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Executive Summary 

On 23 July 2014, an ATR-GIE Avions de Transport Régional  

ATR72-212A (ATR72) aircraft, registered B-22810, 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 service 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 of Xixi 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 

omni-directional radio range (VOR) non-precision approach to runway 20. 

The aircraft was destroyed by impact forces and a post-impact 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 control of the flight crew was flown 

unintentionally into terrain with limited awareness by the crew of the 

aircraftôs proximity to terrain. The crew continued the approach below the 

minimum descent altitude (MDA) when they were not visual with the 

runway environment contrary to standard operating procedures. The 

investigation report identified a range of contributing and other safety 

factors relating to the flight crew of the aircraft, TransAsiaôs flight 

operations and safety management processes, the communication of 

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 for 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 military 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, the ASC, an independent 

aviation occurrence investigation agency, was responsible for conducting 

the investigation. The investigation team also included members from 

BEA (Bureau d'Enquêtes et d'Analyses, France), TSB (Transportation 
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Safety Board, Canada), NTSB (National 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 óFinal Draft Reportô of the occurrence investigation was completed in 

July 2015. In accordance with the procedures, it was reviewed at ASCôs 

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 version of the investigation report 

was reviewed and approved by ASCôs 39th Council Meeting on 24 

November 2015. The Chinese version of the investigation report was first 

reviewed by ASCôs 40th Council Meeting on 29 December 2015. With the 

approval of ASCôs 41st Council Meeting on 26 January 2016, both final 

reports were published on 29 January 2016. 

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 categories: findings related to probable 

causes, findings related to risk, and other findings .  

The findings related to probable causes identify 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 deficiencies 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 risks, that made this occurrence more likely; 

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 may warrant 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 

interests that are often included in the ICAO format accident reports for 

informational, safety awareness, education, and improvement purposes. 
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Findings Related to Probable Causes 

Flight Operations 

1. The flight crew did not comply with the published runway 20 VOR 

non-precision instrument approach procedures at Magong Airport 

with respect to the minimum descent altitude (MDA). The captain, as 

the pilot flying, intentionally descended the aircraft below the 

published MDA of 330 feet in the instrument meteorological 

conditions (IMC) without obtaining the required visual references.  

2. The aircraft maintained an altitude between 168 and 192 feet before 

and just after overflying the missed approach point (MAPt). Both 

pilots spent about 13 seconds attempting to visually locate the runway 

environment, rather than commencing a missed approach at or prior to 

the MAPt as required by the published procedures.  

3. As the aircraft descended below the minimum descent altitude (MDA), 

it diverted to the left of the inbound instrument approach track and its 

rate of descent increased as a result of the flying pilotôs control inputs 

and meteorological conditions. The aircraftôs hazardous flight path 

was not detected and corrected by the crew in due time to avoid the 

collision with the terrain, suggesting that the crew lost situational 

awareness about the aircraftôs position during the latter stages of the 

approach.  

4. During the final approach, the heavy rain and associated thunderstorm 

activity intensified producing a maximum rainfall of 1.8 mm per 

minute. The runway visual range (RVR) subsequently reduced to 

approximately 500 meters. The degraded visibility significantly 

reduced the likelihood that the flight crew could have acquired the 

visual references to the runway environment during the approach. 

5. 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 descended the aircraft below the 

published minimum descent altitude (MDA). Rather, the first officer 

collaborated with the captainôs intentional descent below the MDA. In 

addition, the first officer did not detect the aircraft had deviated from 

the published inbound instrument approach track or identify that those 

factors increased the risk of a controlled flight into terrain (CFIT) 

event. 

6. None of the flight crew recognized the need for a missed approach 

until the aircraft reached the point (72 feet, 0.5 nautical mile beyond 
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the missed approach point) 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 around decision had been made. The aircraft 

sustained significant damage and subsequently collided with buildings 

in a residential area.  Due to the high impact forces and post-impact 

fire, the crew and most passengers perished.  

8. According to the flight recorders data, non-compliance with standard 

operating procedures (SOPs) was a repeated practice during the 

occurrence flight. The crewôs recurring non-compliance with SOPs 

constituted an operating culture in which high risk practices were 

routine and considered normal.  

9. The non-compliance with standard operating procedures (SOPs) 

breached the obstacle clearances of the published procedure, bypassed 

the safety criteria and risk controls considered in the design of the 

published procedures, and increased the risk of a controlled 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 to Risk 

Flight Operations 

1. The captain did not conduct a descent and approach briefing as 

required by standard operating procedures (SOPs). The 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 flying skills. That might 

lead to his decision to continue the approach below the minimum 

descent altitude (MDA) without an appreciation of the safety risks 

associated with that decision. 

3. The results of the fatigue analysis indicated that, at the time of the 

occurrence, the captainôs performance was probably degraded by his 

fatigue accumulated from the multiple sectors/day flown and flight 
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and duty times during the months preceding the occurrence.  

4. The TransAsia Airways observation flights conducted by the 

investigation team and the interviews with members of the airlineôs 

flight operations division show prevalent tolerance for 

non-compliance with procedures within the airlineôs ATR fleet.  

5. The non-compliances with standard operating procedures (SOPs) 

during the TransAsia Airwaysô ATR simulator training sessions were 

observed by the investigation team but not corrected by the instructors. 

The tolerance for or normalization of SOPs non-compliance behaviors 

was symptomatic of an ineffective check and training system with 

inadequate supervision by the airlineôs flight operations management.  

6. The non-compliance with standard operating procedures (SOPs) was 

not restricted to the occurrence flight but was recurring, 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, including managers. The non-compliant behaviors were an 

enduring, systemic problem and formed a poor safety culture within 

the airlineôs ATR fleet.   

Airline Safety Management 

7. The TransAsia Airwaysô inadequate risk management processes and 

assessments, ineffective safety 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 security office and flight operations resources and capabilities 

constituted an ineffective safety management system (SMS).  

8. The safety risks associated with change within the TransAsia Airways 

were not assessed and mitigated. For example, the company did not 

assess 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 crew fatigue. 

9. Findings regarding non-compliance with standard operating 

procedures (SOPs) during operations by the TransAsia Airwaysô ATR 

crews had been identified by previous Aviation Safety Council 

occurrence investigations. The proposed corrective safety actions 

were not implemented by the airline.  
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10. TransAsia Airways self-audits were mostly spot checks rather than 

system audits or system self-evaluations. The self-audits failed to 

assess and address those safety deficiencies, including standard 

operating procedures non-compliance 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. 

11. 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 inspection findings, or safety occurrence investigation 

recommendations. The airlineôs self-audit program was not consistent 

with the guidance contained in AC-120-002A.  

12. The TransAsia Airways had not developed a safety management 

system (SMS) implementation plan. This led to a disorganized, 

nonsystematic, incomplete and ineffective implementation, which 

made it difficult to establish robust and resilient safety management 

capabilities and functions.  

13. The Civil Aeronautics Administrationôs (CAA) safety management 
system (SMS) assessment team had identified TransAsia Airwaysô 

SMS deficiencies, but TransAsia Airways failed to respond to the 

CAAôs corrective actions request. That deprived the airline of an 

opportunity to improve the level of safety assurance in its operations.  

14. The TransAsia Airways did not implement a data-driven 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.  

15. The ATR flight operation did not include in its team a standards pilot 

to oversee standard operating procedures (SOPs) compliance, 

SOP-related flight operations quality assurance (FOQA) events 

handling, and standard operations audit (SOA) monitoring before the 

GE222 occurrence.   

16. The safety and security office, due to resource and capability 

limitations, was unable to effectively accomplish the duties they were 

required to undertake.  

17. The safety and security office staff was not included in the flight 

safety action group. That deprived the airline of an opportunity to 

identify, analyze and mitigate flight safety risks more effectively in 
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the flight operations.  

