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Purpose of ESA & Its Member States

“To provide for and promote, for exclusively peaceful
purposes, cooperation among European states

in space research and technology

and their space applications.”

Article 2 of ESA
Convention
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ESA’s locations

Salmijaervi (Kiruna)

Brussels

’ ESTEC (Noordwijk)

EAC (Cologne)

ECSAT (Harwell)

Washington

Maspalomas

Houston ESA HQ (Paris) ESOC (Darmstadt)

Santa Maria Oberpfaffenhofen

Kourou Toulouse

New Norcia

Malargiie ESAC (Madrid)

Cebreros ESRIN (Rome)
B ESA sites
M Offices B ESA Ground Station + Offices
B ESA Ground Station B ESA sites + ESA Ground Station
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Activities

space science human spaceflight exploration

ESAis one of the few space agencies

in the world to combine responsibility

O
O

in nearly all areas of sSpace aCt|V|ty earth observation space transportation navigation

* Space science is a Mandatory programme, all Member States
contribute to it according to GNP. All other programmes are
Optional, funded ‘a la carte’ by Participating States.

O
O

operations technology telecommunications
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Huygens

First landing on a world in the outer Solar System

On 14 January 2005, ESA’s Huygens
probe made the most distant landing ever,
on Titan, the largest moon of Saturn
(about 1427 million km from the Sun).
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Mars Express
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Mars Express



ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 13

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥




Plank

ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 14

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥




ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 15

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥




ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 16

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥




ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 17

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥




ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 18

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥




ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 19

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥




ra'

. ;o
—am LGS

Slide 20

R - e I == i vl



Earth Explorers

GOCE 2009 - 2013
SMOS 2009 - Present
Cryosat 2010 - Present
SWARM 2013 - Present
Aeolus 2018
EarthCARE 2020
Biomass 2021

FLEX 2022



GOCE: ESA’s Gravity Field and Steady-state Ocean

Circulation Explorer

«  First gradiometer in space launched 17 March 2009

« Best ever static geoid

« 5™ version of geoid released in July 2014, including all
GOCE measurements

 News on 6% release this week! (wed & thurs - geodesy)

« End of mission declared 21 October 2013 following
depletion of Xenon fuel

* Re-entry 11 November 2013
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GOCE & Altimetry: Global Mean Ocean Currents
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ESA/CNES/CLS

Altimetry derived mean
sea surface when
combined with GOCE
geoid gives the "mean
dynamic topography”
(MDT)

MDT is the relief or shape
of the ocean surface
corresponding to mean
ocean circulation

GOCE geoid contributing
to the fundamental
understanding of role of
global ocean circulation
in distributing heat and
freshwater/salt.
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GOCE Atmospheric Density and cross wind retrievel
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GOCE & Altimetry: Global Mean Ocean Currents

ESA/CNES/CLS



GOCE & Altimetry: Global Mean Ocean Currents

ESA/CNES/CLS



GOCE & Altimetry: Global Mean Ocean Currents



CryoSat: ESA’s Ice Mission

© Thinkstock by Getty Images

etry
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CryoSat: Sea Ice Thickness & Volume
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Autumn 2010 - 2013,
reduction in Arctic
sea ice volume
consistent with
change in extent

Replenishment in ice
volume from 2013 -
2014 indicating
resilience but large
multi-year oscillation

Recent decline from
2014 - 2016 with
anomalously low
cumulative growth in
autumn 2016
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CryoSat: MDT & Currents
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Cryosat Swath processing: High-res view on Greenland

STSE CryoTop:

First Greenland DEM at
500m pacing by exploiting
the SARIN swath
processing potential of
CryoSat;

SARIN Swath processing
technique:

Enhance the number of
elevation samples by
several orders of
magnitude;

Enhance DEM resolution
down to <500m;

Allows retrieval of
elevation on areas
uncovered by traditional
altimetry
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CryoSat Swath processing: Sub-glacial lakes

Peak discharge of 240 m3 per
second

Much of the drainage happened in
A less than 6 months, with an
apparent connection between

Formation of surface .
) three lakes spanning more than
depressions above 130 km

sub-glacial lakes: 4
surface depressions
forming during lake
drainage

Lakes cover an area of
700 km?

