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The aviation industry faced a defining moment on January 15, 2009, with the water
landing of US Airways Flight 1549 on the Hudson River, often celebrated as the “Miracle on the
Hudson”. This event showed how important it is to understand how people, emergency
responses, and aviation safety work together. To make air travel safer, this accident requires a
comprehensive analysis to extract valuable insight.

From the opening statements just weeks after the accident, members of congress at the
first session of the Committee of Transportation and Infrastructure remarked, “Without proper
training, even the most advanced avionic equipment is of no value.” and “...the positive outcome
of Flight 1549 was a team effort from those in the air, on the ground, and on the water” (House
Hearing, 111 Congress, 2009). These statements emphasize the role of human expertise and
collaboration in aviation safety. As technology plays an important part of aviation, there is no
substitute for excellent training and the interconnected effort between all work groups. When
faced with an aviation emergency, the outcome relies on the applied human element.

This research paper will navigate through the findings and recommendations of the
accident investigation and authorities involved. The National Transportation Safety Board
(NTSB) and the Federal Aviation Administration (FAA) played a crucial role in piecing together
the sequence of events and analyzing the accident. An analysis of relevant theories encompassing
human factors, emergency protocols, and safety framework will be discussed. The paper will
conclude with important safety recommendations that refine the aviation industry and contribute

to the ongoing efforts to enhance the safety of commercial aviation.
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Problem Statement
The Emergency Landing Explained

On January 15, 2009 around 3:30pm a US Airways Airbus A320-214 departed
LaGuardia Airport (LGA) for Charlotte Douglas International Airport (CLT). Within minutes,
Flight 1549 faced a severe crisis when it encountered a flock of birds resulting in dual engine
loss. The flight held 150 passengers, one lap baby, two pilots, and three flight attendants and
landed successfully in the Hudson River with zero fatalities. The flight briskly departed LGA
and made a water landing (ditching) just 8.5 miles from the airport. The in-flight emergency
successfully landed and evacuated on the river that resulted in injuries to just one flight attendant
and four passengers. Upon landing, its occupants evacuated the substantially damaged plane
through the forward and overwing exits.

According to the NTSB report, “...the first officer was the pilot flying (PF), and the
captain was the pilot monitoring (PM). According to the flight crew, CVR, and flight data
recorder (FDR), the takeoff and initial portion of the climb were uneventful” (NTSB, 2010). At
2,818 feet above ground on departure, Captain Chesley Sullenberger III, First Officer Jeffrey
Skiles experienced the unexpected bird strike and immediately went into action to remedy the
situation. The pair noticed the loss of power from both engines and tried to restart them. The
APU was turned on and the captain took over control of the airplane. Captain Sullenberger
instructed FO Skiles to obtain the Quick Reference Handbook (QFH) for loss of thrust in both
engines. The captain communicated with Air Traffic Control (ATC) that they were declaring an
emergency and ATC gave clearance to land back at LGA. The captain realized they were unable
to turn around and decided to think of alternate choices. The captain suggested nearby Teterboro

airport (TEB) but acknowledged the only option might be to land in the Hudson River. After the
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checklist was completed, the pilots were unable to relight the ignitions and the Captain alerted
the cabin to brace for impact. Flight Attendants Sheila Dail, Doreen Welsh, and Donna Dent
collaboratively readied the passengers for the emergency landing. At 1,000 ft AGL, engine
power was still uncooperative. The captain instructed the FO to deploy flaps and then braced for
impact. Immediately after touchdown, the crew evacuated the plane and everyone was rescued
by nearby responders.

Challenges Faced by the Pilots

Captain Sullenberger and FO Skiles had each accumulated over 15,000 hours of total
flight time in their careers and both pilots had pristine health and testing records. Captain had
4,765 hours in the Airbus 320 while the FO had only 37 hours. According to the NTSB report,
“The 1551 observation indicated the following: winds 310° at 9 kts, visibility 10 miles, few
clouds at 4,200 feet, temperature -7° C, dew point -16° C, and altimeter setting 30.28 inches of
Hg” (NTSB, 2010). Flight 1549 was on an IFR flight plan while in VFR conditions. There were
no NAVAID or COMM problems reported during the time. All three flight attendants were
trained on extended overwater procedures and each had decades of experience in their positions.
The aircraft was certified for ditching and had appropriate water survival equipment and
procedures.

The main challenge that caused this accident was the wildlife that collided with the
aircraft. “At least 229 people have died and 194 aircraft have been destroyed as a result of
wildlife strikes in civil and military operations from 1988 to April 2009” (NTSB, 2010). The
ASR-9 radar system allows transponder equipped aircraft to be tracked by ATC but has limited
capability to detect radar returns not associated with transponders. Most of the time these returns

are not conflicts for ATC and are only acknowledged under certain criteria such as a ground
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speed of at least 30 knots. In reviewing the system data, “the controller had chosen to display
only correlated primary targets, which did not include the primary returns associated with the
flock of birds” (NTSB, 2010).