18. The TransAsia Airwaysô safety management system was overly 
dependent on its internal reactive safety and irregularity reporting 

system to develop full awareness of the airlineôs safety risks. It did 

not take advantage of the instructive material from external safety 

information sources. That limited the capability of the system to 

identify and assess safety risks.  

19. The TransAsia Airwaysô flight operations quality assurance (FOQA) 
settings and analysis capabilities were unable to readily identify those 

events involving standard operating procedures (SOPs) 

non-compliance during approach and likely other stages of flight. The 

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 not investigated further. 

Clearly, the airlineôs FOQA program was not used to facilitate 

proactive operational safety risk assessments.  

Civil Aeronautics Administration  

20. The Civil Aeronautics Administrationôs oversight of TransAsia 
Airways did not identify and/or correct some crucial operational 

safety deficiencies, including crew non-compliance with procedures, 

non-standard training practices, and unsatisfactory safety 

management practices.  

21. 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 the airline had the capability to 

implement a resilient SMS.  

22. Issues regarding the TransAsia Airwaysô crew non-compliance with 

standard operating procedures (SOPs) and deficiencies with pilot 

check and training had previously been identified by the Aviation 

Safety 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 reduction have 

been adopted. 

23. The Civil Aeronautics Administration provided limited guidance to 

its inspectors to enable them to effectively and consistently evaluate 

the key aspects of operatorsô management systems. These aspects 
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included evaluating organizational structure 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 Force 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 approach, 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 

might influence the crewôs decision regarding the continuation of the 

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 crewôs performance during the 

occurrence flight.    

2. The airworthiness and maintenance of the occurrence aircraft 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 simulations, indicated that 

the enhanced ground proximity warning system (EGPWS) functioned 

as designed. 

4. The enhanced ground proximity warning system (EGPWS) 

manufacturerôs latest generation EGPWS equipment would have 

provided flight crews with an additional warning if  aircraft 

encountered similar circumstances to the occurrence flight. Installing 
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the latest EGPWS equipment on the occurrence aircraft would have 

required approved modifications.  

5. According to the 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 Identification Lights, a flashing white light 

system, was installed at the runwayôs threshold as an alternative visual 

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 of flight crews to visually locate the runway.  

7. During holding, the occurrence flight crew requested the runway 02 

instrument landing system (ILS) approach after receiving the weather 

information that the average wind speed for runway 02 had decreased 

to below the tailwind landing limit. While the decision for the use of 

the reciprocal runway was still under consideration by the Magong 

Air Force Base duty officer, the 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 request and 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 Magongôs joint-use airport could have been more efficient. 

9. ATRôs flight data recorder (FDR) readout 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 previously identified by the Aviation Safety Council 

investigations, internal and external Civil 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 of the airlineôs safety management system 
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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:  

¶ 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 senior management staff receive SMS 

training, including thorough risk assessment and management 

training; and 

¶ Proportional and consistent rules, in accordance with a ñJust 
Cultureò, are implemented to prevent flight crew from violating 

the well-designed SOPs and/or being engaged in unsafe behavior. 

(ASC-ASR-16-01-011)  

3. Conduct a rigorous review of the safety management system (SMS) to 

rectify the significant deficiencies in: 

¶ Planning; 

¶ Organizational structure, capability and resources; 

¶ Risk management processes and 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 education; and 

¶ Senior management commitment to safety. 

(ASC-ASR-16-01-012) 

4. Rectify the human resources deficits in the flight operations division 

and the safety and security office, including: 



 

xi 

¶ Crew shortages; 

¶ Inadequate support staff in the Flight Standards and Training 

Department, including insufficient standards pilots and crew to 

conduct operational safety risk assessments; and 

¶ Safety management staff with the required expertise in flight 

operations, safety and flight data analytics, safety risk assessment 

and management, human factors, and safety investigations. 

(ASC-ASR-16-01-013) 

5. Review and improve the airlineôs internal compliance oversight and 
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 accountability.  

(ASC-ASR-16-01-014) 

6. Implement an effective safety management process, such as a 

data-driven fatigue risk management system (FRMS), to 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 operations. (ASC-ASR-16-01-016) 

8. Implement an effective change management system as a part of the 

airlineôs safety management system (SMS) to 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 advanced flight operations quality assurance 

(FOQA) program with adequate training and technical support 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 data-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 SOPs. (ASC-ASR-16-01-019) 

To Civil Aeronautics Administration  

1. Strengthen surveillance on TransAsia Airways to assess crewôs 

discipline and compliance with standard operating procedures (SOPs). 

(ASC-ASR-16-01-020) 

2. Implement a more robust process to identify safety-related 

shortcomings in operatorsô operations, within an appropriate timescale, 

to ensure that the operators meet and maintain the required standards. 

(ASC-ASR-16-01-021) 

3. Provide inspectors with detailed guidance on how to evaluate the 

effectiveness of an operatorôs safety management system (SMS), 

including: 

¶ Risk assessment and management practices;  

¶ Change management practices;  

¶ Flight operations quality assurance (FOQA) system and 

associated data analytics; and 

¶ Safety performance monitoring.  

(ASC-ASR-16-01-022) 

4. Provide inspectors with comprehensive training and development to 

ensure that they can conduct risk-based surveillance and operational 

oversight activities effectively. (ASC-ASR-16-01-023) 

5. Enhance inspector supervision and performance evaluation to ensure 

all inspectors conduct surveillance activities effectively and are able to 

identify and communicate critical safety issues to their supervisors. 

(ASC-ASR-16-01-024) 

6. Enhance the oversight of operators transitioning from traditional 

safety management to safety management systems. 

(ASC-ASR-16-01-025) 

7. Develop a systematic process for determining the relative risk levels 

of airline operators. (ASC-ASR-16-01-026) 

8. Review the current regulatory oversight surveillance program with a 

view to implementing a more targeted risk-based approach for 

operator safety evaluations. (ASC-ASR-16-01-027) 
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9. Ensure all safety recommendations issued by the occurrence 

investigation agency are implemented by the operators. 

(ASC-ASR-16-01-028) 

10. Develop detailed guidance 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 aids to ensure that adequate 

guidance is available for pilots to identify the visual references to the 

runway environment, particularly in poor visibility condition or at 

night. (ASC-ASR-16-01-030) 

12. Review the design procedures for determining the location of missed 

approach point with the intention of increasing the likelihood of 

pilots to locate the runway without compromising the required 

obstacle clearance altitude. (ASC-ASR-16-01-031) 

13. Request tower controllers to advise the flight crews of aircraft on 

final approach of the updated information in accordance with the 

provisions of the air traffic management procedures (ATMP). 

(ASC-ASR-16-01-032) 

14. Coordinate 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 

Magong Airport. (ASC-ASR-16-01-033) 

To ATR-GIE Avions de Transport Régional 

1. Evaluate the feasibility of a modification to allow the new enhanced 

ground proximity warning system (EGPWS) to be fitted on 

all ATR72-500 aircraft. (ASC-ASR-16-01-034) 

2. Review the flight data recorder (FDR) 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 Headquarters, Ministry of National Defense 

1. Coordinate with the Civil Aeronautics Administration to ensure the 

reliability and validity of automated weather observation system 

(AWOS) runway visual range (RVR) sensors and their data. 

