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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 mto novel solutlons for society.
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ESA’s Earth Observation Missions
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[ Copernicus Space Component — Evolution
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First CPR results from JAXA
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Cloud particle velocity

T

Verticall lved Cloud particle velocities: on top, ice crystals and snowflakes with
erlically-resolve little vertical motion. Clear boundary at an altitude of around 5 km,

measqrgd ?S radar re which is where the ice and snow melt, forming water droplets
cloud is in its centre. falling as rain.
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5 its Doppler
lity, a unique
2nt from space, to
e vertical speed and
gtion of the ice, snow and
rain.

This detailed information
about the density, particle
distribution and velocity within
the cloud allows scientists to
distinguish the cloud
constituents and better
understand its physics.

Conventionally, these data
can only be obtained by cloud
radar on the ground or on
aircraft. These methods can
only measure limited areas,
but CPR in EarthCARE now
allows cloud structure to be
measured uniformly across of
the entire planet.
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EarthCARE’s broadband radiometer first results j%%q esa

Latitude (deg)

ALGERIA

/
The data was taken on 18 June, just a few hours after
the broadband radiometer started its measurements.

The image zooms into the Atlas Mountains where
thunder clouds tower 10 km into the atmosphere. The
broadband radiometer’s three different viewing angles
capture the clouds from slightly different positions.

This can be seen in the apparent positions of the
cloud’s shadows relative to the clouds. This
combination of viewing angles is the instrument’s
strength — one view only would not fully reveal the
sunlight or the thermal radiation being reflected or
emitted by cloud and other features. The view from
multiple angles gathers information about the
directional distribution of the energy that is seen at
the top of the atmosphere.
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Major events since EarthCARE Launch
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ESA Water Cycle and Hydrology Science Cluster
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Pushing the frontiers of science

. i
£ & \
Engaging the New methods & Advancing Earth Advanced simulations
community observation products System Science & predictability

Training ahd Open Science Scientific Transfer to future
Education Tools/Virtual Labs Campaigns missions
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Advancing EO for Hydrology T e eSd

Soil moisture anomalies in Italy - ASCAT Soil Water Index Copernicus . .,
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How much water

Irrigation is the major water
consumer (70%), but irrigation
data are absent. Through
Sentinel-1 first attempts to
obtain irrigation water use from
space have been carried out in

the ESA _ project.

Irrigation amount
Estimated against observed amount in Algerri-Balaguer, Catalonia
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Major community Paper: IRRIGATION IN THE EARTH SYSTEM @ @sa
(IRRIGATION+ project)

aturereviews earth & environment

hiips://doi.org/70.1038/543017—023'0043&

Irrigation in the Earth system, Nature Reviews Earth &
Environment volume 4, pages435-453 (2023

Irrigation inthe Earth s VS tem
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RN Irrigation accounts for ~70% of global freshwater
P withdrawals and ~90% of consumptive water use,
driving myriad Earth system impacts.

Ry CHINA

% " This Review summarize how irrigation impacts key
ety components of the Earth system: e.g., modified

B AR surface energy balance and biogeochemical cycling;
»_‘, C:’ \ 055 S %, -~ Irigated croplands
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i land—atmosphere feedbacks, reduce regional growing
e s ;«% ’ season surface temperatures by ~1-3 °C but

5% | 5 | conversely exacerbates moist heat stress; enhance
0 cropland carbon uptake; but contribute to elevated
methane fluxes in rice systems and mobilize nitrogen
loading to groundwater.
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https://www.nature.com/natrevearthenviron
https://www.nature.com/natrevearthenviron

Global Runoff and River Discharge
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STREAM-=NEXT will develop long-term

independent global-scale runoff and river
discharge to investigate the impact of climate
change on runoff and to reconstruct past
flood\drought events relevant for water
resources management
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New experiments run-off pan-European product Eesa

Annual runoff changes
(Ref. period 2002-2022)

@ - i Runoff occurs when there is precipitation, but the
= ‘- soil is saturated and has lost its capacity to soak up
, o L. 8 any more water. The water is then forced to flow
over land or through channels until it reaches a
stream or a river.

Run-off is typically obtained by using hydrological or
land-surface models. Hydrologists are always
looking for ways of reducing uncertainties so as to

improve runoff estimates.

