
operator and registry; Brazil, the state of design and manufacture; Botswana, the state that was
controlling the accident aircraft; Angola, the states of final destination; and USA, state of power
plant manufacturer.

1.1.9

Based on the outcome of the CVR/FDR readout, the Directorate of Aircraft Accident
Investigation (DAAI) in Namibia issued a Preliminary report on 18 December 2013 which stated
as follow;
a) The aircraft was operating at normal conditions and no mechanical faults were detected.
b) Minutes before the crash, the F/O (first officer) left the cockpit for the lavatory and
only the Captain remained on the Flight Deck.
c) The aircraft flight altitude was manually selected three (3) times from 38000 feet
where the aircraft was cruising, to 592 feet (below ground elevation).
d) Auto throttle was manually re-engaged and throttle level automatically retarded and set
to idle.
e) The airspeed was manually changed several times until the end of the recording, which
remained close to Vmo (maximum certified operating speed limit).
f) The speed brake handle parameter indicates it was commanded to open the spoiler
panels and remained in that position until the end of the recording. This was manually
commanded as the parameter monitors the handle position.
g) During all these actions there was audible low and high chimes as well as repeated
banging, an indication for call to enter the cockpit.

1.1.10 According to the statement in LAM’s Manual of Flight Operation Chapter 10.1.4, Page 5 of 36,
Edition 3 Revision 8, (Absence from Flight Deck) which is in Portuguese but was translated in
English as follows;- “A pilot can only leave the Flight Deck when the aircraft is above 10 000 feet,
for physiological reason or w h e n carrying out his operational task. H e o r s h e s h a l l , f or that
m a t t e r , first call a cabin attendant who will remain in the Flight Deck until h i s return. At the
moment of the pilot’s exit, the other (pilot) shall lock the door, to only re-open it for the return of the
absent pilot”.

“The pilot remaining in the Flight Deck should be in a state of alert and situational awareness, have
free and clear access to the commands of the flight”. Refer to Appendix 1.
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1.1.11 All passengers in Mozambique flight 470 were issued with passenger tickets.
1.1.12 The weather at the altitude where the aircraft was cruising was fine.

1.2

Injuries to Persons
Injuries
Fatal
Serious
Minor
None

Pilots
2
-

Crew
4

-

Passengers by nationalities
1. Mozambique
2. Angola
3. Portugal
4. Brazil
5. China
6. French

Pass.
27
-

-

-

Other
-

10
9
5
1
1
1

The crew consisted of two pilots, three cabin attendants, and an engineer (all Mozambican citizens).
1.3
1.3.1
1.4

Damage to Aircraft
The aircraft was destroyed by impact forces and post impact fire.
Other Damage

1.4.1

There were substantial damage to surrounding vegetation.

1.5

Personnel Information

1.5.1

The captain was a holder of an Airline Transport Pilot License (ATPL) while the first officer
was a holder of a Commercial Pilot License (CPL). Their Medical Certificates Category I
were all valid. The aircraft type was also endorsed into their licenses.

1.5.2

A Medical report from the National Director of the Medical Assistance in the Ministry of Health
in Maputo, Mozambique stated that the Captain has gone through evaluation and physical
aptitude for carrying out pilot duties. The last time he was examined was in August 2013 when
he came for a routine medical check-up including psychological evaluation where he was
advised to change his eating patterns and practice physical exercise regularly, (at least 3 times a
week for 45 to 60 minutes).

1.5.3

Captain
Nationality
451/ PLAA/169
Licence No
Licence Valid
Ratings
Medical Expiry Date
Restrictions
Previous Accidents

Mozambican
Gender
Male
Yes
Type Endorsed
ATPL
02 September 2014
None
None
5

Age
Yes

49

Captain’s Flying Experience:
Total Hours
Total Past 90 Days
Total on Type Past 90 Days
Total on Type
1.5.4

9052.87
239.73
239.73
2519.83

First Officer
Nationality
485/PCA/457
License No
License Valid
Ratings
Medical Expiry Date
Restrictions

Mozambican
Gender
Male
Yes
Type Endorsed
CPL (with Instrument Ratings)
17 November 2014
None

Age
Yes

24

First Officer’s Flying Experience :
Total Hours
Total Past 90 days
Total on Type Past 90 Days
Total on Type

1.5.5

1183.25
101.26
101.26
101.26

Air Traffic Controller

1.5.5.1 The Air Traffic Controller responsible for the flight was suitably trained and was in possession
of a valid Air Traffic Controller License No: TC 1806503 issued by the Civil Aviation Authority
of Botswana (CAAB) on 31 July 2013 and with an expiry date of 31 July 2018.
1.5.5.2 His Medical Certificate was valid until 28 February 2014 and his English Language Proficiency
valid until 18 April 2014.
1.5.5.3 The Controller also has the following Ratings in his License:
1. Aerodrome Control Rating
2. Approach Radar Control Rating
3. Area Radar Control Rating and,
4. Approach & Area non-radar rating
1.6

Aircraft Information

1.6.1 Airframe:
Type
Manufacturer
Aircraft Serial Number
Year of Manufacture
Total Airframe Hours (At time of Accident)
Last Annual Inspection (Date & Hours)
Hours since Last Annual Inspection
C of A (Issue Date)

ERJ 190-100 IGW
Embraer S.A
19000581
2012
2905.00 Hrs and 1877 cycles since new
28 November 2013
2902.00 Hrs
3.0 Hrs
16 November 2012
6

C of A (Expiry Date)
C of R (Issue Date)
Operating Categories

15 November 2014
16 November 2012 (Present owner)
Normal (a, b, c)

1.6.2 Engines:
LH

RH

Manufacturer : General Electric
Model
: CF34-10E5
Serial Number: 424388
Date Installed: 08 October 2012
Time Since New (TSN) : 2905.00
Cycles Since New (CSN): 1877.00

Manufacturer : General Electric
Model
: CF34-10E5
Serial Number: 424408
Date Installed: 08 October 2012
Time Since New (TSN) : 2905.00
Cycles Since New (CSN): 1877.00

The aircraft had completed a 14 days/120 flight hrs inspection as per Job Number 332/13 dated
28 November 2013 which consisted of general visual inspection. Refer to Appendix 2.
1.6.3

Auto flight

1.6.3.1 Autopilot
The Embraer 190 features the Honeywell Primus Epic Avionics System which encompasses the
Automatic Flight Control System (AFCS). The AFCS is an integrated system that processes
inputs from several airplane systems and sensors. The AFCS is comprised of the Flight Director,
Auto Pilot and Yaw Damper.
The autopilot is engaged by the operation of pushbutton switches on the Guidance Panel (GP).
Once engaged, the autopilot can control the aircraft in various modes selected on the GP. The
autopilot has several pitch modes, including Vertical Navigation (VNAV) and Vertical Speed
(VS).
In VS mode, the auto throttle modulates the engine thrust to maintain the speed set on the
GP. The autopilot uses elevator commands to control the aircraft’s vertical speed to the
vertical speed/flight path angle set on the GP.
1.6.4

Emergency Locator Transmitter (ELT)
ELT’s are radio beacons installed on aircraft used to transmit signals through emergency
frequencies so that in the event of an aircraft accident in a remote location Search and Rescue
Operations (SARs) can locate the aircraft with ease. The word “Beacon” is associated with these
devices.
The information contained in the message may include:
(a) Serial number assigned to the ELT by the beacon manufacturer or the national beacon
registration authority, or
(b) Aircraft identification or registration number, and
(c) Country of registration and country code.
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1.7
1.7.1

Meteorological Information
The following weather information was obtained from Maun weather station in Botswana
at 11H00Z which is nearest weather station and 140nm south of the crash site. The
Namibian Weather Bureau’s weather information for the area at the time of the crash also
indicated that the weather on 29/11/2013 was fine. There were some scattered clouds at 3000
ft AGL which was far below the 38000 ft to which the aircraft was cruising and wouldn’t have
any adverse affect to the aircraft flight path.
Wind direction
Temperature
Dew point

140°
32ºC
14°C

Wind speed
Cloud cover

11kts
Scattered

Visibility
Cloud base

≥ 10 KMs
Few@3000

1.8 Aids to Navigation
1.8.1

The aircraft was equipped with standard navigation equipment required for that type and no
difficulties with Navigation Aids were reported.

