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Forecast turbulence parameters for acoustic propagation 
within the atmospheric boundary layer are available online for free!
Talk Outline
• Motivation

• The importance of turbulence parameters for supersonic aircraft noise
• Obtaining forecast turbulence data from the Climate Forecast System model
• Illustration of spatial resolution
• Identification and derivation of turbulence parameters to run NASA sonic boom propagation software
• Comparison of turbulence model data and data measured during the NASA SonicBAT flight test campaign
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Motivation for obtaining forecast turbulence data

• Turbulence within the atmospheric boundary layer impacts 
sound propagation

• The NASA Quesst mission has particular interest in 
turbulence effects on sonic booms

• Turbulence forecast data is needed to estimate mean reduction 
in X-59 loudness level for community noise survey flight 
planning

• Data is needed to exercise the PCBoom Turbulence Filter 
Module and the KZKFourier turbulence modeling software 
developed by Stout and Sparrow that uses the Ostashev and 
Wilson turbulence model

• Forecast turbulence data may be useful for new supersonic 
aircraft noise certification procedures and measurements

• Goal: 
• Raise awareness of modeled turbulence forecast 

data availability
• Show small-scale assessment of forecast data accuracy 

at two locations 3
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Variability in sonic boom recordings 
for microphones spaced 30 m apart



Forecast products for many models are available from NOAA
Screenshot of this website: 
https://nomads.ncep.noaa.gov/pub/data/nccf/com/

Indicates other models that NASA has 
investigated as part of the Quesst mission

Indicates the model data shown for the rest 
of this presentation
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Main point: there are many different models with data we could collect. More details on CFS are in the next slides.

https://nomads.ncep.noaa.gov/pub/data/nccf/com/


An automated process for obtaining CFSv2 forecast turbulence data

• Software: 
• Matlab 2020b
• Python 3.8.8
• Matlab nctoolbox https://github.com/nctoolbox/nctoolbox

• CFSv2 data location: https://nomads.ncep.noaa.gov/pub/data/nccf/com/cfs/prod/
• Python script to download the data

• Inputs: reference time, valid time
• Pseudocode:

import requests, sys
r = requests.get(myURL, allow_redirects=True)
save r.content to file

• Matlab wrapper to download and process the data
• Pseudocode:

setup nctoolbox
choose reference time and valid forecast time
load data as ncgeodataset
populate a structure with the turbulence parameters
plot/analyze as needed
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Example data: +24 and +30 hr atmospheric boundary layer height
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This is one example
CFSv2 data presented here, ~1x1° Lat/Lon, 6 hourly forecast. Maybe other models are better.

Describe reference time vs valid time




Model data resolution

• CFSv2 data presented here
• ~1x1° Lat/Lon
• Forecast data available every 6 hours

• Future work: look at other available models with better spatial and temporal resolution

7



Useful Native CFSv2 Model Parameters
• Surface pressure 𝑝𝑝𝑠𝑠

• Variable: “Pressure_surface”
• Units: Pa

• Surface temperature 𝜃𝜃𝑠𝑠
• Variable: “Temperature_surface”
• Units: K

• Specific humidity at 2 m AGL 𝑞𝑞
• Variable: “Specific_humidity_height_above_ground”
• Units: kg/kg

• Friction velocity 𝑢𝑢∗
• Variable: “Frictional_Velocity_surface”
• Units: m/s

• Atmospheric boundary layer height 𝑧𝑧𝑖𝑖
• Variable: “Planetary_Boundary_Layer_Height_surface”
• Units: m

• Sensible heat flux 𝐻𝐻
• Variable: “Sensible_heat_net_flux_surface”
• Units: W/m2

• Note that the sign convention of this matters
• Surface geopotential height 𝑍𝑍𝑔𝑔 = Φ/𝑔𝑔0

• Variable: “Geopotential_height_surface”
• Units: geopotential meters “gpm”
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Additional derived parameters needed for PCBoom and KZKFourier software

