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Earth Observation from Space

A tool to combat climate change
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The unique set of grand challenges that humankind is facing 

require more than ever that scientists advance their understanding of 

the planet, its processes and its interactions with human activities 

and translate that knowledge into novel solutions for society.

Need for an urgent and collective response…

Science is the  bedrock for building sustainable solutions…
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ESA’s Earth Observation Missions

Satellites: Heritage 08 / Operational 16 / Developing 40 / Preparing 22 / Total 86

Tango

NanoMagSat

World-class Earth 

Observation systems 

developed with 

European and global 

partners to address 

scientific & societal 

challenges
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Next Earth Explorer Mission

EE11

EE12
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First summer Arctic sea-ice thickness from Cryosat

Landy, J.C., Dawson, G.J., Tsamados, M. et al. 

A year-round satellite sea-ice thickness record from 

CryoSat-2. Nature (2022).
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CRYOSAT OPEN NEW OPPORTUNITIES
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ESA-NASA IMBIE 3, New Community Assessment 

of Ice Sheets Mass Balance 1992-2020

IMBIE Team involved 68 polar scientists have 

combined 50 satellite surveys of Antarctica and 

Greenland. 

The seven highest melting years in the satellite 

records have occurred in the last decade. 

Melting of the polar ice sheets has caused a 21 

mm global sea level rise since 1992, almost two 

thirds (13.5 mm) of which is due to Greenland. 

In the early 1990s, ice sheet melting accounted 

for only a small fraction (5.6 %) of sea level rise. 

However, there has been a fivefold increase in 

melting since then, and they are now 

responsible for more than a quarter (25.6 %) of 

all sea level rise. 



Slide  9

European Space Agency

Subglacial lakes (4DAntarctica team)



Slide  10



11

Advances in Ice Shelves Pan-Antarctic Assessment 

Polar+ IceShelves team

Davison et al. Annual mass budget of Antarctic ice shelves from 

1997 to 2021. Science Advances (2023)

Davison et al., (2023)

Out of 162 ice shelves, 71 lost mass, 29 gained mass, 

and 62 did not change mass significantly. 
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First global assessment of glaciers mass balance and its 

drivers from Cryosat

ESA EXPRO+ AlpSnow

Jakob, L., & Gourmelen, N. (2023).Glacier mass loss between 2010 
and2020 dominated by atmospheric forcing. Geophysical Research 
Letters,50, e2023GL102954. 

This study provides the first ever assessment of glacier mass loss globally 
from satellite radar altimetry, showing that glaciers have lost 2% of their 
volume between 2010 and2020. In addition, for the first time, the study 
gives a global picture of the drivers of this glacier ice loss. The findings 
indicate that globally nearly 90% of all the loss in ice is due to interaction 
with the atmosphere, and that the ocean drives 10% of the loss. 
However, in regions where the ocean is changing rapidly, such as the 
Barents and Kara Seas or around Antarctica, ocean interaction is 
responsible for the majority of the ice loss.
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In overall…. Around 1 trillion tons per year… 
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GOCE and SWARM sensing the Earth interior…
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An example: An integrated approach in Polar sciences
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Towards a Digital Twin of Antarctica
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Polar synergistic potential
Preparing for next Sentinel 

Expansion missions: Unique 

opportunity for Polar science
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The Mediterranean: A Hot-Spot for Climate Change

• The water cycle in the 

Mediterranean is experience 

changes due to human intervention 

and climate change

• In the next years more frequent and 

intense extremes are expected to 

occur: e.g., draughts, floods, 

heatwaves, storms…

• It is critical we develop the capacity 

to better understand and assess 

the risk and impacts of such events
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• Today, satellite technology offers an unique tool to observe the water 

cycle at regional and continental scales.

• However at “actionable spatial and temporal scales” at basin level 

needed to inform and guide most human interventions, EO 

technology is so far of limited use. 

• The target of DTE-Hydrology is to capitalise on latest satellites 

technology, ground data and modelling capabilities to provide a 

dynamic high resolution reconstruction of the Po river basin at 

unprecedented scales in space an time. 

Advancing EO for Hydrology



2020
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An Example: Digital Twin  Hydrology

PAST, PRESENT AND FUTURE

What-if scenario based on an historical 
reconstruction of the hydrological cycle at 
1Km resolution Hourly for the last 7 years.

4D Data 
Reconstruction

Models

AI

HPC



Support climate and environmental policies 

from local to international level

Build strategic partnerships for space 

applications

Enable understanding of impacts 

of policy actions using digital twin 

models of Earth’s systems

ESA delivers actionable climate and environmental 

information, as well as green solutions for society, 

while fostering disruptive innovations and business 

ideas.

ESA’s Digital Twins 
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