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U.S. Department Office of the Administrator 800 Independence Ave., S.W.
of Transportation Washington, DC 20591

Federal Aviation
Administration

December 23, 2020

The Honorable Roger Wicker

Chairman, Committee on Commerce,
Science, and Transportation

United States Senate

Washington, DC 20510

Dear Mr. Chairman:

This letter transmits the Federal Aviation Administration (FAA) report to Congress under
Section 179 of Public Law 115-254, the FAA Reauthorization Act of 2018 (the Act).

Section 179 directs the FAA to submit a report on the results of an Airport Noise Mitigation and
Safety Study that includes the following:

(1) review and evaluate existing studies and analyses of the relationship between jet aircraft
approach and takeoft speeds and corresponding noise impacts on communities surrounding
airports;

(2) determine whether a decrease in jet aircraft approach or takeoff speeds results in
significant aircraft noise reductions;

(3) determine whether the jet aircraft approach or takeoff speed reduction necessary to
achieve significant noise reductions jeopardizes aviation safety; or decreases the efficiency of
the National Airspace System, including lowering airport capacity, increasing travel times, or
increasing fuel burn;

(4) determine the advisability of using jet aircraft approach or takeoff speeds as a noise
mitigation technique; and

(5) if the Administrator determines that using jet aircraft approach or takeoff speeds as a
noise mitigation technique is advisable, whether any of the metropolitan areas specifically
identified in Section 189(b)(2) of the Act would benefit from such a noise mitigation
technique without a significant impact to aviation safety or the efficiency of the National
Airspace System.

We look forward to continued collaboration with your staff and would be happy to schedule time
to brief you further if desired.



We have sent identical letters to Chairman DeFazio, Senator Cantwell, and
Congressman Graves.

Sincerely,

Steve Dickson
Administrator

Enclosure
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U.S. Department Office of the Administrator 800 Independence Ave., S.W.
of Transportation Washington, DC 20591

Federal Aviation
Administration

December 23, 2020

The Honorable Peter A. DeFazio
Chairman, Committee on
Transportation and Infrastructure
House of Representatives
Washington, DC 20515

Dear Mr. Chairman:

This letter transmits the Federal Aviation Administration (FAA) report to Congress under
Section 179 of Public Law 115-254, the FAA Reauthorization Act of 2018 (the Act).

Section 179 directs the FAA to submit a report on the results of an Airport Noise Mitigation and
Safety Study that includes the following:

(1) review and evaluate existing studies and analyses of the relationship between jet aircraft
approach and takeoft speeds and corresponding noise impacts on communities surrounding
airports;

(2) determine whether a decrease in jet aircraft approach or takeoff speeds results in
significant aircraft noise reductions;

(3) determine whether the jet aircraft approach or takeoff speed reduction necessary to
achieve significant noise reductions jeopardizes aviation safety; or decreases the efficiency of
the National Airspace System, including lowering airport capacity, increasing travel times, or
increasing fuel burn;

(4) determine the advisability of using jet aircraft approach or takeoff speeds as a noise
mitigation technique; and

(5) if the Administrator determines that using jet aircraft approach or takeoff speeds as a
noise mitigation technique is advisable, whether any of the metropolitan areas specifically
identified in Section 189(b)(2) of the Act would benefit from such a noise mitigation
technique without a significant impact to aviation safety or the efficiency of the National
Airspace System.

We look forward to continued collaboration with your staff and would be happy to schedule time
to brief you further if desired.
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We have sent identical letters to Chairman Wicker, Senator Cantwell, and Congressman Graves.

Sincerely,

Steve Dickson
Administrator

Enclosure
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U.S. Department Office of the Administrator 800 Independence Ave., S.W.
of Transportation Washington, DC 20591

Federal Aviation
Administration

December 23, 2020

The Honorable Maria Cantwell

Ranking Member, Committee on Commerce, Science,
and Transportation

United States Senate

Washington, DC 20510

Dear Senator Cantwell:

This letter transmits the Federal Aviation Administration (FAA) report to Congress under
Section 179 of Public Law 115-254, the FAA Reauthorization Act of 2018 (the Act).

Section 179 directs the FAA to submit a report on the results of an Airport Noise Mitigation and
Safety Study that includes the following:

(1) review and evaluate existing studies and analyses of the relationship between jet aircraft
approach and takeoft speeds and corresponding noise impacts on communities surrounding
airports;

(2) determine whether a decrease in jet aircraft approach or takeoff speeds results in
significant aircraft noise reductions;

(3) determine whether the jet aircraft approach or takeoff speed reduction necessary to
achieve significant noise reductions jeopardizes aviation safety; or decreases the efficiency of
the National Airspace System, including lowering airport capacity, increasing travel times, or
increasing fuel burn;

(4) determine the advisability of using jet aircraft approach or takeoff speeds as a noise
mitigation technique; and

(5) if the Administrator determines that using jet aircraft approach or takeoff speeds as a
noise mitigation technique is advisable, whether any of the metropolitan areas specifically
identified in Section 189(b)(2) of the Act would benefit from such a noise mitigation
technique without a significant impact to aviation safety or the efficiency of the National
Airspace System.

We look forward to continued collaboration with your staff and would be happy to schedule time
to brief you further if desired.



We have sent identical letters to Chairman Wicker, Chairman DeFazio, and
Congressman Graves.

Sincerely,

Steve Dickson
Administrator

Enclosure
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U.S. Department Office of the Administrator 800 Independence Ave., S.W.
of Transportation Washington, DC 20591

Federal Aviation
Administration

December 23, 2020

The Honorable Sam Graves

Ranking Member, Committee on Transportation and
Infrastructure

House of Representatives

Washington, DC 20515

Dear Congressman Graves:

This letter transmits the Federal Aviation Administration (FAA) report to Congress under
Section 179 of Public Law 115-254, the FAA Reauthorization Act of 2018 (the Act).

Section 179 directs the FAA to submit a report on the results of an Airport Noise Mitigation and
Safety Study that includes the following:

(1) review and evaluate existing studies and analyses of the relationship between jet aircraft
approach and takeoft speeds and corresponding noise impacts on communities surrounding
airports;

(2) determine whether a decrease in jet aircraft approach or takeoff speeds results in
significant aircraft noise reductions;

(3) determine whether the jet aircraft approach or takeoff speed reduction necessary to
achieve significant noise reductions jeopardizes aviation safety; or decreases the efficiency of
the National Airspace System, including lowering airport capacity, increasing travel times, or
increasing fuel burn;

(4) determine the advisability of using jet aircraft approach or takeoff speeds as a noise
mitigation technique; and

(5) if the Administrator determines that using jet aircraft approach or takeoff speeds as a
noise mitigation technique is advisable, whether any of the metropolitan areas specifically
identified in Section 189(b)(2) of the Act would benefit from such a noise mitigation
technique without a significant impact to aviation safety or the efficiency of the National
Airspace System.

