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Project Overview 
The ASCENT R&D portfolio is designed to assist the FAA in meeting the overarching environmental performance goal for the 
Next-Generation Air Transportation System (NextGen) to attain environmental protection that allows sustained aviation 
growth. This project is part of the aviation modeling and analysis work in the ASCENT R&D portfolio that has the goal of 
improving the accuracy of the FAA’s environmental modeling tools. Specifically, this project provides data and methods to 
improve the aircraft weight and takeoff thrust modeling capabilities within the FAA Aviation Environmental Design Tool 
(AEDT). Atmospheric conditions and ground properties have significant impacts on accurate predictions of aircraft noise. It 
is well known that the accuracy of these inputs is critical for accurate predictions. The research performed by Penn State and 
Purdue through FAA ASCENT research grants has informed the FAA regarding the limitations of existing noise tools and 
helped advance the state of the art in aircraft noise modeling. Appropriate models were enhanced and developed to account 
for the effects of meteorological conditions, atmospheric absorption, and the Doppler effect caused by source motion on 
the propagation of aircraft noise. The purpose of this project is to understand and quantify uncertainty in the prediction of 
noise propagation of aircraft. 
 
ASCENT Project 40 is developing numerical methods that could later be used in FAA tools for predicting aircraft noise. The 
current research addresses an improved approach to extend the uncertainty quantification methods of Wilson et al. (2014) 
and other algorithms. Realistic aircraft trajectories and meteorology in the atmosphere are being used to predict aircraft 
flyover noise levels. The results will be compared with field data already acquired in Discover-AQ Acoustics, the Vancouver 
Airport Authority, BANOERAC, and SILENCE(R) databases. In addition, uncertainties on geometric locations of source and 
receivers, effective surface impedance and ground topography, and source motion have been incorporated in this year’s 
work. 
 
ASCENT Project 40 is expected to lead to the development of methodologies that could be used to improve the FAA tools 
for predicting aircraft noise in the presence of real-world weather. By having faster predictions and predictions verified with 
field data, the project will help to improve confidence when making decisions regarding aircraft noise. Examples of these 
decisions include choosing sites for new runways and implementing new landing approach and takeoff patterns 
overpopulated areas. The project team has identified key drivers for quantifying uncertainties in predicting aircraft noise. An 
integrated approach will be used to assess and understand uncertainties in (a) the aircraft state and resulting noise levels 
and directivity (source), (b) atmospheric and meteorological conditions (propagation), and (c) ground impedance and terrain 
model (receiver). This integrated approach will include all predominant uncertainties between the source and receiver. One 
of the main motivations of the current project is to guide these recent advancements for reaching a sufficient Research 
Readiness Level (RRL) that leads to a possible implementation in AEDT in the future. 
 
This research will enhance the accuracy of AEDT through improved aircraft noise propagation modeling. This improvement 
is needed to support the evaluation and development of aircraft flight routes and procedures that could reduce community 
noise. These improvements will also facilitate the implementation of NextGen through improved characterization of the 
efficiency benefits it would deliver. If this research is not performed, then the accuracy of the noise prediction tool may not 
be representative of real-world operations affecting studies used by airport authorities. 	
 
In 2020–2021, the Project 40 team continued the collaborative initiative with National Aviation University of Ukraine and 
close cooperation with the Georgia Tech team working on ASCENT Project 43. The team continued to work with Airbus 
regarding a nondisclosure agreement to use the SILENCE-R dataset. 

 



	

	
 

Task 1 - Assess the Propagation Uncertainty in Aircraft Noise Events, 
Examining the BANOERAC and Similar Data Sets 
The Pennsylvania State University 
 
Research Approach 
Overview of the BANOERAC data 
Background noise level and noise levels from en route aircraft (BANOERAC) was a project initiated by EASA in 2009 (contracted 
to Anotec Consulting, S.L.; Aspuru & van Oosten, 2009). The project had two main goals, the first of which was to prepare 
maps for Europe showing background noise levels. The calculation method relied on population density to determine 
background noise levels (based on work done earlier by SINTEF). Measurements of background noise and enroute aircraft 
noise were conducted in Spain (see Figure 1). The first part of the BANOERAC study focused on correcting the SINTEF model 
for areas of extremely low population density by taking background noise measurements. (This correction will not be the 
focus of the analysis presented here.) The second goal of the study involved measurements of enroute aircraft noise. These 
measurements were conducted from February 2009 to July 2009 (to cover winter and summer seasons). The data collection 
was spread across 20 days over the six-month period.  
 

