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What is a RRA?
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§ Comprehensive Atmospheric Profile: 
A RRA dataset provides a detailed profile 
of atmospheric conditions, including 
temperature, pressure, density, humidity, 
wind speed, and direction, for a range of 
altitudes over a specific geographical 
location.

§ Standardized Representation: 
An RRA serves as a standardized 
representation of typical atmospheric 
conditions (mean value and some 
measures of variability) encountered 
within a specific region. 

Source [1]
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Some Background on RRAs
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• RRAs have undergone several iterations 
since their inception in the 1960s, with 
updates in 1983, 2006, 2013, and 2019. 

• The MSFC Natural Environments Branch 
(EV44) generated the 2013 and 2019 
RRA datasets.

• The Range Commanders Council 
Meteorology Group aims to periodically 
update RRAs to maintain accurate 
representations of the upper atmosphere 
at selected ranges of interest.

• EV44 is uniquely positioned to provide this 
support given previous efforts to establish 
a development and update methodology.

From Range Reference Atmosphere 2019, JPID-FY19-001801

Integrated Python code developed in 2020 Source [3]

Source [1]



Need for a Woomera RRA 
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§ Natural Environments received 
multiple requests from the Range and 
Aerospace meteorology community for 
a Woomera RRA. 

§ NASA and US defense programs have 
used Australian Outback for rocketry 
and upper atmosphere research. 

§ Woomera RRA would serve as dataset 
to assist in future Woomera launch 
applications. 

§ In near future, the RRA will be 
available on AFRC Weather website:

https://weather.dfrc.nasa.gov/Climatology 

Kangaroo 
Island

Adelaide

Woomera

Source [4] Source [4] LICENSE [2]LICENSE [1]

https://weather.dfrc.nasa.gov/Climatology
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STEP 1: DEFINE/OBTAIN/INITIALIZE INPUT DATA

Method

SITE ID DATA RECORD Number of Input Profiles
WOOM, WMO ID 

94659 located at 
31.14609S, 
186.805E 

Integrated Global Radiosonde Archive 
(IGRA) which is a product of the 

National Center for Environmental 
Information

1990 - 2023 19,384 atmospheric profiles 



1. Tolerance Checks

2. Surface Level Check 
• Make sure profile is within 0.1 km of nominal surface 

elevation (169 m above Mean Sea Level). 

3. Duplicate Profile Check
• Remove 1000 ft resolution profile if you have a duplicate 

100 ft profile. 

4. Missing Data Check
• Replace -999.99 values with NaN.
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STEP 2: PERFORM QUALITY CONTROL

5. Minimum Data Levels Check *
• Must have at least 5 measurements in profile. 

6. Maximum Data Gap Interval Check *
• If profile has a gap between adjacent levels above 

5km, it is removed. 

7. Wind Speed Shear Check
• Maximum wind shear limit is established with a value 

of 0.3 s-1

8. Negative Altitude Change Adjacent Levels Check
• Corrupt data, in which altitude is reported incorrectly

9. Visual Inspection Check 
•  profiles are noted as suspect based on assorted 

computational anomalies

* Denotes that step is performed independently for WS, T, Td, and P



1. Establish Output Altitude Grid 
• Z is established covering the vertical domain from 

surface to 30 km with a 0.5 km vertical resolution.

2. Compute Geopotential Heights for Output Altitude Grid
• Create an array of Geopotential heights for each 

geometric height. 
• Geopotential heights help approximate where pressure 

levels should exist in relation to altitude. 
• The location of a pressure measurement in relation to 

geometric height will change based on gravitational 
acceleration differences, centrifugal force, the ellipsoidal 
shape of the Earth and latitude. 

3. Compute Wind Components 
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STEP 3: INTERPOLATION STEP
4. Interpolate 
• Define upper and lower limits of geometric 

height for U, V, WS, T, Td in relation to 
geopotential heights.  

Source [5]
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STEP 4: COMPUTE DERIVED QUANTITIES  

      
1. Compute Vapor Pressure * 

2. Compute Water Mixing Ratio
• 𝜖 is the dimensionless ratio of the 

molecular weight of water vapor to 
the molecular weight of dry air, with a 
constant value of 0.622

   

3. Compute Virtual Temperature

4. Compute Density 

Once all profiles of WS, U, V, T, Td, and P have been interpolated to the output grid 
resolution, additional derived quantities of VP, Tv, and D are computed

Will not be calculated above the 
first level where T < -60 C.
• We saw this value on average at 

~12-15 km 

Question: 
• How do you get densities in the 

upper atmosphere? 
• VP à 0, so w à 0 and TV à T
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STEP 5: COMPUTE STATISTICS
§ Segregate data by month and altitude

§ Compute Mean, Median, and Standard Deviations for the variables WS, U, V, P, T, D, VP, Tv, and Td.

§ Compute Skewness, a measure of the median values compared to the mean to look for bias.

STEP 6: PERFORM DIAGNOSTICS 
§ Values are tested to see if any exceed the mean +/- 6 standard deviation envelopes for WS, U, V, T, P, and Td.

§ Values above and below 6 standard deviations are flagged for removal. 

§  Steps 5 and 6 iterate until there are no values above and below 6 standard deviations. 

STEP 7: PERFORM VALIDATION TESTING
§ Skewness coefficients of WS, T, P, Td, and D are evaluated to ensure they don't exceed specified limits.

§ Buell Test is applied to maintain equality between terms based on P, T, and D statistics and significant deviations 
are noted. 

§ Gas Law Reconstruction Test is used to compute gas constant from monthly mean values, and these are 
compared to accepted value; significant deviations noted. 

§ Wind Speed Reconstruction Test is used to estimate wind speed from wind component statistics, compares to 
computed mean wind speed; significant deviations noted. 
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STEP 8: OUTPUT DATA
    

 

Primary product
• CSV Excel file with all computed RRA values

Global Reference Atmosphere Model (GRAM)
• Formatted Text file for wind statistics
• Formatted Text file for thermodynamics
• Formatted Text file for moisture values



Additional Validation Examples
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Number of Input 
Profiles

Number of 
Output Profiles

19,384 8,398 

• The process defined in the prior steps reduced the 
number of usable profiles from 19,384 to 8,398.

• Validation of the RRA was conducted through 
comparison between the RRA and Earth-GRAM 
outputs.

• Earth-GRAM data used for comparison was 
generated utilizing the National Centers for 
Environmental Prediction (NCEP) and the Modern-
Era Retrospective analysis for Research and 
Applications, Version 2 (MERRA-2) data option in 
Earth-GRAM



More Validation Examples
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How can users get the data / RRA service? 
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§ The Woomera RRA will be released in the Spring 2024 GRAM Suite release.
− GRAM Suite is available through the NASA Software Catalog: 

https://software.nasa.gov/software/MFS-33888-1

§ Contact Earth-GRAM Lead Patrick White regarding requests for RRA development 
or upgrades:
− Email: patrick.w.white@nasa.gov

§ There will be periodic updates to RRAs. 

https://software.nasa.gov/software/MFS-33888-1
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Third Party Licenses
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§ [1] WR Corliss, Public domain, via Wikimedia Commons. License Location: 
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