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Executive summary

On 08 March 2014, flight MH370, a Boeing
777-200ER registered 9M-MRO, lost contact
with Air Traffic Control during a transition of
airspace between Malaysia and Vietnam. An
analysis of radar data and subsequent satellite
communication (SATCOM) system signalling
messages placed the aircraft in the Australian
search and rescue zone on an arc in the
southern part of the Indian Ocean. This arc
was considered to be the location where the
aircraftoés fuel was ex

A surface search of probable impact areas along this arc, coordinated by the Australian Maritime
Safety Authority, was carried out from 18 March i 28 April 2014. This search effort was
undertaken by an international fleet of aircraft and ships with the search areas over this time
progressing generally from an initial southwest location along the arc in a north-easterly direction.
The location of the search areas was guided by continuing and innovative analysis by a Joint
Investigation Team of the flight and satellite-communications data. This analysis was
supplemented by other information provided to ATSB during this period. This included possible
underwater locator beacon and hydrophone acoustic detections.

No debris associated with 9M-MRO was identified either from the surface search, acoustic search
or from the ocean floor search in the vicinity of the acoustic detections. The ocean floor search
was completed on 28 May 2014.

Refinements to the analysis of both the flight and satellite data have been continuous since the
loss of MH370. The analysis has been undertaken by an international team of specialists from the
UK, US and Australia working both independently and collaboratively. Other information regarding
the performance and operation of the aircraft has also been taken into consideration in the
analysis.

Using current analyses, the team has been able to reach a consensus in identifying a priority
underwater search area for the next phase of the search.

The priority area of approximately 60,000 km? extends along the arc for 650 km in a northeast
direction from Broken Ridge. The width of the priority search area is 93 km. This area was the
subject of the surface search from Day 21-26.

Work is continuing with refinements in the analysis of the satellite communications data. Small
frequency variations can significantly affect the derived flight path. This ongoing work may result in
changes to the prioritisation and locale of search activity.
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Introduction

On 7 March 2014 at 1722 UTC" (8 March 0022 local time Malaysia), flight MH370, a Boeing 777-
200ER registered 9M-MRO, lost contact with ATC during a transition of airspace between
Malaysia and Vietham. An analysis of radar data and subsequent satellite communication
(SATCOM) system signalling messages placed the aircraft in the Australian search and rescue
zone in the southern part of the Indian Ocean.

On 17 March 2014, Australia took charge of the coordination of the search and rescue operation.
Over the next 6 weeks from 18 March, an intensive aerial and surface search was conducted by
assets from Australia, Malaysia, China, Japan, Korea, UK and the USA.

During this period, the Australian Maritime Safety Authority (AMSA) and the ATSB jointly
determined a search area strategy correlating information from a Joint Investigation Team (JIT?)
located in Malaysia and other government and academic sources.

On 28 April 2014, the aerial search concluded and the search moved to an underwater phase.
More details of the search effort can be found on the Joint Agency Coordination Centre website
WWW.jacc.gov.au.

The ATSB is responsible for defining a search area. Since May 2014, a search strategy group,
coordinated by the ATSB, has been working towards defining the most probable position of the
aircraft at the time of the last satellite communications at 0019. The group brought together
satellite and aircraft specialists from the following organisations:

Air Accidents Investigation Branch (UK)

Boeing (US)

Defence Science and Technology Organisation (Australia)
Department of Civil Aviation (Malaysia)

Inmarsat (UK)

National Transportation Safety Board (US)

Thales (UK)

The group was faced with the challenge of using data from a communications satellite system
and aircraft performance data to reconstruct the flight path of MH370. This was in effect using a
satellite communications system as a havigation tracking system. Two pieces of information
recorded by a satellite ground station at the time of a transmission with MH370 were used to
estimate the track of the aircraft. These transmissions occurred only 7 times after loss of radar
contact.
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This report presents the results of analysis conduct
of a priority 60,000 km? search area.

On 4 June 2014, the ATSB released a request for tender to acquire the services of a specialist
company capable of conducting a deep-water search for 9M-MRO under ATSB direction.
Bathymetry of the ocean floor in areas of the search zone commenced in mid-May using an ATSB
contracted vessel and a Chinese military vessel.

1 Alltimes used in this report are referenced to Coordinated Universal Time (UTC) using the format hhmm.ss

2 The Joint Investigation Team comprised specialists from Malaysia, China, US, UK and France

1


http://www.jacc.gov.au/

Figure 1: B777 9M-MRO
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Background on over-water searches

Over-water aircraft accident locations are usually found by conducting a broad-area aerial search.
The search area is generally determined by a combination of:

Position information from ground-based radar systems (maximum range is generally 250 NM)
Position information automatically transmitted from the aircraft at regular intervals
Position reports from the crew
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Re-tracing the flight-planned route
1 Eye-witness reports (possibly located on the shore, on other aircraft or on ships)

Uncertainty in the position of an accident | ocation
position (fix) sothesearch ar ea will expand accordingly as the pos

Once floating wreckage is observed, reverse-drift techniques can be used to determine the aircraft
impact location. Only a small-area underwater search is then required to locate the wreckage and
map the wreckage field. This underwater search can be aided by the underwater locator beacons
fitted to the flight recorders. As they have a limited operational duration of nominally 30 days, and
to minimise the inaccuracies of the reverse-drift calculations, it is important that an aerial search is
commenced as soon as possible and the floating debris is found quickly.