1.9 Communications.
ATC Recordings
1.9.1

At 10:18:58 Mozambique Airline Flight LAM 470 entered the Gaborone Flight Information
Region (FIR) at Point ETMIT FL 380.

1.9.2 The flight was in communication with Gaborone Area Control Centre (ACC) on Frequency
126.1 MHz and was cleared to maintain Flight Level 380 and to report when at point AGRAM.
1.9.3

At 10:19:19 Mozambique 470 responded by acknowledging and repeating the ATC instructions.

1.9.4

At 10:19:26 the ATC requested the estimate for AGRAM as well as the aircraft registration.

1.9.5

At 10:19:32 Mozambique 470 gave the estimate and registration.

1.9.6

At 11:17:33 almost an hour later, Gaborone ATC transmission to aircraft “Mozambique 470 you
can continue with Luanda 8888, 5565 good day”.

1.9.7

At 11:17:44 Gaborone ATC called Mozambique 470 and the aircraft didn’t respond. There was
no further communication with the aircraft.

1.9.8

At 11:22:29 Gaborone ATC phoned Luanda and said “LUANDA, Gabs, just advice if you are in
contact with Mozambique 470, he is not talking to me, are you in contact there?” Luanda’s
response was inaudible.

1.9.9

There was no further communication between Gaborone ATC and Luanda ATC until 13:05.
About 5 minutes before the estimated time of arrival (ETA), Luanda ACC called Gaborone ACC
at 13:05 to inform them that the aircraft (LAM 470) was still not in contact with them.
CVR recordings

1.9.10 The aircraft was equipped with two CVR’s which were integral with the FDR’s to function as a
CVFDR unit. The CVFDR unit was hand carried for decoding at National Transportation Safety
Board (NTSB) Vehicle Recorder Division’s Audio Laboratories in Washington DC, USA.
8

1.9.11 The CVR retains only approximately two hours of recordings. Its recordings started with
00:01:55 and ended 02:02:27 (these time are not in or any other time but are just CVR
elapsed time).
These are the most significant events as recorded on the CVR: After 11min and 51sec into the recording, the CVR indicate the aircraft took-off from
Maputo.
 After 00:14:57, LAM 470 acknowledged squawk 2651.
 After 00:17:10 the aircraft was cleared by Maputo ATC to FL 150 and then cleared for
FL 380 at 00:20:20.
 After 01:50:27 the first officer said that he has to go to the toilet and then asks the
captain if he has the controls, on which the Captain responds, no problem.
 After 01:50:37 there is sounds of the door unlocking and headphones manipulations
 After 01:52:16 there is sounds to door locking followed by sound similar to electric door
locking
 After 01:53:31 sound of clicks, similar to altitude preselect rolling
 After 01:56:46 to 01:56:48 [sound of two thumps, similar to trying to open door]
 After 01:57:33 auto voice [‘ high speed. high speed. high speed, high speed’]
 After 02:00:28 [sound similar to 7 knocks]
 After 02:01:25 Auto voice [High Speed High Speed.]
 After 02:01:27 sound of loud knocking
 After 02:02:05 multiple

[sounds of hi/lo chime]

 After 02:02:15 EGWPS [sink rate, sink rate, sink rate, Pull-up! Pull-up! Pull-up! Pullup!]
The CVRs did not pick any conversation from the flight deck after the first officer left the
cockpit until the aircraft impacted the terrain.
1.10 Aerodrome Information
1.10.1 N/A as the accident did not take place at an aerodrome.
1.11

Flight Recorders

1.11.1 Introduction
The aircraft was equipped with two recorders (CVFDR)1, each being a combined Cockpit
Voice Recorder and Flight Data Recorder.

1
Model 1605-00-xx Manufactured by Universal Avionic Systems Corporation. The FDR component can receive data in the ARINC 573/717/747
configurations and can record a minimum of 25 hours of flight data The Universal CVFDR is designed to meet the crash-survivability requirements of TSO
C124b.
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The FDR component records airplane flight information in digital coded data format using solid
state flash memory as the recording medium. Both recorders were manufactured by Universal
Avionics Systems Corporations and had recorded approximately 141 hours of Data. The event
flight was the last flight on the recording and its duration was approximately 1 hour and 50
minutes.
The CVR component of the CVFDR records two hours of digital audio to solid state memory in
a four channel format, one channel for captain one for first officer, one for third crew member
and/or passenger address system and one channel for the cockpit area microphone.

1.11.2 Flight recorder opening operations and read-out
The two flight recorders were hand carried by DAAI investigator to Washington DC on
December 11, 2013. It was evident on inspection of the heat and structural damage. The serial
number could not be identified therefore they were identified as Recorder ‘A’ and Recorder ‘B’.
Recorder A’s memory module was found to have the ribbon connector cable still intact and was
attached to the DRU and downloaded as shown in figure 2. Recorder B’s memory module had a
damaged ribbon connector and was downloaded using a hardware connection to the DRU using
the chip itself as shown in figure 3. The downloading2 was conducted successfully. The
recorders were disassembled and downloaded in accordance with procedures defined by
Universal Avionics Systems Corporation, the recorder’s manufacturer.
1.11.3 Description
The FDR’s recorded approximately 141 hours of data. Both recorders terminate at the same moment
showing a last recorded time3 of 11:16:26 .
The event flight was the last flight of the recording and its duration was approximately 1 hour and 50
minutes. For this report, the data from recorder A is used. A review of data from recorder B indicated no
significant difference in data values.

2

The download procedures included the use of a Universal Data Recovery Unit (DRU), Universal part number 1605-75.
Timing of the FDR data is measured in sub-frame reference number (SRN), where each
SRN equals one elapsed second.

3
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Figure 1. Extraction of memory module for recorder A.

Figure 2. Recorder A’s memory module attached to the Universal DRU through the ribbon
cable.
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Figure 3. Recorder B’s memory module attached to the Universal DRU via a direct chip connection.

