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According to the Aviation Occurrence Investigation Act of the
Republic of China and the International Civil Aviation
Organization (ICAO) Annex 13, this report is only for the
improvements of flight safety.

Aviation Occurrence Investigation Act of the Republic of
China, Article 5

The objective of the ASCOs investig
preven recurrence of similar occurrences. It is not the purpose of such
investigation to apportion blame or liability.

ICAO Annex 13, Chapter 3, Section 3.

The sole objective of the investigation of an accident or incident shall be
the prevention of accidentand incidents. It is not the purpose of this
activity to apportion blame or liability.

This report is written in both Chinese and English.
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Executive Summary

On 23 July 2014, an AM&GIE Avions de Transport Régional
ATR72-212A (ATR72) aircraft, registered-B281L0, TransAsia Airways
(TNA) flight GE222, with two pilots, two cabin crew, and 54 passengers,
was being operated on an instrument flight rules (IFR) regular public
transport servie from Kaohsiung to Magong in the Penghu archipelago. At
1906 Taipei Local Time, the aircraft impacted terrain approximately 850
meters northeast of the threshold of runway 20 at Magong Airport and then
collided with a residential area on the outskirts Xiki village
approximately 200 meters to the southeast of the initial impact zone. At the
time of the occurrence, the crew was conducting a very high frequency
omnidirectional radio range (VOR) neprecision approach to runway 20.
The aircraft was destreg by impact forces and a pastpact fire. Ten
passengers survived the occurrence and five residents on the ground
sustained minor injuries.

The occurrence was the result of controlled flight into terrain, that is, an
airworthy aircraft under the contradf the flight crew was flown
unintentionally into terrain with limited awareness by the crew of the
aircraftodos proximity to terrain. The
minimum descent altitude (MDA) when they were not visual with the

runway enviroment contrary to standard operating procedures. The
investigation report identified a range of contributing and other safety
factors relating to the flight crev
operations and safety management processes, the comnumicdti

weather information to the flight crew, coordination issues at civil/military
joint-use airport, and the regulatory oversight of TransAsia by the Civil
Aeronautics Administration (CAA).

This investigation identified important learning opportunities pilots,
operators and regulatory agencies to improve future aviation safety and to
seek to ensure such an accident never happen again. The Aviation Safety
Council (ASC) has issued a series of safety recommendations to TransAsia
Airways, CAA, and the ntitary to correct the safety deficiencies identified
during the investigation.

According to Article 6 of the Republic of China (ROC) Aviation
Occurrence Investigation Act, and the content of Annex 13 to the
Convention on International Civil Aviation, theS&, an independent
aviation occurrence investigation agency, was responsible for conducting
the investigation. The investigation team also included members from
BEA (Bureau d'Enquétes et d'Analyses, France), TSB (Transportation



Safety Board, Canada), NTS@ational Transportation Safety Board,

USA), ATR (Avions de Transport Régional), P&WC (Pratt & Whitney
Canada), Honeywell Aerospace/USA, CAA Taiwan, Ministry of National
Defense ROC, and TNA.

The OFi nal Draft Report o ofpletedine occu
July 2015. |l n accordance with the pr
35th Council Meeting on 29 July 2015 and then sent to relevant
organizations and authorities for comments. After comments were
collected and integrated, the English versiorth& investigation report

was reviewed and approved by ASC©OG6s
November 2015The Chinese version of thevestigation report wagst

revi ewe d40th CouAchbNeetsng on 2December 2015With the
approval o0 Coundil 31€adirgy odBLlIanuiary2016, both final

reports were published @9 January2016.

There are a total of 46 findings from the Final Report, and 29 safety
recommendations issued to the related organizations.

Findings as the result of this investigation

The ASC presents the findings derived from the factual information
gathered during the investigation and the analysis of the occurrence. The
findings are presented in three categorigglings related to probable
causesfindings related to risk, andother findings.

Thefindings related to probable cause&dentify elements that have been
shown to have operated in the occurrence, or almost certainly operated in
the occurrence. These findings are associated with unsafe acts, unsafe
conditions, or safety defencies associated with safety significant events
that played a major role in the circumstances leading to the occurrence.

The findings related to risk identify elements of risk that have the
potential to degrade aviation safety. Some of the findings in this category
identify unsafe acts, unsafe conditions, and safety deficiencies including
organizational and systemic rggkhat made this occurrence radikely;
however, they cannot be clearly shown to have operated in the occurrence
alone. Furthermore, some of the findings in this category identify risks that
are unlikely to be related to the occurrence but, nonetheless, were safety
deficiencies that mawarrant future safety actions.

Other findings identify elements that have the potential to enhance
aviation safety, resolve a controversial issue, or clarify an ambiguity point
which remains to be resolved. Some of these findings are of general
interess that are often included in the ICAO format accident reports for
informational, safety awareness, education, and improvement purposes.



Findings Relatedto Probable Cause

Flight Operations

1.

The flight crew did not comply with the published runway 20 VOR
non-precision instrument approach procedures at Magamgort
with respect to theninimum descengtltitude (MDA). The captain, as
the pilot flying, intentionally descended the aircraft below the
published MDA of 330 feet in thanstrument meteorological
conditions (IMC) without obtaining the required visual references.

The aircraft maintained an altitude between 168 and 192 feet before
and just after overflying thenissed approachpoint (MAPt). Both
pilots spent about 13 seconds attempting to visualgtéothe runway
environment, rather than commencing a missed approach at or prior to
the MAPt as required by the published procedures.

As the aircraftlescended below tmeinimum descengtltitude (MDA),

it diverted to the left of the inbound instrument eg@eh track and its

rate of descent increased as a res.!
and meteorological conditions. The
was not detected and corrected by the crew in due time to avoid the
collision with the terrai, suggestingthat the crew lost situational
awareness about the aircraftodos pos
approach.

During the final approach, the heavy rain and associated thunderstorm
activity intensified producing a maximum rainfall of 1.8mmper
minute. Therunway visual range RVR) subsequently reduced to
approximately 500 meters. The degraded visibility significantly
reduced the likelihood that the flight crew couidve acquira the
visual references to thranway environment during thejaroach.

Flight crew coordination, communication, and threat and error
management were less than effective. That compromised the safety of

the flight. The first officer did not comment about or challenge the fact

that the captain had intentionally descehdke aircraft below the
publishedminimum descenttitude (MDA). Rather, the first officer

coll aborated with the captainbds 1 nt
addition, the first officer did not detect the aircraft had deviated from

the published inbauwd instrument approach track or ideytifat those

factors increased the risk ofcantrolled flight into terrain(CFIT)

event.

None of the flight crew recogred the need for a missed approach
until the aircraft reached the point (72 feet, 0.5 nautiacl beyond



the missedapproachpoint) where collision with the terrain became
unavoidable.

7. The aircraft was under the control of the flight crew when it collided
with foliage 850 meters northeast of the runway 20 threshold, two
seconds after the go aroudécision had been made. The aircraft
sustained significant damage and subsequently collided with buildings
in a residential area. Due to the high impact forces andippsict
fire, the crew and most passengers perished.

8. According to the flight recordemata, mn-compliance with standard
operating procedures (SOPs) was a repeated practice during the
occurrence flight . -combliancecwiteSO®Ps r ec u
constituted an operating culture in which high risk practices were
routine and considered moal.

9. The noncompliance with standard operating procedures (SOPSs)
breached the obstacle clearances of the published procedure, bypassed
the safety criteria and risk controls considered in the design of the
published proceduseand increased the risk atontrolled flight into
terrain (CFIT) event.

Weather

10. Magong Airport was affected by the outer rainbands of Typhoon
Matmo at the time of the occurrence. The meteorological conditions
included thunderstorm activities of heavy rain, significant changes in
visibility, and changes in wind direction and speed.

Findings Related toRisk
Flight Operations

1. The captain did not conduct a descent and approach briefing as
required bystandard operating procedures (SOFRE first officer did
not question the omission of that required briefing. That deprived the
crew of an opportunity to assess and manage the operational risks
associated with the approach and landing.

2. The captain was likely overconfident in his flyingjls. That might
lead to his decision to continue the approach belowntimemum
descentaltitude (MDA) without an appreciation of the safety risks
associated with that decision.

3. The results of the fatigue analysis indicated thatha time of the
occur ence, the captainds per fhsr mance
fatigue accumulated fronthe multiple sectorgday flown and flight

iv



and duty timesluringthe monthgrecedinghe occurrence.

The TransAsia Airways observation flights conducted by the

investitpt i on team and the interviews
flight operations division show prevalent tolerance for
noncompliance with procedures withi

The noncompliances with standard operating procedures (SOPS)
during the TransAsia Airwayso ATR
observed byhe investigation teatmutnot correctedoy the instructors

The tolerance for or normalization of SOfRstrcompliance behaviors

was symptomatic of raineffective check and training system with

i nadequate supervision by the air/]|

The nonacompliance with standard operating procedures (S@BS)

not restricted to the occurrence flighithvasrecurring, as identified

by previous TransAsia Airways ATR occurrence investigations, line
observations, simulator observations, internal and external audits or
inspections, and interviews with TransAsia Airways flight operations
personnel, includip managers. The nesompliant behaviors were an
enduring, systemic problem and formed a poor safety culture within
the airlineds ATR fl eet.

Airline Safety Management

7.

The TransAsia AirwaysoOo inadequate
assessments, ineffectigafety meetings, unreliable and invalid safety

risk indices, questionable senior management commitment to safety,
inadequate safety promotion activities, underdeveloped flight
operations quality assurance (FOQA) system, and inadequate safety
and securityoffice and flight operations resources and capabilities
constituted an ineffective safety management system (SMS).

The safety risks associated with change within the TransAsia Airways
were not assessed and mitigated. For example, the company did not
asses or mitigate the safety risks associated with the increase in ATR
operational tempo as a result of the recent increase in ATR fleet size
and crew shortage that, in turn, elevated crew flying activities and the
potential safety risks associated with crague.

Findings regarding neoompliance with standard operating
procedures (SOPs) during operation
crews had been identified by previous Aviation Safety Council
occurrence investigations. The proposed corrective safetgnacti

were not implemented by the airline.
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10.

11.

12.

13.

14.

15.

16.

17.

TransAsia Airways selaudits were mostly spot checks rather than
system audits or system selfaluations. The seHudits failed to
assess and address those safety deficiencies, including standard
operating proocgures norcompliance behaviors, lack of
standardization in pilot check and training activities, and high crew
flying activities on the ATR fleet. Such deficiencies had been pointed
out in previous occurrences and audits and were considered by senior
flight operations managers as problems.

The TransAsia Airways annual audit plan did not include an
evaluation of the implementation and/or effectiveness of corrective

actions in response to the safety issues identified in previous audits,
regulatory inspectioniridings, or safety occurrence investigation
recommendat i on sauditprbggamaasmadt conssténg s e | f
with the guidance contained in AT20-002A.

The TransAsia Airways had not developed a safety management
system (SMS) implementation plan. Thisd to a disorganized,
nonsystematic, incomplete and ineffective implementation, which
made it difficult to establish robust and resilient safety management
capabilities and functions.

The Civil Aeronautics Administrat.i
system( SMS) assessment team had i dent
SMS deficiencies, but TransAsia Airways failed to respond to the
CAAG6s <corrective actions request.
opportunity to improve the level of safety assurance in its opagatio

The TransAsia Airways did not implement a ddtaven fatigue risk
management system (FRMS) or alternative measures to manage the
operational safety risks associated with crew fatigue due to fleet
expansion and other operational factors.

The ATR flight operation did not include in its team a standards pilot
to oversee standard operating procedures (SOPs) compliance,
SORrelated flight operations quality assurance (FOQA) events
handling, and standard operations audit (SOA) monitoring before the
GE222 @currence.

The safety and security office, due to resource and capability
limitations, was unable to effectively accomplish the duties they were
required to undertake.

The safety and security office staff was not included in the flight
safety action gnep. That deprived the airline of an opportunity to
identify, analyze and mitigate flight safety risks more effectively in
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18.

19.

the flight operations.

The TransAsia Airwayso6 safety ma n
dependent on its internal reactive safety and uleegy reporting
system to develop full awarddness o0
not take advantage of the instructive material from external safety
information sources. That limited the capability of the systiem

identify and assess safety risks.

