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Introduction

Coupled Model Intercomparison Project

GRACE

GRACE-FO 

…

=> Use satellite gravimetry to evaluate climate models*

Global couple climate models Satellite gravimetry

* regarding land water-storage related variables
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Assessment of trends
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Challenges:

• Large uncertainty among models

Climate variables (e.g. soil moisture) for ~250 yrs

Where do models agree on 

the (sign of) the trend?

=> „model consensus“

fraction of models agreeing on sign of trend

CMIP6 (17 models)

Focus on high consensus regions 

when comparing to GRACE

(44% of land area)

Focus on trends!
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Assessment of trends

Challenges:

• Large uncertainty among models

• Inter-annual variations are stochastic
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Long model time series needed to get a reliable trend estimate!

mTWS trend (CMIP6, model median)

1850-2100
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Assessment of trends

Challenges:

• Large uncertainty among models

• Inter-annual variations are stochastic

1850-2100

GRACE/-FO period

mTWS trend (CMIP6, model median)
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Can long-term trends already be

confirmed by 20 years of GRACE/-FO?

Assessment of trends: CMIP vs. GRACE

GRACE/-FO period

1850-2100

mTWS trend (CMIP6, model median)



Annette Eicker EGU 20237

Can long-term trends already be

confirmed by 20 years of GRACE/-FO?

Assessment of trends: CMIP vs. GRACE

GRACE/-FO period

Sign of trend?

TWS trend (Gravis)

1850-21002002-2021

mTWS trend (CMIP6, model median)
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Assessment of trends: CMIP vs. GRACE

Sign of trend?

TWS trend (Gravis)

1850-21002002-2021

agreement:

disagreement:
(Dis-)Agreement 

CMIP6/Gravis

(Only regions of

high model

consensus!)

(grey: low model consensus)

mTWS trend (CMIP6, model median)
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Assessment of trends: CMIP vs. GRACE

(colored cells: high model consensus)

uncertain 

regions*

Mismatch in observed and 

modelled sign of trend

GIA-affected regions 

classified as “uncertain”

(Jensen et al. 2019)

Goal: Use ensemble of GIA models to asses GIA 

influence on evaluation of climate model trends

agreement:

disagreement:

*human activity, known inter-annual
variations,... (based on Rodell et al. 2018)
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GIA ensemble

Goal: Use ensemble of GIA models to asses GIA 

influence on evaluation of climate model trends(Bagge et al 2021)

Ensemble of 3D 

models via VILMA*

ice histories

viscosity profilesactivation enthalpy factor

3D Earth 

structure

52 GIA models

*Viscoelastic Lithosphere 

and Mantle model
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GIA ensemble

GIA models of ensemble have 

on average a larger trend

ensemble span similar 

magnitude as signal Next: How do different GIA models 

influence the (sign of the) TWS trend?
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Influence of GIA ensemble on TWS trend

that change the sign of the TWS trend

Almost all GIA models reverse the 

sign of the TWS trend compared to 

subtracting Peltier et al. (2018)

Small GIA model spread (and 

influence), but also small 

trends in GRACE

Next: How does the GIA model 

influence the comparison 

GRACE/CMIP6?
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Assessment of trends

agreement:

disagreement:

(colored cells: high model consensus)
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Assessment of trends
With the alternative GIA 

model the sign in GRACE 

and CMIP6 agree!

agreement:

disagreement:

* GIA model m_1.0_s16_3d_ice6g showed very good agreement with observed uplift rates

(colored cells: high model consensus)
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Change in agreement GRACE and CMIP6: ensemble

agreement for all 

GIA models

disagreement for 

all GIA models

Agreement between GRACE/-FO and 

CMIP trend direction strongly depends 

on the choice of the GIA model

that lead to an agreement between GRACE and CMIP6

(including regions of low model consensus)
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Conclusions

Long-term wetting and drying conditions 

predicted by global climate models are (often) 

confirmed by satellite gravimetry

Interannual variations are still masking long-

term trends in 20-years time series

=> We need GRACE-I / MAGIC!!

GIA uncertainty (and choice of model) needs to 

be carefully considered when interpreting 

climate trends