Figure 4. Illustrates heat and structural damage on the CVFDR, A (left) and B (right).
The aircraft descent was characterized by a stable descent along its longitudinal and lateral axis and
maintained its course though out the flight.
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The aircraft cabin were adequately pressurized for the entire flight and no rapid depressurization
was detected. There was no cabin pressure loss warning which actuates an EICAS message and a
voice alert whenever the cabin altitude approaches 9,700 ft.
1.11.4 The following are the chronological order of events of flight during the final 12 minutes
before the accident, calculated from 11:04:04 to 11: 16:25 : This does not include the last
recorded second (11:16:26 ) as it contains invalid data due to the impact:
All times cited herein are in UTC
At 11:04:04, the aircraft was flying at FL380, with ALTITUDE PRE-SELECTOR set to 38,000 ft. The
autopilot was engaged (and remained engaged until the end of the recording), with flight director
vertical mode VALT (FMS altitude hold). The indicated airspeed was 246 knots and the cabin altitude
was 7,050 ft. The cabin altitude remained below 8,000 ft until the end of recording.
The CVR picked click sounds of the altitude preselect rolling at 1hour 53 minutes and 31
seconds into the flight. These sounds are consistent to the FDR outputs which showed that:
At 11:06:36, the altitude pre-selector adjustment adjusted from FL380 to 4,288 ft.
At 11:06:52, the altitude pre-selector adjustment adjusted from 4,288 ft to 1,888 ft.
At 11:07:08, the altitude pre-selector adjustment adjusted from 1,822 ft to 592 ft.
Note: These adjustments require the pilot to manually select the desired value by the use of the ALT
SEL rotary knob on the guidance panel. The selected altitude readout is displayed in the PFD.
At 11:07:41, AUTOTHROTTLE ENGAGED parameter transitioned from ENGAGED to NOT
ENGAGED. As the parameter MASTER CAUTION remained not active by the time of the
disengagement, it is possible to infer that this action was manually performed while the system
remained operating normally.
At 11:07:25 to 11:08:41- For the duration of 1 minute and 16 seconds period, the parameter PACK
2 FLOW drops to zero with no associated CAS message. PACK 1 FLOW parameter also assumes
higher values indicating that the AMS system was operating without fault, following pilot’s inputs.
At 11:08:31, the engaged autopilot vertical mode transitioned from FMS altitude hold (VALT) to
FMS flight level change (VFLCH) and subsequently to flight level change (FLCH).
At 11:08:42, the auto-throttle was manually reengaged and the throttle levers were automatically
retarded. This is the expected behavior as the FLCH mode was engaged and the desired altitude
(altitude pre-selector) was below the current aircraft altitude.
At 11:09:01 – After the throttle levers were reduced, the auto-throttle was disengaged. The
MASTER CAUTION parameter remained off, indicating that this disengagement was manually
performed.
At 11:09:26, the TLA (throttle lever angle) parameters indicate and advance and subsequent retard
back to IDLE at 11:09:35. This action was manually accomplished as the auto-throttle was disengaged.
4

The pressure difference between inside the cabin and the outside atmospheric pressure, pressure inside the cabin can be about 8 psi higher than the pressure
outside. Eight psi is about half an atmosphere. At lower altitude delta p is lower increasing as the cabin altitude increases to a ceiling of 7.8psi with a max
cabin altitude of 8,000 at 37000 feet then 8.34psi to 41,000ft.

At 11:09:52, the parameter SELECTED AIRSPEED AUTO transitioned from ACTIVE to
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INACTIVE at the same time that the SELECTED AIRSPEED MANUAL transitioned from
INACTIVE to ACTIVE.
At 11:10:54, the SPEED BRAKE HANDLE parameter indicates that it was commanded to open
the spoiler panels and remained in this position until the end of recording. This was manually
commanded as the parameter monitors the handle position.
Note: After the speed brakes were commanded open, the vertical speed rises reaching a maximum
value of 10560 fpm at 11:11:34. Also, the indicated airspeed rises, leading to the automatic transition
of the flight director vertical mode from FLCH to OVSP (over-speed) at 11:11:34; 11:13:57;
11:15:01; 11:15:08 and 11:15:15.
At 11:12:52, the BLEED 1 PRESS and BLEED 2 PRESS drop simultaneously to near zero. The
fact that there is no MASTER CAUTION parameter activation indicates that both bleeds were
intentionally deactivated.
Between 11:13:27 and 11:13:33, while the aircraft was cruising at 17,000 ft, the parameter
MASTER CAUTION was activated. Technical analysis revealed that this MASTER CAUTION is
associated with the detection of icing conditions. In this situation the anti-ice system will be
automatically activated. However, since the pilot turned off both bleeds, the anti-ice system activation
was not feasible. In response, the A-I WING FAIL caution message was generated.
At 11:16:01 (25 seconds before the end of recording), the GPWS CAUTION parameter indicates
that the first GPWS alert was triggered as the aircraft crossed 2,010 ft AGL (5,150 ft ASL), followed
by a second activation at 11:16:06 at which height, recovery maneuver to level flight was still
achievable.
At 11:16:14, the parameter GPWS WARNING was activated and at 11:16:24, the GPWS
TERRAIN PULL-UP parameter was activated.
Note: All the actions observed in the DVDR requires knowledge on the EMB-190 system, specially
on the automatic flight control system, as the entire descent was performed with the autopilot engaged
and with the CONTROL COLUMN PILOT/COPILOT FORCE remaining near zero.
1.12 Wreckage and Impact Information
1.12.1 Wreckage site
The accident occurred in a remote national park which is a seasonal dry savanna / wetland, with patchy
shrub and tree coverage. The site was only accessible with all terrain vehicles and was far from any
settlement.
The aircraft pitch nose down angle was approximately at -8° degrees just before impact. The first
point of impact with the ground was evident by two smooth almost identical pits which are consistent
with the distance between the two engines.
The ensuing debris were distributed further forward for about 487 meters where the left main landing
gear was located. The landing gear were retracted and found upstream of the main crash site.
The aircraft crashed wings level facing in a north westerly direction of approximately 341° Magnetic
north.
The trunions were relatively intact and the tyres did not display evidence of rolling and not
punctured. Flights control surfaces i.e. flap and slats were retracted. Turbine blades were damaged,
indicating that the engines were running at the time of impact, which is consistent with FDR data. Soot
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patterns were largely vertical.

Figure 5. The main part of C9-EMC airframe that was found on the accident scene.
N

Figure 6. High resolution pictures taken by Drone (eBee by Copture Drone Technology).
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Figure 7. Illustrates the nominal angle of impact.

Figure 8. Illustrates the tremendous impact forces of the crash.
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Figure 9. Illustrates one of the first trees the aircraft impacted before impacting the ground.

Figure 10. One of the main landing gear tyres exhibiting little signs of ground roll.
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Figure 11. Stripped turbine blades

Figure 12. Opposite engine stripped turbine blades
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1.13 Medical and Pathological Information.
1.13.1 The National Forensic Science Institute of Namibia (NFSI) conducted a Disaster Victim
Identification Process and completed the Forensic testing of 1022 post mortem samples on the
human remains recovered from the crash site of LAM 470 at Bwabwata National Park in
Namibia.
1.13.2 These were compared against the profiles provided as direct references or by families, in an
attempt to make identifications based on morphological, dental or genetic analysis. The NFSI
has successfully identified the remains for all victims of the air crash of LAM 470.
1.13.3 The remains of the pilot was collected, examined and identified both morphologically as well as
genetically. Specific emphasis was placed on the collection of viable biological tissue or residue
sufficient to perform blood alcohol analyses and or toxicological analyses on. None was found
given the degree of fragmentation and degradation discussed supra.
1.13.4 The high degree of fragmentation of the bodies of the victims of the crash was indicative of the
forces exerted at the time of impact. The said high degree of fragmentation turned a Disaster
Victim Identification (DVI) examination of a relatively small number of victims into a DVI
project with a massive scope considering that large number of human remains that have resulted
from the crash.
1.13.5 The remoteness and environmental conditions of the crash site itself also contributed to the
complexity of the analyses and posed major challenges. In fact the high degree of degradation of
the human remains posed a major challenge for the morphological and genetic analyses of the
remains resulting in a relatively protracted and complex process.
1.13.6 Some of the identified remains were repatriated in observance of the recorded wishes of the
families and loved ones. This was performed in accordance with international DVI guidelines.
The non-identifiable remains were interred at a location in Windhoek - Namibia on the 28th of
April 2014.
1.14 Fire
1.14.1 The aircraft wreckage was destroyed by post impact fire. The surrounding vegetation was also
destroyed by the fire. Due to the remoteness of the accident site and the time the wreckage
was found, the fire rescue services could not be carried out.
1.15 Survival Aspects
1.15.1 The pilot did not declare any emergency with ATC services nor did he squawk the international
emergency code 7700 on the aircraft transponder. No signals were received from the ELT after
the aircraft crashed. Search and Rescue was initiated at 16:50 by Namibia Air Traffic
Services. Due to high rate of impact forces the accident was not survivable.
1.16 Tests and Research.
1.16.1 The FDR/CVR recorders were sent to the National Transport Safety Board (NTSB)
Laboratories in Washington DC, USA for readout. Refer to Appendix 3.
1.16.2 Engineering Data taken from the FDR analysis at NTSB containing various commands and
inputs of the flights controls as well as Auto-Pilot were plotted against the time frame
analysis of the last 12 minutes of the flight.
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1.16.3 Level D flight simulator investigations were conducted at the Azul Flight Training Centre in
Brazil in coordination with CENIPA and Embraer (manufacturer) as well as the accredited
representative and advisors from Mozambique Airline and Mozambique’s Ministry of Transport.
The investigation flights on the simulator were performed by manufacturer’s test pilots. The
objective of the simulator investigation was to reproduce the accident sequence, observe the
pilots inputs to the aircraft controls against the autopilot and the reaction of the aircraft and
determine if consistent with the outputs as seen on the FDR Data, as well to determine existence
of any system deficiencies for the sole purpose of improvement to safety. Refer to Appendix 4.
1.16.4 Four sets of descents were conducted in the simulator which consisted of the last 12 minutes of
the flight.
•