ESA’s Stream, Ridesat address this issue by using
satellite data including soil moisture and
groundwater storage change from GRACE and
GRACE follow-on. The map shows annual runoff
trend over 20 years, between 2002 and 2022.

17

S = . 5 N g = + B E = » THE EUROPEAN SPACE AGENCY

—— i 4+ - Lo


https://eo4society.esa.int/projects/stream/
https://eo4society.esa.int/projects/ridesat/

HR soil moisture from InSAR

In the _ project we are developing high resolution soil
moisture products from interferometric SAR (InSAR) applied to Sentinel-1

observations. Validation results are highly promising.
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Advancing on physical snow parameters:
Snow area extent

Snow surface albedo & grain size SNOWG"RI-D—.-’ :
Snowmelt area extent & melt phase S::’W Water EquivalSis
Snow water equivalent & snow depth "'

Guslar S1AB - vv

k%_«‘ \l’ .,‘

&5 QueT - . S e
Priow GaaifiSiee -4 2 o -~ . o« o | Fractional Snow Cover

-

0.5-0.6

- 0.6-0.7

0.7-0.8

0.8-0.9
>0.90

Not reliable values

cloud

Snow free

% AL i, ) wa



Glaciers and the Water Towers of the World.....

From space we can map glacier extent and

From space we can map glacier extent and
how their thickness is changing
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Digital Twin Earth and 4DMED Hydrology @esa

ADMEDHYErSIoGY ocus on

the terrestrial water cycle
highlighting the huge potential of
high-resolution Earth Observation
products for predicting
hydrological extremes (flood,
landslide and drought) and water
resources management

& frontiers | Frontiers in Science

‘ https://doi.org/10.3389/fsci.2023.1190191

A Digital Twin of the terrestrial
water cycle: a glimpse into the
future through high-resolution
Earth observations

New satellite data and innovative techniques S Evaporation
are being .develloped that give critical |nf.0rmat|.on > o
at resolutions in space and time compatible with Precipitation

decision making at basin scale Ry o

fesearch meeo® @odc Aspire BRI esceiiug) HSM G

UNIVERSITY

Bl = o= = o = B0 SE = > THE EUROPEAN SPACE AGENCY




An Example: DTE-Hydrology

PAST, PRESENT AND FUTURE
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® je on the station of Cremona.
To switch between statior the markers on the map.
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Al for Water Cycle Estellus 3‘ esa
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Al4Science -Extreme events Eesa

Objectives:

1. Advance understanding of extreme hydro-meteorological extremes

2. Develop new explainable Al Methods suitable for extreme events 3 Activities KO in 2022

3. Produce outcomes transferrable

extrAIM DeepExtremes Al4Drought
Explainable earth surface forecasting Explainable Artificial

Al-enhanced uncertainty quantification of .
under Compound Climate Extremes Intelllgence for Droughts

satellite-derived hydroclimatic extremes
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\ N T e N | =
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Event-Cube
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10th/90th percentile of | e 3:: £ '_-. ' :_
5 2905 ; Z ;“‘“':-;--‘. g P
-8 S ey
merged precipitation products, developed by 2a0s L S R
implementing the three ML algorithms in two different Produced global data cube of labelled dry and hot Seasonal drought prediction in Europe combining
training strategies with uncertainties. extreme events (1950-2022) with ancillary data remote sensing and climate simulations with Al
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FIXED CALL FOR PROPOSALS FOR CLIMATE ADAPTATION,
EXTREMES, MULTI-HAZARDS AND GEO-HAZARDS SCIENCE

esa

Adaptation and Resilience to Climate Extremes and Multi-hazard
Events

Precipitation

Prelonged and
extreme dry
conditions

Extreme precipitation
followed by enhanced
growth of grasses and

other fuel vegetation

Hot, dry weather lowers
overall moisture levels and
dries vegetation, leading to
cutbreaks of extreme fires
(e.g., Thomas Fire in California,
December 2017)

Cascades,
compounding events
and interacting risks

Santa Ana or
Diablo winds

- — "
- Frecipatation

Extreme precipitation
over burned area causes
deadly debris flows

(e.g., Montecito, California,

January 9, 2018) l‘ f

UNIVERSITAT
LEIPZIG

MAX PLANCK INSTITUTE l CIOUdFerro

FOR BIOGEOCHEMISTRY

EVENT DETECTION
DATABASE

SENTINEL DATA

SYSTEMATIC DB ANALYSIS
AND CASE STUDIES FOR
ADAPTATION

develop an EO-based framework to assess the biophysical
and socio-economic impacts of cascading multi-hazard

extreme events from a variety of angles and scales
25
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Next Earth Explorer Mission Harmony involves two

satellites in formation
with Copernicus
Sentinel-1 quantify
the processes that
govern the exchange
of momentum, heat
and moisture between
the ocean surface and
the air above driving O EE12
weather patterns and

climate. Q EE11

—t) harmony
SURFACE DYNAMICS

forum
THERMAL RADIATION

flex
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MAGNETIC FIELD
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.