We look forward to continued collaboration with your staff and would be happy to schedule time
to brief you further if desired.



We have sent identical letters to Chairman Wicker, Chairman DeFazio, and Senator Cantwell.

Sincerely,

Steve Dickson
Administrator

Enclosure
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Introduction

In Section 179 of the Federal Aviation Administration (FAA) Reauthorization Act of 2018 (Public Law 115-
254), Congress directed the FAA Administrator to:

(1) review and evaluate existing studies and analyses of the relationship between jet aircraft approach
and takeoff speeds and corresponding noise impacts on communities surrounding airports;

(2) determine whether a decrease in jet aircraft approach or takeoff speeds results in significant aircraft
noise reductions;

(3) determine whether the jet aircraft approach or takeoff speed reduction necessary to achieve
significant noise reductions jeopardizes aviation safety; or decreases the efficiency of the National
Airspace System, including lowering airport capacity, increasing travel times, or increasing fuel
burn;

(4) determine the advisability of using jet aircraft approach or takeoff speeds as a noise mitigation
technique; and

(5) if the Administrator determines that using jet aircraft approach or takeoff speeds as a noise
mitigation technique is advisable, whether any of the metropolitan areas specifically identified in
section 189(b)(2) would benefit from such a noise mitigation technique without a significant impact
to aviation safety or the efficiency of the National Airspace System.

This document fulfills the requirement to submit to the appropriate committees of Congress a report on the

results of the study.

The report in Appendix A was prepared by the Massachusetts Institute of Technology (MIT) International
Center for Air Transportation (ICAT). The FAA Office of Environment & Energy has been working with MIT
since 2015 through the ASCENT Center of Excellence for Alternative Jet Fuels and Environment. This
research has focused on developing a noise analysis method with improved fidelity, accuracy, and utility
for evaluation of advanced operational procedures. MIT has used this framework to evaluate candidate
operational concepts for community noise reduction, with additional focus on identifying operational
repercussions and implementation barriers. This research partnership formed the basis for the study
contained in Appendix A on the relationship between jet aircraft speed and noise on approach and
departure.

Report Summary

Aircraft noise can be broken out by engine and airframe noise sources. Historically, engine noise has been
the dominant source, particularly for high power flight phases such as takeoff. However, as engines have
become quieter due to technological advancements such as increased bypass ratio, airframe noise has
become an increasingly important consideration for reduced power settings. During approach, the
deployment of flaps, slats, and landing gear can be the dominant noise source depending on the specific
aircraft and flight procedure. With respect to speed, engine noise generally increases with increased power
setting, and also increases with increasing difference between the speed of the high velocity jet airflow and
the speed of the aircraft. Airframe noise sources are highly sensitive to speed. Additionally, speed is tightly
coupled to the aircraft configuration. At slower speeds, high-lift devices are deployed to reduce stall speed,
which causes an increase in airframe noise.

Assessing these interdependent noise effects necessitates the use of a noise evaluation framework. The
analysis requires a model that includes the effects of speed on each of the various aircraft noise
components. While the Aviation Environmental Design Tool (AEDT) is the FAA’s primary environmental
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tool for assessment of FAA actions subject to the National Environmental Policy Act (NEPA), it is not
designed to capture some of the unique effects under consideration in this study. For this reason, MIT built
a framework to utilize NASA'’s Aircraft Noise Prediction Program (ANOPP). ANOPP uses a combination of
semi-empirical and physics-based methods to compute noise at the airframe and engine component level.
ANOPP’s ability to capture source noise impacts of various components as a function of more detailed
aspects of a flight procedure (e.g., speed or configuration changes) makes it well suited for this study. In
order to run ANOPP, MIT also integrated into their framework other tools and models to provide detailed
aircraft geometry, engine performance, and flight procedure input information.

A typical departure consists of the aircraft accelerating as the flaps are retracted and thrust is reduced to a
climb setting. This climb profile leaves two primary options to consider for varying speed in the departure
phase for noise abatement: 1) changing the location of the start of acceleration and flap retraction, and 2)
reducing the climb speed. MIT examined 1) through the lens of the standard ICAO Noise Abatement
Departure Procedures (NADP) 1 and 2. NADP 1 is designed to benefit close-in communities, while NADP
2 is designed to benefit communities farther out from the airport. The procedures differ primarily in where
the start of acceleration and flap retraction occurs, and so they are used as examples to show the impact
of speed and configuration on departure noise. MIT conducted a noise comparison of example profiles that
fit the NADP 1 and 2 parameters for representative narrow- and wide-body aircraft. The resulting analysis
shows a small difference in noise between the two procedures (between 0.4 and 1.2 dBA).

The second departure concept examined by MIT is reduced climb speed. In a typical departure, once the
aircraft is in a clean configuration (flaps, slats, and gear retracted), the aircraft continues to accelerate to
250 knots, which is the maximum speed permitted below 10,000 ft in the United States. The goal of the
reduced climb speed concept is to maintain the aircraft at the minimum safe airspeed with flaps up until
10,000 ft, thereby reducing the highly speed-dependent clean airframe noise. Whether this effect is
significant enough to be noticeable relative to the engine noise is dependent on how aerodynamically
smooth the airplane is, i.e., how much noise is generated from the air flow over the wings. MIT’s assessment
of reduced speed climb profiles against nominal departure profiles for modern narrow- and wide-body
aircraft shows minimal difference in noise (less than 0.5 dBA).

The above findings on speed are consistent with the fact that engine noise is dominant on departure. For
modern aircraft, variations to aircraft speed, flap retraction, and acceleration altitude have minimal impact
on the overall aircraft departure noise. For context, the minimum change in the sound level of individual
events that an average human ear can detect is about 3 dB. Aircraft on departure operate at moderate to
high thrust levels, and thus engine noise is generally sufficiently loud that reductions in noise generated by
the airframe through speed and configuration management fall below this detectability threshold.
Additionally, non-standard speed procedures, such as reduced speed climbs, pose implementation and
safety challenges that could negatively affect the operation of the airspace and may be costly to resolve.
For these reasons, modifying speed on departure does not appear to be a promising opportunity for noise
reduction.