First decent was performed and was regarded as the training flight for the Embraer test pilots to
perfect the inputs as per FDR (Flight Data Recorder) analysis and the time frame reference.

•

The second flight was conducted and recorded on camera; no motion was imputed in the
simulator so as to accommodate more participants on the cockpit.

•

The third flight was performed as per FDR (Flight Data Recorder) outputs and included a full
recovery before impact to access if mitigation actions were possible even after the first EGPWS
(Electronic Ground Proximity Warning System) ‘PULL-UP’ commands with speed brakes
deployed and engines at idle.

•

The fourth and final descent was conducted with full motion activated and with all action being
performed by one crew member sitting on the left as per FDR Data outputs.

1.16.5 Emergency Locator Transmitter
ELT’s are designed to activate automatically during an accident which is typically when certain
G-forces are exceeded it will activate.
Locating an aircraft which has crashed, quickly, is critical in increasing the survivability of its
occupants who may be injured and unable to assist themselves or transmit distress signal for
rescue.
This is particular true especially in hostile environment from further effects of the environment
such as weather and hostile environment.
However many a times ELTs have failed to activate and leading to the questions how effective
are these devices to fulfilling their functions. This investigation revealed this particular weakness
in these devices.
According to a research done by Australian Transport Safety Board (ATSB) ‘ELTs function as
intended in about 40 to 60 per cent of accidents in which their activation was expected’
(Australian Transport Safety Bureau 2013). The research further claims that ELT did not work
for a number of reasons such as:




not selecting the ELT activation to armed before flight
disconnection of the co-axial antenna cable from the unit during impact
damage and/or removal of the antenna during impact
and aircraft coming to rest inverted after impact.
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Figure 13. Number of fitted ELTs which activated for high G-force accidents by
occurrence type 1993-2012
Most accidents involving high energy impact such as CFIT (controlled flight into terrain), mid
air collision and wire strike had lower proportion of ELT activation, the report attribute this to a
number of reasons, including the crew not ‘arming ‘ the ELT before flight, incorrect installations
and flat batteries, a lack of water proofing or fire protection however for this particular case
(LAM 470) one ELT was found intact and flashing indicative of functioning but the
disconnection of the co-axial antenna cable from the unit during impact prevented any
transmission.
Antennas are located usually on a remote part of the aircraft fuselage away from the actual ELT
transmitter which then requires a long cable that raises the possibility of disconnection when
there is an accident
Summary
ELTs are safety devices which present a great opportunity to increase survivability of occupants
whose aircraft crashes on remote locations. Search and rescue operations can be very expensive
and an effective ELT can greatly reduce the precious time and resources needed to perform this
action.
There is a need to increase their affectivity even on a high energy crash. Technology exist such
as in mobile phones and satellite phones that enable transmission through an integral antenna as
opposed to the remote fuselage fixed antenna that requires a routing to the unit.
1.16.6 Environment Impact
After the onsite investigation was completed, DAAI contracted BCG Aircraft Recoveries B.V
from Holland which recovered all the aircraft wreckages and move them to a safe storage
facility. The area was again scrutinized for composite materials, metal contaminations and
plastic residues. All these debris that was contaminated were removed to a safe storage. DAAI
revisited the site almost a year later to access the presence of any significant debris that might
have been exposed by seasonal rain in that area.
DAAI used Drones to take aerial pictures and access progression of the clean-up and ensure that
as much debris as possible was removed to try and restore the environment to its original pristine
conditions.
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Figure 14: Second stage of clean-up

Figure 15: Drone picture of third stage of clean-up
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Figure 16: Drone picture of fourth stage of clean-up
The Ministry of Agriculture, Water and Forestry
As per the request from DAAI, the team of experts from the Analytical Services and Production
Development of the Ministry of Agriculture, Water and Forestry travelled to the crash site at
Bwabwata National Park and collected the samples of soil for analysis. This was to determine
the level of environmental impact (possible damages and contamination to the soil) which is in
line with the Government policies on Environmental impact and assessments. The report made
available to the investigation team by the Analytical Services and Production Development of
the Ministry of Agriculture water and Forestry stated the following:a)
b)
c)
d)
e)
f)

The soil reaction (Ph) is slightly alkaline
Phosphorous and Potassium are very low
Calcium is low
Magnesium low
Sodium low
Electrical conductivity (EC) is very high

