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QUIl SUIS-JE?

Formation

®
2005;  Ingénieur aéronautique (ETSIAE, Madrid) %e

2hilae_QswAxes

2020  Docteur en géodésie spatiale (Université de Toulouse)

Université
de Toulouse
Expérience ‘
GROUPE »_,,
2005 Stage Fin d’études au SUPAERO 1sae
2006-2007  Ingénieur de développement COFRAMI

2007-2014  Ingénieur au CNES:
- Rentrée atmosphérique et études interplanétaires
- Participation a la mission Rosetta /Philae

2015- Scientifigue au LEGOS

- Géodésie spatiale, cycle de I'eau :
- Niveau de la mer, climat
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SONDAGE:

Surface air temperature anomaly (K)

SSP1-2.6 5%-95%
SSP1-2.6 17%-83%
—— SSP1-2.6 median
SSP5-8.5 5%-95%
SSP5-8.5 17%-83%
— SSP5-8.5 median
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LECYCLEDEL'EAUET L'ENERGIE

Earth Energy Imbeilance (EEl) =0.54 £ 0.3
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LECYCLEDEL'EAUET L'ENERGIE

Earth Energy Imbeilance (EEl) =0.54 £ 0.3

ncoming Solar Reflected Solar Outgoing LW
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E-P extreme events 1

Atmospheric moisture 1 land ice |

Total temestna . .
CVAPOLraNSpIr atx Fores : or Pomalioss

drought 1 o ' lv

Ecaiice | oldniuse - Tl Wottand tac
ropland (15.( / 1 Subsurfaco

runoff

ﬂOOding 1 ' - 30 2

Precipitation
788 x6.1 o

sea level 1
surface temperature ¢

ocean mass?t - rface: emiSSion
4007 % '

ocean Heat Content 1

8.1b Stephens etal. 2023 BAMS

EX é
REPUBLIQUE é ( ;

ARG Figure




HOW TO OBSERVE LOCAL AND QUICK
CHANGES IN A GLOBAL AND PERIODIC
WAY?

Gravimetry

Imagerie Altimétrie
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ALTIMETRIE SPATIALE

Time (t)i the onboard altimeter measures the round-trip time between the
satellite and the surface

Range (R): the distance between the altimeter and the surface
R=t/2c where c is speed of light

Altitude (hg,,): the position and height of the satellite is computed (GPS &

DORIS system) relative to an arbitrary reference surface, an
ellipsoid

Sea surface height (SSH): height above a reference ellipsoid
SSH = hyy, — R
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ALTIMETRIE SPATIALE

01 - January - 2017
A Delepoulle. .

. Sea Level Anomaly
(Reference mission)

REPUBLIQUE
FRANCAISE
Liberté




global mean sea-leve

— satellite alimetry

average trend: 3.33 +/
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ALTIMIETRIE SPATIALE
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INMAGERIE SPATIALE

Pléaides, résolution 70 cm

2011
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INMAGERIE SPATIALE
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Mer de Glace
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INMAGERIE SPATIALE

Elevation changes of glaciers in Mont-Blanc area

between 2003 and 2012
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Berthier et al., TC, 2014

Glacier mass changes over the whole Earth from 2000 to 2020
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GRAVIMETRIE SPATIALE

GRACE A

GRACEB ‘o * R)
K-band ranging (KB

‘Exc X ‘*—,
ess dc(ulurarion

peak excess range between the two Spacecrafts

Excess water mass
(compared to average)
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GRAVIMETRIE SPATIALE

Level 1B data Precise orbit Level 2 data Level 2b data
: determination Gravity field Gravity field

Dealiasing éeometrica[ Dynamical L2 corrections

models models models

Solid-Earth Spatial
corrections limitations

GIA Leakage and
Gibbs effects

Geocenter motion

Atmospheric  SLR stations  Gravity BT e

Oceanic Ocean Tide
Other bodies

Solid Earth
and pole

GNSS: i . ; tides

Filtering

Earthquakes

Level 3 data

water mass anomalies for
hydrology, cryosphere,
oceanic studies

Position ~ 2-3 cm

Distance ~ 50 nm

h~485 km
i=89°

Vitesse ~ 100 nm/s
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GRAVIMETRIE SPATIALE

Gravity Field Anomaly - GRACE/-FO M-SSA (Gauer et al., 2023)
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GRAVIMETRIE SPATIALE

GRACE AND GRACE-FO Observations of Polar Land Ice Mass Changes, 2002-04

Average Mass Loss:

Average Mass Loss: 142 Gigatons/year

269 Gigatons/year
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Dry Wet
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GRAVIMETRIE SPATIALE

Bilan Global d’eau

Global Water Budget Water mass trends Apr 2002-Aug 2022

Trends 2002/04-2023/09
Antarctica -0.43 £ 0.07
Artic Islands -0.33 + 0.01
Greenland -0.73 + 0.03
Ocean 1.84 + 0.28
TWS & glaciers (Endo) -0.20 + 0.07
TWS & glaciers (Exo) -0.25 + 0.24
Water vapor in atmosphere 0.10 + 0.00
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Gravimetry based on V2.0_matlab
[Time series are shifted for clarity reasons
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LECYCLEDEL'EAUET L'ENERGIE

Earth Energy Imbeilance (EEl) =0.54 £ 0.3

ncoming Solar Reflected Solar Outgoing LW
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BILAN NIVEAU DE LA MER

Satellite gravimetry

2/[ass contribution

—— - e =Total variation
Heat contribution

Total Sea Level
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Thermosteric sea level Satellite altimetry
= Altimetry - gravimetry
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BILAN NIVEAU DE LA MER

Contributors to sea level (1993-2018)
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Measuring the Ocean heat uptake

Earth Energy Imbalance
Mean: 0.94 [0.75; 1.30] W.m~?

—— Space geodetic trend: 0.37 [0.02; 0.61] W. m~2. decade™? ETth ERGIgy Storant

—— CERES trend: 0.46 [0.35; 0.58] W.m™2.decade™!

Absorbed = EEI = 0,54 +-0,3 W/m?
90% goes into the ocean

EEl (W.m™2)

Ocean heat uptake :
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Surface air temperature anomaly (K)

MEASURING EEI VS )

AIR TEMPERATURE [N
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Earth Energy lmbiilance (EEl) = 0.54 = 0.3
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