The TransAsia Airwayso flight oper .
settings and analysis capabilities were unable to readily identify those

events involving standard operating procedures (SOPS)
non-compliance during approach and likely other stagesgitfliThe

FOQA events were not analyzed sufficiently or effectively, leaving

some safety issues in flight operations unidentified and uncorrected.

Some problems with crew performance and reductions in safety
indicated in the FOQA trend analyses were notstigated further.
Clearly, the airlineos FOQA progr
proactive operational safety risk assessments.

Civil Aeronautics Administration

20.

21.

22.

23.

The Civil Aeronautics Admini str at
Airways did not identify and/or correct some crucial operational

safety deficiencies, including crew noompliance with procedures,
nonstandard training practices, and unsatisfactory safety
management practices.

To develop and maintain a safety management system (SMS)
implementation plan at TransAsia Airways was not enforced by the
Civil Aeronautics Administration. That deprived the regulator of an
opportunity to assess and ensure that tHmaihad the capability to
implement a resilient SMS.

| ssues regarding the -dom@dianceAvgh a Air
standard operating procedures (SOPs) and deficiencies with pilot
check and training had previously been identified by the Aviation

Safey Council investigation reports. However, the Civil Aeronautics
Administration (CAA) did not monitor whether the operator has
implemented the recommended corrective actions; correlatively, the

CAA failed to ensure the proper measures for risk reductioe hav

been adopted.

The Civil Aeronautics Administration provided limited guidance to
its inspectors to enable them to effectively and consistently evaluate
the key aspects of operatorsd mans:e
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included evaluating organizational stture and staff resources, the
suitability of key personnel, organizational change, and risk
management processes.

24. The Civil Aeronautics Administration did not have a systematic
process for determining the relative risk levels of airline operators.

Air T raffic Service and Military

25. The runway visual range (RVR) reported in the Magong aerodrome
routine meteorological reports (METAR) and the aerodrome special
meteorological reports (SPECI) was not in accordance with the
requirements documented in the Air Eer Meteorological
Observation Manual.

26. The discrepancies between the reported runway visual range (RVR)
and automated weather observation system (AWOS) RVR confused
the tower controllers about the reliability of the AWOS RVR data.

27. During the final approzh, the runway 20 runway visual range (RVR)
values decreased from 1,600 meters to 800 meters and then to a low
of about 500 meters. The RVR information was not communicated to
the occurrence flight crew by air traffic control. Such information
mightinfluence t he crewbs decision regar
approach.

Other Findings

1. The flight crew were properly certificated and qualified in accordance
with the Civil Aeronautics Administration and company requirements.
No evidence indicated any preexisting medical conditions that might
have adversely affected the flight
occurrence flight.

2. The airworthiness and maintenance of theusrence agraft were in
compliance with the extant civil aviation regulations. There were no
aircraft, engine, or system malfunctions that would have prevented
normal operation of the aircraft.

3. All available evidence, including extensive simulationsglj¢ated that
the enhancedyroundproximity warningsystem (EGPWS) functioned
as designed.

4. The enhanced ground proximity warning system (EGPWS)
manufacturer s | at est geneavat i on E
provided flight crews with an additional warningf aircraft
encounteed similar circumstancet® the occurrence flight. Installing
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the latest EGPWS equipment on the occurrence aircraft would have
required approved modifications.

5. According tothe Civil Aeronautics Administration (CAA) regulations,
a 420 meter simple approach lighting system should have been
installed to help pilots visually identify runway 20. The CAA advised
that the Runway End ldentification Lights, a flashing white light
systemwas installed at the runwayo6s t |
aid to replace the simple approach lighting system.

6. From the perspective of flight operations, the location of the runway
20 VOR missed approach point (MAPt) was not in an optimal
position. With the same Obstacle Clearance Altitude, if the MAPt had
been set closer to the runway threshold, it would have increased the
likelihood offlight crewsto visuallylocatethe runway.

7. During holding, the occurrence flight crew requested the runway 02
instrumentandingsystem(ILS) approach after receiving the weather
information that theaverage wind speed for runway 02 had decreased
to below the tailwind landing limitWhile the decision for thase of
the reciprocal runwayvas still under considerath by the Magong
Air Force Base duty officerthe weather report indicated that the
visibility had improved to 1,600 meters, which met the landing
visibility minimal requirement for an approach to runway 20. The
flight crew subsequently amended their resjuend elected to use
runway 20

8. At the time of the occurrence, the weather information exchange and
runway availability coordination between civil and military personnel
at Ma g o nuge@ispori could have been more efficient.

9. ATROs f 1 i gtder (FOR) treadout document contained
unclear information. That affected the efficiency of the occurrence
investigation.

Safety Recommendations

To TransAsia Airways

1. Implement effective safety actions to rectify the multiple safety
deficiencies previouslyidentified by the Aviation Safety Council
investigations, internal and exterr@ivil Aeronautics Administration
audit and inspection findings, and deficiencies noted in this report to
reduce the imminent safety risks confronting the airline.
(ASC-ASR-16-01-010)

2. Conduct a thorough review tiiea i r | safetyentasagemesystem
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and flight crew training programs including crew resource
management and threat and error management, internal auditor
training, safety management system (SMS) training and devise
systematic measures to ensure:

T
T

Flight crew check and training are standardized,;

All flight crews comply with standard operating procedures
(SOPs);

Staff who conduct audits receive appropriate professional auditor

training;

All operational and seniomanagement staff receive SMS

training, including thorough risk assessment and management

training; and
Proportional and consistent
Cultureo, are Iimplemented to

the welldesigned SOPs ami/being engaged in unsafe behavior.

(ASC-ASR-16-01-011)

Conduct a rigorous review of tisafety management system (SM&)
rectify the significant deficiencies in:

T

T
T
T

T
T
T
T
T

Planning
Organizational structure, capability and resources;
Risk management processe®l outputs;

Flight operations quality assurance (FOQA) limitations and
operations, including inadequate data analysis capabilities;

Safety meetings;

Self-audits;

Safety performance monitoring, including risk indices;
Safety educatigrand

Senior manageent commitment to safety.

(ASC-ASR-16-01-012)

Rectify the human resources deficits in the flight operations division

and the safety and security office, including:

rul e
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1 Crew dhortages;

1 Inadequate support staff in the Flight Standards and Training
Department, ioluding insufficient standards pilots and crew to
conduct operational safety risk assessments; and

1 Safety management staff with the required expertise in flight
operations, safety and flight data analytics, safety risk assesssmen
and management, human fast and safety investigations.

(ASC-ASR-16-01-013)

5. Review and improve the airlineds i
auditing system and implement an effective corporate compliance
and quality assurance system to ensure that oversight activities
provide the required level of safety assurance and accolityab
(ASC-ASR-16-01-014)

6. Implement a effective safety management process, suchaas
datadriven fatigue risk management system (FRM®) manage
the flight safety risks associated with crew fatigue.
(ASC-ASR-16-01-015)

7. Provide flight crew with adequate fatigue management education and
training, including the provision of effective strategies to manage
fatigue and performance during operatiqdsSC-ASR-16-01-016)

8. Implement an effective change management system as a part of the
ai r | safetg drmnagement system (SM&) ensure that risk
assessment and mitigation activities are formally conducted and
documented before significant operational changes are implemented
such as the introduction of new aircraft types or variants, increased
operational tempo, opening new ports, and so on.
(ASC-ASR-16-01-017)

9. Implement a more advancedlight operations quality assurance
(FOQA) program with adequate training and technicalpsut for the
FOQA staff to ensure that they can exploit the analytical capabilities of
the program. As such, the FOQA staff can more effectively identify
and manage the operational safety risks confronting flight operations.
(ASC-ASR-16-01-018)

10. Implement an effective standard operating procedures (SOPS)
compliance monitoring system, such as the line operations safety
audit (LOSA) program, to help identifying threats to operational
safety and to minimize the associated risks. The system should adopt
a dda-driven method to assess the level of organizational resilience
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to systemic threats and can detect issues such as habitual
non-compliance with SOP$ASC-ASR-16-01-019)

To Civil Aeronautics Administration

1.

Strengthen surveillance on TransAsia Airways a@ssessc r e woO s
discipline and compliance with standard operating procedures (SOPSs)
(ASC-ASR-16-01-020)

Implement a more robust proceds identify safetyrelated
shortcomings i p e r apemtiorss,0within an appropriate timescale,
to ensure that thepaatorsmeet and maintain the required standards.
(ASC-ASR-16-01-021)

Provide inspectors with detailed guidance on how to evaluate the
effectiveness of an operator o0s
including:

1 Risk assessment and management practices;
1 Chang management practices;

1 Flight operations quality assurance (FOQA) system and
associated data analytics; and

1 Safety performance monitoring.
(ASC-ASR-16-01-022)

Provide inspectors with comprehensive training and development to
ensure that they can conduigk-based surveillance and operational
oversight activities effectivelfASC-ASR-16-01-023)

Enhance inspect@upervision and performanegaluation to ensure

all inspectors conduct surveillance activities effectively and are able to
identify and commuicate critical safety issues to their supervisors.
(ASC-ASR-16-01-024)

Enhance the oversight afperatorstransitioning from traditional
safety  management to safety ~management  systems.
(ASC-ASR-16-01-025)

Developa systematic process for determining thatree risk levels
of airline operatorfASC-ASR-16-01-026)

Review the current regulatory oversight surveillance program with a
view to implementing a more targeted FHs&sed approach for
operator safety evaluation®SC-ASR-16-01-027)

Xii
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9. Ensue all safety recommendations issuday the occurrence
investigation agency are implemented by the operasor
(ASC-ASR-16-01-028)

10. Develop detailedguidance for operators to implement effective
fatigue risk management processes and training
(ASC-ASR-16-01-29)

11. Review runway approach lighting systems in accordance with their
existing radio navigation and landing aitts ensure that adequate
guidance is available for pilots to identify the visual references to the
runway environment, particularly in poor visibyl condition or at
night. (ASC-ASR-16-01-030)

12. Review the design procedures for determining the locationisged
approach point with the intention of increasing the likelihood of
pilots to locate the runway without compromising the required
obstacle cle@ance altitude(ASC-ASR-16-01-031)

13. Request tower controllers to advise the flight crews of aircraft on
final approach of the updated informatiam accordance with the
provisions of the air traffic management procedures (ATMP).
(ASC-ASR-16-01-032)

14. Coordirate with Air Force Command Headquarters to review and
improve the weather information exchange and runway availability
coordination between civil air traffic control and military personnel at
MagongAirport. (ASC-ASR-16-01-033)

To ATR-GIE Avions de Transpat Régional

1. Evaluate the feasibility of a modification to allow thew enhanced
ground proximity warning system (EGPWS) to fliedon
all ATR72-500 aircraft(ASC-ASR-16-01-034)

2. Review theflight data recorder KDR) readout document for any
erroneous information and provide timely revisions of the manual to
assist airline operators and aviation occurrence investigation agencies.
(ASC-ASR-16-01-035)

To Air Force Command Headqguarters, Ministry of National Defense

1. Coordnate with the Civil Aeronautics Administration snsure the
reliability and validity of automated weather observation system
(AWOS) runway visual rangeRVR) sensors and their data.
(ASC-ASR-16-01-036)

2. Conduct the runway visual range (RVR) reporting apens and
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requirements in accordance with the provisions of the Air Force
Meteorological Observation ManughSC-ASR-16-01-037)

Coordinate with the Civil Aeronautics Administration to review and
improve the weather information exchange and runesilability
coordination between civil air traffic control and military personnel at
Magong Airport.(ASC-ASR-16-01-038)
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Chapter 1 Factual Information

1.1 History of Flight

On 23 July 2014, an AT&IE Avions de Transport Régional
ATR72-212A (ATR72) aircraft,Republic of China (ROCYegistration
B-2281Q TransAsia Airways (TNA) flight GE222, with two pilots, two
cabin crew, and 54 passengers, was being operatedinstamenflight

rules (IFR) regular public transport service from Kaohsiung to Magong in
the Penghu archipelago. 2806 Taipei Local Tinte the aircraft impacted
terrain approximately 850 meters noedast of the threshold of runway 20

at Magong Airport and then collided with a residential area on the
outskirts of Xixi village approximately 200 meters to the southeftie

initial impact zone. At the time of the occurrence, the crew was conducting
a very high frequencyomni-directional range (VOR} non-precision
approach to runway 20. The aircraft was destroyed by impact forces and a
postimpact fire. Ten passengesarvived the occurrenteNine of those
passengers sustained serious injuries and one passenger sustained minor
injuries. Five residents on the ground sustained minor injuries.