 

Figure 1. Map of Spain showing locations of measurement sites. 
 

The measured data included time histories of aircraft tracking data and noise measurement data (one-third octave band 
levels) obtained from two microphones, one placed 1.2 m above the ground, and the second inverted and placed on a flat 
plate on the ground. The locations of the noise monitors can be seen in Figure 1 (yellow triangles). Meteorological data from 
a ground meteorological station (time synchronized with the noise monitors) and seven faraway sounding stations (seven 
Spanish airports shown by blue circles in Figure 1) are also provided. 
 
Choosing noise events for analysis 
In total, there are 1056 aircraft events in the BANOERAC dataset. Events that were reported to be contaminated (by noise 
from helicopters, general aviation, motorized vehicles, wind, birds, and other natural sources) were removed, and only events 
that had audible commercial aircraft noise were selected. This reduced the number of events to 537. Up to this point, only 
the information in the BANOERAC report (Aspuru & van Oosten, 2009) was utilized for the data filtering process. All data 
from the 537 events were visualized to inspect the quality of the data. Based on the preliminary visualization, the number 



	

	
 

of usable aircraft noise events was further reduced to 68. The visualization procedure and the resulting summary of the 
fleet-mix of the potentially usable data are shown in the ASCENT Project 040 annual report (2019). 
 
Knowing the aircraft source level and directivity is one of the key challenges in analyzing aircraft noise events. Because the 
project team had a good understanding of modeling a ‘Boeing 737-800’ aircraft in NASA Aircraft Noise Prediction Program 
2 (ANOPP2; see Task 2 in this report and in last year’s report: ASCENT Project 040 annual report, 2020), we decided to focus 
on aircraft events involving the same aircraft. Out of the 68 potentially usable events, only 14 involved a Boeing 737-800 
aircraft. After carefully skimming through the events involving a Boeing 737-800, we selected events that seemed to have 
the least amount of non-aircraft noise for further investigation. Out of those events, three (a descent event, a cruise event, 
and a climb event) involving Boeing 737-800 aircraft are analyzed and discussed in this report. To gain a brief understanding 
of aircraft altitudes, slant distances, and the maximum overall sound pressure levels (OASPL) involved in these events, a brief 
summary is provided in Table 1. Note that the cruise event selected here (Event ID 40305) is different from the one (Event 
ID 120301) in last year’s annual report (ASCENT Project 040 annual report, 2020). The cruise event shown in the 2020 report 
did not have sufficiently clean measurement data for the noise monitors; hence, it was discarded and replaced with a cleaner 
event. 

 
Table 1. Brief Summary of the Noise Events Selected for Analysis 

 Event ID 30609 Event ID 40305 Event ID 30214 

Event type Descent Cruise Climb 

Aircraft altitude (min. to max.) 4.6 km to 5.9 km 11.3 km 6.4 km to 8 km 

Maximum OASPL (50 Hz to 5000 Hz) 
for the ground microphone 

58 dB 48 dB 60 dB 

Slant distance (min. to max.) 4.6 km to 18 km 11 km to 37 km 7.2 km to 28.6 km 
OASPL = overall sound pressure level. 
 
Data associated with the selected events 
The data available for each of the three selected events are shown in Figures 2 to 5 (the descent event), Figures 12 to 15 
(the cruise event), and Figures 21 to 24 (the climb event), respectively. Because the figures corresponding to each event are 
laid out identically, only Figures 2 to 5 are explained in detail in the following subsection. 
 
Detailed explanation of the data visualization for the descent event 
The event shown in Figures 2 to 5 involves a descending Boeing 737-800 aircraft. Figure 2 shows the aircraft track (with 
timestamps) along with the location of the noise monitor (the yellow triangle). Figure 3 shows the time history of the aircraft 
altitude (solid black line on the left-hand Y-axis) as well as the slant distance (dashed blue line on the right-hand Y-axis). 
Figure 4 shows the time history of the aircraft ground speed (solid black line on the left-hand Y-axis) and the time history of 
the aircraft heading (dashed blue line on the right-hand Y-axis). As can be seen from Figure 4, aircraft ground speed drops 
from 650 km/h to about 600 km/h during the event (a slow descent). The heading angle time history shown in Figure 4 can 
be corroborated with the aircraft track shown in Figure 2. The time history of one-third octave band sound pressure levels 
(SPLs) is shown in Figure 5 using a colormap (dark blue to yellow) along with the OASPL in red (right-hand Y-axis). The upper 
part of Figure 5 shows the data from the microphone on the ground and the lower part shows the data from the microphone 
placed at 1.2 m above the ground. The aircraft is approaching the noise monitor until about 65 seconds, as can be seen 
from Figure 2 (aircraft track), which is reflected in the time history of the slant distance (dashed blue line reaching its 
minimum value) in Figure 3. After that point in time, the aircraft continues to move away from the noise monitor. The direct 
effect of this kind of trajectory is evident in the noise monitor data, where the OASPL is seen to be increasing for the first 
part of the event and then starts dropping off as the aircraft flies away from the noise monitor.  
 