(ASC-ASR-16-01-036) 

2. Conduct the runway visual range (RVR) reporting operations and 
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requirements in accordance with the provisions of the Air Force 

Meteorological Observation Manual. (ASC-ASR-16-01-037) 

3. Coordinate with the Civil Aeronautics Administration to review and 

improve the weather information exchange and runway availability 

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 ATR-GIE Avions de Transport Régional  

ATR72-212A (ATR72) aircraft, Republic of China (ROC) registration 

B-22810, 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 service from Kaohsiung to Magong in 

the Penghu archipelago. At 1906 Taipei Local Time
1
, the aircraft impacted 

terrain approximately 850 meters north-east of the threshold of runway 20 

at Magong Airport
2
 and then collided with a residential area on the 

outskirts of Xixi 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 omni-directional range (VOR)
3
 non-precision 

approach to runway 20. The aircraft was destroyed by impact forces and a 

post-impact fire. Ten passengers survived the occurrence
4
. Nine 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 was the pilot flying 

(PF) for the occurrence flight. The first officer (FO) occupied the right seat 

and was the pilot monitoring (PM). The occurrence flight departed 

Kaohsiung International Airport at 1745:02 in a westerly direction before 

tracking northbound to Magong Airport at an altitude of 7,000 feet above 

mean sea level. 

At the time of the occurrence flight, Typhoon ñMatmoò was approximately 

142 nautical miles (nm) north-northwest of Magong Airport and moving 

northwest away from Magong. The typhoon warning for Magong Airport 

was terminated at 1740. According to the aerodrome routine 

meteorological report (METAR) for Magong Airport current at 1800, the 

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

                                           
1
 Unless otherwise noted, the 24-hour 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
 ICAO airport code RCQC. 

3 
A VOR is a radio navigation system that provides bearing information to the flight crew of an aircraft. 

4 
An additional passenger died on 22 November, 2014. However, 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. 



 

2 

knots with visibility of 800 meters in heavy thunderstorms with rain. The 

cloud coverage
5
 was scattered at 200 feet, broken at 600 feet with few 

cumulonimbus
6
 at 1,200 feet, and overcast at 1,600 feet. 

Magong Airport had a single runway oriented north-northeast and 

south-southwest designated as runway 02/20. Runway 02 was equipped 

with an instrument landing system (ILS)
7
. The landing visibility limitation 

for runway 02 was 800 meters. Runway 20 was equipped with a VOR 

non-precision approach system with a landing visibility limitation of 1,600 

meters. Given the wind direction, the runway in use at the time of the 

occurrence was runway 20. 

According to the flight data recorder (FDR), cockpit voice recorder (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 four aircraft 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 maximum 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 for the runway 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 

                                           
5 

Cloud amounts are reported in oktas. An okta is a unit of sky area equal to one-eighth 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.  

6 
Thunderstorms are associated with cumulonimbus cloud.

   

7 
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 plane direction or vertical flightpath tracking guidance usually at an 

inclination of 3°. Distance measuring equipment (DME) or marker beacons along the approach 

provide distance information. 
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runway 20 had improved to 1,600 meters. At 1845, the GE222 flight crew 

subsequently 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 flight crew were cleared for the runway 20 VOR 

approach from an altitude of approximately 3,000 feet when the aircraft 

was about 25 nm northeast of Magong Airport. The aircraft descended to 

and maintained 2,000 feet.  

At 1902:50, shortly before overflying the final approach fix (FAF), the 

aircraft started to descend from 2,000 feet
8
 to the crew selected altitude of 

400 feet. 

At 1905:12.4, three seconds after the ñ500 feet auto call-outò was 

annunciated, the captain stated ñum three hundredò while the aircraft was 

passing through 450 feet, and then the selected altitude was reset to 300feet. 

At 1905:25.7, when the aircraft descended through 344 feet, the captain 

stated ñétwo hundredò. The selected altitude was reset to 200 feet and the 

aircraft kept descending.  

The minimum descent altitude (MDA)
9
 for the Magong runway 20 VOR 

approach was 330 feet. No discussion by the 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 officer said ñwe will 

get to zero point two milesò. At 1905:44 and at an altitude of 219 feet, the 

captain disengaged the autopilot (AP) and announced ñmaintain two 

hundredò four seconds later. The aircraft then maintained its altitude 

approximately between 168 and 192 feet for the following 10 seconds. 

At 1905:57.8, the captain asked the first officer ñhave you seen the 

runwayò, and at almost the same time, the yaw damper (YD) was 

disengaged without the required announcement and acknowledgment by 

the flight crew of 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 altitudes below 2,000 feet stated in this report were 

pressure altitudes with QNH 997 hPa. 

9 
The minimum descent altitude (MDA) is a specified altitude in a non-precision approach or circling 

approach below 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
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aircraft started to conspicuously deviate from the intended settings (see 

Figure 1.1-1), but there was no conversation between the flight crew 

regarding the aircraft entering an undesired state. 

At 1906:11, both pilots called ñgo aroundò at 72 feet and both engine 

power levers were advanced. Two seconds later, the aircraft hit the 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 post-impact fire, the aircraft was totally 

destroyed. 

 

 Figure 1.1-1 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. Five residents on the ground sustained minor 

injuries.  
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Table 1.2-1 Injury table 

Injuries  
Flight 

Crew 

Flight 

Attendants 
Passengers Other Total 

Fatal 2 2 44 0 48 

Serious 0 0 9 0 9 

Minor  0 0 1 5 6 

None 0 0 0 
Not 

applicable 
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 Distribution of Injuries  

The ATR72ôs passenger cabin was configured with 72 economy class seats.  

There were two pilot seats in the cockpit and two cabin crew seats in the 

cabin.  

Figure 1.2-1 shows the injury and fatality distribution via seat location. 

The passenger seating positions were based on the airline seating plan and 

interviews with the surviving passengers. 

 

Figure 1.2-1 Injury and fatality distribution 

1.3 Damage to Aircraft 

The aircraft was destroyed. 
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1.4 Other Damage 

The occurrence resulted in 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 was promoted 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 an air transport pilot license (ATPL) issued by the Civil 

Aeronautics Administration (CAA) of the Republic of China with 

Multi -Engine Land rating, ATR72 type rating, and endorsed with 

radiotelephone privileges. The pilotôs English language proficiency was 

recorded as ICAO level 4 with an expiry date of 23 March 2014
10

. 

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 was 2,392 hours at the time of the occurrence.  

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

with Multi-Engine land rating, ATR72 first officer type rating, and 

endorsed with radiotelephone privileges. The pilotôs English language 

proficiency was recorded as ICAO level 4 with an expiry date of 8 January 

2015.  

  

                                           
10 

English language proficiency is not a requirement for flight crew solely operating Taiwan domestic 

flights. 
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Table 1.5-1 Flight crew basic information 

Item Captain First Officer  

Gender Male Male 

Age as of the Occurrence 60 39 

Commenced Employment 

with TNA 
01 July 1992 01 July 2011 

License type issued ATPL ï Aeroplane CPL ï Aeroplane 

Aircraft Type Rating 

Date of Expiry 

ATR 72 

08 November 2015 

ATR 72 F/O 

08 January 2017 

Medical certificate issued 

Date of Expiry 

First Class 

31 August 2014 

First Class 

31 May 2015 

Total flying time 22,994 hrs. and 29 min. 2,392 hrs. and 55 min. 

Total flying time on ATR 

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

Total flying time last 12 

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

Total flying time last 90 

days 
278 hrs. and 06 min. 264 hrs. and 44 min. 

Total flying time last 30 

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

Total flying time last 7 

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

Total flying time last 24 

hours 
03 hrs. and 31 min. 03 hrs. and 31 min. 

Available rest period 

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

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 14 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 training with the 

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 command upgrade 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 Safety International. 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 captain on 6 March 2014. The 8 hours of training included adverse 

weather operations, terrain awareness, abnormal procedures, and aircraft 

limitations. The captainôs most recent annual proficiency training was 

conducted on 17 March 2014. The captainôs performance was assessed as 

ñsatisfactoryò. The subsequent annual proficiency check was 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 at the 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 on 8 April 2012 with a successful 

line check.  