The captain occupied the left seat in the cockpit and wagiltteflying
(PF)for the occurrence flight. THerst officer (FO) occupied the right seat
and was thepilot monitoring (PM). The occurrence flight departed
Kaohsiung International Airport at 1745:02 in a westerly direction before
tracking northbound to Magong Airport @ altitude of 7,000 feet above
mean sea level.

At the time of the occurrence flight,
142 nautical miles (nm) northorthwest of Magong Airport and moving

northwest away from Magong. Tlyphoon warning for Magong Airport

was terminated at 1740. According to thaerodrome routine
meteorologicakeport (METAR) for Magong Airport current at 1800, the

weather conditions were wind from 220 degrees at 17 knots gusting to 27

! Unless otherwise noted, the-Bdur clock is used in this report to describe the local time of day,
Taipei Local Time, as particular events occurred. Taipei Local Time is Universal Coordinated Time
(UTC) +8 hours.

2 |CAO airport code RCQC.
¥ AVOR is a mdio navigation system that provides bearing information to the flight crew of an aircraft.

* An additional passenger died @2 November, 2014However, according tthe Annex 13 to the
Convention on International Civil Aviatigtior statisticaluniformity only, an injury resulting in death
within thirty days of the date of the accident is classified as a fatal injury in aircraft accident reports.



knots with visibility of 800 meters in heavy thunderste with rain. The
cloud coveragewas scattered at 200 feet, broken at 600 feet with few
cumulonimbu$ at 1,200 feet, and overcast at 1,600 feet.

Magong Airport had a single runway oriented nartrtheast and
southsouthwest designated as runway 02/ROnway 02 was equipped
with aninstrumentandingsystem (ILS). The landing visibility limitation

for runway 02 was 800 meters. Runway 20 was equipped with a VOR
nonprecision approach system with a landing visibility limitation of 1,600
meters. Given thevind direction, the runway in use at the time of the
occurrence was runway 20.

According to thdlight datarecorder (FDR)¢ockpitvoicerecorder (CVR),

and the air traffic control (ATC) radio communications recording,
Kaohsiung Ground Control had informed the GE222 flight crew that the
weather conditions at Magong Airport were below landing minima. The
flight crew decided to continue their flight but to hold until weather
conditions improved. When the aircraft approached Penghu Island, it was
radar vectored by ATC and entered a holding pattern at 1811:17.

During the hold, the reported visibility at Magong Airport was 800 meters.
Including GE222, there were a total of fourcaaft in the hold waiting for

an approach clearance for Magong runway 20. At 1827:38, the Magong
Tower controller informed the GE222 flight crew that the visibility was
still 800 meters with the wind for an arrival to runway 02 of 210 degrees at
6 knots maimum 11 knots. The reported wind for an arrival to runway 20
was 200 degrees at 12 knots maximum 16 knots. After the GE222 flight
crew discussed the visibility and tail wind landing limitations for runway
02, at 1829:50, they requested radar vectors F& tunway 02 ILS
approach.

While the flight crew were still waiting for the runway 02 ILS approach
clearance, at 1842:28 Kaohsiung Approach broadcast that the visibility for

® Cloud amounts are reported in oktas. An okta is a unit of sky area equal-éightte of total sky
visible to the celestial horizon. Few = 1 to 2 oktas, scattered = 3 to 4 oktas, broken = 5 to 7 oktas and
overcast = 8 oktas. The METAR reports the height of the cloud base in hundreds of feet above
aerodrome elevation.

% Thunderstorms are associatedhaétumulonimbus cloud.

"An ILS is a standard ground aid to landing, comprising two directional radio transmitters: the
localizer, which provides direction in the horizontal plane or lateral flightpath tracking guidance; and
the glideslope for vertical phe direction or vertical flightpath tracking guidance usually at an
inclination of 3°. Distancemeasuringequipment (DME) or marker beacons along the approach
provide distance information.



runway 20 had improved to 1,600 meters. At 1845, the GE222 flight crew
subsequengl requested the runway 20 VOR approach. Kaohsiung
Approach issued radar vectors to the crew and assigned them a lower
altitude.

At 1855:10, the GE222 flightrew were cleared for the runway 20 VOR
approach from an altitude of approximately 3,000 feet whenaircraft

was about 25 nm northeast of Magong Airport. The aircraft descended to
and maintained 2,000 feet.

At 1902:50, shortly before overflying thénal approachfix (FAF), the
aircraft started to descend from 2,0e@% to the crew selected altide of
400 feet.

At 1905:12. 4, three seconawst cafwaeg t
annunci at ed, unhtareedhangranla whmi $ eat @d&@ @i r c
passing through 450 feet, and then the selected altitude was reset to 300feet.

At 1905:25.7, whenhe aircraft descended through 344 feet, the captain
statedoinhandTfled selected altitude wa:
aircraft kept descending.

The minimum descenttitude (MDA)® for the Magong runway 20 VOR
approach was 330 feet. No discussimpnthe flight crew regarding the
necessity to obtain the required visual references by the MDA before
continuing the approach was recorded on the CVR as the aircraft
descended below the MDA.

When the aircraft descended through 249 feet, the first offi@eiwd wilh

get to zero pointtwomiles. At 1905: 44 and at an al
captain disengaged thautopilot (AP) and an n maimamdewb
hundred f our seconds | ater. The aircr a
approximately between 168 192 feet for the following 10 seconds.

At 1905:57. 8, t he caphase you seenkhed t he
runwayo |, and at al mo s tyawtdangper @ @)nwas t i me ,
disengaged without the required announcement and acknowledgment by

the flight crewof a change in system state. The flight crew then had a
conversation for about 13 seconds attempting to locate the runway
environment In the meantime, the altitude, course, and attitude of the

8 Unless otherwise noted, the occurrence aircraft altitbédsw 2,000 feet stated in this report were
pressure altitudes with QNH 99Pa

® The minimum descentltitude (MDA) is a specified altitude in @mon-preckion approactor circling
approachhelow which descent must not be made without the required visual reference.


http://www.skybrary.aero/index.php/Non-Precision_Approach
http://www.skybrary.aero/index.php/Circling_Approach
http://www.skybrary.aero/index.php/Circling_Approach

aircraft started to conspicuously deviate from the inten@ttihgs (see
Figure 1.11), but there was no conversation between the flight crew
regarding the aircraft entering an undesired state.

At 1906: 11, b ga dmoun@i ladt s7 2c afleleetd afin d
power levers were advanced. Two seconds lateritrafh hitthe foliage

850 meters northeast of the runway 20 threshold. The aircraft sustained
significant damage and consequently collided with a residential area. Due
to the high impact forces and pastpact fire, the aircraft wasotally
destroyed.

——~

Crew calls go-around

Figure 1.11 Final approach track

1.2 Injuries to Persons

There were a total of 58 persons on board comprising two pilots, two cabin
crew, and 54 passengers. All 4 crew members and 44 passengers sustained
fatal injuries. Nine passengers sustained serious injuries and one passenger
sustained minor injuries. Fiveesidents on the ground sustained minor
injuries.



Table 1.21 Injury table

Injuries 'Z“g\:\f Attzlrll%rgn ts Passengers Other Total
Fatal 2 2 44 0 48

Serious 0 0 9 0 9
Minor 0 0 1 5 6
None | O 0 0 appl)\lli(():;ble 0
Total 2 2 54 5 63

Note:According to the Annex 13 to the Convention on International Civil Aviation, for
statistical uniformity only, an injury resulting in death within thirty days of the date of
the accident is classified as a fatal injury in aircraft accident reports.

1.2.1 Dstribution of Injuries

The ATR7206s passenger cabin was confi
There were two pilot seats in the cockpit and two cabin crew seats in the
cabin.

Figure 1.21 shows the injury and fatality distribution via seat location.
Thepassenger seating positions were based on the airline seating plan and
interviews with the surviving passengers.

TNA thht GE222 [njuryfFata“ty Distribution
ATR72 Accident in Magong, Taiwan
July 23th,2014

/7mm A O
@\-—'—"— ) 7T Tl I i ] ] Ut

pax door

| wing

Fatal 48/58 |

-

- Serious 09/58
@ Minor 01/58
)

Vacancy

Figure 1.21 Injury and fatality distribution
1.3 Damage to Aircraft

The aircraft was destroyed.



1.4 Other Damage

The occurrence resulted the collapse of nine residential dwellings, one
ground vehicle, and one electric power pole.

1.5 Personnel Information
1.5.1 Flight Crew Background and Experience
1.5.1.1 Captain

The captain, a Republic of China citizen, had served in the Army Aviation
Command as a pilot. He joined TNA in July 1992 after he retired from the
army. He completed first officer training in December 1992 and served as a
first officer on the ATR42/72 fleet. In October 1995, he completed
ATR42/72 command upgrade training and wasnmted to captain in
November 1995. As of the occurrence, he had accumulated a total flight
time of 22,994 hours, which included 19,069 hours on the ATR42/72
aircraft type.

The captain held aar transportpilot license (ATPL) issued by the Civil
Aeronatics Administration (CAA) of the Republic of China with
Multi-Engine Land rating, ATR72 type rating, and endorsed with

radi otel ephone privileges. The pil ot
recorded as ICAO level 4 with an expiry date of 23 March 2014

1.5.1.2 First Officer

The first officer was a Republic of China citizen. He was hired by TNA in
July 2011 with no previous airline experience. After completing flight
training, he was appointed and served as an ATR72 first officer. His total
flight time was2,392 hours at the time of the occurrence.

The first officer held a commercigllot license (CPL) issued by the CAA

with Multi-Engine land rating, ATR72 first officer type rating, and
endorsed with radiotelephone privile
proficiency was recorded as ICAOQ level 4 with an expiry date of 8 January

2015.

10 English language proficiency is not a requirementftight crew solely operating Taiwan domestic
flights.



Table 1.51 Flight crew basic information

Item Captain First Officer
Gender Male Male
Age as of the Occurren( 60 39
Commm‘;ﬁ‘iﬁgnployme 01 July 1992 01 July2011
Licensetype issued ATPLT Aeroplane CPLT Aeroplane
Aircraft TypeRating ATR 72 ATR 72 F/IO
Date of Expiry 08 November 2015 08 January 2017
Medical certificate issue First Class First Class
Date of Expiy 31 August 2014 31 May 2015

Total flying time 22,994 hrs. and 2®in.| 2,392 hrsand 55 min.

Total flyingtime onATR

42/72 19,069 hrs. and 56 mj 2,083 hrsand 55 min.

Total flying time last 12

945 hrs. and 10 min| 964 hrsand 46 min.
months

Total flying time last 90

278 hrs. and Ofin. | 264 hrsand 44 min.
days

Total flying time last 30

100 hrs. and 59 min| 88 hrs and 55 min.
days

Total flying time last 7

22 hrs. and 18 min.| 22 hrsand 35 min.
days

Total flying time last 24

03 hrs. and 31 min.| 03 hrsand 31 min.
hours

Available restperiod

15hrs.and 07 min. 15hrs and O7min.
before occurrence

1.5.2 Flight Crew Training Record
1.5.2.1 Captain

Initial training;

The captain completed initial ATR42 type rating training at Flight Safety
International from 4 September to 28 September 1992. The training
included academic and simulator training. He completed the initial training
successfully as indicated by the certification issued by Flight Safety
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International on 28 September 1992. He continued his trainitigtie
airline and qualified as an ATR42/72 first officer on 06 November 1992.
He finished his ATR42/72 route training on 12 December 1992 and passed
the first officer line check on 14 December 1992.

Upgrade training:

The captain attended ATR42/72 commanpgrade training at Flight
Safety International from 16 August 1995 to 22 September 1995. The
training included ground school and simulator training. He completed the
upgrade training successfully as indicated by the certification issued by
Flight Safetylnternational. He qualified as a captain on 12 October 1995
and passed the line check on 27 October 1995.