On approach, flaps and slats are progressively deployed in order to allow the wing to maintain lift at lower
speeds and to provide drag to slow the aircraft. MIT focuses on a delayed deceleration approach (DDA)
concept in which the deceleration of the aircraft is delayed such that the aircraft can have flaps and slats
up and operate at low thrust for as long as possible to reduce both airframe and engine noise. This
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procedure still allows the aircraft to slow to the final approach speed prior to the stabilization point. In
addition to the potential noise benefit, prior analyses have shown that the reduced flight time and thrust
from a DDA vyields significant reductions in fuel burn.

MIT conducted a noise analysis of DDA profiles against a standard deceleration approach for representative
narrow- and wide-body aircraft. In the examples presented, the DDA is shown to have a noise benefit in
the range of 4 to 8 dBA, with the benefit occurring between 10 and 25 nautical miles out from the runway.
Closer in to the runway, the DDA and the standard deceleration approach result in the same noise levels
given the requirement for the aircraft to be fully configured and stable for landing. In contrast to the departure
phase, engine thrust on approach is often low and thus airframe noise components, such as flap and slat
noise, are more easily heard. This is why an approach where deceleration is delayed such that the aircraft
can maintain a flaps and slats retracted configuration for as long as possible while also delaying the need
to increase thrust is beneficial in terms of noise.

While the DDA concept has the potential to reduce noise, its implementation has challenges. Key among
those is that the ideal deceleration profile varies by aircraft type and depends on aircraft weight and weather
conditions. Pilots may need procedures and guidance on how to manage the deceleration of the aircraft
given these factors. Varying deceleration rates would also pose a challenge to air traffic controllers in terms
of sequencing and spacing aircraft. Additionally, though the noise modeling shows a potential benefit from
this concept, this benefit needs to be validated through noise measurement of actual aircraft operations.
These challenges require further study and are being supported by the FAA through the ASCENT Center
of Excellence.

In summary, the primary conclusions of the report are as follows:

1. Changes in aircraft climb speed do not have an appreciable impact on the overall aircraft departure
noise due to the dominance of engine noise.

2. Onarrival, delaying the deceleration of the aircraft could have a noticeable noise impact (reductions
in the range of 4 to 8 dBA for certain locations), but this change will only occur between 10 and 25
nautical miles out from the runway.

3. Additional work is required to validate this potential noise benefit and resolve implementation
challenges.

Report to Congress Page 5 of 37

FAA Reauthorization Act of 2018: Section 179



Appendix A: Evaluation of the Impact of Transport Jet Aircraft Approach and
Departure Speed on Community Noise
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l. Introduction

This report evaluates the impact of changing aircraft speed during approach and departure on community
noise for transport category jet aircraft. This analysis is part of a broader study investigating the
opportunities to modify approach and departure procedures to reduce community noise impact. This report
also addresses a requirement in Section 179 of the FAA Reauthorization Act of 2018 (H.R. 302) to evaluate
the relationship between jet aircraft approach and takeoff speeds and corresponding noise impacts on
communities surrounding airports.

II. Impact of Speed on Aircraft Source Noise

The primary sources of noise from aircraft are engine and airframe noise, as shown in Fig. 1. Historically
jet engine noise has been the dominant noise source, particularly during high power settings on takeoff.
Modern engines have become significantly quieter [1] and airframe noise has become increasingly
important during landing and for some reduced power settings. Aircraft speed impacts engine and airframe
noise differently, as discussed briefly below.

Aircraft Noise Sources

Engine Noise Airframe Noise

Core

Landing
Gear

Fig. 1 Primary Conventional Turbofan Aircraft Noise Sources

Example breakdowns of the various noise components for a representative narrow-body jet transport
aircraft after initial departure and on final approach are shown in Fig. 2. Engine noise is dominant on
departure with most of the noise coming from the fan, followed by the jet. Airframe noise is more significant
on approach, particularly due to the deployment of flaps, slats, and landing gear, and dominates the noise
when engine settings are low. The exact magnitude of noise components, and how they relate to each
other, depends on the specific aircraft and flight procedure.
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Fig. 2 Comparisons of Different Aircraft Noise Sources on Initial Departure and Final Approach for
a Representative Narrow-Body Aircraft

1. Impact of Speed on Engine Noise

Engine noise arises primarily due to fan, combustion, and jet noise. Fan noise arises due to turbulent air
passing rotating fan blades and stator vanes [2], combustion noise arises due to the combustion of hot
gases in the engine core and subsequent propagation through the turbine [3], and jet noise arises primarily
due to the turbulent mixing of fast jet exhaust airflow with slower ambient air [4]. In general, the engine
noise will increase with increased power setting. Engine noise also increases with increasing difference
between the speed of the high velocity jet airflow and the speed of the aircraft, which impacts the turbulent
mixing of the shear layers in the engine exhaust.

2. Impact of Speed on Airframe Noise

Airframe noise comes from turbulence generated by the aircraft airframe, usually around geometry
changes. This includes noise from the basic wing and tails, known as trailing edge noise, as well as
additional noise from the devices that extend into the airflow such as flaps, slats, and landing gear. All of
these airframe noise sources are highly sensitive to aircraft speed. Clean trailing edge and slat noise scales
with velocity to the 5" power [5][6]. Flap noise scales with the 5% power of velocity for low frequencies and
the 6" power of velocity for high frequencies [7]. Landing gear noise scales with the 6" power of velocity

[8].

In addition to the source noise effect described above, speed is also tightly coupled to aircraft flight
aerodynamics and therefore impacts the configuration of the aircraft (i.e. flaps, slats, and landing gear
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settings). At slower speeds, the flaps and slats are extended to reduce the stall speed, which causes an
increase in airframe noise.

. Modeling Framework

In order to model the effect of speed on community noise, a model that includes the effects of speed on
each of the various aircraft noise components is needed. These detailed speed impacts on community
noise are not captured in the Aviation Environmental Design Tool [9]. For this evaluation, the NASA Aircraft
Noise Prediction Program (ANOPP) [10] was used as the base aircraft noise model. ANOPP is a semi-
empirical model that computes noise from each of the sources discussed in section Il, including engine
sources (fan, core, and jet) and airframe sources (trailing edge, flaps, slats, and landing gear). In order to
model these individual noise sources, ANOPP requires detailed inputs, including detailed aircraft
geometries, internal engine performance states, and aircraft flight profile states (position, thrust, velocity,
configuration). ANOPP outputs single-event noise grids which are then used for noise impact assessments.
The modeling framework showing the source of these inputs is shown in Fig. 3.