This team of expert from the Ministry of Agriculture, Water and Forestry recommended that the
area be fenced and soil and plant samples to be taken every year (for at least 3 to 5 years) in
order to monitor if there will be any changes with the soil and plants since there were no any
samples taken from this specific place before the crash, to determine the level of impact caused
to the environment after the crash.
The Ministry of Mines and Energy
The other soil samples were sent to the Geochemistry and Laboratory Division in the Ministry of
Mines and Energy for them to carry out another analysis to determine the level and the presence
of Heavy Metal. Using the handheld Notion XRF Analyzer which uses the wavelength
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dispersive x-ray fluorescence technique, the following were the findings made available to the
investigation team:a) The geochemical values (in parts per million (ppm)) for heavy metals such as Lead,
Vanadium, Cobalt, Manganese, Barium and Arsenic were low and did not exceed the
required limits for soil.
b) Whereas Copper, Chromium, Nickel and Zinc exceeded the required limit.
c) Cadmium (Cd) recorded the highest concentration of heavy metals which exceeded
the required limit in most of the bottles with soil samples analyzed.
Although the heavy metal concentration on the elements listed in (b) and (c) were recorded high, it could
not be directly associated with the aircraft impact.
1.17 Organizational and Management Information
1. LAM 470 was on a scheduled flight operating on the TM 470 route.
2. The aircraft was owned by ALC E190 581 LLC and was operated by Mozambique Airline (LAM).
3. The last Inspection was certified on 28 November 2013 at 2902.00 airframe hours. At the time
of the accident the aircraft had accumulated a further 3.0 hour since its last Inspection was certified.
4. The Aircraft Maintenance Organization (AMO) which carried out the last Inspection to the aircraft
prior to the accident was in possession of a valid AMO Approval Number 02/OMA/2011 issued on
20 September 2013 and having an expiry date of 19 September 2014.
5. LAM had advanced proactive safety procedures that were way above the international minimum
standards. Such procedures such as “more than one person in the cockpit” are only being adopted
by most airlines after 2014.
1.17.1 Operator
The aircraft has been operated and maintained by Mozambique Airline under AMO Approval No.
02/OMA/2011 issued by Mozambique Civil Aviation Authority (IACM) on 20 September 2013 with an
expiry date of 19 September 2014.
The aircraft was purchased new and has been in operation for at least a year since it was type accepted
on the Mozambique Civil Aircraft Register on 25 October 2012.
As per Mozambique Airline (LAM)’s Maintenance and Technical Log Records, the aircraft has not yet
undergone any major service apart from several Intermediate Checks. The aircraft also had an Out of
Phase Check carried out which was completed and certified on 24 October 2013 as per the Job Card No.
296/13. Refer to Appendix 5.
There was also a 14 days/120 hrs Check that was carried out and certified on 28 November 2013 at
2902.0 airframe hours (the previous day prior to the accident), as per MPD Rev. 5 19/13 and as per Job
Card No. 0332/13. Refer to Appendix 2.
The Regulatory Authority (IACM) conducted an Aircraft Maintenance Organization (AMO) Audit at
LAM on the 6th day of May 2013 and no discrepancies were identified.
1.17.2 Air Traffic Services
Mozambique 470 departed Maputo at 09:26 for Luanda estimated for 13:10 . Mozambique 470 entered
Gaborone FIR (Botswana airspace) at 1018:58 and it was in normal radio communication with
Gaborone ACC (Area Control Centre) on frequency 126.1 MHz and was maintaining FL 380.
Gaborone ACC was operating a combined Area east 126.1MHz and Area West 127.1MHz.
The flight was uneventful until position EXEDU from where the radar playback revealed the aircraft
descending rapidly. EXEDU is a mandatory reporting point in the Gaborone FIR (Flight Information
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Region) which is at 72 nautical miles (nm) south of the point AGRAM, which is the boundary position
between Gaborone FIR and Luanda FIR (18’ 56S 02’ 228E).
The controller who was on duty at Gaborone ACC did not notice that the aircraft has commenced a
rapid descent as he was busy with other conflicting traffic on the radar and had informed Luanda to
advice once communication with LAM 470 is established.
13:21 SATCO (Senior Air Traffic Controller) was informed of the missing aircraft.
13:25 SATCO checked with Lusaka (Zambia) ACC.
13:29 SATCO checked with Windhoek ACC.
13:35 SATCO informed CAAB management.
13:38 SATCO established flight details with the morning shift controller.
13:46 Windhoek advised that they had received calls of sightings of a crash in Rundu.
14:42 Windhoek confirmed the crash reported in Rundu but due to the remote area could not
positively identify it as LAM 470.
1.17.3 Airport and aerodromes
The accident did not take place on an airport but in a remote national park with dense vegetation.
1.17.4 Regulatory Authorities
The aircraft was type accepted in the Mozambican Civil Aviation Register on 25 October 2012.
The Regulatory Authority (IACM) conducted an AMO audit on the AMO at Maputo International
Airport on the 06 May 2013 and no discrepancies were identified.
Mozambique Civil Aviation Authority (IACM) issued an AMO Approval No. 02/OMA/2011 to
Mozambique Airline on 20 September 2013 with an expiry date of 19 September 2014.
As per the Mozambique Civil Aviation Authority and LAM’s Maintenance and Technical Log Records,
the aircraft has not yet undergone any major services apart from some Intermediate Checks, Out of
Phase Check as per the Job Card No: 296/13 that was completed on 24 October 2013 and, as per MPD
Rev. 5 19/13, the 14 days/120 hrs Check that was carried and certified on 28 November 2013 (the
previous day prior to the accident) as per the Job Card No: 0332/13.
1.17.5 Other weather agencies
As per the weather information obtained at 11H00Z from Maun, Botswana which was the nearest
weather station and 140nm from the crash site, it indicated that the weather was fine with unrestricted
visibility and the temperature at the area where the accident took place, ranging up to 32°C maximum.
The Namibian Weather Bureau indicated the same as the Botswana obtained weather information
from Maun that the weather at around 11:00 at the area and altitude of the crash on 29 November
2013 as fine with an unrestricted visibility therefore was not considered as a factor contributing
to the accident. There was some scattered clouds cover at 3000 ft AGL which was far below the 38000
ft to the aircraft was cruising and could have no any affect to an aircraft flying at that altitude.
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1.18 Additional Information
Human Factors
1.18.1 During the investigation, the team travelled to Maputo in Mozambique looked into Mozambique
Airline, the Institute of Civil Aviation of Mozambique (IACM), the Immigration department at
Maputo International Airport and also interviewed the family members and friends of the two
pilots.
1.18.2 The investigation team found out that all passengers were issued with passenger tickets and no
evidence shows that there was any passenger who did not pass through security screening.
1.18.3 The Investigation team also discovered through the interview that the captain went through
numerous life experiences ranging from:
a) The separation from the first wife on which the divorce process had not been dissolved to
almost (10) years after separation.
b) The death of a son who passed away in a car accident on a suspected suicide on the 21st of
November 2012.
c) The captain was reported as not to have attended his son’s funeral.
d) The captain’s youngest daughter underwent heart surgery in one of the hospitals in South
Africa not long time ago.
1.9

Useful or Effective Investigation Techniques

1.19.1 Remotely Piloted Aircraft (RPA)
Due to the remoteness of the accident site which made it challenging for the investigators to gain
access and survey the entire site effectively, DAAI utilized an RPA (Remotely Piloted Aircraft)
to take aerial photographs for further investigations and surveying. DAAI contracted Copture
FotoGrammetri a company that specializes in high resolution precision aerial photography using
Remotely Piloted Aircraft (RPA) and incorporated Google earth system. The images along with
elevation data and GPS positions were then merged to generate a geo-referenced photo
mosaic. This involved taking many high resolution photographs and then combining the
pictures into a clear precise photographic map. This technology was critical in the
reconstruction stage and helped identify critical pieces of wreckage that could have been missed
by ground survey of the site.
The technology also enabled the investigators to conclude the on-site investigation much faster
and start the environmental clean-up of the site to enable the restoration of the site to its pristine
condition, especially due to the fact that it is a very important national park with all kinds of
animals roaming freely.
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Figure 17. Copture’s eBee Remotely Piloted Aircraft
(RPA).

Quad-copter drones were used to assess the progress of the clean up on the accident site to ensure all
debris was removed and as much as possible try and restore the environment to its original condition.
N

Figure 18.

High resolution geo-referenced photo mosaic by Copture Fotogrammetri using an eBee
Remotely Piloted Aircraft (RPA).
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1.19.2 Flight Path Reconstruction
Flight path reconstruction that utilizes flight data to construct 3D animation incorporating flight
deck instruments is an essential investigation technique that enables an investigator to quickly
understand exactly what transpired overcoming weakness in traditional methods such as graphs
charts and tables that require considerable amount of time and knowhow to absorb the extensive
information and show an accurate picture of what happened. Interpretation can dilute the content
of the information which is why this method is most useful.
DAAI utilized the Embraer FLYBACK animation software. This enable the investigation to
visualize the last critical moment of the occurrence and with the combinations of other methods
have a better understanding of the last phases of the flight. This clearly shows how the controls
were manipulated and the reaction of the aircraft to those inputs.
Below is a snapshot from the Animation which depicted the ‘controlled’ descent of the aircraft
auto flight system. This snapshot illustrates that the altitude was selected at 592ft which is below
the area’s field elevation of around 3600ft AMSL. It also displays the excessive descent of the
vertical speed at 10158ft/minute.
The speed was selected at 309 knots and because of the high rate of descent the actual speed
was way higher than the selected speed. The cabin altitude remained at a comfortable 6300ft
ruling out any rapid decompression as a motive to descend. At this point the aircraft was still in
an altitude flight level change mode meaning the aircraft is trying to achieve selected altitude of
592 ft given the selected speed of 309 knots.
Speed brakes are displayed as being deployed, an indication of desire to achieve the highest rate
of descent in autopilot mode to counter corrective autopilot maneuver that would level the
aircraft as a speed protection to prevent the aircraft reaching Vmo (over speed).
The throttle level at this point were at flight idle which confirmed by the N1 (engine fan
speed) N2 engine rotor speed indication. The angle of attack was normal ruling any
possibilities of stall.