Recurrent training

The most recent annual recurrent ATR72 ground school was undertaken by

the captainon 6 March 2014. The 8 hours of training inded adverse

weather operations, terrain awareness, abnormal procedures, and aircraft

| i mitations. The captainds most rec
conducted on 17 March 2014. The <capt
Asati sf act or yaonual prdiiency echéck veag passed on 18

March 2014. The latest annual line check was successfully completed on

25 December 2013.

1.5.2.2 First Officer

Initial training;

The first officer commenced initial ATR72 type rating training on 18 July
2011 atthe TNA. The training curriculum included ground school of 326
hours, route observation training of 25 hours, 15 sessions of simulator
training, 5 hours of local training, and 3 phases of line training comprising
135 hours. He completed initial training 8 April 2012 with a successful

line check.

Recurrent training

The first officer completed annual recurrent ATR72 ground schod on

May 2014. The 8 hours of training included adverse weather operations,
terrain awareness, abnormal procedures,aamdaft limitations. The first

of ficerds mo st recent annual profi
proficiency check was successfully completed between 21 and 22 April
2014.The latest annual line check was successfully completed on 10 April

2014.



1.5.3 Flight Crew Medical Information
1.5.3.1 Captain

The captainds first class medical ce
April 2014 with the |l imitation that
| enseso.

1.5.3.2 First Officer

The first off i @ erifcae wag issued by thé GAden me d |
08 May 2014 with no limitations.

1.5.4 Flight Crew Activities within 72 hours Before the Occurrence

1.5.4.1 Captain

1. 20 July: Reported to Songshan Airport at 0640 and operated scheduled
flights from Songshan to Magong Songshan to Magong to Kinmen to
Magong to Kaohsiung, then had a layover at Kaohsiung after the flight
duty ended at 1502.

2.21 July: Reported to Kaohsiung Airport at 1420 and operated scheduled
flights from Kaohsiung to Magong to Kaohsiung to Magong to
Kaohsiung to Magong to Kaohsiung, then had a layover at Kaohsiung
after the flight duty ended at 2108.

3. 22 July: Reported to Kaohsiung Airport at 1440 and operated scheduled
flights from Kaohsiung to Kinmen to Kaohsiung to Magong to
Kaohsiung to Magong t&aohsiung, then had a layover at Kaohsiung
after the flight duty ended at 2213.

4.23 July: Reported to Kaohsiung Airport at 1320 and were expected to
operate Kaohsiung to Magong to Kaohsiung to Magong (the occurrence
flight) to Songshan to Magong to Songsha

1.5.4.2 First Officer

From 20 July to 23 July, the first officer was assigned to the same flight
duty patternssthe captain.

1.5.5 Flight Crew Alertness and Fatigue

Fatigue can be defined as a state of impairment that can include physical
and/or mental elements associated with lower alertness and reduced
performance. Fatigue can impair individual capability to a level where a



person cannot continue to perform tasks safely and/or efficiéntly

The investigation examined the likelihood that therapeg flight crew

were fatigued at the time of the occurrence and the effect that fatigue may

have had on their performance. Both the captain and first officer were
based in Taipei. However, the flight
days before theoccurrence commenced and ended at Kaohsiung.
Therefore, the flight crew spent the three nights before the occurrence in
company provided accommodation in Kaohsiung. While the flight crew

had sufficient opportunity to obtain sleep, the investigation wablarto

determine the quantity and quality of sleep obtained by the flight crew in
Kaohsiung.

Qi neti Q6s bi omat hemati cal fatigue mc
Evaluaton( SAFE) was used to assess, in p
alertness and tasKfectiveness. It is a well validated modéf>***>*°

Both the flight crewbs rosters for t
were assessed by SAFE. SAFEO6s esti me
allocate sleep at appropriate times in between crew dutiesdeeaatual

sleep data was not available. While the automated sleep data was based on
airline pilot fatigue research findings, it provides a conservative sleep
solution which may not necessarily coincide with the quantity or quality of

actual sleep obtained.

The capt aasuitwascorSistentwith the pilot being a little tired

on approach to Magong. The captainods

MYen, J. R, Hsu, C. C., Yang, H., & Ho, H. (2009). An investigation of fatigue issues on different
flight operations. Journal of Air Transport Management, 15(5); 2886

12 Civil Aviation Authority. (2007). Aircrew fatigue: A review of research undertaken on behalf of the
UK Civil Aviation Authority (CAA Paper 2005/04, Issue 2). London, UK: CAA.

13 powell, D., Spencer, M. B., Holland, D., Broadbent, E., & Petrie, K. J. (2007). Pilot fatigue in
shorthaul operations: Effects of number of sectors, duty length, and time of day. Aviation, Space, and
Environmental Medicine, 78, 69801.

4 powell, D., Spencer, M. B., Holland, D., & Petrie, K. J. (2008). Fatigue inpileb operations:
Implications fa flight and duty time limitations. Aviation, Space, and Environmental Medicine, 79,
10471050.

> Spencer, M. B., & Robertson, K. A. (2000). A diary study of aircrew fatigue in -blailt
multi-sector operations (DERA Report No. DERA/CHS/PPD/CR00394) beaongh, UK: DERA.

16 Spencer, M. B., & Robertson, K. A. (2002). Aircrew alertness during-$tanitoperations, including
the impact of early starts (QinetiQ Report No. QINETIQ/CHS/PPD/CR0O10406/1.0). Farnborough,
UK: QinetiQ.
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Alertness score 45.2 out of 100;

SamnPerellt’ score of 3.7 (OK, between somewhat fresh to a little
tired);

Karolinska Sleepiness Scalfe (KSS) indicating neither sleepy nor
alert;

Response time on a visual vigilance task degraded by 7.5% compared
with a typical rested value;

Response time on a warning light on a complex task degraded by
48.4% compared to a typical restezlue;

Percentage of missed responses in a sustained attention task 22.04%
compared to a typical rested value of 6%; and

Performance equivalent to that of a person with 0.034% blood alcohol
concentration.

However, there were some salient indications rembroh the CVR that

suggested the captain was experiencing a highrer of fatigue than that

derived from SAFE. The captain stated he was very tired and his yawning

was detected by the CVR. In addition, lapses in radio communications with

ATC, incorrect VOR approach course selection, and incoraedbmatic

flight control systenfAFCS) mode selections, all requiring the first officer

to intervene. Fur t htene moster andicatedham c ap't
elevatedflying activity where he routinely completesl sector days and

had accumulated a total flight time of 278 hours in the last 90 days.

There were no salient indications recorded on the CVR to indicate that the

first officer was fatigued; such gmwningand prolonged silence, or the
disengagementohte f i rst officer from conver
SAFE resultwas consistent with the pilot not being unduly affected by
fatigue. The first officerds SAFE me

, Alertness scoref 56.9 out of 100;

Y The Samn Perelli (SP)isap oi n't scale with possible scores ran
awakeo) to 7 (ficompletely exhausted, unable to fun
and widely used in aviation (Samn & Perelli, 1982; Samel et al, 1997) and is d¢he ofetrics

provided as an output of the SAFE model.

18 The Karolinska Sleepiness Scale (KSS) is adneme nsi on a | scale ranging from
(Avery sl eepy, great effort to keep awakeo). It h ¢
deepiness such as electroencephalographic (EEG) and electrooculographic (EOG) activity (A kerstedt
& Gillberg, 1990) and performance evaluation (Kaida et al, 2006).
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. SamnPerelli score of 3.2 (OK, somewHatsh);
. KSS in between alert and neither sleepy nor alert;

. Response time on a visual vigilance task degraded by 4.9% compared
with a typical rested value;

Response time on a warning light on a complex task degraded by
27.6% compared to a typical restedual

Percentage of missed responses in a sustained attention task 14.66%
compared to a typical rested value of 6%; and

. Performance equivalent to that of a person with 0.017% blood alcohol
concentration

1.6 Airplane Information

1.6.1 Aircraft and Engine Basic Information

Basic information of the occurrence aircraft is shown in Tablel1.6

12



Table 1.61 Aircraft basic information table

Aircraft basic information (date: 23 July 2014)

Nationality Taiwan, R.O.C.

Aircraft registration number B-22810

Aircraft Model ATR72-212A"

Manufacturer ATR_-GIE Avions de Transpo
Régional

Aircraft serial number 0642

Date manufactured 14 June 2000

Delivery date 6 July 2000

Owner TransAsia Airways

Operator TransAsia Airways

Number of certificate of

: : 93-945
registration

Certificate of airworthiness, 102-08-145, 31 July 2014

validity date

Total flight time (hours:minutes) | 27,039:27

Total flight cycles 40,387

Last check, date 9C6E AAO0O CHK /

Flight hours/ cycles elapsed sing

last "A" check 349:18/ 522

Basic information about the two Pratt & Whitney Canada PW127F/M
engines is shown in Table 126

19 ATR72-212A: Model as per Type design; ATRBR0 : marketing name for legacy ATR222A;
ATR72-600 : marketing name for ATR7212A with new avionic suite.
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Table 1.62 Engine basic information table

Engine basic information statistics date: 23 July 2014

Numbefrposition No. 1/Left No. 2/Right
Serial number AV0051 EBO0O69
Manufacture date 26 APR 1998 06 MAY 2001
Date of last shop visit 23 MAR 2012 23 JAN 2013
/IREPAIR /OVERHAUL
Date of installation 13 JUN2012 20 FEB2013
(Tk']?fr ;‘;‘fﬁd{‘esg‘”ed 4,185:25 3,076:54
Cyclesince installed 6,388 4,670
Total time(hours:minutes) 26,657:55 18,712:27
Total cycles 40,239 23,015

1.6.2 Aircraft Maintenance Records

There were no defects reported or inoperative items undemithgum
equipmentlist (MEL)? for the occurrence flight when the aircraft was
dispatched from Kaohsiung Airport. A review of the last 6 months of the
aircraftodos technical | ogbook indicat
related to the occurrence.cerécordsevi ew
indicated that it was in compliance with all applicalse~orthiness

directives (ADs) andervicebulletins (SBs).

1.6.3 Enhanced Ground Proximity Warning System

The enhancedground proximity warning system (EGPWSY is aterrain
awareness andvarning system (TAWS) that provides basic GPWS
functions in addition to enhanced terrain alerting and display features. The
EGPWS uses aircraft inputs including geographic position, attitude,
altitude, airspeed, and glideslope deviation. These are usetegjibct to

20 A minimum equipment list (MEL) is a list of aircraft equipment and systems that may be inoperative
for flight, subject to specified conditions. The MEL is approved by the State of the Qpemdtwill
enable the piloin-command to determine whether a flight may be commenced or continued from any
intermediate stop should an instrument, equipment or systems become inoperative.

ZLEGPWS is the Honeywell Inc. proprietary name fofferrain Awareness andVarning System
(TAWS). TAWS is the term used to describe equipment meeting the ICAO standards and
recommendations for GPWS equipment that provides predictive tétaaard warnings.
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internal terrain, obstacle, and airport databases to predict a potential
conflict between the aircraft flight path and terrain or an obstacle. A
conflict will result in the EGPWS providing a visual and audio caution or
warning alert. In additio, the EGPWS provides alerts for excessive
glideslope deviation, too low with flaps extended or gear not in the landing
configuration. The system also provides bank angle and altitude callouts
based on system configuration selection.

The occurrence aircriafvas equipped with a Honeywell EGPWS, model
MARK VIII, Part Number 9651216011. The EGPWS contained the
following alert modes:

- Basic GPWS modes
Mode 1: excessive descent rate
Mode 2: excessive terrain closure rate
Mode 3: altitude loss after talodf
Mode 4: unsafe terrain clearance

Mode 5: below glideslope

5

Mode 6: altitude callouts

5

- Enhanced modes
Terrainclearancdloor (TCF)
Terrainawareness &lisplay (TAD)

The TCF mode creates an increasing terrain clearance envelope around the
airport runway diretly related to the distance from the runway. The alert is
based on current aircraft location, nearest runway center point position and
radio altitude. TCF is activated during takeoff, cruise and final approach
and complements the existing Mode 4 by prowgdan alert based on
insufficient terrain clearance even when in the landing configuration. A
runwayfield clearancdloor (RFCF) alert is also provided for runways that
are located on top of a hill. This alert is similar to the TCF alert but is based
on height above the runway. The aural message "Too Low Terrain" will
occur once when the TCF envelope is initially breached and one time
thereafter for each 20% degradation in radio altitude. At the same time the
"GPWS" red alerts are illuminated treinstument panels and remain on
until the alert envelope is exited (see Figuresllabhd 1.62).
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Figure 1.62 Plan view of expanded alert

The terrain awareness function uses
provided by the dmoardglobal positioningsystem (GPS), aircraft altitude

and a worldwide terrain database to predict potential conflicts between the
aircraft flight path and the terrain. It also provides an aural alert and
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graphic display of the conflicting terrain. Caution and Warning envelopes
below and ahead of the aircraft path are computed as a function of
groundspeed and flight path angle.