Total volume of surface
depressions: 5.6 km3

Drainage event in 2013
The centres of the features are

Thwaties glacier _ approximately 70, 124, 142, and 170 km
Amundsen Sea sector (Antarctica) upstream of the grounding line
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High-resolution surface elevation change (2010 to 2016) from
CryoSat shows channelized thinning (5 km-wide and 60 km-long) of
the ice shelve in Antarctica. Thinning is related to channelized basal
melting controlled by ocean circulation and cavity geometry.
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SMOS: Soil Moisture & Ocean Salinity Mission

« Launched 02 November 2009
« Data delivery since February 2010
« Complete Earth coverage within three days
 Radio Frequency Interference
(RFI) mitigation continues

« OQOutstanding international cooperation

ESA UNCLASSIFIED - For Official Use
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SMOS Measurements
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SMOS Sea Surface Salinity
SMOS provides SSS over

open oceans .

Rertrievals present several
challenges over close
seas.

New processing methods
improve coverage: All the
brightness temperatures

are processed separately,
empirically debiased with
the corresponding SMOS-

Comparison with Mean Std S based climatology
ARGO 2011:2012:2013 2011:2012:2013 2011:2012:2013

Global 0.01:0.01:0.00 0.31:0.31:0.31 0.31:0.31:0.31
Southern Ocean -0.13:-0.12:-0.18 0.22:0.22:0.22 0.26:0.26:0.26
Equatorial Oceans 0.13:0.12:0.11 0.27:0.27:0.28 0.31:0.30:0.31
Mediterranean Sea -0.16:-0.35:-0.27 0.25:0.37:0.32 0.32:0.52:0.44

Source: Antonio Turiel, SMOS BEC
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New L4 SSS approach:

New technqiues:

Combining SMOS L3 SS with
SST observations may
improve the spatial and
temporal resolution of the
SSS retrievals allowing the
detection of eddies in the
Algerian Basin.

E. Olmedo, et. al, RSE, 2016

J. Isern-Fontanet et al., GRL,
2016

Source: Antonio Turiel, SMOS BEC
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SMOS looking at ocean fresh water dynamics

ESA's SMOS satellite has found a rise in fresh water in
the tropical Pacific Ocean during last year's El Nifio
event.

In the equatorial Pacific Ocean, surface waters have low
salt concentration in the far east and far west
boundaries of the basin owing to heavy rain. These
areas are known as the Eastern and Western Pacific
Fresh Pools.

Both pools move from east to west on a seasonal basis
because of changes in the atmospheric forcing (such as
heat, freshwater fluxes and wind speed) that affect rain,
evaporation and currents.

The pools' position and extension are also subject to
change on a longer time scale. One reason is El Nifio, a
warm phase of the ocean-atmosphere coupled
phenomenon occurring every two to eight years.

Scientists have shown that low-salinity pools modify the
ocean's vertical structure and change the impact of the

Source: Sevastian , Ifremer, Living Planet Fellowship atmospheric forcing on it.
ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 41

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥



SMOS for strong ocean wind retrival

L-band is less sensitive to roughness and foam changes than at the higher C-band microwave frequencies. At
the same time wind induced excess TB increases quasi-linearly with surface wind speed at a rate of 0.3 K/m
s~ and 0.7 K/m s~1 below and above the hurricane-force wind speed threshold (~32 m s—1).

SMOS wind measurements do not saturate
over ~30 m/s complementing
scatterometer information that starts to
fail at that wind speeds.

Surface wind speed during Hurricane Sandy

taken from a NOAA aircraft and from SMOS Sea Surface Wind Speed fields in meter per second retrieved from SMOS data over

(Credits: IFREMER/NOAA/HRD) the Saffir—=Simpson category 5 hurricane 1GOR that developed in the North Atlantic
ocean from 11 to 19 September 2010. (N.Reul (Ifremer) and J. Tenerelli (CLS)).
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SMOS explaining hurricanes behaviour over Amazone plume

60 and 68%b6 of hurricanes passing through
the Amazon plume are category 4 and 5.

SMOS has shown how salinity in the surface
waters change in the wake of a hurricane.
This is the first time that such changes have
been detected from space.

Hurricane Igor caused the freshwater plume
from the Amazon to mix with deeper saltier
waters, increasing the salinity at the
surface;

Fresh water from the plume creates a
significant salinity-driven stratification that
inhibits the SST cooling effect; hence the
reduction of hurricane energy;

Salinity changes caused by Hurricane Igor. Approximately 1 GT of fresh water has
been removed from the surface and mixed with deeper salty waters (Credits:
IFREMER/CLS)
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SMOS ocean winds: New multi-satellite blended product

SMOS data has been
proved to be a valid imput
to provide strong ocen
wind speeds without
saturation even over 35
m/s.

A new approach for
combining non-synoptic
satellite wind speeds
(SMOS, SMAP and AMSR-
2) to create synoptic wind
maps is showed here that
use variational data
assimilation together with
an atmospheric model
(such as ECMWEF).