The sound energy observed at the start of an event (time = 0 s) corresponds to the energy emitted a finite amount of time 
in the past (since sound must travel from aircraft to receiver over a finite distance). To account for this, the data shown in 
Figures 2 to 5 (the descent event), Figures 12 to 15 (the cruise event), and Figures 21 to 24 (the climb event) include an 
additional amount of time before the start of the event (before the zero-second mark). In the previous annual report (ASCENT 
Project 040 annual report, 2020), data before the start of the event were not shown because the project team had not 
accessed the data and had instead extrapolated the aircraft trajectory to obtain aircraft track before the start of the event. 



	

	
 

Descent event (event ID 30609): 
 

 
 

Figure 2. Time history of the aircraft trajectory (descent event). 
 

 
 

Figure 3. Time history of the aircraft altitude and the slant distance 
between the aircraft (A/C) and the noise monitor station (N. M. S.) 

(descent event). 
 

 
Figure 4. Time history of the aircraft ground speed and heading angle 

(descent event) 

 
 

Figure 5. Time history of one-third octave 
band SPLs and OASPL for microphones on the 
ground and at 1.2 m height (descent event). 



	

	
 

Modeling the acoustic propagation 
The Penn State team developed an in-house acoustic ray-tracing code that takes into account wind (vector), sound speed 
profile, and ground reflections. The in-house code assumes a vertically stratified atmosphere (i.e., temperature and wind 
profiles are specified as functions of the vertical coordinate). The code was validated using a benchmark problem. 
 
Atmospheric absorption was modeled using ISO 9613-1 and used SAE-ARP-5534 to correctly calculate the losses when 
dealing with the one-third octave band data. To take into account the inhomogeneity in the humidity and temperature profile 
(since both affect absorption), atmospheric absorption was successively calculated every 10 m along the slant range from 
the source to the receiver (assuming a vertically stratified atmosphere). 
 
The effect of a moving source on the frequency content of the noise (Doppler effect) is included in the in-house calculations. 
For amplitude, the effect of convection on the received SPL is included as a function of the Mach number and the emission 
angle (Ruijgrok, 1994; Burley, C., & Rawls, J., 2011); please see last year’s annual report for details (ASCENT Project 040 
annual report, 2020). 
 
Limitations of the available meteorological data 
The BANOERAC data provide two types of meteorological data. The first are from a ground meteorological system. The data 
from this system (placed on a 1.8-m-high mast at the noise measurement site) consist of temperature, relative humidity, 
wind speed, wind direction, and atmospheric pressure. Although the data are synchronized in time with the noise 
measurement data, the data only provide information at one physical location (i.e., not along a vertical profile). 
 
The second type of data are from meteorological sounding stations (seven Spanish airports shown by blue circles in Figure 
1). Data from the seven stations do provide vertical profiles of the meteorological variable but are only available every 12 
hours (and not in sync with the noise events). In addition, the sounding stations are far away from the noise measurement 
sites. For the noise events under consideration, the closest meteorological sounding station (Madrid airport) is about 66 km 
away from the noise monitor; hence, sounding station data might not be the best choice for use in acoustic propagation 
calculations.  
 
Obtaining the meteorological conditions necessary to analyze the events 
As explained in the last year’s annual report (ASCENT Project 040 annual report, 2020), the Penn State team had considered 
alternative sources (such as ERA5 [Copernicus Climate Change Service, 2017], CFSv2 [Saha et al., 2011], and HRRR [Horel 
and Blaylock, 2015]) for obtaining meteorological conditions relevant to the noise events under consideration. Because of 
the geographical location of the BANOERAC test sites (in Spain), the meteorological data source with the best possible 
resolution (both spatial and temporal) seems to be the ERA5 reanalysis product. It is hosted by the European Centre for 
Medium-Range Weather Forecasts (ECMWF). The horizontal grid of the ERA5 product has a 0.25° resolution in both latitude 
and longitude (which corresponds to about 15–20 km for Spain). The temporal resolution of the product is 1 hour, and the 
vertical grid consists of 37 pressure levels from 1000 hPa to 1 hPa. 
 