If the terrain penetrates the Caution envelope boundary, an aural message
"TERRAIN AHEAD. TERRAIN AHEAD" is generated with the red

"GPWS" alerts illumina d on each pil ot ds I NS
Simultaneously, the terrain areas which conflict with the Caution criteria

are shown in solid yellow on therraindisplay. If the terrain penetrates the

Warning envelope boundary, an aural message "TERRAIN AHEAD,

PULL UP" is generated with the red "GPWS" alerts illuminated on each
pilotdés iIinstrument panel. Simultaneo
with the warning criteria are shown in solid red ontdreaindisplay.

The terrain data can be displayed ondleetronicflight instrumensystem

(EFIS). When theerraindisplay is present, it replaces tiweatherradar

display and can be available to the flight crew at any time. A discrete
pop-up signal provided by the EGPWS is used to automatically display the
detected threatening terrain on the EFIS with an-sange of 10 nm. The

local terrain forward of the aircraft is depicted as variable density dot
patterns in green, yellow or red. The density and color are a function of

how close the terrainis relatvet t he ai rcraftos al titu
depicted by painting the threatening terrain as solid yellow or red.

1.6.4 Automatic Flight Control System

1.6.4.1 General

The ATR72 is equipped with automatic flight control systefAFCS,
see Figure 1:8) which includes:

Autopilot function and/or yaw damper (AP/ YD)
Flight director function (FD)and
Altitude alert

Main componentgclude

One computer

One control panel

Oneadvisorydisplayunit (ADU); and

Three serveactuatorgone on each axis)

Systematic use dheAP/FD is highly recommended by ATR in order to:
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Increase the accuracy of guidance and tracking in all weather
conditions, from early climb after takeoff down to landing minima

Provide increased passenger comfahrough smooth and
repeatable altitude and heading changes in all atmaspher
conditions and

Reduce crew workload and increase safety.

5

AFCS CONTROL FPANEL

Figure 1.63 Automatic Flight Control System (AFCS)
1.6.4.2 Advisory Display Unit

Theadvisorydisplayunit (ADU) provides advisory/caution messages and
mode information to the pilots (see Figure-4)6

ADVISORIES SELECT ALT BRT
TCSENG ALT SEL —---mm- FT Adjust ADU brightness
CAT 1 ALT SEL 3000 FT
CAT 2

RESET MESSAGES

CANCEL A CAUTION MESSAGE

MESSAGES

L/R SEL
SEL pb is used in AP ground
maintenance test

ARMED and CAPTURED ARMED and CAPTURED MESSAGES
MODE MODE
LATERAL MODE VERTICAL MODE

HDG SEL LC ALT ALT ALT

T
()
m
T
I
T

VOR VOR VOR
LNAY Al

LOC cs

BC

Figure 1.64 Advisory Display Unit (ADU)

18



1.6.5 Weight and Balance Information

The actual takeoff weight of the occurrence aircraft was 46,235 Ibs. The

a i r c ceatdr bfgravity (CG) for takeoff was located at 29.2%¢an
aerodynamicchord (MAC) which was within the certified limitation

between 19.7% and 37 % MAC. Table-B.6hows the weight and balance

data. The aircraftods wei gdlimtadonsd bal ar
for the duration of the occurrence flight.

Table 1.63 Weight and balance data

Max. zero fuel weight 44,092 Ibs.
Actual zero fuel weight 41,294 Ibs.
Max. takeoff weight 48,501 Ibs.
Actual takeoff weight 46,235 Ibs.
Take off fuel 4,9411bs.
Estimated trip fuel 800 lbs.
Max. landing weight 48,171 Ibs.
Estimated landing weight 45,435 Ibs.
Takeoff CG 29.2% MAC

CG: center of gravity

MAC: mean aerodynamic chord

1.7 Weather Information

1.7.1 Synopsis

The center of Typhoon Matmo wapproximately 142 nm northorthwest

of Magong Airport around the time of
was approximately 80 nm. The typhoon warning for Magong Airport was
terminated at 1740, as shown in Figure 1. The Magong Weather Center

issued dazardous weather forecast for Magong Airport at the same time

as follows:

1740 to 1940 hours, visibility 1,200 meters in rain and mist, broken cloud
at 200 feet, intermittent thunderstorm rain.
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Figure 1.71 Magong typhoon warning termination report

The C AA mavigation and weather services (ANWS) Taipei
Aeronautical Meteorological Center issued multiplsignificant

meteorologicalinformation advisories (SIGMET) for the Taipeiflight

information region (FIR) on the day of the occurrence, onewbich

remained valid at the time of the occurrence as follows:

SIGMET 5 valid from 1800 to 2100 houfer Taipei FIR, tropical cyclone
Matmo centered at N2536 E11906 at 1700L, moving NW at 11 knots with
intensity weakening, cumulonimbus is within 190 mzaltmiles of the
center with a cloud top altitude below FL420. The storm center was
forecasted to be located at N2630 E11830 at 2300 hours.

1.7.2 Surface Weather Observations

The Weather Center was in charge of weather observations and
dissemination for Mgong Airport. METAR, aerodrome special
meteorological reports (SPECI) andkerodrome local meteorological
reports (LOCAL) around the time of the occurrence were as follows:

METAR at 1800 hours, wind from 220 degrees at 17 knots gusting to 27
knots, visibilty 800 meters in heavy thunderstorm rain, scattered clouds at
200 feet, broken at 600 feet, few cumulonimbus at 1,200 feet, overcast at

22 |Information concerning the occurrence or expecteturrene of specified emoute weather
phenomena which may affect the safety of aircraft operations.
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1,600 feet, temperature 23°C; dew point temperature 22°C, altimeter
setting 995 hPa, trend forecamst significant chage Remarks: altimeter
setting 29.41 irHg, runway visual rangé 800 meters with no significant
change at Runway 20, hourly precipitation 13.5 milliméfestationary
thunderstorm overhead (ATIS.

METAR at 1830 hours, wind from 200 degrees at 14 kgasting to 24
knots, visibility 800 meters in heavy thunderstorm rain, scattered clouds at
200 feet, broken at 600 feet, few cumulonimbus at 1,200 feet, overcast at
1,600 feet, temperature 22°C; dew point temperature 22°C, altimeter
setting 995 hPa, trerfdrecastno significant changeRemarks: altimeter
setting 29.41 irHg, runway visual range 800 meters at Runway 20,
stationary thunderstorm overhead (ATIS.M)

SPECI at 1840 hours, wind from 190 degrees at 13 knots gusting to 24
knots, visibility 1,600 medrs in thunderstorm rain, scattered clouds at 200
feet, broken at 600 feet, few cumulonimbus at 1,200 feet, overcast at 1,600
feet, temperature 22°C; dew point temperature 22°C, altimeter setting 996
hPa Remarks: altimeter setting 29.42Hy, recent heawrain, stationary
thunderstorm overhead (ATIS N)

METAR at 1900 hours, wind from 220 degrees at 11 knots gusting to 21
knots, visibility 1,600 meters in thunderstorm rain, scattered clouds at 200
feet, broken at 600 feet, few cumulonimbus at 1,200 feetcast at 1,600
feet, temperature 23°C; dew point temperature 22°C, altimeter setting 997
hPa, trend forecasto significant changd&kemarks: altimeter setting 29.45
in-Hg, recent heavy rain, hourly precipitation 7.0 millimeters, stationary
thunderstorm werhead (ATIS Q)

SPECI at 1910 hours, wind from 250 degrees at 18 knots gusting to 28
knots, visibility 800 meters in heavy thunderstorm rain, scattered clouds at
200 feet, broken at 600 feet, few cumulonimbus at 1,200 feet, overcast at
1,600 feet, tempature 22°C; dew point temperature 22°C, altimeter
setting 998 hPaRemarks: altimeter setting 29.48 iy, runway visual
range 800 meters at Runway 20, stationary thunderstorm overhead (ATIS

% Runwayvisual range (RVR) is the distance at which the runway, or the specified lights or markers
delineating it, can be seen from a position above a spegibegd on its centerline. It is normally
included in aerodrome meteorological reports when visibility or RVR is less than 1,500 meters.

% Hourly precipitation in the METAR of Magongrgbrt was not presented in ATrBessageiandling
system (AMHS) of ANWSCAA.

% It indicated that metological information used iautomaticterminalinformationservice (ATIS)
No. L was extracted from the report (excluding remarks) but in different format.
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LOCAL?® at 1918 hours, wind from 230 degrees at 23 knots i 33
knots, visibility 800 meters in heavy thunderstorm rain, scattered clouds at
200 feet, broken at 600 feet, few cumulonimbus at 1,200 feet, overcast at
1,600 feet, temperature 24°C; dew point temperature 23°C, altimeter
setting 998 hPaRemarks: dimeter setting 29.48 #hig, runway visual
range 800 meters with no significant change at Runway 20, stationary
thunderstorm overhead (ATIS Q)

METAR at 1930 hours, wind from 230 degrees at 19 knots gusting to 29
knots, visibility 800 meters in heavy thuerdtorm rain, scattered clouds at
200 feet, broken at 600 feet, few cumulonimbus at 1,200 feet, overcast at
1,600 feet, temperature 24°C; dew point temperature 23°C, altimeter
setting 998 hPa, trend forecamst significant changeRemarks: altimeter
settirg 29.48 inHg, runway visual range 800 meters with no significant
change at Runway 20, stationary thunderstorm overhead (ATIS R)

METAR at 2000 hours, wind from 210 degrees at 13 knots gusting to 23
knots, visibility 800 meters in heavy thunderstorm ragattered clouds at

200 feet, broken at 600 feet, few cumulonimbus at 1,200 feet, overcast at
1,600 feet, temperature 24°C; dew point temperature 23°C, altimeter
setting 997 hPa, trend forecamst significant changeRemarks: altimeter
setting 29.46 irHg, runway visual range 800 meters at Runway 20, hourly
precipitation 26.0 millimeters, stationary thunderstorm overhead (ATIS S)

1.7.3 Automated Weather Observation Systems

Magong Ai rapanateddesnthemlaservationsystent’ (AWOS)
became operational June 2011. The AWOS sensors were located at the
approach ends and midpoint of the runway, providing-tiewd weather
information to the displays located at the Weather Center and Magong

tower, asshowninFigure2Z. The | ocati onAWMDE Magon
sensors and the Central Weather Bure

are shown in Figure 1-3. The relevant weather parameters from 1800 to
2000 hours are shown in Figure 470 1.75.

AWOS N was located approximately 0.&utical milesouthsouhwest of

% This report was the additional observation after Weather Centeiveecthe notification of the
occurrence.