Performance Model Inputs: —
Mission Aircraft Procedure Definition:
Aircraft Type Lateral Path
Engine Speeds
Configuration
v
BADA4 Existing
uRSely Aircraft Data
2 v S
Performance Model Outputs: Flight Prc
Generat
Aircraft/engine _— S~
performance | ———— 5o sope T~
& geometry Noise Mc
Control In|
Atmosphe
Observer Loc

o

1

ceRami)

Single-Evel
Noise Grid

0

y Dish

©

Fig. 3 Integrated Aircraft Performance, Flight Procedure, and Noise Analysis Process for Modeling
Effects of Speed on Community Noise

Noise modeling requires the internal engine performance states, such as combustor exit temperature, as
well as airframe geometry, including the wing, flap, slat, and landing gear geometry. Engine performance
states that vary with the thrust and velocity throughout the approach or departure procedure are calculated
using the Transport Aircraft System OPTimization (TASOPT) program [11], which is a physics-based model
that jointly sizes and optimizes the airframe, engine, and flight mission of a “tube and wing” transport aircraft.
Engine sizing in this program is a work-balance-based, engine component matching formulation [12] that
sizes an engine for design conditions and then provides engine state maps for off-design thrusts and flight
speeds. The airframe geometry is also sized in this method based on aerodynamic and structural
requirements and is verified from publicly available aircraft performance and geometry data for current
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aircraft [13][14]. With these inputs ANOPP provides component level aircraft noise estimates based on the
thrust, velocity, configuration, position, and altitude changes in a flight profile. Use of these performance
and noise tools has been validated against Federal Aviation Administration noise certification data [15].

The detailed flight profile (thrust, velocity, configuration, and altitude) of the approach or departure
procedure of interest is computed by the Flight Profile Generator shown in Fig. 3. Based on a given arrival
or departure procedure definition, such as a continuous descent or low thrust takeoff, the Flight Profile
Generator computes the vertical flight profile—or the required thrust, velocity, and glideslope—with a point
mass model that satisfies the weight, drag performance, and configuration speed limitations of a given
aircraft. These flight performance characteristics are provided by Eurocontrol's Base of Aircraft Data (BADA
4) [16], a database of aircraft performance parameters from aircraft manufacturers and validated by
comparison with ASDE-X radar observed flight profiles for current procedures.

For each arrival or departure procedure, the thrust, velocity, configuration, and altitude profiles are modeled
on a segment-by-segment basis. Using the flight performance characteristics from BADA 4, force-balance
is used to determine either: the flight path angle given a thrust and velocity or acceleration constraint, the
resulting acceleration or velocity from a flight path angle and thrust constraint, or the resulting thrust from a
flight path angle and velocity or acceleration constraint. This force balance process determines the
acceleration/deceleration lengths, which are then integrated into the segment model to generate altitude,
velocity, and thrust profiles versus flight path length.

Noise outputs are obtained as singe-event noise grids. Maximum A-weighted sound pressure level (Lamax)
is the primary noise metric at observer locations used in this paper. Outputted grids can be overlaid at
desired airports and runways where the noise impact is to be measured. Population distributions from the
2010 census were used to measure population exposure to noise levels due to a specific flight procedure.

For each arrival and departure procedure evaluated in this report, the community noise impact was modeled
for a representative narrow-body jet transport aircraft (Boeing 737-800 with CFM56-7B engines) and a
representative wide-body jet transport aircraft (Boeing 777-300 with Trent 892 engines)).

IV. Effect of Aircraft Speed on Departure
1. Options to Change Aircraft Speed on Departure

In a typical departure procedure, shown in Fig. 4, the aircraft accelerates on the runway and performs its
initial climb segment at a predetermined takeoff thrust and at an initial takeoff speed. The initial takeoff
speed is dependent on aircraft takeoff weight and climb performance and set by safety considerations to
provide a speed margin above the stall speed. Because of the criticality of stall margin and climb gradient
at low altitude, the initial takeoff speed is not considered a candidate speed to be modified.

After reaching a transition altitude, usually between 1,000 ft and 2,000 ft, the thrust is reduced to a climb
setting and the aircraft accelerates to a target climb speed. The thrust reduction is recommended for noise
reduction in ICAO document 8168 [17]. The target climb speed is typically 250 knots, which is the maximum
speed permitted below 10,000 ft in the United States. After the thrust reduction and as the aircraft
accelerates, the flaps are incrementally retracted until the wing is in its flap and slat retracted configuration.
This is consistent with what ICAO describes as Noise Abatement Departure Procedure 2 (NADP 2) in
document 8168 [17].
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Fig. 4 Typical Departure Procedure Divided into Segments, Consistent with NADP 2.

There are two primary options to consider for varying speed in the departure phase after the takeoff
and initial climb segment:

e Changing location of the start of acceleration and flap retraction
e Reducing the climb speed

2. Changing Location of the Start of Acceleration and Flap Retraction

Modifying the acceleration and flap retraction location has been considered previously. ICAO has
recommended two procedures that consider where the location of the start of acceleration and flap
retraction occurs in ICAO document 8168, published in 2006 [17]. They are Noise Abatement Departure
Procedures (NADP) 1 and 2, shown in Fig. 5. These procedures are used as examples to show how
modifying the location of the start of acceleration and flap retraction impacts community noise.

In the NADP 1 procedure, after the initial thrust reduction at a cutback altitude, typically between 800 ft and
1,500 ft, the aircraft holds its initial climb speed of up to V2 + 20 knots? to an altitude of 3,000 ft. At 3,000
ft, the aircraft accelerates to its final climb speed of 250 knots. In the NADP 2 procedure, after the transition
altitude, the aircraft accelerates to either its flaps up speed + 20 knots or its final climb speed.

The altitude gain of the NADP 1 between the thrust cutback altitude and 3,000 ft due to holding the slower
speed of V2 + 20 knots is meant to benefit close in communities, while the altitude gain in the NADP 2 after
the aircraft has accelerated to its final climb speed is meant to benefit far out communities. The NADP 2 is
the standard procedure in the United States and NADP 1 is the standard procedure internationally.

