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Updating the ESA Earth System Model for Future 
Gravity Mission Simulation Studies: ESA ESM 3.0

The ESA ESM
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Ocean

Hydrology

Ice

Solid Earth

AOHIS

• Represent mass variations in Earth 
System

• Input to satellite gravimetry simulations
• 5 Layers
• 6 hourly Stokes coefficients up to d/o 

180 
• Perturbation coefficients for de-aliasing
• Current version: ESA ESM 2.0 (Dobslaw 

et al. 2015)

EWH [cm]
0-30 3015-15

GRACE-FO-like signal MAGIC-like signal

Improved Capabilities 
of Future Missions
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Outlook
• ESA ESM 3.0 to cover 2007 - 2020

• Possible combination with ESM 2.0 for extended time-series

• Provide bias fields for combination with ESM 2.0

• Stokes coefficients up to d/o 180 at 6-hourly epochs

• AO perturbation fields for de-aliasing in simulations

• Same technical file format

• Expected availability: end of 2025

• Long-term trend from GIA
• Simulated with viscoelastic lithosphere and mantle model VILMA at 

GFZ
• Include signals from low viscosity zones and ice mass loading from 

little ice-age
• Earthquakes in separate layer

S : Solid Earth

• Greenland & Antarctica: daily SMB   
    + ice dynamics (trend + acc.)

• Glaciers:
• Daily SMB or
• High-res elevation change trends

• Arctic permafrost based on latent 
heat change trend

I : Ice

• TWS from high-res OS LISFLOOD 
simulation

• Details in Jensen et al. (2025)
• Minimize Gibbs effects through 

50km Gaussian smoothing

H : Hydrology

• ERA5 ECMWF surface pressure & 
upper air anomalies

• MPIOM simulation with SAL and 
ERA5 forcing

• Mass conservation for ocean
• Updated perturbation layer for 

de-aliasing

A & O : Atmosphere &
          Ocean

Updated Layers

True Model Transports OBP Recontruction

• Synthetic MOC-related OBP 
signals to be included in ESM

• Based on VIKING20X simulation
• Details on approach described in 

Shihora et al. (2025)

• Atlantic overturning variations have associated OBP anomalies at the 
western boundary

• According to Bingham & Hughes (2008):

D : AMOC-OBP

Earthquake Date Magnitude
Macquarie Island 2004 Mw 8.1
Sumatra-Andaman 2004 Mw 9.2
Nias-Simeulue 2005 Mw 8.6
Kuril Islands 2006/7 Mw 8.3
Bengkulu 2007 Mw 8.5
Samoa 2009 Mw 8.1
Maule 2010 Mw 8.8
Tohoku 2011 Mw 9.1
Indian Ocean 2012 Mw 8.6
Sea of Okhotsk 2013 Mw 8.3
Papua New Guinea 2016/17 Mw 8.1
Peru 2019 Mw 7.9
Ensemble of possible candidates for the inclusion 
in the ESA ESM 3.0 E-layer.
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Impact of non-linear rheology on postseismic gravity 
change for the Tohoku earthquake.

Nonlinear Rheology Linear Rheology

• Co- and postseismic signals from ensemble of ~12 earthquakes
• Ensemble provided by S.-C. Han and J. Sauber (Han et al. 2024)

• Additionally 
considering impact of:

• 3D heterogeneity
• Slab and non-linear 

rheology
  for selected events

E : Earthquakes

• Global mass conservation as separate 
layer

• Sea-level fingerprints as solution to 
elastic GRD

• Approach by Tamisiea et al. (2010)
• Based on mass variations in A, H & I 

layers

B : Sea-Level
New Layers