2T AWOS is a system that continuously measures weather information, including wind speed and
direction, visibility, RVR, precipitation, cloud cover, temperature, dew point, altimeter setting, and
lightning. The previousAWOS wasnot equipped with RVRapability
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the occurrence site. The wind gradually turned westerly from
southsouthwest between 1837 and 1847 hours, and then returned to the
southsouthwest at 1932 hours. Onenute average wind speed increased
from 9 knots at 1858 hours to 31 knots at3,3justing to 36 knots at 1911
hours. Rainfall began to intensify at 1900 hours, accompanied by the
runway visual rangeRVR) reducing from more than 2,000 meters at 1859
hours, to between 500 and 900 meters between 1901 and1931 hours. RVR
returned to more than 2,000 meters at 1947 hours.
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Figure 1.73 AWOS sensor |ations
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Figure 1.75 AWOS rainfall and RVR
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1.7.4 Weather Information Summary

Thevisibilities, RVRs and other weather information provided by Weather

Center, AWOSand ATC unitasvere summarized in Table 117

Table 1.71 Summarized wather information

Time Source Details GEZZZ
received
Visibility 2,400 meters in thunderstorm rai
1700 METAR ceiling at 600 feet (ATIS I) No
1700 | AWOS RVR® | Above 2,000 meters No
1728 Ka_lrohsmng Thunderstorm overhead lslitagong Airport Yes
ower
Visibility 2,400 meters in thunderstorm rai
1730 METAR ceiling at 600 feet (ATIS J) No
1730 | AWOS RVR | Above 2,000 meters No
1740 | AWOS RVR From above 2,000 to 500 meters from 1731 No
1740
1742 Ka_lrohsmng Magong Airport wadelow landing minima Yes
ower
ATIS Information Kilo of Magong Airport
1751 | GE222 CVR | Visibility 800 meters in heavy thunderstor  Yes
rain, ceiling at 600 feet
Kaohsiun Magong Airport was below landing minimur]
1756 9 | Broadcasted hazardous weathferecast of  Yes
Approach .
Magong Airport
1800 | AWOS RVR | Around 900 to 1,400 meters from 1751 to 18 No
ATIS Information Lima of Magong Airport
1801 | GE222 CVR | Visibility 800 meters in heavy thunderstor  Yes
rain, ceiling at 600 feet
1821 Kaohsiung | Broadcasted thunderstorm will probal Yes
Approach | continue for another hour at Magong Airport
Broadcasted Magong Airport runway 02 inst
1827 Kaohsiung | wind was 210 degrees at 5 knots maximum Yes
Approach | knots, runway 20 instant wind was 190 degr
at 11 knog maximum 15 knots
1830 | AWOS RVR | Above 2,000 meters No
Kaohsiung | ATIS Information Mike of Magong Airport
1836 - . Yes
Approach | Visibility 800 meters in heavy thunderstor

% n tower, oneminute mean RVR were reportedto aircraft In METAR/SPEC| tenrminute mean
RVRs are reported.herewereonly one-minutemean RVRs recorded in AWOS.
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Time

Source

Details

GE222

received
rain, ceiling at 600 feet
1840 | AWOS RVR | Above 2,000 meters No
Magong Informed Kaohsiung Approach visibility we
1841 No
Tower 1,600 meters
Kaohsiung | Visibility was 1,600 meters and thundersto
1842 . Yes
Approach | overhead at Magong Airport
Kaohsiun ATIS Information November of Magon
1845 9 Airport Visibility 1,600 meters irthunderstorm  Yes
Approach . .
rain, ceiling at 600 feet
1859 | AWOS RVR | Above 2,000 meters No
Visibility 1,600 meters in thunderstorm rain
1900 METAR ceiling at 600 feet (ATIS O) No
1900 | AWOS RVR | 1,800 meters No
1901 | AWOS RVR | 800 meters No
1901 | Mag9onNg AN\ was 997 Yes
Tower
1902 | AWOS RVR | 650 meters No
1903 | AWOS RVR | 600 meters No
1903 Magong Wind was 250 degrees at 19 knots Yes
Tower
1904 | AWOS RVR | 650 meters No
1905 | AWOS RVR | 600 meters No
1906 | AWOS RVR | 500 meters No
Visibility 800 meters in heavythunderstorm
1910 SPECI rain, RVR 800 meters at runway 20, ceiling No

600 feet (ATIS P)

1.7.5 Sounding Data

The 2000 hours routine upper air sounding (that is, a vertical profile of
atmospheric conditions) for Magong Airport was conducted at 1835 hours

on the dayof the occurrence. A SkewT/logPdiagram drawn from the

observation data is shown in Figure-6.7The wind profile presented in
Figure 1.77 identified a southwest wind near the surface at about 16 knots.
Above the surface, the wind backed to the saailthwest, then veered to
the soutwest, and increased in magnitude to about 50 knots at 2,000 feet.

2 SkewT/logP diagram is a standamkteorological plot using temperature and the logarithmic of
pressure as coordinates. It is used to display winds, temperature, dew point, and various indices used

to define the vertical structure of the atmosphere.
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Between 2,000 feet and 9,000 feet, the wind was generally from a
southwesterly direction at about 45 to50 knots.
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Figure 1.77 Wind profile from thesurface to 9,000 feet
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1.7.6 Satellite Data

The Japan Meteorological Age*hafyods MT
the area at 1857 hours is shown in Figure-8.Compared with the
sounding data, the cloud top height was about 53,000 feet over Penghu.

Figure 1.78 Infrared satellite image at 1857 hours

1.7.7 Weather Radar Information

The CWB had four ®and 10 centimeter wavelength Doppler weather
radars. It took 6 to 7.5 minutes to complete a series of specific scans. The
composite image of the radars &00 hours and cropped images of the
Penghu area from 1830 to 1912 hours are shown in Figu& The time

% Operates on channel 1 with a wave ety bet ween 1 (it grovides doudltdp. 3 € m
temperature information.
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indicated on the figure is the start time for the scans. The figure shows that
a stronger echo moved to Magong Airport from southwest to northeast
between 1900 and 1912 hours.

Chiku weather radar was located approximately 35 nm to the southeast of
the occurrence site. A scan was completed every 7.5 minutes. With the scan
taken at 0.5° elevation, the airspace between about 1,100 and 4,700 feet
above man sea level above the occurrence site was capilinedmages
from Chikubdés radar between 1823:10
1.7-10.

7/23519%00 kg

Figure 1.79 CWB weather radar composite images
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Figure 1.710 Chiku weather radar images before and afteotkbarrence
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1.7.8 Significant Weather Chart

The gignificant weather (SIGWXthart which was valid at 2000 on July
23 is shown in Figure 1-T1. It indicated that frequent cumulonimbus with

a ceiling of 1,500 feet and a height over 45,000 feet around thghé&’en
area.
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Figure 1.711 SIGWXchart
1.8 Aids to Navigation

According to the Taiwan CA&eronauticalnformationpublication (AlIP),

there are several radio navigation and instrument approach landing aids for
Magong Airport. VOR, non-directional beacon (NDB), andarea
navigation (RNAV) global navigation satellite system approaches were
available for runway 20. Instrumelandingsystemlocalizer (ILS/LOC),

VOR, NDB, and RNAV approaches were available for runway 02.

The visibility required for Magag VOR approaches was 1,600 meters.
The Magong runway 02 ILS approach required 800 meters visibility.

1.8.1 VOR/DME

The VOR navigation and neprecision approach aid is an aircraft
navigation system operating in thery high frequency (VHF) band.
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VORs broadcast a VHF radio composite signal and data that allows the
airborne receiving equipment to derive the magnetic bearing from the
station to the aircraft. An infinite number of bearings can be obtained and
they may be visualizkas radiating from the beacon like spokes from the
hub of a wheel. However, for practical purposes the number of bearings
can be considered to be limited to 360, one degree apart, and these 360
bearings are known as radialstailialis identified by itamagnetidearing
outbound from theVOR beacon. The VOR enables a pilot to select,
identify, and locate a line of position from a particular VOR beacon.

Magong VOR was upgraded fromcanventional VOR (CVOR) to a
Doppler VOR (DVOR) 1 June 1 2013. The DVOt®Em is more resistant

to multipath interferenceompared to the traditional CVOR. The Magong
DVOR (model DVOR1150A)was manufactured by SELEX, and was
equipped with dual transmitters, dual monitors and dual power supplies to
ensure VOR signal integritynd continuity. The Magong VOR operating
frequency was 115.2 MHz with an identifier of MKG. There were two
main functions of the DVOR: enroute, which provided aircraft tracking
guidance forair routes’ A1 and W6; and terminal, which provided
approach trackig guidance for both runway 02 and runway 20.

The Magong DME distance measuring equipment) was a
transpondebased radio navigation aid that measuskait rangelistance
from a landbased transponder by timing theopagation delapf UHF
rado signals.

Magong DME was replaced on 1 June 1 2013. The new unit (model
DME1119A) was manufactured by SELEX and was equipped with dual
transmitters, dual monitors and dual power supplies, and whxated

with the DVOR as an aid to enroute navigatiol instrument approaches.
The DME identifier and frequency was the same as the DVOR,

The Magong VOR monitoring receiver log indicated that the system was
fully functional on the day of the occurrence. In addition, the most recent
flight testing of the Mgong VOR, conducted on 6 May 2014, indicated
that the system was performing within standard tolerances and was
funrestricted There were no pilot reports of the VOR malfunctioning
since its commissioning on 1 June 2013.

3L An air route is a specified route designed for channeling the flow of traffic as necessary for the
provision of air traffic services. A legacy design feature of air routes, frihve development and
implementation of the Global Positioning System, Area Navigation, Performance Based Navigation
(PBN) and improved aircraft navigation capabilities, was the requirement to track via -tprasedi
radio navigation aids.
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1.9 Communication

The radio commuwation frequencies used by Kaohsiung tower,
Kaohsiung approach and Magong tower wet21.9/118.7 MHz,
124.7/128.1 MHz and 118.3 MHz respectively.

The telephone communication transcripts between the Magong tower
controllers, Kaohsiung approach controllekdagong flight operations
section, the meteorological office, weather watch office and Magong flight
control office are summarized Appendix1.

1.10 Aerodrome

1.10.1 Airside Basic Information

Magong Airport? is located 10.2 km northeast of Magong Cityhad a

single runway oriented norhortheast and sousouthwest designated as
runway 02/20Runway 0206s precise magnetic
declared dimensions of 3,000 meters long, 45 meters wide, and an
elevation of 103 feet at the thresholdh#d a clearway which was 300
meters | ong and 60 meters wide but
magnetic heading was 201.67° and an elevation of 46 feet at the threshold.

It had a 285 meter long clearway that was 75 meters wide but no stopway
(see Figure 10-1).

32 peronauticalinformation publication (AIP) TAIPEI FIR effectivel0 JUL 14. ICAQirport code
RCQC.
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Figure 1.1601 Magong Airport chart

1.10.2 Approach and Runway Lighting Systems

Magong Airportdéds approach and runway
shown in Figure 1.1-Q.
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RCQC AD 2.14 APPROACH AND RUNWAY LIGHTING

CRe?t\r‘e RWY edge
APCHLGT | THRLGT VASIS TDZ, | Line LGT LGT RWY End Wy
RWY LEN, LGT LGT
Designator type colour (MEHT) LGT | Length, spacing colour LEN (M)
LEN INTST | WBAR PAPI LEN | spacing, !
colour colour WBAR colour
INTST INTET
1 2 3 4 5 6 7 8 9
MALSR PAPI
(Remark 1) | Green (Remark 2) 3000M, 60M Red
02 720M WEBAR Left/3° NIL NIL White, Yellow | No WBAR NIL
LIM (56FT)
REIL PAPI
. Green (Remark 3) 3000Mm, 60M Red
2 White | wear | Lefwse | NIt NIL- D white, vellow | NowBar | NI
Uni-dir )
(BOFT)
Remarks

10

1. MALSR is FAA standard, equipped with RAI
2. 02 PAPI: 400M from THR 02
3. 20 PAPI: 321M from THR 20

Figure 1.162 Magong

There was no approach lighting system for runway 20. According to ICAO
Annex 14 section 5.3.4 and the CAA Civil Aerodrome Design and
Operations Specifications section 5.3.4, where physically practicable, a
simple approach lighting system shall be provitteserve a noiprecision
approach runway. A simple approach lighting system shall consist of a row
of lights on the extended center line of the runway extending, where
possible, over a distance of not less than 420 meters from the threshold.

Measurement othe extended center line for runway 20 indicated that
about 500 meters was available for an approach lighting system within the

Ai rport6s

airport area, as shown in Figure 130
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Figure 1.163 Available distance measured from Runway 20 (image from

Google Earth

1.10.3 Runway Lighting System

Both runway 02 and runway 20 had 6 fixed bidirectional runway
threshold/end light¥ installed, which were illuminated green in the
direction of approach to the runway. Runway 02 and runway 20 also had
installed 10 fixed unidectional runway threshold lights which were
illuminated green in the direction of approach to the runway. The runway
also had two groups of green wing bar lights positioned symmetrically
about the runway centerline on each side of the runway threshamtl. E
wing bar contained 5 lights extending 10 meters outward from, and at right
angles to, the line of the runway edge lights. The innermost light of each
wing bar was aligned with the runway edge lights.