Recurrent training:  

The first officer completed annual recurrent ATR72 ground school on 9 

May 2014. The 8 hours of training included adverse weather operations, 

terrain awareness, abnormal procedures, and aircraft limitations. The first 

officerôs most recent annual proficiency training and subsequent 

proficiency check was successfully completed between 21 and 22 April 

2014. The latest annual line check was successfully completed on 10 April 

2014. 
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1.5.3 Flight Crew Medical Information  

1.5.3.1 Captain 

The captainôs first class medical certificate was issued by the CAA on 14 

April 2014 with the limitation that the ñHolder shall wear corrective 

lensesò. 

1.5.3.2 First Officer 

The first officerôs first class medical certificate was issued by the CAA on 

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 to 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 to Kaohsiung, 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 Songshan. 

1.5.4.2 First Officer 

From 20 July to 23 July, the first officer was assigned to the same flight 

duty patterns as the 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 
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person cannot continue to perform tasks safely and/or efficiently
11

.  

The investigation examined the likelihood that the operating 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 crewôs operating pattern in the three 

days before the occurrence 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 was unable to 

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

Kaohsiung.  

QinetiQôs biomathematical fatigue model System for Aircrew Fatigue 

Evaluation (SAFE) was used to assess, in part, the flight crewôs level of 

alertness and task effectiveness. It is a well validated model.
12,13,14,15,16

 

Both the flight crewôs rosters for the two months before the occurrence 

were assessed by SAFE. SAFEôs estimated sleep function was used to 

allocate sleep at appropriate times in between crew duties because actual 

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 captainôs SAFE result was consistent with the pilot being a little tired 

on approach to Magong. The captainôs SAFE metrics included: 

                                           
11 

Yen, 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), 236-240. 

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 

short-haul operations: Effects of number of sectors, duty length, and time of day. Aviation, Space, and 

Environmental Medicine, 78, 698-701. 

14
 Powell, D., Spencer, M. B., Holland, D., & Petrie, K. J. (2008). Fatigue in two-pilot operations: 

Implications for flight and duty time limitations. Aviation, Space, and Environmental Medicine, 79, 

1047-1050. 

15 
Spencer, M. B., & Robertson, K. A. (2000). A diary study of aircrew fatigue in short-haul 

multi-sector operations (DERA Report No. DERA/CHS/PPD/CR00394). Farnborough, UK: DERA.  

16 
Spencer, M. B., & Robertson, K. A. (2002). Aircrew alertness during short-haul operations, including 

the impact of early starts (QinetiQ Report No. QINETIQ/CHS/PPD/CRO10406/1.0). Farnborough, 

UK: QinetiQ.  
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 ̧Alertness score 45.2 out of 100; 

 ̧Samn-Perelli
17 

score of 3.7 (OK, between somewhat fresh to a little 

tired); 

 ̧Karolinska Sleepiness Scale
18

 (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 rested value; 

 ̧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 recorded on the CVR that 

suggested the captain was experiencing a higher level 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 incorrect automatic 

flight control system (AFCS) mode selections, all requiring the first officer 

to intervene. Furthermore, the captainôs real-time roster indicated an 

elevated flying activity where he routinely completed 6 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 as yawning and prolonged silence, or the 

disengagement of the first officer from conversations. The first officerôs 

SAFE result was consistent with the pilot not being unduly affected by 

fatigue. The first officerôs SAFE metrics included: 

 ̧Alertness score of 56.9 out of 100; 

                                           
17 

The Samn Perelli (SP) is a 7-point scale with possible scores ranging from 1 (ñfully alert, wide 

awakeò) to 7 (ñcompletely exhausted, unable to function effectivelyò). This scale has been validated 

and widely used in aviation (Samn & Perelli, 1982; Samel et al, 1997) and is one of the metrics 

provided as an output of the SAFE model. 

18 
The Karolinska Sleepiness Scale (KSS) is a one-dimensional scale ranging from 1 (ñvery alertò) to 9 

(ñvery sleepy, great effort to keep awakeò). It has been validated against objective measurement of 

sleepiness such as electroencephalographic (EEG) and electrooculographic (EOG) activity (Å kerstedt 

& Gillberg, 1990) and performance evaluation (Kaida et al, 2006). 
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 ̧Samn-Perelli score of 3.2 (OK, somewhat fresh); 

 ̧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 rested value; 

 ̧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 Table 1.6-1  
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Table 1.6-1 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
19

 

Manufacturer 
ATR-GIE Avions de Transport 

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 

registration 
93-945 

Certificate of airworthiness, 

validity date 
102-08-145, 31 July 2014 

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

Total flight cycles 40,387 

Last check, date 9C6E ñAò CHK / 28 May 2014 

Flight hours/ cycles elapsed since 

last "A" check 
349:18/ 522 

Basic information about the two Pratt & Whitney Canada PW127F/M 

engines is shown in Table 1.6-2 

  

                                           
19

 ATR72-212A: Model as per Type design; ATR72-500 : marketing name for legacy ATR72-212A; 

ATR72-600 : marketing name for ATR72-212A with new avionic suite. 
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Table 1.6-2 Engine basic information table 

Engine basic information statistics date: 23 July 2014 

Number/position No. 1/ Left No. 2/ Right 

Serial number AV0051 EB0069 

Manufacture date 26 APR 1998 06 MAY 2001 

Date of last shop visit 
23 MAR 2012 

/REPAIR 

23 JAN 2013 

/OVERHAUL 

Date of installation 13 JUN 2012 20 FEB 2013 

Time since installed 

(hours:minutes) 
4,185:25 3,076:54 

Cycle since 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 under the minimum 

equipment list (MEL)
20

 for the occurrence flight when the aircraft was 

dispatched from Kaohsiung Airport. A review of the last 6 months of the 

aircraftôs technical logbook indicated that there was no system anomaly 

related to the occurrence. A review of the aircraftôs maintenance records 

indicated that it was in compliance with all applicable airworthiness 

directives (ADs) and service bulletins (SBs). 

1.6.3 Enhanced Ground Proximity Warning System 

The enhanced ground proximity warning system (EGPWS)
21

 is a terrain 

awareness and warning 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 used with respect 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 Operator and will 

enable the pilot-in-command to determine whether a flight may be commenced or continued from any 

intermediate stop should an instrument, equipment or systems become inoperative.    

21 
EGPWS is the Honeywell Inc. proprietary name for a Terrain Awareness and Warning System 

(TAWS). TAWS is the term used to describe equipment meeting the ICAO standards and 

recommendations for GPWS equipment that provides predictive terrain-hazard 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 addition, 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 aircraft was equipped with a Honeywell EGPWS, model 

MARK VIII, Part Number 965-1216-011. 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 take-off 

 ̧ Mode 4: unsafe terrain clearance 

 ̧ Mode 5: below glideslope 

 ̧ Mode 6: altitude callouts 

- Enhanced modes 

 ̧ Terrain clearance floor (TCF) 

 ̧ Terrain awareness & display (TAD) 

The TCF mode creates an increasing terrain clearance envelope around the 

airport runway directly 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 providing an alert based on 

insufficient terrain clearance even when in the landing configuration. A 

runway field clearance floor (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 on the instrument panels and remain on 

until the alert envelope is exited (see Figures 1.6-1 and 1.6-2). 
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Figure 1.6-1 TCF alert curve 

 

Figure 1.6-2 Plan view of expanded alert 

The terrain awareness function uses the aircraftôs geographic position 

provided by the onboard global positioning system (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 illuminated on each pilotôs instrument panel. 

Simultaneously, the terrain areas which conflict with the Caution criteria 

are shown in solid yellow on the terrain display. 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 

pilotôs instrument panel. Simultaneously, the terrain areas which conflict 

with the warning criteria are shown in solid red on the terrain display.  

