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e Net absorption of 0.6-0.8 W/m?

— 90% of excess heat at top of
atmosphere (TOA) is stored in the
WOF|C|S oceans (v. Schuckmann et al., 2020)

— Volumetric (steric) expansion
of the water column

— Increasing Ocean Heat Uptake
(OHU)

Net absorbed:
0.6-0.8 W/m?
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Ocean mass
change

— « Combination of complementary
8 Geometric b B ¢ 1 to build
sea level observation types allows to build a
sea level budget
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A — (Thermo-)Steric sea level change
ol is directly related to variations in
ocean heat content (OHC)

— Satellite derived SST is not
representative even for top 30m

'/
' level
Total = Mass + Steric
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Based on PhD work by Rietbroek (2014) and Uebbing (2022)

Input Inversion framework

Sea level budget

—p consistent spatial sea level patterns '
— fingerprints

”@ﬂﬁl ; Gravitationally elastic, rotationally

From
Uebbing (2022)
]

Auxiliary data 0 0 1' ; : 4
RSL Trend [mm/yr]

Esti m ate . Global Sea Level Budget (2005-01 till 2015-12)
_> ‘ = Antarctica =Greenland =Claciers
mHydrology =MV mGIA
month Iy Scale =Mass Sum = Steric upper 700m mDeep Steric
= Steric S =Miscl mTotal S
fa Cto rs Mv 2zlster:$ Mass Variation, (;Iic=o(83::§al Isostatic Adjus:)maent o
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« Compute a global mean conversion factor € to directly scale
steric sea level (m) to ocean heat content (J)

Expansion efficiency Derivative of specific volume
of heat (m/J) VT, w.r.t. temperature ( m*/kg K )

= —

| Specific heat capacity ( J/kg K) I—»CpAOCt‘: \| Ocean area (m?) I

Based on Russel et al. (2000)

Expansion Efficiency of Heat

€ =0.52 W/m?2/ mm/yr

(e.g. Trenberth & Fasullo (2016))

Multiply with 10*
—> transformation to units (m /YJ)
(e.g. Meyssignac et al., 2019; Hakuba et al., 2021)

P!
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Spatial variability = global factor insufficient for regional studies
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Can be derived from
- Argo data (e.g., Marti et al., 2022)

- Model data
—> ECCO model (Marti et al., 2024)
—> ORASS5 reanalysis (this study)

/
. level
Total = Mass + Steric

This study: Use a different scaling per steric ocean mode for improved
OHC estimate

—> GRACE, Argo and Altimetry based Mode Rescaling (GAAMR) method

Combine with satellite geodetic data
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Estimating global and regional (thermo-)steric sea level from fingerprint inversion
D[ster—mod)

£ ﬁ Time-variable
g ; scaling factors D (ster-inv)

Fixed spatial  |[J
patterns ster

Principal component analysis of ORAS5
reanalysis steric sea level

ISTER-PC1 Expl. Var: 26.96%'
T

90 1995 2000 2005 2010 2015 2020

il

| sTER-PC2
1990 1995 2000 2005 2010 2015 2020

Expl. Var: 15.85%'

WCRP EEIA 2026 Uebbing et al - Assessing regional OHC based satellite geodetic observations



patterns

Fixed spatial Uq ter
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Estimating global and regional (thermo-)steric sea level from fingerprint inversion
D[ster—mod)
Time-variable
scaling factors D (ster-inv)

D (th mﬂd} (thgrUS[-El‘) ! U"HEI‘

Projecting reanalysis OHC on the same steric spatial patterns used in the inversion

WCRP EEIA 2026
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Estimating global and regional (thermo-)steric sea level from fingerprint inversion
D[ster—mod)
_E’I ,;\N\@ Time-variable
] R scaling factors D(gter_im:}

Fixed spatial  |[J
patterns ster ' _

Projecting reanalysis OHC on the same steric spatial patterns used in the inversion

(UT USIET)_lUg;er (mod)

ster

D (ohc-mod) __

Rescaled OHC based on the observed steric sea level changes
d(tohc—mad)
J (ster-inv) _y(ster-mod)
(d (sterinn) () _ g (t])

{ohc-resc) __ (ohc-mod)
dj (t) o dj (t) T d(‘ster—mod}
)
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Estimating global and regional (thermo-)steric sea level from fingerprint inversion

D[ster—mod)
Fixed spatial  |[J ‘ . A Time-variable _
patterns SIEr o scaling factors D(gter_mv}

Projecting reanalysis OHC on the same steric spatial patterns used in the inversion

D (ohc-mod) __ (Uc,terUster) 1 ther (mod)

Rescaled OHC based on the observed steric sea level changes

d(tohc—mad)
{ohc-resc) __ (ohc-mod) ' (ster-inv) _4(ster-mod)
dj (t) B dj (t) + d(‘ster—mod} (dJ (t) dj (t))
)

Reconstruction of monthly maps of OHC

Q (resc) __ Usterﬁ (ohc-resc)

WCRP EEIA 2026 Uebbing et al - Assessing regional OHC based satellite geodetic observations 11



od -
8- 12
Relative Sea Level Budget
m Antarctica =Greenland =Glaciers mHydrology
=MV =Mass Sum
mSteric upper 700m =Deep Steric mSteric Sum
mTotal Sum =Residual

! i Globally, steric

o e e

dominated by

i

Inversion

_ thermosteric
o, [contribution

Inversion

2005-01 till 2024-12 _ SLB closure within

<0.1 mm/yr

005-01 till 2015-12

Lots of datasets
for comparison

-15 -1.0 -05 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
RSL Trend [mm/yr]
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Comparing GAAMR results
with OHC from various

published Argo, model and
space geodetic datasets

Residuals after removing,
mean, trend, acceleration
and seasonal signals
derived from 2005-01 till
2015-12
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| Space geodetic estimates show significantly lower noise level I

Artifacts outside of
computation period
2005-01 till 2015-12
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GAAMR based results significantly modify
the underling ORAS5 model modes

Changes from rescaling ORAS5 modes
(GAAMR) in some regions larger than 100%

Space-geodetic approaches are able to
deliver reliable observation-based
OHC/OHU on global and regional scales

GAAMR combines high spatial resolution
from ORASS5 with satellite-geodetic
observational quality

WCRP EEIA 2026
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Global fingerprint inversion allows to close the sea level budget within less than 0.1 mm/yr I
Ocean Heat Uptake (OHU) from space geodetic methods, including our GAAMR approach (0.58
W/m?) agree well compared to independently derived values from CERES (0.57 W/m?)

Argo- and model-based ensembles show significant spread compared to space-geodetic

methods and CERES results.

We find a shift in OHU from the Indian Ocean towards the Pacific Ocean when comparing
periods 2005-01 till 2015-12 and 2005-01 till 2024-12.

Work has been recently submitted to ESSD

Uebbing, B., Vielberg, K., Rietbroek, R., Aschenneller, B., K6hl, A. and Kusche, J. (submitted): Improving global and
regional ocean heat content by consistently combining GRACE gravity, satellite altimetry and Argo profile
observations in a joint inversion framework

WCRP EEIA 2026 Uebbing et al - Assessing regional OHC based satellite geodetic observations 18



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18