As shown in last year’s annual report (ASCENT Project 040 annual report, 2020), the meteorological profiles do not vary 
drastically within the span of 15 to 20 km; hence, data from the grid point closest to the aircraft track were used for the 
propagation calculations. Note that this grid point is about 8 km away from the noise monitor. It is important to note that 
because the ERA5 reanalysis product has a temporal resolution of 1 hour, and the data obtained are from the closest hour 
to the actual event time. Refer to last year’s annual report for the process followed to validate and gain confidence in the 
data from ERA5. 
 
Aircraft source levels and directivity 
Preliminary noise propagation predictions (shown in the ASCENT Project 040 annual report, 2019) demonstrated the 
importance of using a realistic noise source directivity when estimating ground-based measurements. To provide such a 
noise source description, ANOPP2 is being used. The details of obtaining the noise source description are explained in Task 
2 from the 2020 annual report (ASCENT Project 040 annual report, 2020). The noise directivity data obtained from ANOPP2 
are used along with the in-house ray-tracing code to predict aircraft noise levels near the ground. 
 
Focus of this year’s work 
The work presented in the last year’s report focused only on the OASPL predictions for the microphone on the ground. Last 
year, the emphasis was on investigating the impact of correctly modeling the propagation path (inhomogeneity in 
meteorological conditions). This year, we focused on comparing the results for the ground microphone and the microphone 



	

	
 

at 1.2 m. Instead of looking only at the OASPL, we also present a detailed analysis of one-third octave band level comparisons. 
To assess the quality of the measured data as well as the predictions, the project team has taken a closer look at the 
background noise data before and after the aircraft noise events. 
 
Differences between the ground microphone and the microphone at 1.2 m 
The noise monitor station site (shown in Figure 6) for the events under consideration was in Cebreros (Ávila), Spain. As 
mentioned in the BANOERAC report (2009), the ground near the noise monitor had “relatively soft soil” and the surroundings 
were flat. The exact ground condition varied from “no vegetation” to “low wheat plants” (in spring) during the measurement 
period (February–July 2009). Unfortunately, the exact conditions of the ground near the noise monitor are not known for the 
aircraft noise events under consideration. 
 

 
 

Figure 6. Representative image from the BANOERAC report (2009) showing the ground conditions and the microphone at 
1.2 m. 

 
Because the ground conditions during the test are not precisely known, typical soft ground was modeled using 
Attenborough’s four-parameter model. The parameters used to define the ground are (1) static flow resistivity σ = 200 
kPa·s/m2, (2) porosity Ω = 0.27, (3) grain shape factor g = 0.5, and (4) pore shape factor sf = 0.75. Using these values, ground 
impedance was incorporated in the in-house ray-tracing code, and the reflected ray from the ground was correctly accounted 
for when making predictions for the microphone at 1.2 m height. 
 
Figure 7 shows the comparison of OASPL for the ground microphone and for the microphone at 1.2 m above the ground for 
the descent event. The black line and red line indicate measured data from the ground microphone data and the microphone 
at 1.2 m height, respectively. The ray-tracing predictions for the same two microphones are shown by the blue line (with 
asterisks) and the orange line (with upward-pointing triangles), respectively. Qualitatively, the ray-tracing results follow 
similar trends for both microphones. Until about 70 seconds, the ray-tracing results overpredict the OASPL by a maximum 
of 5 dB but after the 70-second mark, the overprediction goes as high as 15-20 dB. 
 
Figure 8 shows the difference between OASPL measured by the microphone on the ground and the microphone at 1.2 m. 
The red line indicates measured data and the black line shows predicted data. As expected, the OASPL for the microphone 
on the ground was higher than that for the microphone at 1.2 m (for both measured and predicted data). The difference 
between the predicted levels for the two microphones was lower when the aircraft was far away from the noise monitor (i.e., 
toward the start and the end of the event). In addition to the qualitative agreement between prediction and measurement 
throughout the event, the quantitative agreement between 20 and 60 seconds is reassuring. 



