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Overview Gpernicus@esa

Europe’s eyes on Earth

: ipcc
The unique nature of our Earth
] ] The Ocean and Cry_osphgr‘% \
Observation Evidence Base | Inachanging ClimatggP®
_ el
Exploring the Earth — the challenge |
of individual measurements vs the 5 e L

bigger global picture

In for the long-term — Copernicus
measurements

New measurements and new
techchnigues - Earth Explorer
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Science Missions (EE10 Harmony Team)

Amazingly - we can’t cover
everything today...
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Copernicus Sentinels: 20+
years of consistent
operational measurements

S3B: 2018-



But gives “The alternative” view... esa
I — S

Lake Amadeus and Lake MacKay are both located in in Australia’s Northern
Territory. They are just two of the hundreds of ephemeral lakes that dot
Australia's territory after sufficient rainfall.

6

- === 411 = 11l O

— - e Bl ZE == — B WL » THE EUROPEAN SPACE AGENCY



Methane leaks on the trans Siberian Pipeline Eesa

Sentinel-5P satellite between April and July 2018 show nitrogen dioxide emissions over Urengoy—Pomary—Uzhhorod pipeline.
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Agricultural monitoring

Irrigated
agriculture from
Sentinel-2 (red-
depth indicates
vegetation
state)
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Hurricane lda New Orleans
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NASA-JPL/Caltech/ARIA/EQOS product

~ Contains modified Copernicus Sentinel data(2021)
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lceland Drandarjokull glac:ler metlng August 2021 (opemicus P eS52

OPEMICUS

Europe’s ‘on Earth
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Scientific Measurements — operational delivery Ccibglm;g_gl;;ﬁ@esa

S2A - Super optical
complexity around

Mubarraz Island,

B < A\rab We must not loose sight

of the detailed and
repeatable scientific
measurements we have
at local scale where
processes lead to large
scale change
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OCeandatalab @ esa

Sentinel-1 VV-
roughness SAR:
image over Brest
and the Iroise,
France (2014-09-
01)

Microbreaking and
surface waves -
the gearbox of the
air-sea interaction
“engine”

SIS Rag A
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Hot temperature extremes over land

ipcc esa

10-year event 50-year event
Frequency and increase in intensity of extreme temperature Frequency and increase in intensity of extreme temperature
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June 2021 — Canadian Heat Dome #Sentinel3A and #Sentinel3B passes
over Canada revealing the intense heating
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https://twitter.com/hashtag/Sentinel3A?src=hashtag_click
https://twitter.com/hashtag/Sentinel3B?src=hashtag_click

( . Emergency Gpt?rnicgs,, @ esa
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Europe’s oyes on Earth

Burnt Areas EFFIS - Estimates per Country
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Exceptional California wildfires in 2021 esa

Dixie Fire is now the second largest fire in California history. Eight of the ten largest fires in
California history occured in the past five years.
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Rapid Actlon on COVID-19 and EO
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The great COVID experiment... Eesa

: Copernicus
S5P: N20O
changes during
Lockdown
March-April

g 2021
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ESA-DEVELOPED EARTH OBSERVATION MISSIONS @esa

15 in operation
2010 2015 40 under development
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Data Volumes are growing — e.g. Copernicus Sentinels esa
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| NUMBER OF LAND & COASTAL REGIONS
Multiple climatic impact-drivers are projected to change in all regions
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Global mean sea level change in meters relative to 1900. The m @esa
historical changes are observed (from tide gauges before 1992 and
satellite altimeters afterwards) AR6 SPM. sl o

Sea level rise greater than

15m cannot be ruled out
with high emissions
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Sentinel-6 - dedicated to Sea level rise X

3\
i
4




The satellite sea level rise time series
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Sentinel-6 and Jason-3 Tandem flight
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Global mean sea level (mm)

Tandem Calibration Phase and Mean Sea Level
Rise Stability Lesa
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Differences between Sentinel-6 and Jason-3

Boxplot of Differences [S6-JA3]
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 The differences are monitored every 10 days.
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European Altimetry Heritage and Continuity

Reference orbit Missions
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The Beauty of Copernicus: First S6 Cross Track SAR Range Image with @esa
Copernicus SAR and Optical data
S6-MF Poseidon-4 altimeter reveals unprecedented detail in the Ozero Nayval lagoon and surrounding river areas.

