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‘ => Use satellite gravimetry to evaluate climate models* |

* regarding land water-storage related variables
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Assessment of trends NCU G

CMIP6 (17 models)

Challenges:
— * Large uncertainty among models
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Assessment of trends NCU G

mTWS trend (CMIP6, model median)

Challenges:
« Large uncertainty among models

* Inter-annual variations are stochastic

Initialization
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Long model time series needed to get a reliable trend estimate!




Assessment of trends
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Challenges:

Initialization

« Large uncertainty among models

* Inter-annual variations are stochastic

mTWS trend (CMIP6, model median)

W M haohll, .Nnﬂ

: ;"N '\wv LA " 'l WY "\

Annette Eicker

AT AMM .M'L

JH"AM Y \lulg\“'i;“"\‘ — '!’Wv" e 'w‘” W wJ

ln ‘ ‘l l\nﬁ l “Ml. A

N

"”"J'”' '!Y/v,' TR g' '!“'H

GRACE/-FO period

EGU 2023




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

Can long-term trends already be
confirmed by 20 years of GRACE/-FO?
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Assessment of trends: CMIP vs. GRACE
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Assessment of trends: CMIP vs. GRACE

mTWS trend (CMIP6, model median)
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TWS trend (GraV|s)

2002-2021

|
-20 -15 -10

agreement:
[l same direction, drying
. same direction, wetting

disagreement:
opposite direction, models drying

opposite direction, models wetting

L (grey: low model consensus)
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(Only regions of
high model
consensus!)

' (Dis-)Agreement

CMIP6/Gravis
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MIPvs GRACE

GlA-affected regions
classified as “uncertain”

Assessment of trends:

uncertain

regions*
(Jensen et al. 2019)

Mismatch in observed and
modelled sign of trend

agreement:
[l same direction, drying
. same direction, wetting

disagreement:
opposite direction, models drying

Goal: Use ensemble of GIA models to asses GIA
influence on evaluation of climate model trends

*human activity, known inter-annual
variations,... (based on Rodell et al. 2018)
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opposite direction, models wetting
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GIA ensemble NCU b

above 200 km: below 200 km:
Schaeffer & Lebedev (2013) Grand (2002)
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activation enthalpy factor l viscosity profiles
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Ensembl_e of 3D \f’trucwre /
models via VILMA* oo
*Viscoelastic Lithosphere iﬁ

and Mantle model

Goal: Use ensemble of GIA models to asses GIA

(Bagge et al 2021) influence on evaluation of climate model trends
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Investigation of GIA ensemble in terms of water storage trends
(a) Ensemble mean (b) Mean differences to Peltier et al. (2018)
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Influence of GIA ensemble on TWS trend NCU i
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'- Small GIA model spread (and
influence), but also small
trends in GRACE

Almost all GIA models reverse the
sign of the TWS trend compared to
subtracting Peltier et al. (2018)

2180°-150°-120° -90° —60° —-30° 0° 30° 60° 90° 120° 150° 180°

o 10 20 30 40 50
Number of models in the ensemble Ny Ty e y—
that change the sign of the TWS trend influence the comparison

GRACE/CMIP67?
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Assessment of trends

agreement:
[l same direction, drying
. same direction, wetting

disagreement:
opposite direction, models drying

opposite direction, models wetting (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:
[l same direction, drying
. same direction, wetting

disagreement:
opposite direction, models drying

opposite direction, models wetting (colored cells: high model consensus)

* GIAmodel m_1.0_s16_3d_ice6g showed very good agreement with observed uplift rates
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Change in agreement GRACE and CMIP6: ensemble

Agreement between GRACE/-FO and
CMIP trend direction strongly depends
on the choice of the GIA model

. agreement for all
GIA models

D disagreement for
all GIA models
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Conclusions NCU b

Hamburg

Long-term wetting and drying conditions
predicted by global climate models are (often)
confirmed by satellite gravimetry

Interannual variations are still masking long- ' A mmr q,m
term trends in 20-years time series |, ji.u ,?',/,4} .,?M'.;l..m.%x m""ﬂ"”"‘ \\\'A'l"n’l‘lu'a" ’J T”"""' "i \;fmf'~'”'l\"”""h"" Vi
hr 'I""' "

=> We need GRACE-I / MAGIC!! W

GIA uncertainty (and choice of model) needs to
be carefully considered when interpreting
climate trends
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