	

	
 

 
Figure 7. Comparing the ray-tracing overall sound pressure level (OASPL) results with measurements for the ground 

microphone (Mic.) and that at 1.2 m height (descent event, event ID 30609). 
 

 

   
Figure 8. Comparing measurements and prediction (ray-tracing): difference between overall sound pressure level (OASPL) 

for the ground microphone (mic.) and that at 1.2 m height (descent event, event ID 30609). 



	

	
 

 

   
  (a) Prediction using ray-tracing (b) Measured data (BANOERAC) (c) Prediction − measurement 

 
Figure 9. Comparing the ray-tracing one-third octave band prediction results with the measurement for the ground 

microphone and the microphone at 1.2 m height (descent event, event ID 30609). SPL = sound pressure level. 
 
To investigate the differences between measurements and predictions, the project team looked at the one-third octave band 
data, as shown in Figure 9. The predicted one-third octave band data are shown in Figure 9(a), the measured data in Figure 
9(b), and the difference between them in Figure 9(c). It is reassuring to see the destructive interference pattern for the 
microphone at 1.2 m at similar locations in both predictions and measurements. The destructive interference pattern is not 
as prominent in the measured data (Figure 9(b)) as in the predicted data (Figure 9(a)). One possible reason for this is 
contamination of the measured data by background noise. The assumptions made about the nature of the ground (a soft, 
flat surface with no vegetation) might not be consistent with reality and could have led to a less prominent destructive pattern 
in the measured data. If narrow band data (e.g., one-twelfth octave) were available, we could have investigated the details of 
the destructive pattern and its relation to the nature of the ground surface. From the predicted data in Figure 9(a), we 
concluded that there is no perceivable aircraft noise above 2 kHz (even in the middle of the event when the slant distance is 
close to 5 km). At the start of the event, there is almost no contribution from the frequency bands above 125 Hz because of 
the large propagation distance involved (around 20 km). This is attributed to atmospheric attenuation. From Figure 9(c), it 
can be seen that the overprediction in the later part of the event is due to a strong contribution from bands between 125 Hz 
and 315 Hz (notice the darker shades of red toward the end of the event in Figure 9(c)). 
 

 
 



	

	
 

 
Figure 10. Octave band data for the ground microphone for the duration of the event (descent event, event ID 30609). 

SPL = sound pressure level. 

 
Figure 11. Octave band data for the ground microphone before, during, and after the event (descent event, event ID 

30609). SPL = sound pressure level. 



	

	
 

Investigating the reliability of the measured data by looking at the background noise levels 
As can be seen from the measured data (and the summary presented in Table 1), the OASPL values are relatively low and 
almost approaching background noise toward the start and end of the noise events (when the aircraft is further away from 
the noise monitors). To assess the quality of the measurements, both the measured and predicted data for the microphone 
on the ground were analyzed for octave bands below 1 kHz, as shown in Figures 10 and 11. The ground microphone data 
were chosen for this purpose because they are not affected by interference from ground reflections. Figure 10 shows the 
octave band data from 63 Hz to 1 kHz for the duration of the event. Figure 11 includes two additional lower octave bands 
(16 Hz and 31.5 Hz; measured data only). The data shown in Figure 11 also include the measured data before the start of 
the aircraft noise event and after the end of the aircraft noise event. 
 
From Figures 10 and 11, it is evident that the octave band data for 250 Hz (green line), 500 Hz (magenta line), and 1 kHz 
(blue line) can be reliably attributed to aircraft noise, since the peak level is more than 20 dB above the background noise 
level for those bands. Despite the contamination from background noise, the 125 Hz (red line) octave band data appears to 
be borderline acceptable. It follows the qualitative trend expected for an aircraft approaching and then going away from the 
noise monitor. The data in the 63 Hz octave band (black line) are clearly dominated by background noise. The measured 
data from the lower octave bands (16 Hz and 31.5 Hz) are consistently at a high level before, during, and after the event. 
The data do not show any trend (consistent with aircraft trajectory) and are unusable for validation work. 
 
The analysis shown in the rest of the report (for the cruise and climb events) follows a structure similar to that shown for 
the descent event. 
  



	

	
 

Cruise event (Event ID 40305): 

	  

 
 

Figure 12. Time history of the aircraft trajectory (cruise event). 
 

 
 

Figure 13. Time history of the aircraft altitude and the slant distance 
between the aircraft (A/C) and the noise monitor (N.M.S.) (cruise event). 

 

 
 

Figure 14. Time history of the aircraft ground speed and heading angle 
(cruise event). 