Fully focussed synthetic aperture radar processing highlights the low noise performance of new digital
instrument architecture. This will improve sea level rise measurements in marginal sea ice zone.
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peninsular, Russia, 15 August 2020 Swath, 29 Nov 2020 SAR Range image, 30 Nov 2020
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ESA UNCLASSIFIED — For S3NG-T MAG use only
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Effective spatial and temporal resolution of ALL esa
available altimeters today

OS 9050 0 0 1) 0 19K0 OTA/ AEO
0° 45°E 90°E 135°E 180° 135°W 90°W 45°W 0° 45°E 90°E 135°F 180° 135°W90°W 45°W
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Effective Spatial Resolution (km) ( Ba Ia rotta et a I 2 O 1 9)
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Sentinel-3 Next Generation (Topography)

10-days Ground-track (Orbit: 14+7/17) 10-days MA ground-track (Orbit: 14+7/27) + S6
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CRISTAL Mission (opermicus oe85@

Mass loss from Antarctic and Greenland ice
sheets and glaciers is responsible for about

half of the current sea level change.

The Arctic’s fragile environment is a direct
and key indicator of climate change

Antarctic Ice Sheet Elevation

\ v
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CRISTAL Mission

Instrument suite improvements:

« Ku-band Interferometric Synthetic Aperture Radar Altimeter with Ka-Band channel
for snow depth retrieval

« Addition of Passive Microwave Radiometer for

« wet troposphere correction (secondary mission objective)
« potential contribution to ice and snow classification (primary mission objective)

Performance & operation improvements:
36% improvement of Sea ice freeboard measurement resolution, by increasing
bandwidth to 500MHz (CryoSat 320MHz)
Improved interferometric measurements with 50% improvement on elevation error
Higher precision monitoring of icebergs, ice lead discrimination etc. with very
high along-track resolution (up to 0.5m with fully-focused SAR processing)
Tracking of glaciers with added Open Loop operational mode

SE o > THE EUROPEAN SPACE AGENCY



CRISTAL Mission —the key requirements Gpemicus esa

CRISTAL performance and latency requirements:

< (Interpolated) y Ol[l >
Measurement /‘ﬁjk e
uncertainty .

< 3 cm over se o paamars Foopni | e e e
segments < 25 km 6 hours " { 7 [—[
Sea ice thickness <10cm 24 hours oy | - R
[ Seales i WP/ AN “‘f"“," i -
<5cm 24 hours o b ol “
1 1 Densiti \f
Land |_ce/gIaC|er <om NTC (< 30 d) R
elevation
NRT (< 3 h)
<3.5cm
Ocean L2 products STC (<48 h)
(for 1-Hz SSH NTC) NTC (< 30 d)
STC (<48 h)
NTC (<30 d)

Most Products already validated (CryoSat-2) and
rurtherrenhanced with hIgher accuracies.

New products for Snow depth and Iceberg detection

40
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Floating ice:

Mass change (Gt)

Grounded ice:
Antarctica

Greenland
Glaciers Slater et al., 2021

Sea-level
contribution (mm)

Over 1994-2017 we have lost 28 trillion tonnes oF
| That is a 10-km cube of ice every year! = _ &t
g - Wﬁgﬂkmw T . (-:’“""‘Grap.hics by.'élan;%%isipﬁa
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Melt ponds visible on satellite (blue shading) across much of the landfast
sea ice along Siberia above the Lena River Delta (Sentinel-2 6" June)
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Automated supraglacial lake mapping in Sentinel-1 SAR imagery using deep learning
2. Methods

a)Pre-processing & data preparation

1. Datasets

- Sentinel-1 IW GRDH data
- 57 training scenes
- 21 testing scenes

Christine Wesche
@ChristineWesche

b) Deep learning model training

- Sentinel-1 Antarctic coastline

Post-processing

- Antarctic TanDEM-X DEM
d) Accuracy assessment

3. Classification results
Bach Ice Shelf (A)

Moscow U. Ice Shelf (E)
2 km
—

George VI Ice Shelf (B)