Figure 19. LAM 470 at peak of descent with the VS of -10158 ft/m
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1.19.3 Embraer 190 Simulator Reconstruction Flight
The FDR/CVR recorders were sent to the National Transport Safety Board (NTSB)
laboratories in Washington DC, USA for readout. Engineering Data taken from the FDR
analysis at NTSB containing various commands inputs of the flights controls as well as
Auto-Pilot were plotted against the time frame analysis so as to recreate the last 12
minutes of the flight in a flight simulator.
Level D5 flight simulator investigations were conducted at the Azul Flight Training Centre in
Brazil in coordination with CENIPA (accredited representative from state of manufacturer) and
Embraer (manufacturer). There were also accredited representatives from Mozambique Airline
and Government.
The Flight Investigations on the simulator were performed by manufacturer’s test pilots. The
objective of the simulator investigation was to reproduce the accident sequence, observe the
pilots
inputs to the aircraft controls against the autopilot and the reaction of the aircraft and
determine if consistent with the outputs as seen on the FDR Data. The investigation also wanted
to determine the existence of any system deficiencies.
5

There are currently four levels of full flight simulator, level A – D; level D being the highest standard. A Level D/Type 7 FFS also provides motion
feedback to the crew through a motion platform upon which the simulator cabin is mounted. The motion platform must produce accelerations in all of the
six degrees of freedom (6-DoF) that can be experienced by a body that is free to move in space.

2
2.1

ANALYSIS
Flight Operations
2.1.1 Flight crew qualifications
The flight crew were suitably qualified and experienced in their respective roles. At the time of
the accident they were within their allowable duty time and they were suitably rested.
2.1.2 Conduct of the Flight
LAM 470 departed Maputo at 09:26 for Luanda estimated their arrival at 13:10. The Flight
operations were normal and the aircraft was cleared by Gaborone ATC for FL380 (38000ft)
which was maintained from 9:55 till 11:09 just before the position EXEDU.
Most of the conversation in the cockpit for the first one hour and fifty minutes of the flight was
dominated by general discussion about the country’s politics and social activities. There was a
cordial if not pleasant conversation between the two crew members in the cockpit, at no point
was there a hint of any un-procedural activities or other deviation.
After 1hour 50 minutes into the flight the First Officer stated he had to go to the toilet and asked
the captain if he had controls to which he responded “no problem” and thereafter sounds similar
to door unlock jingle are heard and then immediately after, the electromechanical door latch are
closing.
From this time there was no other intra-cockpit conversation recorded on the CVR indicating
that the Captain remained alone in the cockpit which is not in line with the company procedures.
At 11:04 The aircraft was flying at FL380, with ALTITUDE PRESELECTOR set to 38000 ft.
Autopilot was engaged (and remained engaged until the end of recording) with flight director
vertical mode VALT (FMS altitude hold).
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At 1:53:31 hours into the flight the CVR picked click sound of the altitude preselect rolling,
these sounds are consistent to the FDR outputs which showed that at;
11:06:36 - the altitude preselect adjustment (from FL380 to 4,288 ft,
11:06:52 - the altitude preselect adjustment (from 4,288 to 1,888 ft,
11:07:08 - the altitude preselect adjustment (from 1,888 ft to 592 ft,
At 11:07:41 the FDR recorded the AUTOTHROTTLE ENGAGE parameter being
transitioned from ENGAGED to NOT ENGAGED at this time the MASTER CAUTION
remained inactive. This can be attributed to the action being performed manually i.e.
through commanded input rather than inadvertently6.
11:08:31 The engaged autopilot vertical mode transitioned from FMS altitude hold (VALT) to
FMS flight level change (VFLCH) and thereafter flight level change (FLCH)7.
11:08:42 – The auto-throttle was manually reengaged and the throttle levers were automatically
retarded. This is the expected behavior as the FLCH mode was engaged and the desired altitude
(altitude pre-selector) was below the current aircraft altitude.
11:09:01 - After the throttle levers were reduced, the auto-throttle was disengaged. The
MASTER CAUTION parameter remained off, this can be attributes as the disengagement was
manually performed.
11:09:26 - The TLA (throttle lever angle) parameters indicate an advance and subsequent retard
back to IDLE at 11:09:35. This action was manually accomplished as the auto-throttle was
disengaged.
11:09:52 - The parameter SELECTED AIRSPEED AUTO transitioned from ACTIVE to
INACTIVE at the same time that the SELECTED AIRSPEED MANUAL transitioned from
INACTIVE to ACTIVE8.
11:10:54 - The SPEED BRAKE HANDLE parameter indicates that it was commanded to open
the spoiler panels and remained in this position until the end of recording. This was manually
commanded as the parameter monitors the handle position.
After the speed brakes were commanded open, the vertical speed rises reaching a maximum
value of 10560 fpm at 11:11:34. Also, the indicated airspeed rises, leading to the automatic
transition of the flight director vertical mode from FLCH to OVSP (over-speed) at 11:11:34;
11:13:57; 11:15:01; 11:15:08 and 11:15:15.
At 11:12:52, the BLEED 1 PRESS and BLEED 2 PRESS drop simultaneously to near zero. The
fact that there is no MASTER CAUTION parameter activation indicates that both bleeds were
intentionally deactivated.
Between 11:13:27 and 11:13:33, while the aircraft was crossing 17,000 ft, the parameter
MASTER CAUTION was activated. Technical analysis revealed that this MASTER
CAUTION is associated with the detection of icing conditions. In this situation the antiice system will be automatically activated. However, since the pilot turned off both
bleeds, the anti-ice system activation was not feasible. In response, the A-I WING FAIL
caution message was generated.
6

In case of an auto-throttle failure, a caution CAS message would be displayed to the crew and would be recorded in the DFDR. As the parameter MASTER
CAUTION remained not active by the time of the disengagement, it is possible to infer that this action was manually performed.
7
There are two conditions to consider: an FMS failure or a manual selection. In a FMS failure, the vertical mode would drop to the AFCS basic mode (FPA),
which was not observed. Moreover, the lateral mode remained engaged in the LNAV, what indicates that the FMS was available along the whole descent.
Therefore it is possible to infer that these transitions were manually commanded by pressing the FLCH pushbutton and
subsequently the VNAV pushbutton on the guidance panel
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At 11:16:01 (25 seconds before the end of recording), the GPWS CAUTION parameter
indicates that the first GPWS alert was triggered as the aircraft crossed 2,010ft AGL
(5,150ft ASL) followed by a second activation at 11:16:06.
At 11:16:14, the parameter GPWS WARNING was activated and at 11:16:24 the GPWS
TERRAIN PULL UP parameter was activated.
The pilot switched the Speed outer knob from AUTO to MAN in the guidance panel then rotated
the inner knob to desired airspeed (SELECTED SPEED).This is evident by the SELECTED
AIRSPEED AUTO transitioned from ACTIVE to INACTIVE at the same time the SELECTED
AIRSPEED AUTOSPEED MANUAL transitioned from INACTIVE to ACTIVE. The
SELECTED AIRSPEED parameters indicated that the desired speed was manually selected
several times until the end of the FDR recording. This speed remained close to VMO8
throughout the remaining portion of the descent.
At around 1:56:46 into the flight, sounds were heard of someone trying to open the door. Spoiler
panels were then commanded open and remained in this condition for the rest of descent.
This action (deploying speed brakes) raised the vertical speed to maximum value of 10560ft/m
seen at 11:11:34 as well as increasing the vertical mode from FLCH to OVSP (over speed).
The MASTER CAUTION was activated at 17000 ft between 11:13:27 and 11:13:33.
Technical analysis revealed that this MASTER CAUTION is associated with the detection of
icing conditions. In this situation the anti-ice system will be automatically activated. However,
since the pilot turned off both bleed, the anti-ice system activation was not feasible. In response,
the A-I WING FAIL caution message was generated.
EGPWS WARNINGS were heard and parameter warnings activated at 11:16:06 and “TERRAIN
PULL- UP” sounded but no action by the captain was evident. Test results from the simulator
indicate even at this point the aircraft would have been recovered