The terrain data can be displayed on the electronic flight instrument system 

(EFIS). When the terrain display is present, it replaces the weather radar 

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 auto-range 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 terrain is relative to the aircraftôs altitude. Terrain Alerts are 

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 an automatic flight control system (AFCS, 

see Figure 1.6-3) which includes: 

 ̧ Autopilot function and/or yaw damper (AP/ YD); 

 ̧ Flight director function (FD); and 

 ̧ Altitude alert. 

Main components include: 

 ̧ One computer; 

 ̧ One control panel; 

 ̧ One advisory display unit (ADU); and 

 ̧ Three servo-actuators (one on each axis). 

Systematic use of the AP/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 comfort through smooth and 

repeatable altitude and heading changes in all atmospheric 

conditions; and 

 ̧ Reduce crew workload and increase safety. 

 

Figure 1.6-3 Automatic Flight Control System (AFCS) 

1.6.4.2 Advisory Display Unit 

The advisory display unit (ADU) provides advisory/caution messages and 

mode information to the pilots (see Figure 1.6-4). 

 

Figure 1.6-4 Advisory Display Unit (ADU) 
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1.6.5 Weight and Balance Information 

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

aircraftôs center of gravity (CG) for takeoff was located at 29.2% mean 

aerodynamic chord (MAC) which was within the certified limitation 

between 19.7% and 37 % MAC. Table 1.6-3 shows the weight and balance 

data. The aircraftôs weight and balance was within the specified limitations 

for the duration of the occurrence flight. 

Table 1.6-3 Weight and balance data 

Max. zero fuel weight 44,092 lbs. 

Actual zero fuel weight 41,294 lbs. 

Max. takeoff weight 48,501 lbs. 

Actual takeoff weight 46,235 lbs. 

Take off fuel 4,941 lbs. 

Estimated trip fuel 800 lbs. 

Max. landing weight 48,171 lbs. 

Estimated landing weight 45,435 lbs. 

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 was approximately 142 nm north-northwest 

of Magong Airport around the time of occurrence. The typhoonôs radius 

was approximately 80 nm. The typhoon warning for Magong Airport was 

terminated at 1740, as shown in Figure 1.7-1. The Magong Weather Center 

issued a hazardous 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 1.7-1 Magong typhoon warning termination report 

The CAAôs air navigation and weather services (ANWS) Taipei 

Aeronautical Meteorological Center issued multiple significant 

meteorological information advisories (SIGMET)
22

 for the Taipei flight 

information region (FIR) on the day of the occurrence, one of which 

remained valid at the time of the occurrence as follows: 

SIGMET 5- valid from 1800 to 2100 hours for Taipei FIR, tropical cyclone 

Matmo centered at N2536 E11906 at 1700L, moving NW at 11 knots with 

intensity weakening, cumulonimbus is within 190 nautical miles 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 Magong Airport. METAR, aerodrome special 

meteorological reports (SPECI) and aerodrome 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, visibility 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 expected occurrence of specified en-route 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 forecast-no significant change. Remarks: altimeter 

setting 29.41 in-Hg, runway visual range
23

 800 meters with no significant 

change at Runway 20, hourly precipitation 13.5 millimeters
24

, stationary 

thunderstorm overhead (ATIS L
25

). 

METAR at 1830 hours, wind from 200 degrees at 14 knots gusting 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, trend forecast-no significant change. Remarks: altimeter 

setting 29.41 in-Hg, 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 meters 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 29.42 in-Hg, recent heavy rain, 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 feet, overcast at 1,600 

feet, temperature 23°C; dew point temperature 22°C, altimeter setting 997 

hPa, trend forecast-no significant change. Remarks: altimeter setting 29.45 

in-Hg, recent heavy rain, hourly precipitation 7.0 millimeters, stationary 

thunderstorm overhead (ATIS O). 

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, temperature 22°C; dew point temperature 22°C, altimeter 

setting 998 hPa. Remarks: altimeter setting 29.48 in-Hg, runway visual 

range 800 meters at Runway 20, stationary thunderstorm overhead (ATIS 

                                           

23 
Runway visual 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 specified point on its centerline. It is normally 

included in aerodrome meteorological reports when visibility or RVR is less than 1,500 meters. 

24 
Hourly precipitation in the METAR of Magong airport was not presented in ATS message handling 

system (AMHS) of ANWS, CAA. 

25
 It indicated that meteorological information used in automatic terminal information service (ATIS) 

No. L was extracted from the report (excluding remarks) but in different format. 
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P). 

LOCAL
26

 at 1918 hours, wind from 230 degrees at 23 knots gusting to 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 hPa. Remarks: altimeter setting 29.48 in-Hg, 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 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 hPa, trend forecast-no significant change. Remarks: altimeter 

setting 29.48 in-Hg, 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 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 997 hPa, trend forecast-no significant change. Remarks: altimeter 

setting 29.46 in-Hg, 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 Airportôs new automated weather observation system
27

 (AWOS) 

became operational in June 2011. The AWOS sensors were located at the 

approach ends and midpoint of the runway, providing real-time weather 

information to the displays located at the Weather Center and Magong 

tower, as shown in Figure 1.7-2. The location of Magong Airportôs AWOS 

sensors and the Central Weather Bureauôs (CWB) Penghu weather station 

are shown in Figure 1.7-3. The relevant weather parameters from 1800 to 

2000 hours are shown in Figure 1.7-4 to 1.7-5. 

AWOS N was located approximately 0.5 nautical mile south-southwest of 

                                           
26 

This report was the additional observation after Weather Center received the notification of the 

occurrence. 

27 
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 previous AWOS was not equipped with RVR capability. 
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the occurrence site. The wind gradually turned westerly from 

south-southwest between 1837 and 1847 hours, and then returned to the 

south-southwest at 1932 hours. One-minute average wind speed increased 

from 9 knots at 1858 hours to 31 knots at 1913, gusting to 36 knots at 1911 

hours. Rainfall began to intensify at 1900 hours, accompanied by the 

runway visual range (RVR) 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. 

 

Figure 1.7-2 Weather Center and Magong tower AWOS displays 

 

Figure 1.7-3 AWOS sensor locations 
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Figure 1.7-4 AWOS wind speed/direction 

 

Figure 1.7-5 AWOS rainfall and RVR 
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1.7.4 Weather Information Summary 

The visibilities, RVRs and other weather information provided by Weather 

Center, AWOS, and ATC units were summarized in Table 1.7-1. 

Table 1.7-1 Summarized weather information 

Time Source Details 
GE222 

received 

1700 METAR 
Visibility 2,400 meters in thunderstorm rain, 

ceiling at 600 feet (ATIS I) 
No 

1700 AWOS RVR
28

 Above 2,000 meters No 

1728 
Kaohsiung 

Tower 
Thunderstorm overhead at Magong Airport Yes 

1730 METAR 
Visibility 2,400 meters in thunderstorm rain, 

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 to 

1740 
No 

1742 
Kaohsiung 

Tower 
Magong Airport was below landing minima Yes 

1751 GE222 CVR 

ATIS Information Kilo of Magong Airport 

Visibility 800 meters in heavy thunderstorm 

rain, ceiling at 600 feet 

Yes 

1756 
Kaohsiung 

Approach 

Magong Airport was below landing minimum. 

