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Atmospheric carbon dioxide concentration for the past 800 000 years

CO, during ice ages and warm periods for the past 800,000 years
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In 2020, atmospheric CO2 exceeded 410 ppm

Source: NOAA




Climate changes rely on

Earth’s Energy Imbalance

(wrt to past equilibirum)

Net positive
imbalance

Today 2 Energy imbalance

2 0.5 -1 Wm??
IPCC, 2013



Heat excess in the system:

The ocean stores 93% of the additional heat trapped in the climate
system by greenhouse gases emitted by human activities

Atmosphere (2.3%)

Land surfaces (2.1%)

Oceans (93.5%)

—— - IPCC AR5; Von Schuckmann et al., 2016
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*Paris Agreement Article 7 (7¢):

COP21- CMP11 Strengthening scientific knowledge on
climate, including research, systematic
PARI S 201 5 observation of the climate system and
UN CLIMATE CHANGE CONFERENCE early warning systems.

Systematic climate observations are fundamental to implementing
the Paris agreement and monitoring its progress




Systematic measurements : The key part played by the Satellites

Space-based observations provide a global perspective which

contributes to improved understanding of the Earth system

->Dynamical interactions between
atmosphere, ocean, land, ice and

solid-Earth

....... and human Society




Focus on two space techniques
(other than sat imagery)

4= Satellite Altimetry missions (1992-)

Space Gravimetry mission
(GRACE 2002-)
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MEAN SEA LEVEL IS RISING FASTER AND FASTER

Global Mean Sea Level (GMSL) (Jan1993-Jan2021)
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In terms of global mean—> B =
2 main causes of sea level rise...

(1) Thermal expansion of sea water due to ocean
warming (40% SLR)

(2) Fresh water input due to land ice melt and

terrestrial water storage changes M “And’ . Gr
=> ocean mass increases (60% SLR) ;- \WM 4 ‘
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Regional rates of sea level change (1993-2020) (mml/yr)
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—> Regional rates can be up to 2-3 times larger than the global mean sea level rise

Sea level trends from C3S | Jan 1993 - Jan 2020
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Regional Variability of the SLR in 2100 [difference to mean in %]
(same for all GIEC scénarios)
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Average water storage deficit over 2002-2015 from GRACE

Maximum average storage deficit

Humphrey et al., 2016




Temporal change in water storage in a few large aquifers from GRACE
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Rea GPM Constellation Status

Suomi NPFP GPM
INASA/N > Core Observatory
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IMERG VO6C Early - precipitationCal
2022 09 01 19 00: OO 19: 29 59 UTC
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SMAP (NASA)




Topex/Poseidon . .
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High Accuracy Altimetry
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SENTINEL 3A
of ?U’S COPERNICUS
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Date des images satellite : 14/12/2015  lat  4.094677° long -55.015156° élév. O m  altitude 749.




= Hydroweb x W

Hydroweb
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Limitations :

Not everywhere:

hence it can happen that it is not

Hauteur d'eau (m)
&

sampling the very place that you want

Not every day:

It may miss important rapid variations




SWOT (CNES/NASA) : global coverage of Earth waters




SMASH : a Constellation for daily hydrometry worldwide

= 10 p satellites in the same
orbit plane

= 40k pre-defined targets for
better efficiency

= worldwide

» NRT delivery of the water levels
» Free access

» Daily measurements

» c=10cm




Thanks for your attention

Special thanks to A. Cazenave,
French Academy of Sciences
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Un grand fleuve
transfrontalier de
Guyane : le Maroni
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Un petit fleuve cotier de Guyane :la Mana
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SENTINEL 3A
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SV S38 TAMPOK
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The Tampok tributary

Water elevation (m wrt geoid)

o]
=}
<]

8

95

REGLE TAMPOK

S3B volodia

k=3 q=0

L 3 q=1
q=2-4

A q=5-8

-—~- In Situ (tS3B)

v v - %
Time (Decimal year)

o”-°°o 0’19", 01"'0 o”"’c,




Rio Pardo (Amazon Basin)

SD(Avs?Y)=42cm
SD(Avs¥ )=17cm

1996 1998 2000 2002 2004 2006
year



