Larsen C Ice Shelf (C)
zkn B ;

Riiser-Larsen Ice Shelf (D)

L
Neumayer Station Il

#icebergs close to #EkstroemlceShelf. The 57 km long #D28 A Novel Method for Automated Supraglacial Lake
broke off of #AmerylceShelf in September 2019 and hit the Mapping in Antarctica Using Sentinel-1 SAR Imagery
#BaudouinlceShelf in June 2021, creating icebergs #D30B, #D29B and Deep Learning

and #D295C.

by { Mariel Dirscherl ™ 2@, { ) Andreas J. Dietz! &, { ! Christof Kneisel 2 @ and { ! Claudia Kuenzer 12 &2

10000

1000

- Nm
500 = ZV .
400
- 51}41 n)(ov
300 P
SOMOTOS - FOHLOT-B0 00720 - 0008 22 FONE T2 - 20 = ; West Greenland Ice Chart Data: Sentinel-1A
| | R =] 2% banish Meteorological Institute  Valid: 26 April 2014
I 200 T
> - >
o8 Ice Charts
10

Greenland ice velocity maps from the

PROMICE project B S _ _
Antarctic_lce_Sheet_cci+ project will continue the generation of GLL

Anne Solgaard(®', Anders Kusk(®? John Peter Merryman BoncoriZ, Jergen Dall(®?,

ot @ o, Ak’ R’ e e’ from recent Sentinel-1A/B acquisitions on selected key glaciers and
and Robert . Fausto@' thus extending the temporal extension of GLL datasets. 44
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https://twitter.com/hashtag/icebergs?src=hashtag_click
https://twitter.com/hashtag/EkstroemIceShelf?src=hashtag_click
https://twitter.com/hashtag/D28?src=hashtag_click
https://twitter.com/hashtag/AmeryIceShelf?src=hashtag_click
https://twitter.com/hashtag/BaudouinIceShelf?src=hashtag_click
https://twitter.com/hashtag/D30B?src=hashtag_click
https://twitter.com/hashtag/D29B?src=hashtag_click
https://twitter.com/hashtag/D29C?src=hashtag_click

ROSE-L Mission Background and Justification esa

Copernicus Expansion mission
Responds directly and traceably to Copernicus user needs
Provides new information not yet available through current Sentinel missions (Gaps)
Provides enhanced information in combination with current Sentinel missions (Enhanced continuity)

Same orbit and acquisition geometry as Sentinel-1 (IWS) providing an operational dual-frequency system of
satellites and enhanced information products

Two ROSE-L satellites : PFM & FM2 + options currently under Phase B2+ study

Enhanced Continuity with S1-NG filling of information gaps
i Enhanced Continuity with ROSE-L

Sentinel-1

¢ Phase A Sentinel-1 NG

Phase B2 :
: - RosEL

Today 2028 Time 45
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ROSE-L Mission Requirement

High-resolution e.g. < 50m? for enhanced continuity
Swath width > 260 km for co-location with Sentinel-1 Interferometric Wide mode

Revisit: 6 days Global, 3 days Europe and 1 day Arctic

L

6-day Repeat Pass Interferometry (with 2 satellites) to monitor surface deformation and motion Europe: 3-ay revisit

Polarisation diversity to maximise information content and robustness of information extraction
(dual and full polarimetry)

Low Noise Equivalent Sigma Zero (< -28 dB)