Broadcasted hazardous weather forecast of 

Magong Airport 

Yes 

1800 AWOS RVR Around 900 to 1,400 meters from 1751 to 1800 No 

1801 GE222 CVR 

ATIS Information Lima of Magong Airport 

Visibility 800 meters in heavy thunderstorm 

rain, ceiling at 600 feet 

Yes 

1821 
Kaohsiung 

Approach 

Broadcasted thunderstorm will probably 

continue for another hour at Magong Airport 
Yes 

1827 
Kaohsiung 

Approach 

Broadcasted Magong Airport runway 02 instant 

wind was 210 degrees at 5 knots maximum 11 

knots, runway 20 instant wind was 190 degrees 

at 11 knots maximum 15 knots 

Yes 

1830 AWOS RVR Above 2,000 meters No 

1836 
Kaohsiung 

Approach 

ATIS Information Mike of Magong Airport 

Visibility 800 meters in heavy thunderstorm 
Yes 

                                           
28 

In tower, one-minute mean RVRs were reported to aircraft. In METAR/SPECI, ten-minute mean 

RVRs are reported. There were only one -minute mean 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 

1841 
Magong 

Tower 

Informed Kaohsiung Approach visibility was 

1,600 meters 
No 

1842 
Kaohsiung 

Approach 

Visibility was 1,600 meters and thunderstorm 

overhead at Magong Airport 
Yes 

1845 
Kaohsiung 

Approach 

ATIS Information November of Magong 

Airport Visibility 1,600 meters in thunderstorm 

rain, ceiling at 600 feet 

Yes 

1859 AWOS RVR Above 2,000 meters No 

1900 METAR 
Visibility 1,600 meters in thunderstorm rain , 

ceiling at 600 feet (ATIS O) 
No 

1900 AWOS RVR 1,800 meters No 

1901 AWOS RVR 800 meters No 

1901 
Magong 

Tower 
QNH was 997 Yes 

1902 AWOS RVR 650 meters No 

1903 AWOS RVR 600 meters No 

1903 
Magong 

Tower 
Wind was 250 degrees at 19 knots Yes 

1904 AWOS RVR 650 meters No 

1905 AWOS RVR 600 meters No 

1906 AWOS RVR 500 meters No 

1910 SPECI 

Visibility 800 meters in heavy thunderstorm 

rain, RVR 800 meters at runway 20, ceiling at 

600 feet (ATIS P) 

No 

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 day of the occurrence. A SkewT/logP
29

 diagram drawn from the 

observation data is shown in Figure 1.7-6. The wind profile presented in 

Figure 1.7-7 identified a southwest wind near the surface at about 16 knots. 

Above the surface, the wind backed to the south-southwest, then veered to 

the southwest, and increased in magnitude to about 50 knots at 2,000 feet. 

                                           
29 

SkewT/logP diagram is a standard meteorological 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. 

 

Figure 1.7-6 Skew T log P diagram 

 

Figure 1.7-7 Wind profile from the surface to 9,000 feet 
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1.7.6 Satellite Data 

The Japan Meteorological Agencyôs MTSAT infrared satellite image
30

 of 

the area at 1857 hours is shown in Figure 1.7-8. Compared with the 

sounding data, the cloud top height was about 53,000 feet over Penghu. 

 

Figure 1.7-8 Infrared satellite image at 1857 hours 

1.7.7 Weather Radar Information 

The CWB had four S-band 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 at 1900 hours and cropped images of the 

Penghu area from 1830 to 1912 hours are shown in Figure 1.7-9. The time 

                                           
30 

Operates on channel 1 with a wave length between 10.3 and 11.3ɛm, it provides cloud top 

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 mean sea level above the occurrence site was captured. The images 

from Chikuôs radar between 1823:10 and 1915:40 are depicted in Figure 

1.7-10. 

 

Figure 1.7-9 CWB weather radar composite images 
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Figure 1.7-10 Chiku weather radar images before and after the occurrence 
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1.7.8 Significant Weather Chart 

The significant weather (SIGWX) chart which was valid at 2000 on July 

23 is shown in Figure 1.7-11. It indicated that frequent cumulonimbus with 

a ceiling of 1,500 feet and a height over 45,000 feet around the Penghu 

area. 

 

Figure 1.7-11 SIGWX chart 

1.8 Aids to Navigation 

According to the Taiwan CAA aeronautical information publication (AIP), 

there are several radio navigation and instrument approach landing aids for 

Magong Airport. VOR, non-directional beacon (NDB), and area 

navigation (RNAV) global navigation satellite system approaches were 

available for runway 20. Instrument landing system/localizer (ILS/LOC), 

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

The visibility required for Magong 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 non-precision approach aid is an aircraft 

navigation system operating in the very 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 visualized as 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 radials. A radial is identified by its magnetic bearing 

outbound from the VOR beacon. The VOR enables a pilot to select, 

identify, and locate a line of position from a particular VOR beacon. 

Magong VOR was upgraded from a conventional VOR (CVOR) to a 

Doppler VOR (DVOR) 1 June 1 2013. The DVOR system is more resistant 

to multipath interference compared 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 integrity and 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 for air routes
31

 A1 and W6; and terminal, which provided 

approach tracking guidance for both runway 02 and runway 20.  

The Magong DME (distance measuring equipment) was a 

transponder-based radio navigation aid that measured slant range distance 

from a land-based transponder by timing the propagation delay of UHF 

radio 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 was co-located 

with the DVOR as an aid to enroute navigation and 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 Magong VOR, conducted on 6 May 2014, indicated 

that the system was performing within standard tolerances and was 

ñunrestrictedò. There were no pilot reports of the VOR malfunctioning 

since its commissioning on 1 June 2013. 

                                           
31 

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, prior to the 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 ground-based 

radio navigation aids. 

http://en.wikipedia.org/wiki/Slant_range
http://en.wikipedia.org/wiki/Propagation_delay
http://en.wikipedia.org/wiki/Ultra_high_frequency
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1.9 Communication 

The radio communication frequencies used by Kaohsiung tower, 

Kaohsiung approach and Magong tower were 121.9/118.7 MHz, 

124.7/128.1 MHz and 118.3 MHz respectively.  

The telephone communication transcripts between the Magong tower 

controllers, Kaohsiung approach controllers, Magong flight operations 

section, the meteorological office, weather watch office and Magong flight 

control office are summarized in Appendix 1. 

1.10 Aerodrome 

1.10.1 Airside Basic Information 

Magong Airport
32

 is located 10.2 km northeast of Magong City. It had a 

single runway oriented north-northeast and south-southwest designated as 

runway 02/20. Runway 02ôs precise magnetic heading was 21.67Á with 

declared dimensions of 3,000 meters long, 45 meters wide, and an 

elevation of 103 feet at the threshold. It had a clearway which was 300 

meters long and 60 meters wide but no stopway. Runway 20ôs precise 

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 1.10-1). 

                                           
32 

Aeronautical information publication (AIP) TAIPEI FIR effective10 JUL 14. ICAO airport code 

RCQC. 
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Figure 1.10-1 Magong Airport chart 

1.10.2 Approach and Runway Lighting Systems  

Magong Airportôs approach and runway lighting system configuration is 

shown in Figure 1.10-2.  
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Figure 1.10-2 Magong Airportôs approach and runway lighting system  

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 provided to serve a non-precision 

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 of the extended center line for runway 20 indicated that 

about 500 meters was available for an approach lighting system within the 

airport area, as shown in Figure 1.10-3.   
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Figure 1.10-3 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 lights
33

 installed, which were illuminated green in the 

direction of approach to the runway. Runway 02 and runway 20 also had 

installed 10 fixed unidirectional 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 threshold. Each 

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 with a precision approach 

path indicator (PAPI)
34

 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.  

                                           
33 

Magong Airport runway/taxiway reconstruction engineering contract. 

34 
The precision approach path indicator (PAPI) is a visual aid that 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 the runway. The 

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. For the optimum approach angle the ratio of white to 

red lights will remain equal throughout. 

http://en.wikipedia.org/wiki/Visual_aid
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Runway 02/20 had white/yellow runway edge lighting installed at 60 meter 

(200 feet) intervals.  