1V2 is the takeoff safety speed, or 1.2 times the stall speed on takeoff
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Fig. 5 Difference in Acceleration Height on Departure Represented by NADP 1 (3,000 ft
Acceleration Height) and NADP 2 (1,500 ft Acceleration Height) Comparison.

The noise impact of a representative narrow-body jet aircraft (Boeing 737-800) performing an NADP 2
procedure compared to an NADP 1 procedure was investigated. The NADP 1 and 2 definitions do not
specify the climb angle during the acceleration segments. Therefore, reference climb angles and velocities
were determined to be the mean Airport Surface Detection Equipment, Model-X (ASDE-X) radar data
observed at Boston Logan Airport (BOS) in 2017. An example of the observed altitude and velocity profiles
from this data for Boeing 737-800 aircraft are shown in Fig. 6 along with the mean profiles. The velocity
data shows that the start of acceleration occurs beginning after the initial cutback at about 1,500 ft, which

is consistent with the NADP 2 procedure definition.
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Fig. 6 ASDE-X Radar Altitude and Velocity Data of Boeing 737-800s on Departure at BOS in
2017.

Modeled flight profiles of the representative narrow-body aircraft for both the NADP 1 and NADP 2 are
depicted in Fig. 7, which shows the comparison of altitude, velocity, and thrust profiles. The weight was
assumed to be 90% of the maximum takeoff weight for this aircraft?. The thrust was assumed to be the
same between the two procedures to provide a comparison of impacts due only to the change in
acceleration height. Between the thrust cutback altitude and 3,000 ft, the aircraft performing the NADP 1

had a steeper climb angle than in the NADP 2 due to maintaining the slower V2 + 20 knots in this region
rather than accelerating.

2 Maximum Takeoff Weight assumed to be 174,000 Ibs for the Boeing 737-800.
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Fig. 7 Comparison of Altitude, Velocity, and Thrust Profiles for a Narrow-Body Aircraft
Performing NADP 1 (magenta) and NADP 2 (black)

Noise impacts for the representative narrow-body aircraft performing the NADP 1 and NADP 2 are shown
in Fig. 8, which presents the peak noise (Lawmax) under the flight track during a straight out departure. The
difference in Lamax noise under the flight track for the NADP 2 and NADP 1 procedures is shown Fig. 9.
Fig. 10 shows the corresponding Lamax contours.
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Fig. 8 Undertrack Lamax (dBA), NADP 2 and NADP 1 Noise for a Representative Narrow-Body
Aircraft.
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Fig. 9 Reduction in Undertrack Lamax (dBA), NADP 1 compared to NADP 2 for a Representative
Narrow-Body Aircraft
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Fig. 10 NADP 1 and 2 La,max (dBA) contours for a Representative Narrow-Body Aircraft

Fig. 9 shows NADP 1 results in a maximum noise reduction of 1.2 dBA between 3 and 6 nautical miles
(nmi) from takeoff compared to the NADP 2 due to the extra altitude gained during the climb in this segment.
This results in a small reduction of the extent of the 70 dBA LMAX contour when flying the NADP 1
compared to the NADP 2, as can be seen in Fig. 10. After 6 nmi the two procedures converge and there is
insignificant difference between NADP 1 and NADP 2. The small, 1.2 dBA, maximum noise reduction
occurs over a limited spatial area and is therefore not considered a significant noise reduction.

The NADP 2 procedure compared to an NADP 1 procedure was also investigated for a representative wide-
body aircraft (Boeing 777-300) using a similar analysis. The reference altitude and velocity climb profiles
for Boeing 777-300 departures at Boston Logan Airport (BOS) from 2017 are shown in Fig. 11. The velocity
data shows that for Boeing 777-300 departures at BOS, the start of acceleration begins after the initial
cutback at about 1,900 ft, which is also consistent with the NADP 2 procedure.
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Fig. 11 ASDE-X Radar Altitude and Velocity Data of Boeing 777-300s on Departure at BOS in
2017.

Modeled flight profiles of the representative wide-body aircraft for both the NADP 1 and NADP 2 are

depicted in Fig. 12, which shows the comparison of altitude, velocity, and thrust profiles. The weight was
assumed to be 90% of the maximum takeoff weight for this aircrafts.

3 Maximum Takeoff Weight assumed to be 659,550 Ibs for the Boeing 777-300
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Fig. 12 Comparison of Altitude, Velocity, and Thrust Profiles for a Representative Wide-Body
Aircraft Performing NADP 1 (magenta) and NADP 2 (black)

Noise impacts for the representative wide-body aircraft performing the NADP 1 and NADP 2 are shown in
Fig. 13 as the peak noise (Lamax) under the flight track during a straight out departure. The difference in
Lawmax is shown in Fig. 14. Fig. 15 shows the corresponding Lamax noise contours.
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Fig. 13 Undertrack La,max (dBA), NADP 2 and NADP 1 Noise for a Representative Wide-Body
Aircraft.
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Fig. 14 Reduction in Undertrack Lamax (dBA), NADP 1 compared to NADP 2 for a
Representative Wide-Body Aircraft.
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Fig. 15 NADP 1 and 2 La,max (dBA) contours for a Representative Wide-Body Aircraft.

Fig. 14 shows that the undertrack noise levels are quite similar up until 7 miles after which the NADP 2 has
a slightly lower (0.4 dBA) noise level due to the slightly higher altitude of the NADP 2 procedure in this
region. This can also be seen in a small reduction of the 60, 65, and 70 dBA contours in Fig. 15.

The results show that changes in the acceleration location on departure results in small differences in
community noise impacts compared to current departure procedures. Currently observed procedures in the
U.S. are consistent with NADP 2 and it does not appear that changing the acceleration location would result
in significant reduction in community noise impacts.

3. Reduced Climb Speed

Another option for varying the speed on departure is to reduce the climb speed after initial acceleration,
which would reduce the airframe noise during the climb segment and would reduce the total noise if the
airframe noise is greater than the engine noise. The typical departure from Fig. 4 was used to provide a
basis of comparison to consider where varying the speed on departure would impact community noise.
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In the reduced speed departures, aircraft were assumed to maintain the same weight, altitude profile, and
velocity profile as the typical departure through the initial climb segment until the aircraft accelerated to the
minimum safe airspeed with flaps up, which was maintained to 10,000 ft as shown in Fig. 16. The minimum
safe airspeed in the flaps up configuration was assumed to be 1.3 x Vstai. The flaps up configuration was
assumed to minimize flap noise and any icing impact during the climb. Aircraft were assumed to have
maintained the same thrust profile as the typical departure, which results in higher climb profiles for the
reduced speed departures. A speed of 220 knots was assumed to be the minimum safe airspeed in the
flaps up configuration for the representative narrow-body aircraft, while 240 knots was assumed for the
representative wide-body aircraft. The weight was assumed to be 90% of the maximum takeoff weight for
both aircraft as referenced in the previous section.
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Fig. 16 Reduced Climb Speed Departure Definitions.