• Relative humidity (%) at 2m AGL1

• ℎ𝑟𝑟 ≈ 100 𝑞𝑞
0.622𝑒𝑒𝑠𝑠𝑝𝑝𝑠𝑠

= 100 𝑝𝑝𝑠𝑠 𝑞𝑞

0.622 611 exp 17.67 𝜃𝜃𝑠𝑠−273.16
𝜃𝜃𝑠𝑠−29.65

• Mixed-layer velocity scale2 𝑤𝑤∗

• 𝑤𝑤∗ = 𝑔𝑔0 𝐻𝐻 𝑧𝑧𝑖𝑖
𝜃𝜃𝑠𝑠 𝜌𝜌 𝐶𝐶𝑝𝑝

1/3

• 𝜌𝜌 →Density is derived using Ideal Gas Law
• 𝜌𝜌 = 𝑝𝑝𝑠𝑠

𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎 𝜃𝜃𝑠𝑠
• 𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎 = 287.05 J/kg K

• 𝑔𝑔0 → gravity = 9.80665 m/s2

• 𝐶𝐶𝑝𝑝 → specific heat at constant pressure ≈ 1.006 kJ / kg K
• Surface-layer temperature scale2 𝑇𝑇∗

• 𝑇𝑇∗ = − 𝐻𝐻
𝑢𝑢∗ 𝜌𝜌 𝐶𝐶𝑝𝑝

• Ground elevation from geopotential height3

• 𝑧𝑧0 ≈
𝑟𝑟𝐸𝐸 𝑍𝑍𝑔𝑔
𝑟𝑟𝐸𝐸−𝑍𝑍𝑔𝑔

• Radius of earth 𝑟𝑟𝐸𝐸 = 6378.1 km

1. C. Webster, https://earthscience.stackexchange.com/questions/2360/how-do-
i-convert-specific-humidity-to-relative-humidity

2. D. K. Wilson, “A turbulence spectral model for sound propagation in the 
atmosphere that incorporates shear and buoyance forcings,” J. Acoust. Soc. 
Am. 108, pp. 2021-2038, (2000); doi: 10.1121/1.1311779

3. R. Romond, “Meteorological reanalysis data inputs for improved aviation noise 
modeling,” (2019); https://etda.libraries.psu.edu/catalog/17792rar241 9
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Comparison of forecast and measurement data
• Sonic Booms in Atmospheric Turbulence (SonicBAT) flight test and measurement campaign

• Desert location near Edwards Air Force Base, California
• Measurements taken over a ~2-week period in July 2016

• Humid coastal location near Kennedy Space Center, Florida
• Measurements taken over a ~2 week period in August 2017

• Turbulence parameters derived from a combination of measurements by 
• sonic anemometers
• SODARs
• surface weather towers
• weather balloons
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Comparison of forecast and measurement data (California)

Measurement

CFS Model
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Comparison of forecast and measurement data (Florida)

Measurement

CFS Model

Presenter
Presentation Notes
Values are in the ballpark



Summary and future work

• Turbulence forecast parameters are important for sonic boom propagation
• NASA Quesst mission needs forecast turbulence parameters for pre-flight planning of the X-59 aircraft as part 

of its community noise survey
• NOAA provides turbulence forecast data from the CFS and other models
• The turbulence parameters were obtained to run the NASA PCBoom and KZKFourier software
• Modeled turbulence parameters were compared to those measured during the NASA SonicBAT mission and 

have reasonable agreement

• Future work
• Investigate other available turbulence models
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Note on heat flux sign convention

• CFSv2 and ERA5 heat flux have opposite sign convention
• “The ECMWF convention for vertical fluxes is positive downwards”

• Ostashev and Wilson (2016), “the sensible heat flux [is] from the surface to the overlying air”
• Need to multiply ERA5 heat flux by -1 to match Ostashev and Wilson model used in KZKFourier
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Abstract

• Propagation through turbulence causes a mean reduction in loudness of sonic booms and in some cases can 
cause significant fluctuations in loudness about that mean. Understanding these effects is important for 
accurately planning loudness levels during upcoming community noise tests with the X-59 aircraft as well as 
mitigating the risk for excessive loudness due to turbulence. Current methods for modeling acoustic 
propagation through turbulence require several atmospheric parameters including the atmospheric boundary 
layer (ABL) height, friction velocity, mixed-layer velocity scale, surface-layer temperature scale, as well as 
ambient pressure, temperature, and humidity within the ABL. Accurate forecasts of these parameters are 
needed for X-59 flight planning and may also be useful for planning future supersonic aircraft certification flight 
tests. This presentation showcases one method for obtaining the forecast turbulence and ambient atmospheric 
parameters from freely available Climate Forecast System Version 2 data. Forecast parameters are compared 
to measurements to assess accuracy and utility.
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