living planet|sonn

~ symposium | 2022

. TAKING THE PULSE
OF OUR PLANET FROM SPACE

@ eumersat Secvwr  ((zUseal

The Earth Explorers —
World-class science missions
Christine Gommenginger, National Oceanography Centre, UK
With thanks to Vanessa Keuck and Michel Verbauwhede (ESA) for access to slide material
24 May 2022

ESA UNCLASSIFIED — For ESA Official Use Only

= = P EE _ IEDEEEBEEESENREEME D = E N EE > THE EUROPEAN SPACE AGENCY



ESA Earth Explorer programme

The vision
circa 2014
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ESA Earth Explorer programme: today

Past & Current Missions
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SMOS - ‘a true Explorer’

First global measurements of the Earth’s surface emission in L-Band from space

Why L-Band?
Sensitive to changes of moisture in the soil and
salinity in the ocean

All-weather tool, negligible attenuation by atmosphere

Greater penetration into soil than shorter wavelengths.
Novel technology flown in space for the first time

Derived from radio-astronomy and interferometry

Synthetic aperture and interferometry enable
E ,\ spaceborne implementation for the first time

-

SMOS Payload Microwave Imaging Radiometer For the first time, delivering the necessary spatial

using Aperture Synthesis (MIRAS), the first resolution and global coverage.
passive microwave 2-D interferometric radiometer
measuring in L-Band (1.4GHz, 21cm)
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SMOS - Discovering sea surface salinity

a) October 2010 b) October 2014 ¢) October 2019

El Nino/
La Nina

o L —
Sea Surface salinity (pSs) 35 33 34 35 36 37 38

Global and regional variability on
daily to decadal scales

Insights into
ocean
acidification
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Article | Ope | Pub Lux (' communications earth & environment
1 ) i ifi i i Accelerated sea ice loss in the Wandel Sea points to a
SMOS — a true Explorer SCIentIfIC d|Scover|eS change in the Arctic’s Last Ice Area

. nlun Zhang,
- - . B .
gﬂ Direct and seasonal legacy effects of the 2018 hea.t _ |e-based soil moisture provides missing link
wave and drought on European ecosystem productivity | in summertime precipitation and surface
e 0 s & Lesene | @TUre biases in CMIP5 simulations over
Ininous United States

Improving forecasting

Rt e T A 3 . Nes - el - N E uro p e & beyo N d Satellite Sea Surface Salinity Observations Impact on El
ﬁ' i- S e s N . e & ; o % : Nifo/Southern Oscillation Predictions: Case Studies
‘Sno e : 5 : ' : ' From the NASA GEOS Seasonal Forecast System

v Melt
— - , Robin M. Kovach'* (), A. Molod' (), G. Vernieres**, A. Borovikov'? (),

Quarterly Journal of the = nd Y. Chang"*
Royal Meteorological Society EIRMets 1 Assimilation (

RESEARCH ARTICLE = @ Full Access
Assimilation of SMOS brightness temperatures in the ECMWF
Integrated Forecasting System

g Y. Kerr, M. Drusch

; g-j‘ £ { ...M........,....,.nmi.HE.E
: gg | ?::n:;:c::‘ sa:e?:eza(::: S ()I;?;goCLIMATE
Essential gt\gﬁ?{‘i‘“ | = s,
input for OF THE '
ki A CLIMATE &

climate _ A S e
SUMMARY 2020 o S Nk - —
[ Jmbnote Bulletin o su
ASSESSMENTS | ... s o 5 SONNESSNEEN s

aE-EEEEEE + B B » THE EUROPEAN SPACE AGENCY

= = § 5= = .. L=



Why an ice mission ?
Need for better measurements of polar sea ice thickness

Need to monitor changes in Greenland and Antarctic ice

sheets

Revolutionary technology
The first spaceborne synthetic aperture interferometric
radar altimeter (SIRAL)

Finer spatial resolution, greater accuracy

Closing the hole at the poles

Cryosat Payload Synthetic aperture
Interferometric Radar ALtimeter (SIRAL)), the =~ CryoSat-2 launched successfully in April 2010

first of its kind following CryoSat-1 launch failure in October 2005
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CryoSat - ‘the most successful Explorer ever’