 
 

Figure 15. Time history of one-third octave 
band SPLs and OASPL for the microphones 
on the ground and at 1.2 m (cruise event). 



	

	
 

Figures 12 to 15 show the detailed visualization of the cruise event selected for analysis. The description of these figures 
closely follows the details provided for the descent event.  

 
For the cruise event, the ray-tracing results obtained for the microphone on the ground and the microphone at 1.2 m are 
shown in Figure 16. Qualitatively, the predictions follow the trend seen in the measured data after 40 seconds, where 
predictions are off by 5 dB, at most, for both microphones. The predicted levels at the start of the event (prior to 40 seconds) 
are much lower than the measurements. During this part of the event, the slant distance is on the order of 30 km, which 
explains the low predicted levels due to atmospheric attenuation. The measured data are likely dominated by background 
noise during this part of the event. Figure 17 shows the difference between the OASPL measured by the microphone on the 
ground and the microphone at 1.2 m. The red line in Figure 17 shows measured data and the black line shows predicted 
data. Throughout the event, the maximum difference between the OASPL measured by the ground microphone and the 
microphone at 1.2 m was about 6 dB for both the measured and predicted levels (consistent with our expectation). 
 
Similar to the analysis conducted for the descent event, Figure 18 shows the one-third octave band data for predictions, 
measurements, and the difference between the two. As reported for the descent event, the in-house ray-tracing is able to 
correctly predict the interference pattern in the data for the microphone at 1.2 m. In the case of the cruise event under 
consideration, the lowest slant distance (corresponding to the middle portion of the event) is about 12 km. For this reason, 
almost no aircraft noise will be detected above 800 Hz throughout the event (as evident by the predictions shown in Figure 
18(a)). 
 
  



	

	
 

 

 
Figure 16. Comparing the ray-tracing overall sound pressure level (OASPL) results with measurements for the ground 

microphone (Mic.) and the microphone at 1.2 m (cruise event, event ID 40305). 
 

 
Figure 17. Comparing measurements and prediction (ray-tracing): difference between overall sound pressure level (OASPL) 

for the ground microphone (mic.) and that at 1.2 m (cruise event, event ID 40305). 
 



	

	
 

   
  (a) Prediction using ray-tracing (b) Measured data (BANOERAC)   (c) Prediction − measurement 

Figure 18. Comparing the ray-tracing one-third octave band prediction results with measurements for the ground 
microphone and that at 1.2 m (cruise event, event ID 40305). SPL = sound pressure level. 

 
The contamination of the measured data below 125 Hz and above 2 kHz (seen in Figure 18(b)) explains the large discrepancy 
between the OASPL predictions and measurements in the initial part of the event. This is confirmed by looking at Figures 19 
and 20, which show the octave band data for the event and for 180 seconds before and after the event. From Figures 19 and 
20, it can be seen that the 63 Hz and 1 kHz octave band data are dominated by background noise. In the context of the 
background noise before and after the event, only the data from the 250 Hz and 500 Hz octave bands seem reliable (the 
peak level in these bands is more than 20 dB above the background level). The agreement between the measured data and 
the prediction for the 125 Hz octave band is barely acceptable. As with the descent event, the data in the lower octave bands 
(16 and 31.5 Hz) are unusable for validation work. 
 
 
 
 
 
 



	

	
 

 
Figure 19. Octave band data for the ground microphone for the duration of the event (cruise event, event ID 40305). SPL 

= sound pressure level. 

 
Figure 20. Octave band data for the ground microphone before, during, and after the event (cruise event, event ID 

40305). SPL = sound pressure level. 



	

	
 

Climb event (event ID 30214): 

 

 

 
 

Figure 21. Time history of the aircraft trajectory (climb event). 
 

 
 

Figure 22. Time history of the aircraft altitude and the slant distance 
between the aircraft (A/C) and the noise monitor (N.M.S.) (climb event). 

 

 
 

Figure 23. Time history of the aircraft ground speed and heading angle 
(climb event). 

 
 

Figure 24. Time history of one-third 
octave band sound pressure levels (SPLs) 
and overall sound pressure level (OASPL) 

for the microphone on the ground and the 
microphone at 1.2 m (climb event). 



	

	
 

Figures 21 to 24 show the detailed visualization of the climb event selected for analysis. The description of these figures 
closely follows the details provided for the descent event. 
 
