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1 Introduction
Objective: Provide the highest-quality monthly independent Swarm

gravity field models

Support: ESA/DISC funded project (since Sep 2017)

Rationale: Combine individual gravity solutions, computed with:

• different kinematic orbit solutions

• different inversion approaches

Product: Monthly combined Swarm gravity field models:

• period length set by the calendar month (first to last day)

• from 2013-12-01 to 2025-03-31

• available from:

– ICGEM: icgem.gfz-potsdam.de/sp/02_COST-G_/Swarm
– ESA: swarm-diss.eo.esa.int > Level2longterm > EGF

Citation: Teixeira da Encarnação et al. (2020)

2 Kinematic Orbits

Institute Software Reference

AIUB Bernese v5.5
Jäggi et al.

(2016)1

IfG
Gravity Recovery Object
Oriented Programming

System (GROOPS)

Suesser-
Rechberger et al.

(2022)2

TUD
GPS High precision Orbit
determination Software

Tool (GHOST)

IJssel et al.
(2015)3

1ftp://ftp.aiub.unibe.ch/leo_orbits/swarm
2ftp://ftp.tugraz.at/outgoing/ITSG/tvgogo/orbits/Swarm
3http://earth.esa.int/web/guest/swarm/data-access

3 Individual Gravity field models

Inst. Approach Reference

AIUB Celestial Mechanics Approach Jäggi et al. (2016)

ASU
Decorrelated Acceleration

Approach
Bezděk et al.

(2016)

IfG Short-Arcs Approach
Suesser-

Rechberger et al.
(2022)

OSU
Improved Energy Balance

Approach
Guo et al. (2015)

4 Combined Gravity field models
• Combination at the level of solutions, up to degree 40

• Weights applied to individual solutions derived from Variance
Component Estimation (VCE)

• Degrees 2-20 considered in VCE

• More details: Teixeira da Encarnação and Visser (2019)

5 Gravity field model pre-processing
• Analysis spans 2013-12-01 until 2025-03-31

• 2013-12 to 2015-12 and starting 2024-01:

– high solar activity and data problems

– low quality→ not representative

• Temporal variations relative to static GGM05G

• Gaussian smoothing with a 750 km radius

• C20 replaced with values from the GRACE TN-14 time series

• Swarm ACC data not used

6 Analyses setup
• Swarm is compared to GRACE/GRACE-FO CSR RL06 (with the

same pre-processing)

• GRACE/GRACE solutions interpolated/evaluated at Swarm model
epochs (except over gaps longer than 120 days)

• Ocean signal, with no buffer zone, removed for land analyses

• IfG KO orbits:

– Considered for ASU solutions for Oct-Dec 2019 (and later)

– Not considered for RL01 solutions prior to Jan 2020

7 Spectral analysis 2020-2023

8 Agreement with GRACE

10 Conclusions

• Combined model better than individual models under any metric

• Since January 2020:

– IfG KO orbit processing improvements visible

– Increase in solar activity slowly degrading agreement with
GRACE, but a factor of 2-3 better in 2022-2023 than in 2014-2015

• Seasonal land signal clearly resolvable by Swarm:

– Temporal correlations dip under 0.5 only above degree 14

– Global spatial agreement with GRACE model at 3-4 cm RMS
EqWH

– Trends over 18 analysed basins (of various sizes) agree with 4
mm/year EqWH, with temporal correlation averaging 0.80

– Abnormal mass variations well represented: Mississippi in late
2022

9 Basin time series

9.1 Statistics for 18 basins

Bias (*)∆ RMS
[cm]

Trend∆ RMS
[cm/year]

corr. coeff.
mean [ ]

1.06 0.40 0.80

(*) Average basin storage from 2016-01-01 until 2025-03-31.
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