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GRACE Follow-on milestones
• Launched on May 22, 2018.
• Twin satellites follow each other in orbit (in about 490 km) separated by about 

200 km.
• Send constantly microwave and laser signals to each other to measure the 

distance between them.  Gravity field estimation Main goal of the mission!
• Summer 2018 problems with IPU on GRD (switched to second IPU in autumn

2018)
• After some (setting) test ROs from GRD in summer 2018 no ROs for about one

year
• Software updates and updated reader (last on March 2020) by JPL
• Continuous stable RO data from GRC (rising occs) since March 2020
• Continuous stable RO data from GRD (setting occs) since September 2021

About 250-280 occultations daily
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GRACE-FO Instrument Processing Unit 

• Based on TriG-Lite design
• Ka/K band tracking for micron-level inter-satellite ranging 

measurement
• Track up to 12 dual frequency GPS Satellite

• Real-time PVT (position/velocity/timing) 
• 1-sec pseudorange and phase measurements for post-

processed precise orbit determination (POD)
• GPS radio occultation

• L1CA/L2P, L1CA/L2C, or L1CA/L5
• Rising radio occultation on the leading satellite
• Setting radio occultation on the trailing satellite
• Up to 300 profiles per day per satellite

• Programmable RF downconverter able to receive all L band signal
• Reconfigurable Software allows additional capabilities (e.g. 

Galileo GNSS RO) to be added later

Courtesy of Thomas Meehan and Jeffrey Tien
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GRACE-FO statistics

raw data
excess phase
data
atmospheric
profiles

(1) The problem seems to affect all ROs during a portion of the day and often ends
at midnight UT.

(2) During these problem periods, the RO L2/L5 data seem to begin with 1 or 2 
seconds where the receiver is not locked on to the signal.

(3) After the initial bad data, the L2/L5 excess atmospheric phase rate is too large. 
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GRACE-FO statistics
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GRACE-FO statistics
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GRACE-FO data processing

Operational
Radio Occultation
Processing System

Polar receiving station
GPS and LEO orbit data
from GFZ orbit group

External ECMWF data
for processing and 

validation

• Excess phase, SNR, data orbit data
• BA calculation: CT2 below 25 km, GO 

above 25 km
• Ionospheric correction: linear 

combination, ionospheric correction
extrapolated with const. L1-L2 BA below
dynamic L2 altitude

• BA initialization: optimization with
BAROCLIM between 40-60 km (NRT) or
ECMWF forecast above 30 km extended
by MSISE-90 to 150 km (postprocessing)

• Refractivity: Abel inversion below 150 km
• Dry air retrieval: MSISE-90 pressure at 

150 km and hydrostatic integration
• Dry T: Smith-Weintraub formula and 

ideal gas equation
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GRACE-FO operational status
August 2022

GRACE-C                                                     GRACE-D
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Bending angle: GRACE-FO vs. Met Office/ECMWF 
August 2022
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GRACE-FO vs. ECMWFop: Refractivity
Dec 2021 – Feb 2022
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GRACE-FO vs. ECMWFop: Refractivity
Dec 2021 – Feb 2022
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January – May 2022

Co-locations:
200 km / 120 minutes

GRACE-FO vs. COSMIC-2: Refractivity
GRACE-C
#4986

GRACE-D
#4854
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January – May 2022 (200 km / 120 minutes)

GRACE-FO vs. COSMIC-2: Refractivity

GRACE-C GRACE-D
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GRACE-FO vs. Spire: Refractivity
GRACE-C
#7905

GRACE-D
#7520

January – May 2022

Co-locations:
200 km / 120 minutes
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January – May 2022 (200 km / 120 minutes)

GRACE-FO vs. Spire: Refractivity

GRACE-C GRACE-D
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Summary and outlook

• GRACE-FO RO data with different observables L1CA/L2P, L1CA/L2C, 
L1CA/L5 available.

• GRACE-FO is operational with data delivery to weather service centres.
• Slightly negative refractivity bias in comparison to operational ECMWF data.
• Good agreement of refractivity in comparison to COSMIC-2/Spire between 

8-35 km.
• Daily number of occultations from GRACE-D (setting occs) is reduced

compared to GRACE-C (rising occs). Daily mean difference is about 50.
• ToDo: GRD -> L2/L5 receiver lock issue.

Lower troposphere processing.
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