The western side of runway 02 was equipped wigiegisionapproach
pathindicator (PAPI* guidance system positioned 400 meters forward of
the runway threshold. The eastern side of runway 20 was equipped with a
PAPI positioned 321 meters forward of the runway threshold.

% Magong Airport runway/taxiway reconstruction engineering contract

34 The precisionapproachpath indicator (PAPI) is avisual aidthat provides guidance information to
help a pilot acquire and maintain the designated glideslope (typically 3°) for an approach to an
airport. It is generally located beside the runway beyond the landing threshold of trey.rdime
ratio of white to red lights seen is dependent on the angle of approach to the runway. Above the
designated glideslope a pilot will observe more white lights than red, at approaches below the ideal
angle more red lights than white will be seen. ther optimum approach angle the ratio of white to
red lights will remain equal throughout.
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Runway 02/20 had white/yellow raray edge lighting installed at 60 meter
(200 fed) intervals.

Runwayend identifier lights (REIL) were also installed on both sides of
the runway 20 threshold. THREIL provided a rapid and positive
identification of the end of the runw&yThe system coprised two types

of synchronized flashing lights that were unidirectional or
omntdirectional. The unidirectional lights were directed towards the
approach area. REIL were effective for: identification of a runway
surrounded by a preponderance of othehtiigy; identification of a
runway which lacked contrast with surrounding terrain; and identification
of a runway under reduced visibility. The REIL had three intensity settings
and can be seen by flight crew at an approximate range of 3 miles during
daylight and 20 miles at night.

uuuuuuuuuuu

way ed b |
sudes [ A/ £t - RIS - L ET AR Rty O cdge
Rumway 02 threshold/end, ing bar lights 5

Figure 1.164 RWY 02/20 lighting systems

1.10.4 Information from Airport CCTV

Ma gong Acosedgriccuittteteision (CCTV) provided information
on the status of the runway lighting systems, local visibility, and
emergency response activities at the time of the occurrence.

The investigatioteamobtained copies of the video footage from No.7 and
No.9 airport sirveillance cameras. The camera locations and filming
directions are shown in Figure 1:50 The camera footage encompassing
the time period between 1830 and 1930 on the day of the occurrence was
examined. Relevant images extracted from No.7 and No0.9 aanagee
presented in Append@& A summary of the information obtained from the
video footage is presented in Table 1110

% https://www.faa.gov/about/office_org/headquarters_offices/ato/service_units/techops/navservices/Isg/
reil/
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Table 1.181 Summary of airport video footage

Time Observations

18301858 |Raining, runway edge lights and control tower visible

Storm suddenly intensifies accompanied by continuo

18581903 lightning, runway edge lights not visible

Very poor visibility, no objects could be recognized fr

19031910
camera

Airport rescue firefighting vehicles were dispatched.
19131930 |Storm caditions improvedandsome runway edge ligh
werevisible.

No.9 Video Camera beside Tower
hooting at Runway 20 threshold

Figure 1.165 The location of airport CCTV No.7 & No.9

1.11 Flight Recorders

Theflight datarecorder (FDR) and thackpitvoicerecorder (CVR) were
recovered by the search and rescue team at Xixi vidaglee night ofthe
occurrence and were later haed over to the duty officer at Magong
Airport. The recorders were transported to fwation Safety Council
(ASC) Investigation laboratory for disassemband readout 024 July.
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1.11.1 Cockpit Voice Recorder

The aircraft was equipped with an3d.Communicationsolid-state CVR
(SSCVR), model A200S, serial number 00452. The CVR is capable of
recording 2 hours of-2hannel standard glity cockpit audio, and 30
minutes of 4channel high quality cockpit audio.

CVR Condition and Disassembly

The exterior of the CVR sustained significant structural damage as a result
of I mpact forces. While the CVROs
nat punctured or compromisday fire. In accordance with ASC standard
damaged recorder disassembly procedures, the dust cover was removed by
cutting it away from the steel crash case (Figure-1)1Thecrashsurvival
memoryunit (CSMU) was then removed fiothe CVR, and was found in

good condition.

CVR Download and Readout

Following the A200&accidentin v e s t i kg GAIK) pravided by the
recorder manufacturer-8 Communications, download operation of the
recorder was performed.

SSCVR Teardown (1)

CSMU

A200SAIK

& »
Tk / Voo
SSCVR Teardown (2) SSCVR Download with another A200S

Figure 1.111 (a) Damged SSCVR exterior view and its teardown; (b)
Raw data download as suggested in the A200S AIK

An examination of the downloaded CVR data indicated that the first 25
minutes and 57 seconds of thel2annel, standard quality recordingad
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the final 4 minutes of the-dhannel, high quality recordings, were both
misplaced to thether endof their tracks, probably as a result of impact
forces. However, the audio quality of each channel was either good or
excellent.

The CVR recording apigable to the occurrence started at 1739:09.5 and
ended at 1906:18.9. It covered the entire occurrence flight from pushback
to final approach. The CVR transcript for the entire flight is available at
Appendix3.

Recorder Timing Synchronization and Correlation

Timings for the CVR recording were established by correlating the CVR
events to common events on the FDR and then synchronizing those events
with the Kaohsiung Approach timing system. The entire air traffic
equipment and surveillance radar timingteys was based on GRifhe,
provided by the National Time and Frequency Standard Laboratory,
Telecommunication Laboratories, Chunghwa Telecom Co°Lis a

result of the synchronization:

FDR UTC + 28.0 seconds = ATC UTC
CVR UTC + 28.2 seconds = ATC UTC

1.11.2 Flight Data Recorder

The aircraft was equipped with and.Communicationsolid-state FDR
(SSFDR) part number S80G8000-00, serial number 00381.

Disassembly and readout of the FDR were accomplished using the
standard hardware and software attlf®®@6s | aboratory, whi
the L-3 Communications F1000 AlKeadout supportequipment(ROSE),

and Insight analysis software. The ATR reader database was nused i
accordance with service letter no. ATR326010 revision 10.

The FDR recording contained about 35 hours 41 minutes and 7 seconds of
data. The occurrence flight was the last flight of the recording and its
duration was 1 hour 27 minutes and 10 secofitte FDR stopped
recording at 1906:18.9, which was the time of the occurrence.

FDR Condition and Disassembly

There was no evidence of heat or fire damage on the exterior of the FDR.
The FDR casing had sustained some impact damage and two CSMU

3 Website http://www.stdtime.gov.tw/english®me.aspx.
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support unitsvere broken. The CSMU was not damaged and all applicable
data was recovered. Figures *214hows the FDR exterior view, teardown
and download process.

SSFDR Download with another F1000

SSFDR Download Program- ROSEV 4.5

Figure 1.112 FDR exterior view, teardown and download process

Download, Readout, and Data Plots

After downloading the raw data from the3lreadout supportequipment
in accordance with the F10@@cidentin v e s t ikisproceduies the
FDR raw datavasconwertedto an urpack binary formation and imported
into the Insight Analysis software.

The plot of selected parameters covering the entire occurrence flight is
presented in Figure 1.43 Parameters in Figure 1-Blinclude master
warning, main landing geair/ground status, barometric pressure setting,
VHF keying status, vertical acceleration, both engine NP speeds, both
engine power lever positions, indicated airspeed, GPS ground speed,
standard pressure altitude, and associated QNH corrected pressure
altitude’”- PALT (QNH 997).

37 pressure altitude correction: the pressure altitude recorded by the FDR is standard pressure altitude,
which corresponds to the static pressure sensed
the QNH altimeter settings varied between 10881 996 milibars (mb), in accordance with
information provided by Kaohsiung approach and Magong tower. From 1902:43, the Magong QNH
was 997 mb.
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The plot of recorded parameters during the final approach (below 1,000
fed Radar Altitude [RA]) and associated wind information is presented in
Figure 1.114. Parameters displayed in Figure X4linclude: autopilot
engaged statyyaw dampef status, VOR capture status, pitch attitude,
roll attitude, angle of attack, wind direction, wind speed, selected altitude,
indicated airspeed, ground speed, radio height and pressure altitude.

Figure 1.115 presents the engine related pararetand accelerations for

the last 30 seconds of the recording. Parameters displayed in Figufe 1.11
include: vertical acceleration, longitudinal acceleration, lateral
acceleration, magnetic heading, both engine NP speeds, engine torques,
engine power lesr angles, radio height and pressure altitude.

Below a pressure altitudef 2,000ft and before impact, the average wind

speed was 41 knots-#/0.6 knots, average wind direction 242 degrees +/

38 degrees. Il n addition, the aircraf
1.025g +/0. 0086 gobs. The tur butheblddye i nt e
DissipationRate®® which is calculated from vertical acceleration and true

airspeed.

3 The yaw effort, applied on the rudder pedal, which triggers the yam damper disagreement parameter
recordingon the FDR is in the range of 25.5 daN to 31.5daN.

39 Refer to ICAO Annex 3, Meteorological Service for International Air Navigation.

42



L BT

—

warni ng]

= L e U O C00D

@88 - peer

GE222 FDR Data - Entire of Flight

Master Warning {discreta)

—'n]rlr- 2 (discrete) VHF 1 (discrete)

Maln Gear WOW (discrete)

Barometric Setting - mb fmb) \

vartical Acceleration {g)

NP Engine 2 (%)
NP Engine 1 (%)

Torque Engine 2 (%)
Torque Engine 1 (%)

PLA Eng 2 (degrees)
PLA Eng|l (degrees)

LT(997) (feet)

Indicated Airspeed (knots)
Groundspeed (knots)

¥ ™ — 2] ] 0 T m = Q ]
m o m [Ty 3] n ™ uwn ™~ w -
- o w o w [} Ix] [=] [+ ™~ le]
€ ] ] o - ] [y ﬁl‘ ﬂ‘ w =]
m o o =] (=] (=) a [=] a [=] -
o o (=] — - - - =1 - — b

ATC UTC (sec)

43

ETr'a

b

ns
both main gear an grou

1000
5849
008
287
596
995

101
95
S0
B4
78

8000
7000
&000
5000
4000
3000
2000
1000
(4]

Figure 1.113 Entire Flight Data Plot for occurrenfight GE222 (source: FDR)



GE222 FDR Data - Basic Paramters
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Figure 1.114 Flight Data Plot (Below 1,000 feet RA)
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1.11.3 Other Flight Data and Radar Track Data
1.11.3.1 GE220 Flight Data

The flight crewhad flown the occurrence route in the same aircraft earlier
in the day as TNA flight GE220. On that flight, the aircraft took off from
runway 27 at Kaoliung International Airport at 1448:40 and landed on
runway 20 at Magong Airport at 1510:36. Figure 16ldlisplays the
descent, approach and landing data below 2,500 feet for that flight.
Between 1518:38 and 1519:01, one of the GPWS modes was activated
during the descent from 2964 to 235 £d (RA).
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Figure 1.116 GE220 flight data plot (below 2,500

1.11.3.2 B7 647 Flight Data

Before Magong Tower cleared flight GE222 to land, Uni Airwéight

B7 647, anATR72-600 aircraff successfully conducted runway 20
RNAV approach and landing. The investigation team acquired the flight
data from the UniAirways ATR72600 on 28 July to obtain more
information regarding the wind velocity at Magong Airport. Figure .11
provides a plot of recorded parameters for that aircraft. The data indicated
that the ATR72600 took off from runway 36 at Tainan Airpott/05:10

on 23 July and landed on runway 20 at Magong Airport at 1857:25.

