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RO Overview
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Radio Occultation Principle (Sentinel-6 Focus)

Observe GNSS signals (e.g. GPS, GLONASS):

• through atmosphere limb in rising, setting

• zenith direction for Precise LEO Orbit/Clock

• about 500-600 occultations/day/GNSS

• neutral atmospheric occultations:

• ground to about 60km, <1km vertical resolution

• weather independent, very stable (time based)

• Typical Products:

• bending angle at level 1b

• refractivity at level 2

• temperature, water vapour at level 2

• gridded data at level 3

• Typical applications:

• weather forecasting

• climate, re-analysis

• S6 Services:

• Near Real Time  (NASA / JPL), level 1b, 2 within 3h, operational since August 2021

• Non Time Critical (EUMETSAT / ROM SAF), level 1b, 2, 3 within about 3 weeks, operational since November 2021

Radio Occultation Principle: Observation of e.g. GPS or GLONASS satellite 
signals through the atmosphere; changing refractivity leads to bending of 
rays. The GNSS-RO instrument on S6A is built by JPL/NASA and observes 
both, GPS and GLONASS.
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Motivation

• Validation of RO vs. radio sondes generally done by processing RO 
data to temperature and water vapour, involving several 
processing steps and use of a priori information (or, use refractivity 
which smoothes the data)

• Generating bending angles from radio sonde data would not involve 
a priori data, and allows to validate directly on the RO FCDR, with the 
original high resolution

• In particular interesting in the lower troposphere, were separating 
temperature and water vapour information requires a priori, and 
where RO has biases due to super refraction, low SNR, etc
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RO Main Equations
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Bending Angles from 
RO/Sondes
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Processing Setup

• Using either AWI Polarstern1 (from 2000 onwards) or GRUAN2 (v2) radio 
sondes

• Using Metop-A, -B reprocessed data (v2.0, few years old)

• Using ERA5 collocated to radio sonde

• Collocations within 3h and 300km

• Using a simplified bending angle forward operator: 

• compared to reference ROPP one, and has only minor differences

• as ROPP, integrates upwards with an exponential refractivity

1  https://doi.org/10.1594/PANGAEA.882736
2 10.5676/GRUAN/RS92-GDP.2

Note: Radio sondes are unassigned, can be represented as setting or rising occultations

https://doi.org/10.1594/PANGAEA.882736
https://doi.org/10.5676/GRUAN/RS92-GDP.2
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Initial Tests with AWI/Lindenberg

Just use first 2000 sonde time/location/vertical coverage within ERA5, and assess the impact of the missing atmosphere above sonde.

Histogram of the first 2000 AWI and GRUAN/Lindenberg highest altitude reached

Bias (left) standard deviation (middle), spaghetti plot (right) of AWI (bottom) and GRUAN/Lindenberg (top) for first 2000 sonde times 
locations, comparing bending angles using full ECMWF at sonde location, or cut to maximum sonde altitude.
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Comparing AWI & 
Lindenberg & GRUAN to 
GRAS
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Comparing to GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h against AWI Polarstern

Bias and standard deviation of AWI Polarstern match against Metop-A (top left), 
ECMWF at AWI against Metop-A (top right), and ECMWF at AWI against AWI  (bottom 
right). Legend provides coverage, average sondes/day, RO/match failures, outliers / 
weight.
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Comparing to GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h against GRUAN/Lindenberg

Bias and standard deviation of Lindenberg match against Metop-A (top left), ECMWF 
at Lindenberg against Metop-A (top right), and ECMWF at Lindenberg against 
Lindenberg (bottom right). Legend provides coverage, average sondes/day, 
RO/matchfailures, outliers / weight.
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Comparing to GRAS Metop-B

Collocate Metop-B/GRAS 300km/3h against GRUAN/Lindenberg

Bias and standard deviation of Lindenberg match against Metop-B (left), ECMWF at Lindenberg against Metop-B (right). Legend 
provides coverage, average sondes/day, RO/matchfailures, outliers / weight.
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Comparing to LIN Red. Accuracy to GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h against GRUAN/Lindenberg, reduce accuracy to F0.1, RH 1% high up

Bias and standard deviation of Lindenberg match against Metop-A (left), Lindenberg with reduced “AWI” like accuracy against Metop-A (right). 
Legend provides coverage, average sondes/day, RO/match failures, outliers / weight.
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Comparing to GRUAN v2 to GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h against most GRUAN v2 sondes

Bias and standard deviation of most GRUAN v2 matched against Metop-A (left), and against ECMWF ERA5 (right). Legend provides 
coverage, average sondes/day, RO/matchfailures, outliers / weight.
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Comparing to GRUAN v2 by Station to GRAS Metop-A

Collocate Metop-A/GRAS 300km/3h against most GRUAN v2 sondes by station

Bias (left), standard deviation(middle), data availability (right) of several GRUAN v2 stations, matched against Metop-A. Legend provides total 
collocations, average sondes/day, RO/match failures.
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Conclusion / Future Work

Conclusion:
• Forward propagation radio sonde data to bending angles, for validation against each other, is 

possible with small bias (almost bias free below 25km)

• Could be useful for validation of bending angles in lower troposphere, as need for a priori use 
in RO processing is removed

• Current AWI Polarstern sonde data accuracy is insufficient to assess against radio 
occultation

• GRUAN v2 shows promising results

Future Work:
• Understand negative offset between sonde and GRAS (would correspond to about +30m 

height offset in GRUAN)

• Correct for collocation error

• Improve extrapolation of sonde profiles, using more robust upper refractivity gradient
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Thank you!
Questions are welcome.