Source: IFREMER,
OceanDatalLab (FR)
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First satellite based ocean acidification observations

Total alkalinity from SMOS
(waters ability to resist a
change in pH). The pulses
of very low values are due
to the large river outflow
from the Amazon during
the wet season.

This is the first EO-based
synoptic view of Total
alkalinity anywhere on
Earth and it illustrates how
the Amazon impacts much
of the Central Atlantic.

This was only possible
through using satellite
Earth observation.

Total Alkalinity, umol/kg

< | . , ] Source: PML (UK)
1800.00 1975.00 2150.00 2325.00 2500.00 Pathfinder-OA
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A novel algorithm and processor to derive estimates of the thin sea ice thickness up to 0.5m from
SMOS Tbs has been developed and validated.

This is now transfered to operations: i.e., systematic generation of the product;

This new data complements
Cryosat measurements with
larger errors below 0.4m.

Relative error in sea ice
thickness for both SMOS and

Cryosat (Kaleschke et al., TCD, Thin sea ice thickness derived from SMOS (<0.5) from July 2010
2009) to January 2012. Credits: Lars Kaleschke, Xiangshan Tian-Kunze, .. space Agency
Nina Maalf3, KlimaCampus, University of Hamburg



SMOS and Cryosat joining forces

University of Hamburg and
the Alfred Wegener
Institute (AWI) in
Germany have developed a
“full-range” sea ice
product combining data for
SMOS and CryoSat
satellites;

While the accuracy of
measurements from
CryoSat increases with
increasing ice thickness,
SMOS data are more
accurate when the sea ice
is relatively thin, less than
half a metre.

CryoSat measurements yield high-spatial resolution information
and cover the Arctic every month. While SMOS offers daily
images, they are a much coarser resolution than CryoSat.

Products have been merged to generate information on thin sea-
ice going back to 2010.

— 01 b c= ™ W = "Il D 5w

SMOS provides daily maps of Arctic sea-ice thickness
during the winter. These maps are produced within
24 hours of the measurements being taken in space.

This is helping to improve the accuracy of sea-ice
forecasts, which may help marine traffic operators to
determine the safest and most economic routes
through waters such as the Northwest Passage and
the Northern Sea Route.
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SMOS monitoring major droughts in 2015

=
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
|
Root zone soil moisture Drought index
01 02 03 04 05 06 0.7 0.8 (rm/md ahmad.albitar@cesbio.cnrs.fr
ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 48

— 1l b c= = 4 W = " Il o ==01011 5 2 0 i ¥



SMOS Developments

Consistent SMOS and SMAP TBs, algorithm, and
SMOS and S1 HR Soil Moisture ancillary data lead to a new consistent SMOS/SMAP
500m. Source: CESBIO soil moisture product. Source: CESBIO/NASA;
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SMQOS derived rain rates over Land (Gascon et al., 2017)

Example of one of the results of LMAA (with SURFEX) applied to CMORPH
real-time product, shown with cumulative rainfall during year 2012 at USA
1 site.

CMORPH is shown in blue, in situ in black and the corrected amount

obtained after the application of LMAA is shown in green. a) 24h RMSE change (mm/day). b) 24h Pearson correlation change. c) Absolute
cumulative error change (mm/year). The results are shown for 10 sites (separated by

The differences between 24h-RMSE (mm/day), 24h-Pearson correlation and vertical dashed lines) and for years from 2010 to 2015 (except USA 4, which is only from

annual cumulative error (mm/year) are indicated with text. 2010 to 2013). Green colours indicate improvements and red ones worsening regarding

. the performance scores of the original products;
ESA UNCLASSIFIED - For Official Use
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Estimating Rainfall from Soil Moisture

New methods to derive and improve traditional satellite
rainfall products using soil moisture have been developed.

This allow the correction of rainfall estimates from

A bllites by exploiting the information provides by
sors such as SMOS, SMAP or ASCAT on the surface soil

moisture after a rainfall event.

Results obtained with three diferent methdologies
demonstrate the validity of the approaches and open the
door to new more acurate botton-up/top-down

5 roaches to estimate rainfall globally.

The animation shows a “soil-moisture only” derived
rainfall (using the SEN2RAIN method with ASCAT data)
compared with GPCC rainfall data.

Merging both enhance the final results from R=0.77 with
GPM (over Italy) to R=0.84 using a merged approach.

Median R=0.84

ESA UNCLASSIFIED - For Official Use
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Can EO estimate irrigation?