3106T- 2NV 2021
[

N PARTNERSHIP WITH ALY

* Summer elevation change

2011 |
-0.5m

ASD snow depth y2013m05

Elevation Change [m]
pth (m)

snow_de

Elevation Change [m]

150°W

2012 2015 2016 mean: 0.096 m std: 0.077 m

CryoSat Ob river's water level from swath processing (Di Bella et al. CryoSat - AltiKa ASD snow depth estimations in

Credits: Earthwave Antarctica. (Garnier et al., 2021) 8
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Aeolus — the youngest Explorer

Aeolus
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Keeper of the winds
shines on

 APPLICATIONS |

Aeolus winds now in
daily weather forecasts

Laser battle that gave
Europe our Aeolus
wind-mapper

15/11/2

= A
APPLICATIONS

Aeolus paves the way

for future wind lidars in
space

APPLICATIONS,

Improving new Aeolus
wind data for forecasts

Aeolus wows with first
wind data

Joining forces for
Aeolus

ESA spacecraft dodges
large constellation

Aeolus laser shines
light on wind

19-Nov-2020

FAPPLICATIONS

Aeolus shines a light
on polar vortex

)4/02/202

Satellites track unusual
Saharan dust plume

200
APPLICATIONS

Second laser boosts
Aeolus power

Wind mission ready for
next phase

S APPLICATIONS

Aeolus well on the way
to improving forecasts

ESA's Aeolus wind
satellite launched

Aeolus goes public

New observations for
the new economy

Aeolus teams ready for
space

APPLICATIONS,

COVID-19: Aeolus and
weather forecasts

Worth waiting
for!

A community
ready to use
the data

v{‘% =a
APPLICATIONS

Taking Aeolus to the
next level

Moving
swiftly to
operations
(Aeolus-2)

Aeolus in launch tower
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Earth Explorers in ESA EO: where next ?

esa
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The vision
2022

2025

Sentinel-5B 2030
MetOp-56-A2

MetOp-5G6-B2

Meteorology
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Future missions — Earth Explorer 9

Call for Mission proposals November 2015
17 proposals received and evaluated, none selected for cost reasons

Call reissued December 2016 with increased cost cap

13 proposals received and evaluated, with 2 candidates (FORUM, SKIM) moving to Phase A (2018-19)

UCM in Cambridge in July 2019 => FORUM selected for implementation

FORUM ConceptA SKIM

Far-infrared Outgoing Radiation 7 Sea-surface Kinematics
Understanding and Monitoring Multiscale monitoring

Concept B

greenhouse effect and contribute to radar altimeter to measure ocean-

ol )
: e e
Improve understanding of the mxﬁé Novel wide-swath scanning multibeam
- surface currents with Doppler technique.

climate change assessments accuracy.
FTS instrument covering 6 to 100 um range

Ka-band (36 GHz) conical scanning instrument

Concept A

Concept B

),
]
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Future missions — Earth Explorer 10

Call for Mission ideas released in September 2017

21 proposals received and evaluated

3 mission candidates, Daedalus, Harmony and Hydroterra in Phase 0 (2019-20)
In February 2021, only one able to proceed to Phase A

Harmony now in Phase A (UCM 5 July 2022)

p
Daedalus Harmony Hydroterra

Exploring the thermosphere-ionosphere Measuring surface deformation Monitoring the diurnal water cycle

Harmony-A (Concordia)

P

Sentinel-1D

Harmony-B (Discordia) -~ G ? I|
g |

el

Stereo-formation

Improve understanding of Sun-Earth coupling, energy deposition,
composition and dynamics

Proposed.mission concept -

Full suite of in situ plasma, neutral atmosphere, particles, and o
electro-magnetic fields instruments; coordinatedflight formulti-peint: Two passive receiving antenna satellites for bistatic SAR, in" Proposed mission congept

measurements; Elliptical orbit with-perigee ~150-km.and deep dips formation with Copernicus Sentinel-1

in land topography WS ultt
Proposed mission concept monitoring of ground motion

C-band radar in geosynchronous orbit, with flexible imaging
capability over Europe and Africa
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Future missions — Earth Explorer 11