Because the flaps, slats, and gear are retracted during a reduced speed climb, the airframe noise is from
only the trailing edge noise and thus improvement from a reduced climb speed would only occur only if the
trailing edge noise is greater than the engine noise during climb. The trailing edge noise is normally not
measured during standard certification flight testing which is focused on measuring noise in the landing or
takeoff conditions when the flaps, slats and landing gear are extended. As a consequence there is very
little public data for trailing edge noise for modern aircraft in the clean (flaps, slats and gear retracted)
configuration.

The ANOPP noise model for trailing edge noise uses a correlation generated from flight tests conducted by
NASA in the 1970s [18][19] of multiple aircraft in flaps up, gear up, idle thrust* configurations, at flight
speeds up to 350 knots. This data was used to formulate the trailing edge noise model by Fink used in
ANOPP [5]. The original 1970s data is shown in Fig. 17. The noise magnitude was found to be a function
of the 5™ power of the flight velocity. The flight test data also showed a residual variability for different
aircraft types which was suggested to be due to variability in wing surface aerodynamic smoothness

4 While taking measurements with engines off would have been ideal for measuring clean airframe noise, large

aircraft such as the Convair 990 and the Boeing 747 were instead tested at idle thrust to mitigate safety risks [17].
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between high performance sailplanes and conventional aircraft. Fink observed an 8 dBA difference in the
correlation lines used for conventional wing surfaces of the 1970s and aerodynamically smooth wing
surfaces as shown by the solid lines in Fig. 17. The ANOPP noise model has the option to use the
“aerodynamically smooth” or “conventional” wing surface assumption. Based on the public 1970s data,
most transport aircraft would have the louder “conventional” wing surface.

Recent data provided by NASA [20] and Boeing for modern aircraft and also plotted on Fig. 17 indicate that
modern aircraft wing technologies have a lower clean trailing edge noise level
“aerodynamically smooth” aircraft assumption. As a consequence, the quieter “aerodynamically smooth”

trailing edge noise levels were used in this analysis.
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Flaps and Gear Up versus Velocity from Ref. [5]. 1980s, 1990s, and 2010s Wing Tech Data
Provided by Boeing from Ref. [21]
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The noise impacts of the representative narrow-body aircraft performing reduced speed departures
compared to typical departures was investigated. The Lawmax noise under the flight track for the 220 and
250 knots climb speeds are shown in Fig. 18. The corresponding difference in Lamax noise under the flight
track between the 250 knots climb speed departure and 220 knots climb speed departure is shown in Fig.
19. The reduction in noise from reducing the climb speed from 250 to 220 knots occurs between 3.5 and 8
miles and is less than 0.5 dBA.
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Fig. 18 Lamax (dBA) Under the Flight Track for 250 knot Climb Speed Departures and 220 knot
Climb Speed Departures for a Representative Narrow-Body Aircraft.
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Fig. 19 Reduction in Lamax (dBA) for 220 knot Compared to 250 knot Climb Speed Departure for a
Representative Narrow-Body Aircraft.

Engine, airframe, and total Lamax noise contours of a takeoff for the representative narrow-body aircraft are
shown in Fig. 20 for typical and reduced climb speeds of 250 knots and 220 knots with the aerodynamically
smooth wing surface assumption.
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Fig. 20 Lamax (dBA) Noise Contours 220 and 250 knot Climb Speed Departures for a
Representative Narrow-Body Aircraft.

The reason for there being only a small noise difference from varying the climb speed can be seen in the
noise contours in Fig. 20, which break out the airframe and engine noise. Because the noise is dominated
by engine noise during the climb the climb speed does not have a significant effect on the noise contour.

Similar trends in noise impact were seen for the representative wide-body aircraft. The Lamax noise under
the flight track for the 240 and 250 knot climb speeds with the “aerodynamically smooth” wing surface
assumption is shown in Fig. 21. The difference in the resulting Lawmax noise under the flight track is
insignificant as shown in Fig. 22. Again this is due to the dominance of engine noise during climb, which
can be seen in the noise contours in Fig. 23.
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Fig. 21 Lamax (dBA) Under the Flight Track for 250 knot Climb Speed Departures and 240 knot
Climb Speed Departures for a Representative Wide-Body Aircraft.
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Fig. 22 Reduction in Lamax (dBA) for 220 knot Compared to 250 knot Climb Speed Departure for a
Representative Wide-Body Aircraft.
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Fig. 23 Lamax (dBA) Noise Contours 240 and 250 knot Climb Speed Departures for a
Representative Wide-Body Aircraft.
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V. Effect of Speed on Approach
1. Options to Change Aircraft Speed on Approach
Atypical approach procedure is shown in Fig. 24 to provide a basis of comparison to consider where varying
the speed on approach would impact community noise. Typical approach procedures consist of an initial
descent segment from a starting altitude, deceleration segments where flaps and slats are deployed, a level
segment and an interception with the Instrument Landing System (ILS) glide slope (in some cases the
approach procedure may also be a continuous descent to the ground), and a final descent to touchdown,
as depicted in Fig. 24.

Initial Descent Segment

/ Level Segment

/

ILS Glide Slope Intercept

Final Approach Segment

Minimum Height for Stabilized

§ Approach Criteria (1,000 ft)
S e
< Landing

Segment

Lateral Track Distance
Fig. 24 Typical Approach Procedure Divided Into Segments

The Flight Safety Foundation Approach-and-Landing Accident Reduction Briefing Note 7-1 suggests that
all aircraft should meet the stabilized approach criteria at a minimum of 1,000 feet above the airport surface
in instrument meteorological conditions [22], meaning the aircraft is fully configured for landing and at a
constant final approach speed between Vrer and Vrer + 20 knots®. This point is highlighted on Fig. 24. The
stabilization point may occur further from touchdown than 1,000 ft.