Another challenge faced by the pilots was the timing of the accident, which was on
ascent. This critical phase of flight is imperative to establish a climb to a safe cruising altitude.
“Immediately after the bird encounter, the left engine decelerated from 82 to 35 percent N1, the
right engine decelerated from 82 to 15 percent N1, and the airspeed started to decrease” (NTSB,
2010). When an airplane is in a nose high altitude without thrust, an aerodynamic stall can
occur-and without engine power to recover, it could be deadly. The maximum altitude that was
reached by the plane was only 3,060 feet and then quickly lost altitude to compensate for the
necessary airspeed.

The next challenge that faced the pilots were the checklists and emergency procedures
available. This situation could be classified as the “perfect storm”, in which there was not any
published guidance for this exact situation. Airplanes spend the majority of their time at high
altitudes which would allow time for more thorough checklists and troubleshooting to be
performed. As noted in the NTSB report, Airbus designed the Dual Engine Failure checklist at a
20,000 foot altitude scenario. “Airbus indicated that it had not considered developing a
dual-engine failure checklist for use at a low altitude” (NTSB, 2010).

Ditching training also presented a challenge to the pilots. “US Airways provided ditching
training during ground school. The training consisted of a PowerPoint presentation that reviewed
the US Airways QRH Ditching checklist, which assumed that at least one engine was running.”
(NTSB, 2010) Guidance from the Flight Operations Manual explained that a higher approach

speed should be used if there is no engine power and will result in a reduced glide path. The
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main concern is that ditching scenarios were not evaluated in the Airbus or US Airways training

curriculum.
Accident Investigation

NTSB Involvement

The NTSB spent a year and a half investigating and concluding their findings of flight
1549. The NTSB is an independent federal agency and is tasked with investigating and
determining the likely causes of various transportation related incidents. Through investigation,
safety recommendations, data collection and analysis, the NTSB can advocate for safety
improvements, gain public awareness, and contribute internationally. The compilation of
interviews with the crew and passengers as well as diagnostics from voice recorders and flight
data systems, the NTSB put together the sequence of events for evaluation. In addition, the
NTSB conducts simulator research to reenact and evaluate accidents. “The Airbus A320
full-flight engineering simulator was used to evaluate the landing options available to the pilots
of US1549...the simulator was used to evaluate the operational feasibility of achieving
prescribed ditching touchdown criteria” (O’Callaghan, 2021). With the use of computers and
type rated pilots, the NTSB were able to evaluate the decision to land in the Hudson, as well as
improve the flow of emergency checklists and procedures with this scenario.
FAA Involvement

While the NTSB is responsible for the investigation of aviation accidents, the FAA plays
an important role in providing data, expertise, and collaboration. The FAA controls the
regulatory oversight of airlines and aviation within the Department of Transportation. The rules

that govern the industry are put in place to ensure safety and compliance. Pilot certification, air
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traffic control, airport regulations, aircraft certification, research and development, rulemaking,
environmental stewardship, and international collaboration are all functions of the FAA.
US Airways and Airbus Involvement

US Airways assisted in the flight 1549 investigation by providing information on the
plane, crew, records, and airline procedures. US Airways provided representatives for hearings
and interviews to provide more context in the series of events. The US Airways maintenance
program is a thorough and consistent program that is documented through the Time Limits
Manual (TLM). Aircraft maintenance occurred daily, overnight, and weekly. According to the
records there were no discrepancies on the plane and the last fixed-interval on the plane was
December 6, 2008. Federal regulations require an airworthiness management system to track
issues with the planes, but there were none for this aircraft. The only issue that was recently
reported was a right engine stall two days prior that was resolved and put back into service.

Airbus also participated in the investigation process by providing representatives for
technical insight and systems analysis. Most importantly, Airbus was there to ensure compliance
with safety regulation implementation.

Relevant Theory

Human Factors

One of the most crucial survival risks for this flight was evacuating people in the frigid
river water during winter. “...cold-shock deaths occurred between 3 and 5 minutes, and
swimming failure deaths occurred between 5 and 30 minutes” (NTSB, 2010). The risk of
hypothermia or drowning could have resulted in numerous deaths. While LGA dispatched one
rescue boat due to the emergency, “Personnel from New York Waterway (NY WW) also

responded to the accident although they were not part of the emergency plan” (Rosenkrans,
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2010). Survival odds were improved by the ditching occurring in a metropolitan area copious in

resources.