Runway end identifier lights (REIL) were also installed on both sides of 

the runway 20 threshold. The REIL provided a rapid and positive 

identification of the end of the runway
35

. The system comprised two types 

of synchronized flashing lights that were unidirectional or 

omni-directional. The unidirectional lights were directed towards the 

approach area. REIL were effective for: identification of a runway 

surrounded by a preponderance of other lighting; 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. 

 

Figure 1.10-4 RWY 02/20 lighting systems 

1.10.4 Information from Airport CCTV  

Magong Airportôs closed-circuit television (CCTV) provided information 

on the status of the runway lighting systems, local visibility, and 

emergency response activities at the time of the occurrence.  

The investigation team obtained copies of the video footage from No.7 and 

No.9 airport surveillance cameras. The camera locations and filming 

directions are shown in Figure 1.10-5. 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 No.9 cameras are 

presented in Appendix 2. A summary of the information obtained from the 

video footage is presented in Table 1.10-1. 

  

                                           
35

https://www.faa.gov/about/office_org/headquarters_offices/ato/service_units/techops/navservices/lsg/

reil/ 
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Table 1.10-1 Summary of airport video footage 

Time Observations 

1830-1858 Raining, runway edge lights and control tower visible. 

1858-1903 
Storm suddenly intensifies accompanied by continuous 

lightning, runway edge lights not visible. 

1903-1910 
Very poor visibility, no objects could be recognized from 

camera. 

1913-1930 

Ai rport rescue firefighting vehicles were dispatched. 

Storm conditions improved and some runway edge lights 

were visible. 

 

 

Figure 1.10-5 The location of airport CCTV No.7 & No.9 

1.11 Flight Recorders 

The flight data recorder (FDR) and the cockpit voice recorder (CVR) were 

recovered by the search and rescue team at Xixi village on the night of the 

occurrence, and were later handed over to the duty officer at Magong 

Airport. The recorders were transported to the Aviation Safety Council 

(ASC) Investigation Laboratory for disassembly and readout on 24 July. 
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1.11.1 Cockpit Voice Recorder 

The aircraft was equipped with an L-3 Communications solid-state CVR 

(SSCVR), model A200S, serial number 00452. The CVR is capable of 

recording 2 hours of 2-channel standard quality cockpit audio, and 30 

minutes of 4-channel high quality cockpit audio. 

CVR Condition and Disassembly 

The exterior of the CVR sustained significant structural damage as a result 

of impact forces. While the CVRôs exterior casing was deformed, it was 

not punctured or compromised by 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 1.11-1). The crash survival 

memory unit (CSMU) was then removed from the CVR, and was found in 

good condition. 

CVR Download and Readout 

Following the A200S accident investigatorôs kit (AIK), provided by the 

recorder manufacturer L-3 Communications, download operation of the 

recorder was performed. 

 

Figure 1.11-1 (a) Damaged 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 the 2-channel, standard quality recordings, and 
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the final 4 minutes of the 4-channel, high quality recordings, were both 

misplaced to the other end of their tracks, probably as a result of impact 

forces.  However, the audio quality of each channel was either good or 

excellent. 

The CVR recording applicable 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 

Appendix 3.  

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 timing system was based on GPS time, 

provided by the National Time and Frequency Standard Laboratory, 

Telecommunication Laboratories, Chunghwa Telecom Co., Ltd
36

. As 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 an L-3 Communications solid-state FDR 

(SSFDR), part number S800-3000-00, serial number 00381.  

Disassembly and readout of the FDR were accomplished using the 

standard hardware and software at the ASCôs laboratory, which included 

the L-3 Communications F1000 AIK, read-out support equipment (ROSE), 

and Insight analysis software. The ATR reader database was used in 

accordance with service letter no. ATR72-31-6010 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 seconds. The 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 

                                           
36 

Website http://www.stdtime.gov.tw/english/e-home.aspx. 

http://www.l-3ar.com/pdf/datasheets/MKT064-AP_RAU_12-12rev3.pdf


 

41 

support units were broken. The CSMU was not damaged and all applicable 

data was recovered. Figures 1.11-2 shows the FDR exterior view, teardown 

and download process. 

 

Figure 1.11-2 FDR exterior view, teardown and download process 

Download, Readout, and Data Plots 

After downloading the raw data from the L-3 read-out support equipment 

in accordance with the F1000 accident investigatorôs kits procedures, the 

FDR raw data was converted to an un-pack binary formation and imported 

into the Insight Analysis software.  

The plot of selected parameters covering the entire occurrence flight is 

presented in Figure 1.11-3. Parameters in Figure 1.11-3 include master 

warning, main landing gear air/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
37

- 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 at the aircraftôs static port. For the occurrence flight, 

the QNH altimeter settings varied between 1000 and 996 milibars (mb), in accordance with 

information provided by Kaohsiung approach and Magong tower. From 1902:43, the Magong QNH 

was 997 mb.  

http://www.l-3ar.com/pdf/datasheets/MKT064-AP_RAU_12-12rev3.pdf
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The plot of recorded parameters during the final approach (below 1,000 

feet Radar Altitude [RA]) and associated wind information is presented in 

Figure 1.11-4. Parameters displayed in Figure 1.11-4 include: autopilot 

engaged status, yaw damper
38

 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 1.11-5 presents the engine related parameters and accelerations for 

the last 30 seconds of the recording. Parameters displayed in Figure 1.11-5 

include: vertical acceleration, longitudinal acceleration, lateral 

acceleration, magnetic heading, both engine NP speeds, engine torques, 

engine power lever angles, radio height and pressure altitude. 

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

speed was 41 knots +/- 10.6 knots, average wind direction 242 degrees +/- 

38 degrees. In addition, the aircraftôs average vertical acceleration was 

1.025g +/- 0.0086 gôs. The turbulence intensity was based on the Eddy 

Dissipation Rate
39

 which is calculated from vertical acceleration and true 

airspeed.  

                                           
38 

The yaw effort, applied on the rudder pedal, which triggers the yam damper disagreement parameter 

recording on 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. 
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Figure 1.11-3 Entire Flight Data Plot for occurrence flight GE222 (source: FDR) 
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Figure 1.11-4 Flight Data Plot (Below 1,000 feet RA) 
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Figure 1.11-5 Flight Data Plot (Below 250 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 crew had 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 Kaohsiung International Airport at 1448:40 and landed on 

runway 20 at Magong Airport at 1510:36. Figure 1.11-6 displays 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 296 feet to 235 feet (RA).  

 

Figure 1.11-6 GE220 flight data plot (below 2,500 feet) 

1.11.3.2 B7 647 Flight Data  

Before Magong Tower cleared flight GE222 to land, Uni Airways flight 

B7 647, an ATR72-600 aircraft, successfully conducted a runway 20 

RNAV approach and landing. The investigation team acquired the flight 

data from the Uni Airways ATR72-600 on 28 July to obtain more 

information regarding the wind velocity at Magong Airport. Figure 1.11-7 

provides a plot of recorded parameters for that aircraft. The data indicated 

that the ATR72-600 took off from runway 36 at Tainan Airport at 1705:10 

on 23 July and landed on runway 20 at Magong Airport at 1857:25.  
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The flight parameters in Figure 1.11-7 include: UTC time, air/ground 

switch status, pitch attitude, ro1l attitude, magnetic heading, wind speed, 

wind direction, vertical acceleration, airspeed, ground speed, GPS latitude 

position, GPS longitude position, and Baro-corrected altitude. The data 

indicated that   below 2,000ft baro-altitude, average wind speed was 22.5 

knots +/- 6.6 knots, average wind direction was 259 degrees +/- 4.6 degrees, 

and the average vertical acceleration was 1.0066 g +/- 0.061 gôs. 