Example approach procedures from Airport Surface Detection Equipment, Model X (ASDE-X) radar for
Boeing 737-800 approaches into Runway 4R at Boston Logan International Airport (BOS) in 2017 are
depicted in Fig. 25. The data show aircraft typically leveling off at 4,000 ft before intercepting the ILS glide
slope. The 4000 ft level segment is consistent with published ILS procedure for Runway 4R at BOS,
however the presence and altitude of published level segments vary due to ATC and terrain considerations.
Fig. 25 also shows the corresponding velocity profiles which show most of the flights are stabilized in speed
at 1,700 ft, corresponding to the outer marker location at BOS runway 4R [23]. Before the stabilization point,
deceleration locations and rates vary, as is seen in the velocity data in Fig. 25. The mean velocity profile is
shown in red. An example of a velocity trajectory for an aircraft which decelerated early is shown in green
while an example of an aircraft which delayed its deceleration is shown in blue.

5 Vrer is the landing reference speed, or 1.3 times the stall speed with landing flaps and depends on the weight and
density altitude
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Approaches with 4,000 ft Level-Offs into Runway 4R at BOS in 2017.

Flaps and slats are required to be deployed when speeds are reduced on approach to allow the wing to
maintain lift at the lower speeds and to provide drag to slow the aircraft. Aircraft have multiple flap/slat
configurations (typically 4 to 7) and deploy flaps and slats when they have decelerated to 10 knots below
the maximum allowable speed for each configuration. Aircraft that decelerate relatively early in the
approach require flaps and slats to be deployed early and to increase engine thrust to compensate for the
additional drag for much of the approach profile [24]. This results in an early onset of configuration noise

from flaps and slats and additional engine noise for early deceleration approaches.
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An alternative is a delayed deceleration approach. In a delayed deceleration approach, the deceleration is
delayed such that the aircraft can have flaps and slats up and operate at low thrust for as long as possible
to reduce both configuration and engine noise. The aircraft deceleration is delayed to a location such that
it is still able to slow to the final approach speed prior to the stabilization point. Prior analyses have shown
that the reduced flight time and thrust during this type of procedure yields significant reductions in fuel burn
[24]. The reduced thrust and delaying of flap and slat deployment are also beneficial for noise.

2. Delayed Deceleration Approach

Varying speed on approach involves delaying the start of the deceleration segments, known as a delayed
deceleration approach, while maintaining the safety requirement that the aircraft must be fully configured
and at the final approach speed prior to the stabilization point. Speed, altitude, configuration, and thrust are
highly coupled on approach and various combinations of approaches can be carried out. In this section,
example noise impacts of a representative narrow-body and wide-body aircraft performing a delayed
deceleration approach procedure are compared to a standard deceleration approach.

Flight profiles of the representative narrow-body aircraft (Boeing 737-800) for both baseline and delayed
deceleration approach procedures were generated and are shown in Fig. 26. The weight was assumed to
be maximum landing weighté. The baseline case is a 3 degree ILS approach with a 4,000 ft level-off and a
standard deceleration profile. The standard deceleration profile was assumed to be the mean deceleration
profile seen in the ASDE-X velocity data in Fig. 25. Flap and slat deployment were assumed to occur once
the aircraft decelerated to 10 knots below the maximum slat and flap speeds for each configuration. The
1,700 ft location, which corresponds to the outer marker location at BOS runway 4R [23], was assumed to
be the stabilization point where the aircraft was at the final approach speed, assumed to be Vgrer + 10
knots—and fully configured for landing. This was consistent with observations and represents a 700 ft buffer
from the stabilized approach criteria minimum height of 1,000 ft.

The baseline case is compared to a delayed deceleration approach. For the delayed deceleration approach,
the location of the start of the deceleration from 250 knots was assumed to be the point at which at idle
thrust, the aircraft would be able to meet the final flaps 30 configuration speed at 2,000 ft. The resulting
flight profiles are shown in Fig. 26. The distance to touchdown where the flaps 1 through flaps 30
configuration settings were deployed are marked on the indicated airspeed profiles.

6The maximum landing weight for a Boeing 737-800 assumed to be 146,000 Ibs.
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Fig. 26 Altitude, Velocity, and Thrust Profiles for a Representative Narrow-Body Aircraft
Performing Standard Deceleration (black) and Delayed Deceleration (magenta) Approaches
with 4,000 ft Level-Off

The black lines in Fig. 26 represent the velocity and thrust profiles of the baseline, standard deceleration
approach and the magenta lines represent the profiles for the delayed deceleration approach. Once the
aircraft decelerates the thrust must increase to maintain velocity in order to meet the stabilized final
approach velocity which results in the higher thrust levels for the standard deceleration. The locations of
flap deployment are closer to touchdown for the delayed deceleration approach, and the thrust is at idle for
most of the procedure.

Fig. 27 shows the reduction in the total Lamax noise under the flight track due to the delayed deceleration
approach compared to the standard deceleration. Modeled Lamax under the flight track of the various noise
components for the ILS procedure with a 4,000 ft level-off is shown in Fig. 28 for reference.
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Fig. 28 Noise Levels Under the Flight Track for Different Noise Components, Representative
Narrow-Body Aircraft Approaches with 4,000 ft Level-Off

As Fig. 27 indicates, between 26 and 16 nmi from touchdown, flaps 1 were deployed in the standard
deceleration case but not in the delayed deceleration case. Noise is reduced by approximately 6 dBA by
delaying the flaps 1 deployment in this region. Between 16 and 14 nmi from touchdown, flaps 5 were
deployed in the standard deceleration case but no flaps were deployed in the delayed deceleration case,
resulting in an additional 6 dBA reduction in this region. The most significant reductions are beyond 14 nmi
from touchdown. No difference in the noise is observed between the stabilization point at 6 nmi and
touchdown. Fig. 28 shows that the flap and slat noise dominate the overall noise levels before the
stabilization point. The delay in the flap and slat deployment, as well as the decrease in thrust, resulted in
a delay in the flap and slat noise onset and decrease in engine noise for the delayed deceleration approach
compared to the standard deceleration approach. Thus, delaying the deceleration such that the aircraft can
maintain the flaps and slats up configuration and idle thrust levels for as long as possible in the approach
in this example would have a significant impact on reducing community noise.

Similar results were observed for a representative wide-body aircraft (Boeing 777-200). Noise impacts of
the representative wide-body aircraft performing a delayed deceleration approach procedure are compared
to a standard deceleration procedure below.