For the climb event, the ray-tracing results obtained for the microphone on the ground and that at 1.2 m are shown in Figure 
25. Qualitatively, the predictions follow the trend seen in the measured data throughout the event. The predictions for both 
microphones match the measurements for the first 30 seconds. After the first 30 seconds, the OASPL is underpredicted by 
6 dB. Figure 26 shows the difference between the OASPL measured by the microphone on the ground and that at 1.2 m. The 
difference between the levels for the two microphones drops off toward the end of the event (for both measurement and 
predictions). In Figure 26, good quantitative agreement can be seen between the measured and predicted values for the 
difference between OASPLs measured by the two microphones. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

	
 

 
Figure 25. Comparing the ray-tracing overall sound pressure levels (OASPL) results with measurements for the ground 

microphone (Mic.) and that at 1.2 m (climb event, event ID 30214). 
 

  
Figure 26. Comparing measurements and prediction (ray-tracing): difference between overall sound pressure levels 

(OASPL) for the ground microphone (mic.) and that at 1.2 m (climb event, event ID 30214). 



	

	
 

   
(a) Prediction using ray-tracing (b) Measured data (BANOERAC) (c) Prediction − measurement 

Figure 27. Comparing the ray-tracing third octave band prediction results with the measurement for the ground 
microphone and that at 1.2 m (climb event, event ID 30214). SPL = sound pressure level. 

 
Repeating a similar exercise as for the descent and cruise events, Figure 27 shows the one-third octave band time histories 
for (a) predictions, (b) measurements, and (c) the difference between the two. As with the previously discussed events, the 
in-house calculations correctly predicted the interference pattern seen in the data for the microphone at 1.2 m. There seems 
to be good qualitative agreement between the predictions in Figure 27(a) and the measurements in Figure 27(b), even though 
the measured data seem to be contaminated (especially above 1 kHz). In Figure 27(c), for the microphone on the ground, 
the darker blue regions around the 125 Hz band explain the underprediction in OASPL in the later part of the event. 
 
To assess the quality of the measured data in the context of background noise, the octave band data for the event are shown 
in Figure 28, and the additional time history (before and after the event) is shown in Figure 29. Based on Figures 28 and 29, 
we can infer that the quality of the data measured at the lower end of the spectrum seems to be acceptable for this event 
(the data follow the trend in predictions in the higher octave bands). In Figure 28, the pattern in octave band data just before 
the aircraft noise event is certainly not random. The pattern in the data before the start of the event might point to a moving 
source like a car passing by or another aircraft flying over. The possibility of a car passing was ruled out because such an 
event would have appeared in the measurement log provided with the BANOERAC data. Also, it is important to note that the 
event is reported to be uncontaminated (i.e., after time 0 s). Fortunately, the project team had access to additional aircraft 
tracking data (before the start of the event). Based on the time history of the trajectory of an A-320 aircraft, it was established 
to be the source of the noise that appeared before the start of the climb event under consideration. The A-320 aircraft was 
about 18 km away (and moving away) at the start of our noise event of interest, thereby reducing the likelihood of 
contamination for the climb event. Nevertheless, this exercise underscores the importance of looking at the background 
noise data before and after the noise event of interest. 
 



	

	
 

 
Figure 28. Octave band data for the ground microphone for the duration of the event (climb event, event ID 30214). SPL 

= sound pressure level. 

 
Figure 29. Octave band data for the ground microphone before, during, and after the event (climb event, event ID 

30214). SPL = sound pressure level. 



	

	
 

Conclusions based on analyzing three aircraft events using real-world measurements 
The results shown in the last year’s report (ASCENT Project 040 annual report, 2020) emphasized the importance of correctly 
including the moving source effects (for both frequency and amplitude). We achieved good qualitative agreement between 
measurements and predictions for the noise monitor on the ground by incorporating the inhomogeneity in meteorological 
variables. Inhomogeneity in the humidity profile was shown to have a more significant impact on predictions than that in the 
temperature profile. The effect of wind on the broadband OASPL predictions was shown to be negligible. To achieve 
quantitative agreement between predictions and measurements, we demonstrated the important role played by aircraft 
source levels and directivity (see Task 2 from the 2020 ASCENT annual report). The work presented in this report highlights 
the importance of looking at the one-third octave band time histories of the measured data to gain confidence in the 
measurements. 
 