Call for Mission ideas released in May 2020

15 proposals received and evaluated
4 mission candidates selected to proceed to Phase 0: CAIRT, Nitrosat, SEASTAR, WIVERN

Currently in Phase 0, decision point Autumn 2023

Concerns over costs

CAIRT
Charting our changing atmosphere in 3D
chemical tracers

temperature
aerosols

from

Key science and mission objectives
- To observe atmospheric composition, structure and dynamics

- To better understand the processes that couple atmospheric circulation,
chemistry, composition and regional climate change

nfrared limb emission imager (imaging Fourier Transform Spectroscopy;
Spectral coverage of 710 — 2200 cm' at 0.1 cm!
- Tomographic 3D maj of aosphere (5-115 km) at 50x50x1 km?
oose formation with MetOp-SG / IASI-NG for synergistic limb-nadir retrievals

Nitrosat

Mapping reactive nitrogen at the landscape scale

Anthropogenic Production
of reactive Nitrogen N,
(N, = NO, + NH,)

Nitrosat view
NO, sources -

Key science and mission objectives

- Detect and characterize individual sources of reactive nitrogen species NH; and
NO, associated with farming industrial complexes, fransportation, fires and cities

Proposed mission concept

= Observe atmospheric NH; and NO, column densities

= with spatial resolution 500 mx500 m

= with high sensitivity to the planetary buﬁ_@glwfa?é‘}"

= Mission lifetime at least 3 years =~ - -

https://www.esa.int/Applications/Observing the Earth/Future EO/Earth Explorers/Four mission_ideas

SEASTAR

Measuring small-scale ocean dynamics

Key science and mission objectives

+ synoptic high-res observations of currents; winds and waves over coastal and
shelf seas, and the Marginal ¢& Zon

3 Infer derivative f &s vorticity, strain and divergence

'+ contribute tguii
productivi

8 {
-{”_‘aé imn models
mission concept
S AR _syslé for squinted along-track ocean interferometry (ATI) from

to_compete for Earth Explorer 11

WIVERN

Observing global winds, clouds and precipitation

40 km stratiform 40 km convective
— STy ——————

Key science and mission objectives

= Measure in-cloud horizontal atmospheric motion and microphysical properties
« Extend lead-time and prediciive skills of high-impact weather

- Contribute to reanalysis, improve weather and climate model parameterization
= Establish benchmark for precipitation and cloud profiling

Proposed mission concept
= Conically scanning W-band radar with dual polanzation pulse-pair technique
* Sun-synchronous polar orbit with 800 km swath, daily revisit above 50° latitude

= 5-year lifetime
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https://www.esa.int/Applications/Observing_the_Earth/Future_EO/Earth_Explorers/Four_mission_ideas_to_compete_for_Earth_Explorer_11

What role for Earth Explorers in ESA EO? Eesa

A fast changing EO landscape in Europe
Copernicus, Copernicus-NG, Copernicus Expansion
Growing Meteorological satellite programmes
New Space
Commercial satellite operators & data providers
Digital twins

The end of the Earth Explorer era ?

FutureEO Independent Science Review, 2021

Recommendation 5: The panel recommends that ESA maintains high levels of scientific

excellence and technological innovation by pursuing different classes of missions that must include
large, ambitious and challenging Earth Explorer missions to secure its position of international
leadership in Earth Observation.

(FutureEO Independent Science Review, 2021)

15
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esa

We need to enable ambitious and challenging
Earth Explorer missions for the future!

Risk challenging science missions to enable world class Earth science

Assert European leadership through science and technological innovation
Provide more opportunities to propose new blue sky mission ideas

Stimulate international cooperation between scientists and industry and agencies

Engage early, frequently and regularly with the science community

16
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Summary & Outlook esa

The ESA Earth Explorer programme has been immensely successful,
enabling world-class science, supporting operations, informing the
climate debate whilst maintaining Europe’s leadership in EO technology

Earth Explorers are what make ESA famous across the world!

‘we must choose to do these things, not because they
are easy, but because they are hard’ (JFK, 1962)
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