Flight profiles for both baseline and delayed deceleration approach procedures were generated and are
shown in Fig. 29. The weight was assumed to be maximum landing weight”. The baseline case was a 3
degree ILS approach with a 4,000 ft level off with a standard deceleration profile. The standard deceleration
profile was assumed to be the mean deceleration profile seen in the ASDE-X data for Boeing 777-200
aircraft at Boston Logan Airport in 2017. Flap and slat deployment were assumed to occur once the aircraft
decelerated to 10 knots below the maximum slat and flap speeds for each configuration. The 1,700 ft
location, which corresponded to the outer marker location at BOS runway 4R [23], was assumed to be the
stabilization point where the aircraft were at Vrer + 10 knots and fully configured.

For the delayed deceleration approach, the location of the start of the deceleration from 250 knots was
assumed to be the point at which at idle thrust, the aircraft would be able to meet the final approach
configuration of flaps 30 speed at 2,000 ft. The resulting flight profiles are shown in Fig. 29. The distance
to touchdown where flaps 1 through flaps 30 were deployed are marked on the indicated airspeed profiles.

7 The maximum landing weight of the Boeing 777-200 assumed to be 455,000.
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Fig. 29 Altitude, Velocity, and Thrust Profiles for Representative Wide-Body Aircraft
Performing a Standard Deceleration (black) and Delayed Deceleration (magenta) Approach
with 4,000 ft Level-Off

The black lines in Fig. 29 represent the velocity and thrust profiles of the baseline standard deceleration
approach and the magenta lines represent the profiles for the delayed deceleration approach. Flaps 20 and
gear down are required for this aircraft to have enough drag to perform the 3 degree final descent after the
ILS intercept. Thus, the two procedures are the same after the ILS intercept.

Fig. 30 shows the reduction in the total Lamax noise under the flight track due to the delayed deceleration
approach compared to the standard deceleration. Modeled Lamax under the flight track of the various noise

components for the ILS procedure with a 4,000 ft level-off is shown in Fig. 31 for reference.
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Fig. 31 Noise Levels Under the Flight Track for Different Noise Components, Representative
Wide-Body Aircraft Approaches with 4,000 ft Level-Offs

As shown in Fig. 30, noise is reduced by about 4 to 8 dBA by delaying the deceleration and subsequent
flaps 1 and flaps 5 deployment. The most significant reductions are beyond 15 nmi from touchdown. The
delay in the flap and slat deployment, as well as the decrease in thrust during the level segment between
19 and 13 nmi to touchdown, results in a decrease in the configuration noise and engine noise for the
delayed deceleration approach compared to the standard deceleration approach. After the intercept with
the ILS at 13 nmi, the two procedures have the same noise impact. In this example, beyond the ILS intercept
at 13 nmi from touchdown, delaying the deceleration such that the aircraft can maintain a clean
configuration and idle thrust levels for as long as possible is shown to have a significant impact on reducing
community noise.

Significant noise benefits were observed when delaying deceleration and subsequent flap and slat
deployment for both aircraft assessed. There does appear to be a significant noise benefit from delayed
deceleration approaches.

3. Operational Implications of Delayed Deceleration Approaches

While there appears to be a significant noise benefit from delayed deceleration approaches, there are
operational challenges associated with this procedure from both a cockpit and air traffic control perspective
that require further study. One key issue is that the deceleration performance will vary by aircraft type. Even
for the same aircraft type, the deceleration performance will be affected by aircraft weight as well as winds
and air density.

From the cockpit perspective, pilots will need procedures or guidance to manage aircraft deceleration on
approach considering aircraft weight, winds, and air density to assure that the aircraft reaches the stable
approach criteria prior to the stabilization point. The guidance or procedures could include speed, thrust
and configuration targets. Some initial work has been done on cockpit displays for planning optimal flap,
slat, and landing gear release locations based on operating conditions. One example system is the Low
Noise Augmentation System (LNAS) by DLR Flight Systems [25], which includes an electronic flight bag
function that shows the closest or latest location from the runway where flaps, slats, and gear can be
deployed and still meet the stable approach at a target location. Another similar system is an Airbus Flight
Management System mode on the A350 that gives deceleration and flap deployment guidance [26].

From an air traffic control perspective, different deceleration rates for different aircraft will also create
challenges in sequencing aircraft. Airborne aircraft are subject to minimum separation requirements. In
general, aircraft must be separated by 3 nautical miles horizontally and/or 1,000 ft. vertically. Detailed
separation requirements are specified in FAA Joint Order 7110.65Y [27]. Air traffic controllers must provide
a sufficient time or distance interval between approaching aircraft to ensure the required separation
between leading and trailing aircraft. However, the delayed deceleration schedules that yield the greatest
noise reduction will vary by aircraft. As a result, research is required to determine how to implement delayed
deceleration procedures and if aircraft specific procedures are warranted or if less aggressive decelerations
that all aircraft can fly provide sufficient noise benefit.

An additional air traffic consideration is that procedure design criteria may need to be adjusted to allow
larger turn radii which would be required for higher speed turns.
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VI. Conclusion

This analysis shows that for modern aircraft on departure, changes in aircraft climb speed have
minimal impact on the overall aircraft departure noise (less than 0.5 dBA over the entire departure
procedure). Varying flap retraction and acceleration location was shown to result in minimal
differences in the departure profile and small differences in noise (less than 1.2 dBA over the entire
departure procedure). The current practice, which is consistent with the ICAO NADP 2 departure
procedure, appears to be close to the minimum noise impact modeled.

This analysis shows that for modern aircraft on arrival, changes in approach airspeed could have
a noticeable impact (reductions of 4-8 dBA) on the overall aircraft noise at relatively large distances
from touching down (between 10 and 25 nmi from the runway). Engine thrust on approach is often
low and thus airframe noise components, such as flap and slat noise, are more easily heard on
approach than on departure. If aircraft decelerate early in an approach, then flaps and slats must
be released. The release of these devices results in a noticeable change in approach noise. Thus,
a delayed deceleration approach where deceleration is delayed such that the aircraft can maintain
a flaps and slats retracted configuration for as long as possible while also delaying the need to
increase thrust on approach is beneficial in terms of noise reduction. This procedure has the
potential to reduce community noise but has implementation challenges, including the ability of
pilots to know where to begin the deceleration for different aircraft weights and weather conditions
and how air traffic controllers will sequence aircraft with different deceleration rates. Additionally,
though the noise modeling shows a potential benefit from this concept, it is desired to validate this
benefit through noise measurement of actual aircraft operations. These challenges require further
study and are being supported by the FAA through the ASCENT Center of Excellence.
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