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Main Features

= CNES GRGS.RLOSMF_combined GRACE_SLR_DORIS is complete to d/o 300. It contains:

- 1,135,000 time-variable coefficients
- 82,532 static coefficients (above degree 90)

= DOWNLOAD: https://grace.obs-mip.fr/variable-models-grace-lageos/mean-fields/release-05/#Download

= Data used:

- DORIS+SLR mascons from January 1993 to March 2002

- CNES GRACE+SLR RL0S monthly gravity field time series between April 2002 and October 2022
- GOCE-DIRS for the static part between dg 91 and 300

= Extrapolation:

- The retrograde extrapolation of the trend coefficients (pre-1993) is obtained from a regression on the
DORIS+SLR mascons

- The prograde extrapolation of the trend coefficients (post-2022) is obtained from a regression over the
GRACE era (2002-2022)

There are two corrections to the slope of degree 2 before 1993:
The slope of C20 (+0.2e-10 /year) is obtained from a SLR-based determination of C20 between 1980 and 1992
L * The slope of C21/S21 (-6.82e-12 /year ; +1.40e-11 /year) is imposed to follow the conventional linear drift of the mean pole
L)
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DORIS + SLR super mascons

= DORIS + SLR “super mascons”

1. Data:

- SLR data from Lageos1, Lageos2, Starlette, Stella, Ajisai and Lares satellites

- DORIS data from all DORIS-carrying satellites, from Topex to HY2A and Saral

2. “Super Mascons”:

- Based on 20 years of GRACE and GRACE-FO data, a map was drawn of places “where mass change is
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DORIS + SLR super mascons

= Constraints between spherical harmonics and “super mascons”

- For each 1°x1° cell of the geographical grid, we write the linear equation linking each of the spherical harmonic
coefficients (up to d/o 40) with the mass anomaly of the cell, expressed in equivalent water height (EWH)

- The 64800 equations form a “constraints NEQ” e

- Examples:
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SLR and DORIS data

= As part of CNES’s participation in ITRF2020, we dispose of 30 years of weekly or half-weekly normal equations
containing the partial derivatives of the gravity field in spherical harmonics:

- Up to d/o 30 for the SLR satellites
- Up to d/o 40 for the DORIS satellites

= SLR
- 1993.0 — 2023.0 = Lageos-1, Lageos-2, Starlette

- Ajisai from May 1993, Stella from October 1993, Lares fi

= DORIS

- All available satellites are used
except Cryosat-2 because of an oscillation at 482 days
- The relative weighting of the satellites is done through
L an optimal weighting scheme
»
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DORIS + SLR super mascons solutions

= Low degrees
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DORIS + SLR super mascons solutions

= Comparison to GRACE/GRACE-FO time series
- For most super mascons there is a “rather good” agreement between DORIS+SLR and GRACE/GRACE-FO

- Examples: “Caspian basin” super-mascon
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DORIS + SLR super mascons solutions

Also good agreement for most places where there is a strong annual signal
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CNES GRGS.RLOSMF quality assessment

= GSFC SLR+DORIS POD tests (2008.5-2023) on Jason-2, Jason-3, and Sentinel-6a
- Thanks Nikita Zelensky!

= CNES/CLS POD & altimetry tests on Topex/Poseidon (1992-2004) and Cryosat-2 (2018-2023)

- Thanks Eléonore Saquet!

= CLS DORIS-only POD & positioning tests for most of DORIS satellites (1992-2023)
- Thanks Hugues Capdeville!

= DGFI/TUM SLR-only POD tests on Topex/Poseidon (1992-2005) and the Jason satellites (2002-2021)
- Thanks Sergei Rudenko!
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CNES GRGS.RLOSMF quality assessment

Radial dynamic orbitfcnes_grgs_rl05-Test) RMS differences (mm)
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CNES GRGS.RLOSMF quality assessment

= CNES/CLS POD & altimetry tests on Topex/Poseidon (1992-2004)

Radial ANNUAL differences RLO5 vs.

RLO4
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CNES GRGS.RLOSMF quality assessment

= CNES/CLS POD & altimetry tests on Cryosat-2 (2018-2023). Comparison RL04 / RL0O5 / COST-G TGV

ANNUAL cycle SLR residuals DRIFT

Green 1ine = RLO5 - RLO4 / Red 1line = RLO5 - COST-G
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Summary and outlook

= CNES_GRGS.RLO5SMF_combined_GRACE_SLR_DORIS is performing clearly better than RL04
-  Compared to the GSFC TVG, Nikita has shown a small drop of performance of RL04 and RL0O5 in 2010-2012
-  Compared to the COST-G TVG (since 2018), Eléonore has shown there are very little differences

- Sergei points out a small drop of performance of RL0O5 compared to RL04 between 2016.5 and 2018.3 - We need to
investigate this point

= Other alternatives
- GSFC 5x5 or 4x4 time series / COST-G “FSM” TVG (since 2018)

- hISST & SLR solution until 2021 (Hannover)

- AIUB (Krzysztof Sosnica, now in Wroctaw) 10x10 SLR-based TVG ?

- DGFI/TUM (Mathis BloRfeld) TVG ? 124 St weer ight
- The EOF approach from Anno Locher & Jurgen Kusche (2020) * |

= GRACE
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gravity fields from satellite laser ranging N

e

é Journal of Geodesy (2021) 95:6
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Fig.3 Monthly mass anomalies in Greenland from GRACE, GRACE-
CENTRI s FO and SLR solutions