Crew Resource Management (CRM) can be credited to being the most successful tactic
during the incident. The entire flight time was recorded to be only a few minutes, however every
action was communicated through the network. The captain declared an emergency with ATC,
the pilots ran appropriate troubleshooting checklists and informed the cabin and crew to brace for
impact, and then local ferry captains jumped into action without hesitation. “As National
Transportation Safety Board (NTSB) Member Higgins put it at a press conference after the
accident: ‘These people knew what they were supposed to do and they did it, and as a result,
nobody lost their life’” (Pari¢s, 2009). CRM refers to the set of training established based on the
principles of communication, teamwork, decision making, situational awareness, adaptability,
leadership and followership. Every person involved had a crucial role and followed through on
their tasks without hesitation.

Aircraft Design and Engineering

The A-320 aircraft that landed in the river was equipped with slide rafts at all four doors.
This allowed the passengers to step into the raft directly from the plane. The raft is also attached
to the door, which saves the flight attendants time instead of having to retrieve and launch a life
raft from a compartment. Typically, both forward and aft doors are designed to be used during a
ditching, however the aft of the plane became submerged which made the aft exits unusable. This
flight route does not require an overwater equipped plane, however it can be thought that the
equipment on the plane greatly increased the chances of survival. Without the rafts, it is possible

that people may have suffered from hypothermia or drowning. The rafts expedited the evacuation



US Airways Flight 1549: An Analysis of the Accident and Investigation

and allowed people to exit the sinking plane as quickly as possible, especially because many
passengers did not retrieve a life vest before evacuating.

The A320 was required to meet specific bird ingestion or foreign object ingestion
requirements set forth by 14 CFR 33.77. According to the report (NTSB 2010), the bird that was
ingested into the engine was eight pounds and the maximum certification was for a four pound
bird. Years prior to the accident, engine requirements became more stringent, but the accident
aircraft’s engines were already in service and not impacted by the new changes. “The large
flocking bird weight requirement...was 4, 4 1/2, or 5 1/2 pounds, depending on engine size and
the engines had to continue running on a decreasing sliding scale from 90-percent maximum
takeoft power for 20 minutes after ingestion” (NTSB, 2010). In summary, the tests performed by
Airbus never showed a total loss of power in the engines from bird indigestion, and tests with 8
pound birds were never evaluated.

Based on federal regulations, a plane that is approved for overwater flying must adhere to
ditching requirements. The A320 model was approved and certified by the FAA based on over
200 tests. “Airbus certification test report stated that the fuselage of an A320 would “undergo no
destruction liable to create a water passage” if the airplane ditched with the following
parameters: landing gear retracted, 11° pitch, -0.5° glideslope, and flaps in landing configuration
for minimum speed” (NTSB, 2010). However, Airbus did assume engine power would be
available in a ditching scenario and able to land longitudinal to swells.

Safety Recommendations
Post-Incident Changes Implemented
e A-10-62/63 Collaborate with the military, manufacturers, and NASA to finalize the

development of technology capable of updating pilots on the ongoing operational status
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of an engine. Upon completion of this technology, mandate its implementation on

transport-category airplane engines equipped with full-authority digital engine controls

e 14 CFR 33.76(c)/A-10-64 Modify the small and medium flocking bird certification test
standard to conduct the test at the lowest expected fan speed for the minimum climb rate.

o A-10-66/67 Direct manufacturers of turbine-powered aircraft to create a checklist and
procedure for handling dual-engine failures at low altitudes. Following the checklist and
procedure process, require operators of turbine-powered aircraft under 14 CFR Part 121,
135, 91 Subpart K to implement them.

e A-10-68/69 Establish clear guidelines for creating emergency and abnormal checklists,
taking into account factors like the sequence of critical items, the use of opt-outs,
checklist length, level of detail, completion time, and the mental workload of the flight
crew. Direct operators governed by 14 CFR Part 121, 135, and 91 Subpart K to
incorporate low-altitude dual-engine failure scenarios into pilot training to enhance
critical thinking and workload management skills.

o A-10-70 Mandate the same operators to provide pilots with training on visual illusions
during water landings, covering approach and touchdown techniques with and without
engine power.

e A-10-71/72 Collaborate with the aviation industry to explore the need for recommended
practices and procedures for pilots during forced landings without power on both water
and land. Insist that applicants seeking aircraft certification demonstrate attainable
ditching parameters without engine power, requiring no extraordinary skill or strength

from pilots
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A-10-73 Direct Airbus operators to update checklists, including disabling the ground

proximity warning system during the final descent in the Engine Dual Failure checklist.
A-10-74 Airbus operators should enhance training on angle-of-attack-protection features,
educating pilots on their impact on the airplane's pitch response

A-10-75 Mandate all Part 139-certified airports to conduct wildlife hazard assessments,
implementing Wildlife Hazard Management Plans if necessary, as outlined in their airport
certification manuals.

A-10-78/79 The recommendations call for research to determine the most effective
passenger brace position in airplanes with non breakover seats and the issuance of new
guidance material based on the findings. There is also a proposal to ensure that cabin
safety equipment, including life rafts and slide/rafts, is stored in accessible locations on
all transport-category airplanes, both new and in-service.