- = | 4w Rl E =} ] = =8 ™ }J < 4 '+ _ - ™ O » THE EUROPEAN SPACE AGENCY



Earth Explorer 9 FORUM’s observations of
the far-infrared will close the gap between
the microwave and mid-infrared spectral
range.

With this, for the first time the full spectral
range in the Earth system is accessible
through top-of-atmosphere observations.

0.32 pm truths 2.4 ym 6.25 pm forum 100 pm

earthcare 36 pym IASING 155 pm

Earth Surface
Therma | Emissions
(288K blackbody)

Spectral irradiance per logy(Mg) (W/m?joctave




Selection of Earth Explorer 11 Candidate Mission Eesa

- -

' ﬂ: S

o ) »
a !-

Calrt First limb-sounder with imaging Fourier-transform infrared

technology in space short for changing-atmosphere infrared tomography —
understanding the links between climate change, atmospheric chemistry and
dynamics in the altitude range of about 5 to 115 km.

It would focus on the processes that couple atmospheric circulation,
composition and regional climate change.

T - () harmony

Wivern is short for wind velocity radar nephoscope — would provide the

first measurements of wind within clouds and precipitation systems. It would
also deliver profiles of rain, snow and ice water. Carrying a dual-polarisation,
conically scanning, 94 GHz Doppler radar with an 800 km swath, the
mission would improve forecasts of hazardous weather and provide new
insights into severe storms.

" MAGNETIC FIELD | s Wb NEe
IoMmass
aeolus “ earthcare FOREST CARBON
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Selection of Earth Explorer 12 Mission Ideas to
enter Phase 0

ECO: Hydroterra+:
measuring the difference between geostationary Earth-science radar
incoming solar radiation and mission for water cycle and tectonic EE12 (@
outgoing earth’s radiation movement EE11 ()
CryoRad: Keystone: ) harmony
novel broadband radiometer for first direct observations of atomic T
cryosphere observations oxygen in the altitude range of 50—

150 km forum

2 e . 2 THERMAL RADIATION
% -
A . flex
swarm ‘ - PHOTOSYNTHESIS
MAGNETIC FIELD

biomass
aeolus earthcare FOREST CARBON
Wil CLOUD AND AEROSOL
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esa

The Mass-Change and Geosciences International Constellation (MAGIC) is a planned National
Aeronautics and Space Administration (NASA) and European Space Agency (ESA) joint venture. The
mission will consist of four satellites, operating in pairs, and will measure fluctuations in Earth’s
gravitational field, building upon the success of similar missions such as the Gravity field and steady-
state Ocean Circulation Explorer (GOCE) mission, the Gravity Recovery and Climate Experiment
(GRACE) and its follow-on mission, GRACE-FO.

Mass-Change and Geosciences International Constellation

Opportunities:

Aiming at improved spatial resolution ¢ Revealing finer scale aspects of the
natural and human-influenced water cycle e Better separation of comingled

signals (e.g., snowy mountain adjacent to dry plains) e Water budget closure
over smaller river basins

Improved temporal resolution ¢ More accurate water budget closure ¢ Data
more useful for operational applications...

Longer data record ¢ Distinguishing climate change impacts on TWS from
natural variations e Testing the theory that global warming increases the
intensity of droughts and rainfall...

30
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https://www.eoportal.org/satellite-missions/goce
https://www.eoportal.org/satellite-missions/grace
https://www.eoportal.org/satellite-missions/grace-fo

esa

, I A new science facility in ESRIN to boost the scientific
S output of ESA and its MSs through networking and
partnerships, offering ESA as a hub for scientific
cooperation, exchange of ideas and promoting a
community response to major science challenges

The new ESA Earth System Science Hub
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