Real-world experiments: results in terms of irrigation quantification for few pilot sites. Each panel shows on the top the satellite
soil moisture time series (10-day smoothed) and observed normalized rainfall (weekly), the bottom panel shows the estimated
irrigation water(thick lines) from each satellite soil moisture product. Thin lines are estimated irrigation signals that are not
significant, i.e., lower than the error of the method. Yellow areas are the periods in which irrigation typically occur
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Can EO estimate irrigation?

Comparison of average annual irrigation
values obtained from statistical surveys
(Instituto Nacional de Estadistica) and
estimated in this study for the three pilot sites
in Spain.

comparison between monthly irrigation estimates for irrigated and non-
irrigated pixels for California Central Valley and Castilla'y Leon. The grey
area represents the average irrigation obtained with the different products
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SMOS-vegetation
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Swarm: ESA’s Magnetic Field Mission

- . o
/AA (;, S

Three-satellite-constellation,
launched 22 November 2013

Measures the geomagnetic field

4 yr nominal mission - until 2018
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Swarm: Earth’s Magnetic Field

© ESA/DTU

Main magnetic field at Earth’s surface as of June 2014
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Swarm, ocean currents and tides

e ocean current moving in Earth’s main
magnetic field induce secondary magnetic
fields: both poloidal and toroidal

e magnetic signatures are observable at
sea-bottom, ocean-island, and coastal
geomagnetic observatories, and newly
also by low-orbit satellites

e |s it possible with Swarm to quantify
the poloidal effects of the ocean using its
magnetic field observations?

e Unigue ocean observable related to

integrated ocean water flow
ESA UNCLASSIFIED - For Official Use
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Swarm, oceans and tides

Swarm geo-magnetic signal from M2 tide mode
This information has
been used to estimate
the conductivity in the
asthenosphere (galvanic
coupling)

- Next step:

How to estimate
parameters related to
ocean characteristics
from Swarm?

Credits: Gravyer et al. (2016)
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M Science Advances...

ESA UNCLASSIFIED - For Official Use
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se the Earth mantle

Using the geo-magnetic signals from ocean tides Swarm data
have been used to measure the electrical conductivity of the
lithosphere-asthenosphere boundary

The tidal flow of electrically conductive oceans through the
geomagnetic field results in the generation of secondary
magnetic signals, which provide information on the subsurface
structure.

The team - ETH (CH) and DTU (DK) used Swarm-basedtidal
magnetic fields to image the global electrical structure of the
oceanic lithosphere and upper mantle down to a depth of about
250 km.

The model derived from more than 12 years of satellite data
(Swarm and Champ) reveals a ®72-km-thick upper resistive
layer followed by a sharp increase in electrical conductivity
likely associated with the lithosphere-asthenosphere boundary,
which separates colder rigid oceanic plates from the ductile and
hotter asthenosphere.

Figure: Amplitudes of the radial magnetic field components
due to the M2 tide at an altitude of 430 km. (Top) Extracted
from satellite data. (Below) Calculated on the basis of the
recovered conductivity model.
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Swarm: revealing earthquakes geo-magnetic footprint

Top: Cumulative number of
M4+ earthquakes occurred
within Dobrovolsky area

An example of chosen track with versus time

an anomaly (top) and (bottom)

without significant anomalies. Bottom: Cumulative number
The start shows the epicenter of of magnetic anomalies

the earthquake. detected by Swarm satellite A
Source: INGV (IT) versus time.
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Improved weather f sts and climate models




ESA UNCLASSIFIED - For Official Use 08/03/2017 | Slide 64

—_— am BN - —_— = == BN [ + | i ¥



EarthCARE: Clouds & Aerosols
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Further Earth Explorer Missions

e 7% Earth Explorer: Biomass

« Biomass estimates based on global
interferometric and polarimetric
P-Band Radar observations

« Launch: 2021 (Vega)

e 8t Earth Explorer: FLEX

« global maps of vegetation fluorescence,
which can be converted into an indicator of
photosynthetic activity

« Launch: 2022 (Vega)
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Candidate Earth Explorer - 9

FORUM: Far-infrared-Outgoing-Radiation
Understanding and Monitoring will provide the first
global, spectrally resolved observations of the outgoing
longwave radiation from 100 to 1600 cm (100 — 6.25 um)
with a resolution of 0.3 cm™" and 0.1 K accuracy to improve
climate models.

SKIM: Sea surface KInematics Multiscale monitoring
will measure total ocean surface velocity vector using a
high-resolution Ka-band Doppler altimeter, measuring
at nadir and rotating off-nadir beams (0, 6 and 12°
incidence angles) providing accuracy on horizontal
current velocity is 0.1 m/s, at a resolution of about 40
km with swath of 270Km and coverage up to 82° N.
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