46



The flight parameters in Figure 1:Flinclude: UTC time, air/ground
switch status, pitch attitude, roll attitude, magnetic heading, wind speed,
wind direction, vertical acceleratn, airspeed, ground speed, GPS latitude
position, GPS longitude position, amthro-corrected altitude. The data
indicated that  below 2,000ft baaltitude, average wind speed was 22.5
knots +£ 6.6 knots, average wind direction was 259 degreet 6-ftegrees,

and the average vertical acceleration was 1.0066@ +/0 6 1 g 6 s .
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Figure 1.117 Uni Airways ATR72600 Flight Data Plot
1.11.4 Flight Path Reconstruction and Unrecorded Parameters

1.11.4.1 Flight Path Reconstruction and Mapping

The occurrenceai r craft és position was recor
seconds. The recorded position parameters included GPS latitude and GPS
longitude at a sampling rate 1/4 Hz. By applying dotblegratiori® of

“? DoubleIntegration and flight path reconstruction: initial point at 1906:15 was GPS recorded position
of N23°35'14.30", E119°38'19.35" and using thigdees acceleration data (sampling rate 8 Hz) to
calculate the flight path.
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the acceleration data recorded by the FDR, the positioneohitcraftat

every second was calculated, which enab&deconstruction of the
occurrence flight ©path. At 1906:18.9
was N23°35'08.2", E119°38'21.1". Figure 1-8displays key points along

the occurrence flight platwith the radar track superimposed with the

Magong runway 20 VOR chart. Figure 1-9Jresents the occurrence

aircraftos traject ooveylaidbmua satellite intadee | a s |
of the area.

@® 1811:16.7 Requested Kaohsiungapproach
for holding pattern

@ 1827:38.4 Kaohsiung approach broadcasted
Magong airport forecast RWY02 wind 210
deg. 5 kts max 11 kts, RWY20 wind 190 deg. i e
11 kts max 15 kts T 'jfmf &

@ 1828:42.6 Kaohsiung approach announced o L.
Magong airport visibility 800m b - 0P f

@ 1829:50.3 Requested RWYO02 LS approach b O

® 1842:28.3 Kaohsiung approach announced &
Magong airport RWY20 visibility 1,600m, still
T-storm overhead

® 1842:47. 9 Requested RWYO2ILS approach
1845:00.5 Request RWY 20 VOR approach
1903:38.7 Magong tower granted RWY?20
landing clearance, wind 250 deg. 19 kis

© 1905:44.1 Autopilot was disengaged

r‘
v RCQC e -
RWY 20 Threshold / VOR Antenna

e Ui,

- R I R
Autopilot was disengaged
@ 1906:11.1 Crew called go-around
@ 1906:13.3 Unidentified sound
@ 1906:15.8 Crew requested go-around
@ 1906:18.0 Unidentified sound
@ 1906:18.9 Recorders stopped recording

Figure 1.119 Superimposed GE222 flight path with satellite imagery
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for the last 40 seconds.

1.11.4.2 Unrecorded Parameters and Derived Parameters

The reference distance between the aircraft and Magong runway 20
threshold, vertical speed, control column position and control wheel
position were derived from the relevant recorded parameters.

Calculation of Reference Distance and Vertical Speed

Based o the FDR recordingparameters (DMHE,DME 2) and the
relevantway pointsaroundMagongAirport, the flight crew selections on
the onboard GPSvere calculated

The results indicated thatluring the approach, fronil857:13 to
1858:37DME 1 andDME 2 recorded the distance of the occurrence

aircraft to the MKG VOR 13 DME (the initial approach fix). From

1858:38 to 1901:45DME 1 andDME 2recorded the distance of the
occurrence aircraft tMKG VOR. From1901:46until theend of theFDR

recording, DMElrecordel the distance tMKG VOR; DME 2 recorded

the distance to Magong Airportdés run

The distance between the aircraft and theway 20 threshold was
calculated and presented as "ref. Distance". Parameters in Figw&01.11
include: autopilb engaged status, selected vertical speed, derived vertical
speed" (presented as "VS_SMpt"), left elevator position (positive value:
pitch surface down and nose down), pitch attitude, left aileron position
(positive value: left aileron down and right Bnroll attitude, rudder
position (positive value: rudder to left), magnetic heading, selected altitude,
radio height angbressure altitude

“! Derived vertical speedisesprecise terrain elevation daaad recorded radio height time differential
to calibrate the valig then apply the Second moving average algorithm and multiply 60 to
convert the unginto feet per minute. Terrain elevation data is available in section 1.12.
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Figure 1.1110 Calculated reference distance and vertical speed

Calculation of Control Column Position and Control Wheel Position

The control column position and control wheel position were not recorded
by the FDR. However, the aircraft manufacturer provided the technical
information detailing the relationships between control column position,
control wheel pasion, elevator deflection and aileron deflection which
allowed the positions of those flight controls to be calcufated

Figure 1.1111 depicts the following parameters belo2/000 feet,
including: derived control column position, derived control whesitpon,

aileron left position, elevator left position, pitch attitude, roll attitude,
selected vertical speed, derived vertical speed, radio height and pressure
altitude.

“2 Detail information is available in GE222 Factual Report 09 Flight Recorders, Appefdix 9
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Figure 1.1111 Derived control column and control wheel positions and
associated grameters below 2,000 ft.

1.12 Wreckage and mpact | nformation

1.12.1 Site Survey

The investigation team utilized GPS equipment, compass, and measuring
tape to conduct a ground survey of the occurrence site. The team also
deployed an autonomous rotasyng unmannedeaerial vehicle (UAV) to
conduct an aerial survey of the site. The UAV was equipped witioard

GPS, pressure altitude sensor, digital compass and digital camera, which
enabled it to fly a prelefined route and take photos.

Figure 1.121 illustrates that the aircraft wreckage was distributed in two
areas: the foliage or brushwood area (Zone 1); and the residential area
(Zone 2). The aircraft impacted terrain approximately 850 meters
north-east of the threshold of runway 20 at Magong Airport #reh
collided with a residential area on the outskirts of Xixi village
approximately 200 meters to the soethst of the initial impact zone.
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Figure 1.121 GE222 site survey zones superimposed on Google map

1.12.1.1 Terrain Profile and Height of Foliage

The UAV aerial survey generated a geference map and 3D terrain
model (DSM?) of the occurrence areBigure 1.122 shows the UAV area

of operations superimposed on the occurrence flight path with timings and
wreckage zones.

43 DSM - digital surfacemodel represents the earth's surfaaed includes all objects on it.
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Figure 1.122 Superimposd GE222 flight path with time marks and
wreckage zones

A set of terrain datéDTM** from the National Land Survey and Mapping
Center (NLSC)vas obtained to compare with the UAV survey results. The
results are shown in Figure 1-B2 The comparative terraiprofiles are
depicted for the last 9 seconds of the occurrence flight and extend a further
200 meters to ensure coverage of the wrecldigplay and associated
collateral damage.

“ DTM - digital terrainmodel, represents the bare ground surface without any objects like plants and

buildings The DSM and DTM data provided by the NLSC was measured between year 2007 and
20009.
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Figure 1.123 Comparison of terrain profiles

1.12.2 Wreckage in Zone 1

Zone 1 comprised brushwood, trees and other foliage, which were
damaged by the initial impact. The height of the foliage varied from 4.4
meters to 6.5 meters. The area of the initial impact zone was approximately
110 meters by 10 meters.

The aircraft cud swathe through the foliage as depicted in Figure-2.12
Moreover, Figures 1.22 (a), (b), (c) illustrate two parallel grooves
through the brushwood on a heading of 170 degrees with a width between
5 meters and 7 meters.

The damaged tree tops indichterhere the aircraft first impacted the
foliage. The area contained many bent trees and broken branches.
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(a) Two grooves

Figure 1.124 Initial impact point and damaged foliage in Zone 1

Damaged foliage and relevant tree height (H) information is depicted in
Figure 1.2-5 (a) Damaged trees on the ground, (b) Damaged tree in
canopy (H=6.3 meters), (c) Damaged tree in canopy (H=5.5 meters), (d)
Felled trees) . The largest damaged tree had a diameter of about 25 cm.
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Figure 1.125 Damaged foliage and relevant trees

Someaircraft wreckage was found along the swathe through the foliage.
Those pieces of wreckage were identified as: nose landing gear aft doors,
radome, lefhand heat exchanger, ram air inlet, ram air check valve,
left-hand main landing gear door, belly fag inspection doors, and belly
fairing panels. The superimposed aircraft wreckage distribution and
identified component s “isshdawhiafigltdV 6 s
1.126.

> The ground resolution of the UAstthogonal imagevas5 centimeters.
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Figure 1.126 Superimposed aircraft wreckage distribution and
component potos

1.12.3 Wreckage in Zone 2

Zone 2 was located in a residential area of Xixi village. The trajectory of
the aircraft was from north to south. The aircraft collided with multiple
buildings and broke apart into several major sections. The main wreckage
site, which included the cockpit, forward fuselage, left wing, and no.1
engine came to rest in a street in the south of Zone 2. The distance between
the main wreckage site and the first building collision was about 120
meters. Figure 1.12 depicts the agraft wreckage distribution overlaid

on a Xixi village street maplhe red area indicates extensive damage to
housing; the yellow area indicates houses with minor damage; and the light
blue area indicates undamaged houses. In addition, smaller itelelsrisf

such as passenger seats, window frames, baggage, and fuselage skin were
scattered throughout Zone 2 over an area of approximately 80 meters by
120 meters. The aircraft main wreckage distribution and damaged
buildings are shown in Figure 1B
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Figure 1.127 Wreckages distribution overlaid on Xixi village street map
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Figure 1.128 Aircraft main wreckage distribution and damaged
buildings

Building no. #1 was the first building that the aircraft collided with. It
exhibited impact damage primarityn its northern wall. One window on

the second floor was shattered and the wall was pushed in. The iron bars
reinforcing the wall structure were damaged in the direction of aircraft

movement.

The damage on the second floor was consistent with a maimdpgdar
impact. The northeastern corner of the roof exhibited rubber traces from
either the tires or wing deicing boot&ive parallel, almost evenly
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distributed, witness marks were visible on the top of the roof. Those marks
were consistent with contaatom the right side propellers. There was
also a long prominent mark almost as wide as the wall, at the top of the
northern side of the building. It continued on to the western wall. The mark
was close to horizontal (approximately 10 to 15 degrees). Bhage was
consistent with rightving impact. Figure 1.19 depicts the relevant

aircraft impact marks, propeller marks, rubber marks and cracks &tl
building.

Rubber mark Wi . L s
8 Impact mark

Damaged wall

aircraft travel path Propeller marks
| 59/61/52/58 cm

Damaged wall

—
—

Damaged wall
At 2™ floor
and cracks

Figure 1.129 Initial aircraft impact, propeller, and rubber marks on
building
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1.12.4Power Plant

Both engines were recovered from the occurrence site. The no.1 engine
was still attached to the left wing. The propeller pitch amglsestimated

to be-10° The no.1l engine air inlet was found full of tree debris. A
impactdentwaslocated athe lower part of the intake (see Figure 1102

Figure 1.1210 No.1 Engine

The no.2 engine had separated from the wing but was located in wreckage
Zone 2 (see Figure 1.471). The propeller pitch angle was estimated to be
10°. No tree debris was found in the air inlet. The remaining propeller
blades from the no.2 engine sustained more impact damage than the
propellers from the no. 1 engine.

61



Figure 1.1211 No.2 Engine

No.1 Engine Examination (S/N AV0051)

5

External Condition: The engine was still fully contained in its nacelle.
The rear portion of the nacelle showed fire damage between the 6 and 9
o6clock position, just forward of
nacelle was structurally intact. The engine was partially covered in soot;
however, there was no evidence of fire originating from the engine itself.
The damage was consistent with an externalipgsact fire.

External Cases:All cases were structurally tact. All oil, fuel and air
lines including the P3 line from the intercompressor case to the fuel control
were intact. All fittings leading to the fuel control were tight and secured.

Turbine Section: Examination of the second stage power turbine through
the exhaust showed no evidence of damage. Oil residues covered some
blades. The turbine assembly was free to rotate and continuous with the
propeller. The power turbine blades exhibited no evidence of impact
damage.

Combustion Section: The internal componés were not examined.
Externally, the fuel nozzles, manifolds and all fuel delivery tubes were
intact and no evidence of fuel leakage was observed.

Compressor SectionThe engine inlet was filled with a large quantity of
organic debris mostlgomprisingsmall branches twigs and cone nuts. This
debris was carried from the time the aircraft exited the initial impact zone
with the tree line to its final postrash resting point. The visible portion of
theimpeller showed light leading edge impact damage.

Reduction Gearbox: The internal components were not examined. Free
rotation was observed and no evidence of internal distress was noted
during rotation.
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