Milestones 
A descent event, a cruise event, and a climb event, involving Boeing 737-800 aircraft, from the BANOERAC data were 
analyzed. To achieve this, appropriate meteorological data were extracted using the ERA5 meteorological product. Acoustic 
propagation was modeled using an in-house ray-tracing code and an atmospheric absorption routine that can handle 
inhomogeneities in temperature, humidity, and wind profiles. Given the limited or lack of information about the state of the 
aircraft, we attempted to correctly model the noise source and directivity (see Task 2 from ASCENT annual report 2020). The 
effects of high-speed source motion (convective amplification, Doppler effect) have been included in the in-house code used 
for making predictions. Although sufficient information about ground conditions near the noise monitors is not available, 
we attempted to predict levels recorded by the microphone at 1.2 m above the ground. The in-house predictions and the 
measured data from the noise monitors were analyzed by looking at the details of the octave and one-third octave band 
levels. 
 
Major Accomplishments 
Using real-world aircraft trajectories and realistic (inhomogeneous) meteorological conditions, aircraft flyover noise levels 
were predicted and compared with field data. Despite the very low overall levels, qualitative agreement was achieved between 
predicted and measured aircraft noise on the ground. 
 
Publications 
None. 
 
Outreach Efforts 
None. 
 
Awards 
None. 
 
Student Involvement  
Graduate research assistant Harshal P. Patankar has been the primary person working on this task.  
 
Plans for Next Period 
Not applicable. 
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Task 2 - Assess Uncertainty in Realistic Noise Source Models in ANOPP 
Pennsylvania State University 
 
Objectives 
The first objective of this task was to provide source spheres for cases from the BANOERAC dataset for noise prediction with 
ANOPP. All events chosen were for Boeing 737-800 aircraft. The event flightpaths corresponded to a climb event, a cruise 
event, and a descent event. ANOPP input decks were generated for each event, and noise was predicted for the BANOERAC 
ground monitor location. 
 
Second, source spheres of 1-m radius around the aircraft were developed. The acoustic predictions from ANOPP included 
OASPL and one-third octave band SPLs for each event. These were necessary for the use of ray-tracing techniques through a 
realistic atmosphere. 
 
Sound source spheres 
The approach to the generation of the source input decks was described in the previous annual report (ASCENT Project 040 
annual report, 2020). Sound source spheres with a radius of 1 m were generated at the location where the aircraft was closest 
to the ground observer station. The available flightpath information allowed for the generation of aircraft body Euler angles, 
ground speeds, and Mach number, needed as inputs in ANOPP. Separate source spheres were generated for jet and fan noise, 
core noise, and airframe noise. Fifty-eight source locations on the source spheres were used, and the OASPL and one-third 
octave band SPLs at these locations were provided in tabular form for propagation calculations. Two key improvements were 
made to the previous methodology. A technique was developed to overcome the difficulty in using ANOPP2 to generate 
sound source spheres at a distance of 1-m radius from the aircraft noise source point. The difficulty was in allowing for the 
motion of the aircraft during the extraction of the sound source sphere. The problem was overcome by generating the rear 
half of the source sphere at one time step and the forward half at the next time output. This ensured that the sphere radius 
was kept constant at 1 m. The effect of this correction can be seen in Figure 30. 
 



	

	
 

 
A second check on the sound source sphere outputs was made to determine the effect of spatial resolution on the sphere of 
the predicted OASPL and one-third octave band levels on the acoustic predictions at the ground observer. Figure 31 shows 
the high-resolution sphere. This should be contrasted with the lower resolution sphere shown in Figure 30b. Despite the 
obvious differences, the predicted observer levels were virtually identical. Since the time taken to generate a high-resolution 
sphere is computationally much longer, all predictions have continued to be made using the lower resolution. 

 
Milestones 
Not applicable. 
 
Major Accomplishments 
Sound source spheres were generated for a new cruise event. The source resolution on the 1-m source sphere was shown 
not to affect the predicted noise levels at the observer. A method was developed to correct source spheres to allow for 
synchronization of the source sphere location to account for the finite time step output from ANOPP2. 
 
Publications 
None. 

a) uncorrected 

 
b) corrected c) error 

Figure 30. Sound source sphere calculations showing effect of correction for aircraft motion during ANOPP2 outputs. 

a) from front b) from rear 
 

Figure 31. High-resolution sound source sphere calculations for cruise event. 



	

	
 

Outreach Efforts 
None. 
 
Awards 
None. 
 
Student Involvement 
Stephen Willoughby has contributed strongly to this task, initially as an undergraduate student and later as a graduate 
research assistant during the fall of 2020. 
 