A-10-80/81/82/83/84/85 Other suggestions include implementing quick-release features
on evacuation slides and ramp/slide combinations, providing information on life lines to
passengers when airplanes are equipped with them, mandating the presence of flotation
seat cushions and life vests for every occupant on all flights, regardless of the route, and
briefing passengers on all flotation equipment before every flight. The recommendations
further propose modifications to life vest stowage compartments to improve passenger
accessibility and revisions to life vest performance standards for faster and correct usage.
A-10-76/77 Partner with the U.S. Department of Agriculture to develop and integrate
advanced technologies onto aircraft, aiming to decrease the probability of bird strikes.

Instruct Airbus to redesign the frame 65 vertical beam on A318, A319, A320, and A321
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series planes to minimize the risk of intrusion into the cabin during ditching or gear-up

landings. Operators of Airbus aircraft are required to adopt these modifications.
Ongoing Safety Measures

Previous safety recommendations that continue to be ongoing include bird strike hazard
mitigation under safety recommendation A-99-86. The risk to aircraft from birds has been
proven to be detrimental to the industry. The FAA has delegated funds for research and
technology to reduce the risk. While new radar technologies for birds are still compiling data,
they have been shown to reduce the risk of bird strikes.

Multiple survivability safety recommendations have been continuously updated since its
inception. These safety measures give guidance regarding air travel overwater and its related
emergency equipment and procedures for crew and passengers. The majority of the guidance
given is to demonstrate and brief passengers on the location and donning procedures of
survivability equipment, as well as illustrate the procedure on the safety card to ensure
understanding. These safety recommendations can be found under A-85-35 through -37,
A-85-39, A-85-41 through -44, and A-00-86.

Water swell testing has been an important topic for ditching procedures due to the risk of
fuselage damage. Research showed “The report concluded that, on rough water, landing against
the swells should be avoided because this test condition always resulted in a breach of the
fuselage. Rather, the swells should be contacted longitudinally and on a peak, preferably at 15°
of pitch” (NTSB, 2010).

A comprehensive report from NASA in 2005 acknowledged that in aviation emergency
events, pilots may not and will not have the time or appropriate checklist for the situation.

Furthermore, according to the NTSB report (NTSB, 2010) “...operators are faced with time and
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financial constraints limiting the “range and depth” of the emergencies trained to those that are

most common and for which the checklist procedures work as expected.” Emphasis on creating
emergency checklists for all phases of flight should have a clear and use-friendly design. A
suggestion to reduce memorization requirements was seen to have benefits on memory load
during emergencies. The main objective in the study was that the pilot's most important task was
to fly and land the plane.

After the US Airways Flight 1549 accident, the NTSB recommended changes to FAA
radar systems to ensure controllers are aware of aircrafts in distress. This has been issued as
Safety Recommendation A-09-112. The FAA responded, “...the FAA has increased the
functionality of its Standard Terminal Automation Replacement System so that controllers are
notified of aircraft in distress and that similar improvements have been approved for the
Common Automated Radar Terminal System” (NTSB, 2010). The NTSB would also like these
functionalities to be applied to other radar facilities as well.

Conclusion
Summary of Findings

According to the NTSB flight simulation report, “These results vindicate the flight crew’s
decision to ditch the airplane in the Hudson River instead of attempting to glide the airplane back
to LGA over a densely populated city” (O’Callaghan, 2021). The crew has been praised and
awarded for their heroic actions to safely land and evacuate flight 1549 in the Hudson River.
Preparing aircrafts, checklists, and procedures for emergency landings on water are highly
variable and diverse. Even with optimal solutions, it is nearly impossible to factor in the variable

of passenger compliance.
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The main concern for this investigation was to determine if landing in the river vs.

landing at a nearby airport was possible. Through data and simulations, it was determined that
the pilots made the best choice given the environment they were in and the time they had. The
added benefit of landing an EOW equipped airplane assisted in the evacuation while the nearby
ferry/boat resources aided the rescue operation.

An overview of checklists and operational procedures were re-evaluated to simplify and
account for crucial situations. The pilots were found to have followed the published guidelines
and utilized their resources with expertise. Crew Resource Management played a crucial role in
survivability. The successful landing, evacuation, and rescue underscored CRM principles and
showcased the safety features of the A320 aircraft.

Wildlife presented a major concern to the issue at hand. At the time, the certification
requirements were not taken into account for the variable birds that surround airports. However,
following the incident, safety standards improved power requirements in regards to bird
ingestion and ditching scenarios.

Flight 1549 known as the “Miracle on the Hudson” serves as a testament to effective
CRM, aircraft safety features, diligent investigation, and improved regulation and procedures

within the US aviation industry.
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