Stringent data latency requirements: 10min over Europe, 200min Global

AlS-onboard to support Maritime Monitoring 12-day Coverage M;;;k
ALOS WBD - HH/HV - RGB COMPOSITE

Wave-mode to operate over oceans and open seas I I 2019-05-23 16:24

Icebergs detected
by PalSAR-2 only

Enhanced high-resolution sea ice
information

Snow Water Equivalent through
INSAR

Iceberg
detected by

Cryosphere

both satellites

Improved Maritime Monitoring
(Iceberg, Oil Spills and Vessel

Legend
) A0S Manual Detections

) W S181DS Anstysia - CFAR 10415

Maritime

ond Y
!
- ] i >
e Y
4 & e
- - &

MonltOrlng Detectlon and Mapplng) R, WP $18 DS Anaysis - CFAR 109
Sea Ice Mapping Iceberg Detection 6
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ROSE-L and Sentinel-1 NG - Synergy Eesa

L-Band (1.27 GHz) C-Band (5.4 GHz)

Revisit Revisit

* 6 days Global ¢ 3 days Global
* 3 days Europe ¢ 0.5 day Arctic
e 1 day (Pan)Arctic > o

Resolution < 50 m2

Dual-Pol (DP) and
Quad-Pol (QP)

Swath (DP) 260 k
wath (OF) - C- and L-Band combined acquisitions enhance the sensitivity

to the geophysical parameters of interest (e.g. different
penetration in vegetation, snow and ice)

47
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Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)

The near linear relationship

between the cumulative

CO, emissions and global

warming for five illustrative

scenarios until year 2050 SSP1-2.6

SSP1-1.9

7

Historical global
warming

1000

across scenarios, and - : . z. . !
determine how much - B K. ' > \’\
warming we will : T ‘ =

. ' ‘ o ~
experience & & : .

HISTORICAL PROJECTIONS
Cumulative CO, ssions lative OHB-SYSTEM
48
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Copernicus CO2M Mission
End-to-end System requirements to monitor CO,

1. Detection of emitting hot spots such as megacities

or power plants.

Monitoring the hot spot emissions to assess emission
reductions/increase of the activities.

Assessing emission changes against local reduction
targets to monitor impacts of the NDCs.

Assessing the national emissions and changes in 5-year
time steps to estimate the global stock take.

13 hrs01Jul

1.5x10"5 molec/cm?
4 km? 0.7 mW m2 sr' nm-’
16 km? 0.05A0D, 500 m LH

VIS band also covers CHOCHO (glyoxal)
VIS & SWIR bands also cover water vapour
*Top-of-Atmosphere Solar Induced Fluorescence

4 km?

Coverage of three satellite constellation
(each >250 km swath) depicted over
CO, field provided by ECMWF

B b D =R

i
Il

- == 4 1

6 Gpernicus @esa

PARIS2015
COP21-CMP11

Gpemlcus

—)

Emission report &
economy statistics,
model parameters &
fluxes

Output
'S
Hoi-qul fpssil fuel

Integration &
Attribution

Coupled data
assimilation &
uncertainties

@esa CEcMwr

(2 EUMETSAT

Inverse atmosphere
transport models, Land em
&Ocean Cycles,..

An Operational
Anthropogenic CO2
Emissions Monitoring &
Verification Support
Capacity
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CO, Monitoring — Mission Requirements Gpernicus esa

Mission requirements for XCO, & NO.;:

Goal us to estimate anthropogenic CO, emissions with high precision XCO,
imaging

NO, is used to better determine CO, plume location, height, and to select best wind
field for inversion

- more & better CO, emission estimates

https://esamultimedia.esa.int/docs/EarthObservation/CO2M MRD v3.0 20201001 Issued.pdf