8

The AFCS (auto flight control system) automatically limits the manual selected speed to VMO. This is evident from the Speed Brake Handle
parameter indicator which gets its pick up from proximity sensor on the Handle as it transition from one position to next .
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2.1.3 Weather
Both the Botswana and Namibian Weather Bureau where contacted and reported that the en- route
weather at around 11:00 on 29/11/2013 was fine. There were some scattered clouds at 3000 ft AGL
which way far away below the 38000 ft to where the aircraft was cruising and was considered not
having any affect to an aircraft flying at that level. (Refer also to Paragraph 1.7 Meteorological
Information and 1.17.5 (1-3) Any other Weather Service or Agencies). Refer to Appendix 6.
2.1.4 Air Navigations Services
The aircraft entered Gaborone FIR (Flight Information Region) at 10:18:58 and was in radio
communications with Gaborone Area Control centre on frequency 126.1 MHz while maintaining
FL380.
Gaborone FIR was manned by one controller who was operating a combined Area East 126.1 MHz
and Area West 127.1 Mhz which is the entire upper airspace of Botswana. These sectors are
normally separated and would have required two separate controllers.
At 10:19 LAM 470 was cleared direct to position AGRAM at FL380 and the crew estimated they
would be at that position by 11:19 (an hour later).
This was the last communication with the aircraft evident by ATC tape recordings.
Information obtained during the investigation from Namibian radar systems review indicated that
the aircraft started descending at approximately 11:09 until it disappeared from Radar passing FL141
at 11:14 . The Namibian (Wide Area Multirateration) WAM radar recorded the loss of target at 6600ft
at 11:15 . Refer to Appendix 7.
Gaborone ATC reported receiving false conflict alerts on the UB540 route at position AXIKO and
that required his attention on the far eastern side of the Radar display. At that time ATC switched
to the eastern sector whilst the aircraft on the western sector deviated from its flight plan route when
it started an abrupt descent.
At 11:17:33 the Botswana ATC instructed the aircraft to continue en-route and contacted Luanda ATC
on frequency 8888 or 5565 HF. The aircraft never acknowledged. At position AGRAM the aircraft also
never reported its position at the estimated time of 11: 19 as per the Botswana ATC request.
At 13:05 just five minutes before Luanda ETA (estimated time of arrival) Luanda ATC called
Gaborone ACC and informed them that LAM 470 had not made contact.
Gaborone ATC who was alone on duty controlling two sectors (Area East and Area West) had failed
to initiate Alerting services of any Phase e.g. Uncertainty phase due to focus being on the
eastern side of the airspace.
There was no reception of the Emergency Locator Transmitter (ELT) signal transmission by the global
emergency centers due to the fact that its antenna cable was found cut off from the ELT unit when
the aircraft impacted the terrain.
Namibian Authorities received information about a low flying aircraft and thereafter smoke
column in the National Park at around 12:40 who then contacted Botswana ATC to confirm
missing Aircraft in its FIR.
The Namibian Air Traffic Controller on duty immediately instituted a search and rescue, however due
to the prevailing bad weather conditions the search was called off until the next morning The
accident site was located on Saturday 30 November 2013 at around 09:00 local time.
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There was enough evidence to suggest that the fire that consumed the aircraft was post-impact fire.
Soot patterns on the wreckage parts lay evidence to this analysis which is further supported by lack of
fire warnings on any of the CVFDR recordings.

2.2 Aircraft
2.2.1 Mass and Balance
Based on the load sheet and Flight dispatch documents that this Directorate was provided
with by the Mozambique’s Institute of Civil Aviation and the Mozambique Airline (LAM), the
position of the centre of gravity was determined using the attached Balance Chart.
The following data were used to determine the position of the centre of gravity and was
calculated as follows:
Actual Take-Off Weight
Basic Index
After Cargo Compartment
Forward Cargo Compartment
PAX OA
PAX OB
PAX OC
Take-Off Fuel

44,222 kg
65.2
0 kg
473 kg
03
15
PAX
12,700 kg (= - 10IU)

According to the load sheet, it is stated that there were 27 adults and one infant (“27/0/1”), these
numbers indicating that there were 27 adults, no children and one infant. As per item 24(c) of page
3 on Appendix 1 of the FAA Advisory Circular (AC-120-27E), Aircraft Weight and Balance
Control dated 6/10/05, infants are children who have not reached their second birthday and are
considered part of the adult standard average and segmented passenger weight. Refer to Appendix 8.
Given that data, using the balance chart, the Centre of Gravity (CG) should be located approximately
14% of the MAC (mean aerodynamic chord). Therefore the take-off weight and CG were located
inside the aircraft operating envelop and was not considered as a factor contributing to the accident.
2.2.2 Engines
The turbine blades were examined on site and indicated considerable damage which is consistent
with high energy impact at high rotational speed. This suggested that the engine were still
running at the time of impact. This analysis was further confirmed by FDR DATA which
illustrates that the engine No. 2 TLA (throttle Lever Angle) was retarded from 60° to around 20°
at approximately 11:09. The Engine 1 and 2 N1 (% RPM) reduced from around 85% at
11:09 to about 40% for the last 11 minutes of the flight.
2.2.3 Maintenance
Amongst the other Intermediate Checks performed on aircraft, there was an Intermediate -5 (5A)
CHECK “3375 F/hrs” that commenced on 14/11/13 and was completed the same day as per
the Job Nr: 317/13. Refer to Appendix 9.
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According to the Technical delays and Cancellation details report, the aircraft C9-EMC had
several technical delays ranging from 30 to 50 minutes. The major delay was the one for the 31st
October 2013 that lasted for an hour and thirty minutes (1:30) and caused flight No. 312 not to
be dispatched and due to Engine No.1 FADEC which was faulty and was replaced with another
one in accordance with Aircraft Maintenance Manual (AMM) Task 73-21-01-400-801. Refer to
Appendix 10.
2.2.4

Simulator analysis of the flight
The last 12 minutes of the flight was replicated on a simulator as from 11:04:04 to 11:16:25.
The behavior of the simulator was very close to the parameters recorded of the occurrence on
the FDR.
NOTE: The behavior of aircraft was deemed identical although the flight dynamics revealed
very small differences which can be attributed to the limitations of replicating all environmental
conditions as they prevailed at the time such as actual avionics loads, wind component at actual
area, systems logics etc.

2.3.1 The Captain’s 72 hrs history before the accident
Information provided to the investigation team by Mozambique Airline stated that only
information related to the captain that pertain the airline could be obtain and listed as follow:
♦ 26th November flew on the rout Maputo – Tete – Maputo (TM 136 – 137)
♦ 27th November flew Maputo – Johannesburg – Maputo ( TM 315 – 306)
♦ 28th November – Leave
♦ 29th November flew TM 470
NB: Although information on the Financial and Insurance position of the Captain was requested from
Mozambique through their accredited representative, DAAI could not obtain this information due to
huge bureaucratic and legal/judicial huddles until the finalization of the final report.