  

Figure 1.11-7 Uni Airways ATR72-600 Flight Data Plot 

1.11.4 Flight Path Reconstruction and Unrecorded Parameters 

1.11.4.1 Flight Path Reconstruction and Mapping 

The occurrence aircraftôs position was recorded by the FDR every 4 

seconds. The recorded position parameters included GPS latitude and GPS 

longitude at a sampling rate 1/4 Hz. By applying double-integration
40

 of 

                                           
40 

Double-Integration and flight path reconstruction: initial point at 1906:15 was GPS recorded position 

of N23°35'14.30", E119°38'19.35" and using three-axes acceleration data (sampling rate 8 Hz) to 

calculate the flight path.    
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the acceleration data recorded by the FDR, the position of the aircraft at 

every second was calculated, which enabled a reconstruction of the 

occurrence flight path. At 1906:18.9, the aircraftôs last recorded position 

was N23°35'08.2", E119°38'21.1". Figure 1.11-8 displays key points along 

the occurrence flight path with the radar track superimposed with the 

Magong runway 20 VOR chart.  Figure 1.11-9 presents the occurrence 

aircraftôs trajectory during the last 40 seconds overlaid on a satellite image 

of the area.  

 

 Figure 1.11-8 Superimposed GE222 flight path and VOR chart 

 

 Figure 1.11-9 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 on the FDR recording parameters (DME 1, DME 2) and the 

relevant way points around Magong Airport, the flight crew selections on 

the on-board GPS were calculated. 

The results indicated that during the approach, from 1857:13 to 

1858:37, DME 1 and DME 2 recorded the distance of the occurrence 

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

1858:38 to 1901:45, DME 1 and DME 2 recorded the distance of the 

occurrence aircraft to MKG VOR. From 1901:46 until the end of the FDR 

recording, DME1 recorded the distance to MKG VOR; DME 2 recorded 

the distance to Magong Airportôs runway reference point. 

The distance between the aircraft and the runway 20 threshold was 

calculated and presented as "ref. Distance". Parameters in Figure 1.11-10 

include: autopilot engaged status, selected vertical speed, derived vertical 

speed
41

 (presented as "VS_SM_5pt"), left elevator position (positive value: 

pitch surface down and nose down), pitch attitude, left aileron position 

(positive value: left aileron down and right bank), roll attitude, rudder 

position (positive value: rudder to left), magnetic heading, selected altitude, 

radio height and pressure altitude. 

                                           

41 
Derived vertical speed: uses precise terrain elevation data and recorded radio height time differential 

to calibrate the values; then apply the 5-second moving average algorithm and multiply by 60 to 

convert the units into feet per minute. Terrain elevation data is available in section 1.12.  
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Figure 1.11-10 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 position, elevator deflection and aileron deflection which 

allowed the positions of those flight controls to be calculated
42

.  

Figure 1.11-11 depicts the following parameters below 2,000 feet, 

including: derived control column position, derived control wheel position, 

aileron left position, elevator left position, pitch attitude, roll attitude, 

selected vertical speed, derived vertical speed, radio height and pressure 

altitude. 

                                           

42 
Detail information is available in GE222 Factual Report 09 Flight Recorders, Appendix 9-6. 
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 Figure 1.11-11 Derived control column and control wheel positions and 

associated parameters below 2,000 ft. 

1.12 Wreckage and Impact Information 

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 rotary-wing unmanned aerial vehicle (UAV) to 

conduct an aerial survey of the site. The UAV was equipped with on-board 

GPS, pressure altitude sensor, digital compass and digital camera, which 

enabled it to fly a pre-defined route and take photos.  

Figure 1.12-1 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 and then 

collided with a residential area on the outskirts of Xixi village 

approximately 200 meters to the south-east of the initial impact zone.  
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Figure 1.12-1 GE222 site survey zones superimposed on Google map 

1.12.1.1 Terrain Profile and Height of Foliage  

The UAV aerial survey generated a geo-reference map and 3D terrain 

model (DSM
43

) of the occurrence area. Figure 1.12-2 shows the UAV area 

of operations superimposed on the occurrence flight path with timings and 

wreckage zones.  

                                           

43 
DSM - digital surface model, represents the earth's surface, and includes all objects on it.  
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Figure 1.12-2 Superimposed GE222 flight path with time marks and 

wreckage zones 

A set of terrain data (DTM
44

) from the National Land Survey and Mapping 

Center (NLSC) was obtained to compare with the UAV survey results. The 

results are shown in Figure 1.12-3. The comparative terrain profiles are 

depicted for the last 9 seconds of the occurrence flight and extend a further 

200 meters to ensure coverage of the wreckage display and associated 

collateral damage.  

                                           

44 
DTM - digital terrain model, 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 

2009. 
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Figure 1.12-3 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 cut a swathe through the foliage as depicted in Figure 1.12-2. 

Moreover, Figures 1.12-4 (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 indicated where the aircraft first impacted the 

foliage. The area contained many bent trees and broken branches.  
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Figure 1.12-4 Initial impact point and damaged foliage in Zone 1 

Damaged foliage and relevant tree height (H) information is depicted in 

Figure 1.12-5 (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 1.12-5 Damaged foliage and relevant trees  

Some aircraft wreckage was found along the swathe through the foliage.  

Those pieces of wreckage were identified as: nose landing gear aft doors, 

radome, left-hand heat exchanger, ram air inlet, ram air check valve, 

left-hand main landing gear door, belly fairing inspection doors, and belly 

fairing panels. The superimposed aircraft wreckage distribution and 

identified components on the UAVôs orthogonal image
45

 is shown in figure 

1.12-6. 

 

                                           
45 

The ground resolution of the UAV orthogonal image was 5 centimeters. 
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Figure 1.12-6 Superimposed aircraft wreckage distribution and 

component photos 

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 1.12-7 depicts the aircraft wreckage distribution overlaid 

on a Xixi village street map. The 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 items of debris 

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 1.12-8. 
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Figure 1.12-7 Wreckages distribution overlaid on Xixi village street map 
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Figure 1.12-8 Aircraft main wreckage distribution and damaged 

buildings 

Building no. 7-1 was the first building that the aircraft collided with. It 

exhibited impact damage primarily on 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 main landing gear 

impact. The northeastern corner of the roof exhibited rubber traces from 

either the tires or wing deicing boots. Five parallel, almost evenly 
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distributed, witness marks were visible on the top of the roof. Those marks 

were consistent with contact from 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). That damage was 

consistent with right-wing impact. Figure 1.12-9 depicts the relevant 

aircraft impact marks, propeller marks, rubber marks and cracks at no. 7-1 

building. 

 

Figure 1.12-9 Initial aircraft impact, propeller, and rubber marks on 

building 
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1.12.4 Power Plant 

Both engines were recovered from the occurrence site. The no.1 engine 

was still attached to the left wing. The propeller pitch angle was estimated 

to be -10°. The no.1 engine air inlet was found full of tree debris. An 

impact dent was located at the lower part of the intake (see Figure 1.12-10). 

  

  

Figure 1.12-10 No.1 Engine 

The no.2 engine had separated from the wing but was located in wreckage 

Zone 2 (see Figure 1.12-11). 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.  
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Figure 1.12-11 No.2 Engine 

 ̧ No.1 Engine Examination (S/N AV0051) 

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 

oôclock position, just forward of the exhaust case. The remainder of the 

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 external post-impact fire.  

External Cases: All cases were structurally intact. 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 components were not examined. 

Externally, the fuel nozzles, manifolds and all fuel delivery tubes were 

intact and no evidence of fuel leakage was observed. 

Compressor Section: The engine inlet was filled with a large quantity of 

organic debris mostly comprising small 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 post-crash resting point. The visible portion of 

the impeller 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. 












































































































































































































































































































































































































































































































































