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Range reference atmospheres (RRA) are tabulated, 
statistical measures of values such as atmospheric 
pressure, wind, temperature, and density over a set of 
altitudes [1] specific to a given geographical location. 
The MSFC Natural Environments Branch has 
developed a RRA for Woomera, Australia after 
receiving multiple requests from the Range and 
Aerospace meteorology community.

1983 RRA for Temperature Cape Canaveral Air Force Station [1]

STEP 1: Ingest Input Data 
• Gather upper-air profiles from weather offices. 
• Combine data from weather balloon flights since 1990. 

STEP 2: Quality Control
• Conduct checks to remove bad data. 
• Remove profiles with identified issues.

STEP 3: Interpolate Data
• Interpolate profiles to 0.5 km vertical resolution. 
• Save interpolated profiles to separate files.

STEP 4: Compute Derived Quantities
• Calculate additional quantities like vapor pressure, 

virtual temperature and density using adapted 
equations and methods.

STEP 5: Compute Statistics
• Tabulate mean, median, and standard deviation 

values.
• Compute skewness.

STEP 6: Perform Diagnostic Testing
• Check standard deviations for all calculated variables.
• Flag profiles exceeding 6 standard deviations and 

remove.
• Iterate until envelope values are not exceeded.

STEP 7: Perform Validation Testing
• Conduct additional tests to validate statistical values.
• Address any identified issues through manual 

inspection.
• Repeat process until no validation test failures occur.

STEP 8: Output RRA Data files
• CSV Excel file with all computed RRA values
Global Reference Atmosphere Model (GRAM) outputs: 
• Formatted Text file for wind statistics 
• Formatted Text file for thermodynamics
• Formatted Text file for moisture values

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

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

The goal of a RRA is to provide a baseline for 
characterizing monthly and annual atmospheric 
conditions for applications in the aeronautic and 
aerospace industry. These include examples such as 
pressure altimeter calibrations, aircraft performance
calculations, the development of ballistic tables and 
other purposes relating to aircraft design and
advanced mission/test planning [2]. 

NASA Skylark Mission at Woomera Range, left [4]. Map of 
Woomera with Range Complex highlighted in yellow, right [4].  

Sample Output Data Produced from Python Code for GRAM [3]  

• The Woomera RRA shows good agreement with 
both MERRA-2 and NCEP datasets. 

• The Woomera RRA will be released in the Spring 
2024 GRAM Suite release.
• 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

• In near future, the RRA will be available on Air 
Force Reserve Command Weather website:

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

• There will be periodic updates to RRAs

Woomera vs MERRA-2 July Wind Speed, left. Woomera vs 
August Mean Temperature, right. 
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