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Agenda

Motivation: Sentinel-6A activities at 
EUMETSAT

Data description: GNSS clocks, at 
different sampling

Results:
• POD: comparison of solution

• RO: effect of clock rate on BA

Conclusions
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Sentinel-6A / Jason-CS satellite

• Altimetry reference mission

• RO: Mission of opportunity

RISING SETTING
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POD experiments on S6A

1. GNSS-POD (2x)

2. RO-POD

3. SLR

4. DORIS

Image: Donlon et al., https://doi.org/10.1016/j.rse.2021.112395 
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S6A Radio Occultation processing

CENTER Timeliness GNSS Aux

JPL NRT (OPE) JPL

EUM NTC (OPE) JPL

Raw RO data for NRT Processing (timeliness, 3h)

GNSS Aux data for NTC Processing (60d, typically 2/3 weeks)
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S6A Radio Occultation processing

CENTER Timeliness GNSS Aux

JPL NRT (OPE) JPL

EUM NTC (OPE) JPL

EUM STC (Monitoring) CODE Rapid

Raw RO data for NRT Processing (timeliness, 3h)

GNSS Aux data for NTC Processing (60d, typically 2/3 weeks)
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S6A Radio Occultation processing

CENTER Timeliness GNSS Aux

JPL NRT (OPE) JPL

EUM NTC (OPE) JPL

EUM STC (Monitoring) CODE Rapid

Raw RO data for NRT Processing (timeliness, 3h)

GNSS Aux data for NTC Processing (60d, typically 2/3 weeks)
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Robust Std. Dev.—STC offline processor

All
GPS
GLONASS

PRODUCT GPS Clocks GLONASS Clocks

CODE Rapid 30s 30s
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GPS
GLONASS

PRODUCT GPS Clocks GLONASS Clocks

JPL NTC 30s 01s (NRT)

Robust Std. Dev.—NTC operational processor
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DATA for STC and OPE

All
GPS
GLONASS

GPS
GLONASS

PRODUCT GPS Clocks GLONASS Clocks

JPL NTC 30s 01s (NRT)

CODE Rapid 30s 30s
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Clocks: GLONASS vs GPS

• GLONASS performance worse than to GPS (e.g., Haushild+, 2012)

• GLO clocks will need high-rate correction for RO processing (Griggs+, 2015).

Plots credit: A.. Hauschild
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Experiment set-up

PRODUCT GPS Clocks GLONASS Clocks

JPL NTC 30s 01s (NRT)

JPL NRT 01s (NRT) 01s (NRT)

CODE Rapid 30s 30s

CODE Final 30s 30s

CODE Final 05s 05s

• RO Processor: YAROS

• POD software: Bernese

• Data coverage: Sep 12th-18th, 2021

NTC OPE Helyeahg

STC Monitoring he
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POD results: Orbits

• POD antenna only tracks GPS

• NRT solutions are slightly worse (expected)

• Orbit quality good enough for RO purposes (Innerkofler+, 2020) 
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POD results: Clocks

• No effect on the orbit (v ~ 7 km/s);

• On minute-long timescales, the variations 
do not affect the overall statistics.

Receiver clock bias: JPL NRT Aux VS CODE Final Aux
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Effect of GPS clock resolution

• GNSS Aux: JPL NRT GPS (01, 02, 05, 10, 30s)

• Down sampling of 1Hz GPS clock data has almost no effect
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• GPS by Block type

Effect of GPS clock resolution
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• GPS by Clock type

CS
Rb
Rb (Block III)

Effect of GPS clock resolution

Clock info: https://www.navcen.uscg.gov/archives
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Effect of GPS clock resolution

• GNSS Aux: JPL NRT GPS (01, 02, 05, 10, 30s)

• Down sampling of 1Hz GPS clock data has almost no effect
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Effect of GLONASS clock resolution

• GNSS Aux: JPL NRT GLO (01, 02, 05, 10, 30s)

• Down sampling of 1Hz GLONASS clocks worsens the Std. Dev.
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Effect of GLONASS clock resolution

STC 30 s

NTC 1 s• GLONASS Clock sampling explains the 
discrepancy between NTC and STC products
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• POD GNSS Aux: NRT GPS (30s)

• RO GNSS Aux: NRT GLO (01s) GPS (30s)

NRT-like scenario
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Conclusions

• High-rate clocks corrections for GLONASS satellites are required
• With 1s corrections, BA statistics for GPS and GLO, are comparable

• Using 1s vs 30s GLO clock corrections improves St. Dev of 5% at 50 km

• The conclusions of Griggs+, 2015 are confirmed

• Minimal influence of the POD on the BA statistics, with NRT-like 
scenario comparable to NTC Operational products

• POD improves using NTC products, but NRT are good enough for RO

• GPS occultations are roughly independent of the clock rate 
• Interval 1 to 30s tested
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EXTRA SLIDES
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POD results: Orbits
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• GPS by block type