3.0

CONCLUSION

3.1

Findings
FLIGHT OPERATIONS

3.1.1 The flight crew members were licensed and qualified for the flight in accordance with
the Mozambique Institute of Civil Aviation’s existing Regulations.
3.1.2

Their medical certificates were valid and the aircraft type endorsed into their licenses.

3.1.3

The aircraft’s Certificate of Airworthiness (C of A) and that of Registration (C of R) were valid
at the time of accident.

3.1.4

The crew were properly rested and well within their duty times.

3.1.5

The en-route weather at 38000 ft which was the selected aircraft cruising level was fine and was
not considered to be a contributory factor to the accident. However, the deteriorating weather at
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the accident site due to rain and thunderstorms that started building up late in the afternoon
causing search and rescue to be called off until the next morning.
3.1.6

There was no evidence to indicate that some passengers didn’t pass through security screening
as all passengers were issued with passenger tickets and had boarding passes.

3.1.7

1hour 50 minutes into the flight, the first Officer (F/O) left the cockpit for the lavatory and only
the Captain remained on the Flight Deck. The cockpit-door was then electronically locked and
there were no further conversation in the cockpit.

3.1.8

The Captain manually selected the ALT SEL three (3) times from 38000 feet cruising altitude, to
the final 592 feet setting.

3.1.9

The Captain manually disengaged the Auto throttle then later manually reengaged it which
caused the throttle levers to retard automatically. The speed was then altered manually, several
times until the end of recording, which remained close to Vmo (Maximum Operating
limit speed).

3.1.10 The speed brake handle parameter that monitors the handle position indicates it was manually
commanded to open the spoiler panels and remained in that position until the end of recording.
3.1.11 Actions performed by the Captain indicate explicit knowledge of the EMB-190 Systems and
specifically the automatic flight control system that is evident as the entire descent was
conducted with the Auto-pilot engaged and no force applied to the control columns.
3.1.12 The Emergency Locator Transmitter (ELT) was found relatively intact but due to the fact that its
antenna cable was cut off from the ELT during the aircraft impacted the terrain, there was no
reception of ELT transmission by the global emergency centers which operates on satellite
relays.
3.1.13 Alerting services were not activated as per procedure by Gaborone ACC i.e. when aircraft
failed to report at AGRAM , Gaborone ACC did not commence Uncertainty Phase as per
procedure but rather waited for Luanda ACC to report when they have established contact.
3.1.14 There was no communication difficulties reported. The pilot last communicated with
Gaborone Area Control Centre on frequency 126.1 MHz at around 10:19:32 as the
aircraft was cruising at FL380 before it made an abrupt descent.
3.1.15 Gaborone Air Traffic Controller (ATC) who was alone on duty and operating a combined
Area East 126.1 MHz and Area West 127.1 MHz which is the entire upper airspace of
Botswana, could have coupled the two frequencies together for him to be able to control these
sectors effectively.
3.1.16 The Botswana Radar failed the controller by not flushing a red light or setting of an alarm for
him to signal that the aircraft has started commencing a sudden descent and deviated from it
flight plan route, therefore could not execute an emergency or any alerting alarm.
SIMULATOR INVESTIGATIONS FINDINGS
3.1.17 The behavior of the simulator was deemed identical as the actual flight although the flight
dynamics revealed very small differences which can be attributed to the limitations of
replicating all environmental conditions as they prevailed at the time such as actual avionics
loads, wind component at actual area, systems logics etc.
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3.1.18 It was also evident that actions recorded on the FDR were commanded rather than inadvertent as
it required cognitive effort to input.
3.1.19 Logical sequences of inputs were commanded as a counter response to the corrective
actions initiated by the Auto-Pilot.
SYSTEMS AND MAINTENANCE INVESTIGATIONS
3.1.20 Aircraft Maintenance Organization (AMO) that certified the last Inspection on the aircraft prior
to the accident was in possession of a valid AMO Approval Number 02/OMA/2011 issued on 20
September 2013 and having an expiry date of 19 September 2014.
3.1.21 The Mozambique Regulatory Authority (IACM) conducted an AMO audit on the AMO at
Maputo International Airport on the 6th of May 2013 and no discrepancies were identified.
3.1.22 Maintenance records indicated that the aircraft was maintained in accordance with existing
regulatory and approved procedures.
3.1.23 There was no evidence of airframe failure or system malfunction prior to the accident.
3.1.24 There was no evidence of in-flight fire or explosion.
3.1.25 Damages to the engines were consistent with high energy rotation at impact. There was no
evidence to suggest in-flight uncontained or contained engine failure.
3.1.26 The aircraft was type accepted in the Mozambican Civil Aircraft Register on 25 October 2012.
3.1.27 Weight and Balance Calculation was within the required limit as the CG was within the
operating envelope, therefore will not be considered as a factor contributing to the accident.
3.1.28 All passengers were issued with passenger tickets and had boarding passes with them, therefore
there were no evidence indicating that some passengers did not go through security screening.
3.1.29 There was no weather related difficulties experienced therefore weather was not considered as a
factor contributing to this accident.
3.1.30 There was no evidence to suggest that ATNS (Air Traffic and Navigational Services)
procedures and actions contributed to this accident.
3.1.31 The aircraft was intact before the first impact with the terrain.
HUMAN FACTORS
3.1.32 There were no evidence forthcoming to the investigations that suggest physiological factors or
incapacitation affected the performance of flight crew members.
3.2

Probable Cause/s

3.2.1 The inputs to the auto flight systems by the person believed to be the Captain, who remained
alone on the flight deck when the person believed to be the co-pilot requested to go to the
lavatory, caused the aircraft to departure from cruise flight to a sustained controlled descent and
subsequent collision with the terrain.
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3.2 Contributing factors
3.2.1 The non-compliance to company procedures that resulted in a sole crew member occupying
the flight compartment.

4. SAFETY RECOMMENDATIONS
As a result of the investigation of this accident the DAAI make the following Safety
Recommendations:

To the Mozambique CIVIL AVIATION AUTHORITY:
Safety recommendation number 001/2015 LAM

DAAI recommends that Mozambique Civil Aviation Authority should come up with a
mechanism to ensure that the procedure of two people in the flight deck is adhered to at all times
as laid out in LAM’s Manual of Flight Operation Chapter 10.1.4, Page 5 of 36, Edition 3 Revision
8, (Absence from Flight Deck).

To ICAO
Safety recommendation number 002/2015 LAM

DAAI recommends t h at ICAO should establish a working group that should look into the operation
and the threat management emanating from both side of the cockpit door.
Safety recommendation number 003/2015 LAM

DAAI recommends that ICAO should establish standards that implement recommendations of the
working group, formed under safety recommendations number 002/2015 LAM to suitably avert the
locking out of the cockpit of authorized crew members.

Safety recommendation number 004/2015 LAM

DAAI recommends that ICAO should establish a working group to review the installation of visual
recording inside and outside the cockpit that should provide information on who was in the cabin, who
exactly was controlling the plane at the time of the accident and even where their hands were in relation to the
plane’s controls.
Safety recommendation number 005/2015 LAM

DAAI recommends that ICAO should expedite the implementation of international requirements on
global tracking of airline flights providing early warning of, and response to, abnormal flight
behavior information to ensure that search and rescue services, recovery and accident investigation
activities are conducted timely.
Safety recommendation number 006/2015 LAM

DAAI recommends t hat ICAO working group (Global Tracking 2014-WP/6) speeds up the
research and implementation of aircraft tracking and localization other than ELT system.
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