In the case of MH370:

The aircraft departed Kuala Lumpur on 7 March 2014 at 1641

The final automatically transmitted position from the aircraft occurred at 1707
No radio notification of a problem was received from the crew

No radio communications were received from the crew after 1719

The final ATC (secondary) radar fix occurred at 1722

= =4 a4 A4 -—a -2

At 1725 the aircraft deviated from the flight-planned route



9 The final primary radar fix occurred at 1822 (Figure 2)

1 The satellite communications log indicated the aircraft continued to fly for another 6 hours until
8 March 0019

1 No confirmed eye-witness reports were received
1 No Emergency Locator Transmissions were received

1 The search in the Australian search and rescue zone commenced on 18 March (10 days after
the aircraft went missing)

Figure 2: MH370 flight path derived from primary and secondary radar data
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Source: JIT/Google Earth

These factors have meant that the search area for MH370 has remained very large.

A comparison with the search for Air France flight 447, which crashed in the Atlantic Ocean on
1 June 2009, is useful. The search for the aircraft began on 1 June 2009 and the first wreckage
was discovered on 6 June 2009, 5 days after the accident.

Air France 447 (AF447) accident search area definition®

The ACARS system, is used to transmit non-voice messages between an aircraft and the ground
by VHF radio or satellite communication. The AF447 aircraft was programmed to automatically
transmit its position approximately every 10 minutes.

On 1 June 2009, the last position report occurred at 0210 and 24 maintenance messages were
received between 0210 and 0215. These messages were all transmitted via the same satellite
(Atl antic Ocean West, operated B@QARSHedvork. nmar sat Compa

The maximum distance the aircraft could have feasibly travelled was computed from the time of its
last reported position to the time when a scheduled response from the ACARS system was not
received. The impact time was estimated based on the time of the last ACARS message received

3 BEA Report 18 March 2011: Triggered Transmission of Flight Data Working Group, page 27.
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and the expectation (unfulfilled) of a subsequent message in the next 60 seconds. This analysis
indicated that the end of the flight occurred between 0214.26 and 0215.14, which makes a flight
time since the last reported position of about 5 minutes. Considering a maximum ground speed of
480 kt (or 8 NM/min), this makes a search area in the shape of a circle of radius 40 NM centred at
the last known position. This area extended over more than 17,000 km? and was situated more
than 500 NM from any coastline. After a search effort involving five separate phases, the aircraft
wreckage was located on 3 April 2011.

MH370 search area definition

As none of the conventional sources of data was able to be used to locate the aircraft wreckage
from MH370, novel sources of data and analysis techniques were required. This has led to a
larger than typical search area and changes in its location as refinements occur to the analysis
after validation and calibration checks have been performed.



Surface search for MH370

On 17 March 2014 (Day 10%), Australia assumed responsibility for coordinating the search and

rescue effort in the southern Indian Ocean. AMS A as Australiabds sewasch and re
responsible for this activity. More details of the surface search effort can be found on the AMSA

website www.amsa.gov.au/media/mh370-timeline.

Possible impact areas

On 17 March 2014 (D10) the initial search area was determined by a Joint Investigation Team
(JIT)° to be a 600,000 km? area approximately 2,500 km from Perth, WA. The initial search area
was determined following analysis of satellite communications data to and from MH370 during the
accident flight that was recorded at a ground station in Perth, WA. The data indicated the aircraft
flew an additional 6 hours after the last radar contact with a track south to the Indian Ocean. The
area was determined using only limited radar, satellite and performance data and assumed a
southern turn of MH370 at the north-west tip of Sumatra, Indonesia.

Areas in the Southern Indian Ocean designated S1 7 S3®were defined from the aircr
performance and endurance (Figure 3). Two speeds resulted in the longest, straightest tracks to
the 6" arc’ and were used to define possible impact locations within areas S1 and S2.

Figure 3: Possible southern final positions S1-S3 based on MH370 max range and time
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8 March 2014 is considered to be Dayl (D1), the date In Malaysia when MH370 departed Kuala Lumpur, Malaysia.
US and UK investigation agencies and their technical advisers with representatives from Malaysia, China and France.
JIT designation of areas i Note Malaysian designation of areas was in opposite direction.

Refer to Burst Timing Offset (BTO ) section in Defining the Search Area section of this report
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Over the following days regions of S1 and S2 were drifted® and provided surface search areas.
Some possible satellite debris sightings were also incorporated to produce additional search
areas.

On 27 March (D20), the JIT advised they now had more confidence in the increased speeds
provided by primary radar near Malaysia. This increased the aircraft fuel burn and the most
probable track moved north to the S3 area. The JIT additionally had more confidence that a 7th
arc was a fuel exhaustion point. Two new search areas designated S4 and S5 were defined. The
most probable impact location was moved to the bottom of the S4 area on the 7™ arc within the S3
area. On 28 March (D21) a surface search of a drifted S3/S4 area (Shape A in Figure 6) was
commenced.

Figure 4. Possible final positions S4-S5 with 7" arc and max range cruise line

Source: JIT/Google Earth

On 1 April (D25) the JIT advised AMSA/ ATSB of further aircraft performance and path analysis
starting at a distance further NW of Sumatra that had the effect of shifting the most probable area
NE within S4 and into S5. Probable impact areas red, yellow and green were defined within S4/S5
(Figure 5).

8 Adrifted area is the computer modelled movement of a body of water over the period of time since 8 March to the
search day. This modelling incorporated wind and current effects on a variety of debris characteristics.
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http://news.curtin.edu.au/media-releases/curtin-researchers-search-acoustic-evidence-mh370/


























