Simulated XCO, plumes Simulated NO, plumes CO, emission and 2x2 km? grid
iy W Sy, [T
A Low-noise CO, observations (0vegso = 0.5 ppm) B High-noise NO, observations (0rer = 2.0x10' cm~2) L] ..g. Hy
—— T T Rl T 403 —— T \ = 10
[ Cloud fraction > 1% / 7/ | ik AL -:,'»‘) [0 Cloud fraction > 30% / | 7 ¥; T )
+ Multiple sources (0 px) " + Multiple sources (0 px) Dolnal lOd'ra\ 1.g
. + Boxberg (31 px) At + Boxberg (135 px) <
+ Dolna Odra (425 px) + Dolna Odra (144 px)
53°N | + Janschwalde (107 px) 53°N |- + Janschwalde (216 px)
~ + Lippendorf (7 px) I + Lippendorf (174 px) 8 ~
+ Mélnik (1 px) + MéInfk (43 px) £
+ Pocerady (30 px) 402 + Pocerady (136 px) “‘_’
+ Prunéfov (26 px) ey + Prunéfov (77 px) [7)
+ Schwarze Pumpe (1 px) &= + Schwarze Pumpe (51 px) s 3
P+ Turéw (0 px) P+ Turéw (110 px) k]
p——~Center lines = p——Center lines 6 >3
Plume polygons £ Plume polygons o
52°N & 52°N - °
401+ E
o a2
O =)
c
E
32
8
400 o
51°N 51°N (@)
2z
11°€ 12°E 13°€ 14°E 15°E 16°E 599 11°E 12°E 13°E 14°E 15°E 16°E 0 Empa

Kuhlmann G, Henne S, Meijer Y and Brunner D (2021) Quantifying CO2 Emissions of Power Plants With
C02 and NO2 Imaging Satellites. Front. Remote Sens. 2:689838.doi: 10.3389/frsen.2021.689838
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https://esamultimedia.esa.int/docs/EarthObservation/CO2M_MRD_v3.0_20201001_Issued.pdf

Integrated European Policy for the Arctic Eesa

EU Arctic policy _ The Arctic’s fragile environment is a direct and key indicator of
climate change.
It requires specific mitigation and adaptation actions in three priority
Climate Change and Sustainable International areas:

the Arctic Development in the Cooperation on Other Matters

Environmentsa™” Arctic ArcticMatters

B\ | :

Climate Change and Safeguarding the Arctic Environment
(livelihoods of indigenous peoples, Arctic environment).

The European Comm|§5|on and the ngh. Sustainable Development in and around the Arctic (exploitation
Representative of the Union for Foreign Affairs

and Security Policy issued to the European of natural resources e.g. fish, minerals, oil and gas), “Blue economy”,
Parliament and the Council, on 27 April 2016, a safe and reliable navigation (e.g. the Arctic Northern Sea Route).

joint communication that proposed "An
integrated European Union policy for the

Arctic” International Cooperation on Arctic Issues (scientific research,

EU and bilateral cooperation projects, fisheries management/
ecosystems protection, commercial fishing).

* X %

*

* *

* *
* g Kk
European

Commission
51
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The Copernicus Imaging Microwave Radiometer (CIMR)

a) Global surface temperature change relative to 1850-1900

SSP5-8.5
SSP3-7.0
SSP1-2.6
< 55P1.19
-1
1950 2000 2015 2050 2100
b) September Arctic sea ice area
10¢ km?
10
8
6 M\
4
\ SSP1-1
2 55P1-2.6
—————— Practically ice-free — — ————— ——= e 22p57D
0 55P5-8.5
1950 2000 2015 2050 2100
c) Global ocean surface pH (a measure of acidity)
82
NT—————
SSP1-1.9
80 SSP1-2.6
79 ocean
78 acidification
SSP3-7.0
77
S5P5-8.5
76
1950 2000 2015 2050 2100
————
Atmosphere Marine Land
(CAMS) (CMEMS) (CLMS)

- == 4 1

P

opgyniCL{§

|CIMR

COPERNICUS IMAGING
MICROWAVE RADIOMETER

((ETHB ThalesAlenia

ITALIA -« s/ Lo compary

@esa

Climate Emergency
(C38) (EMS)

Security

I
I

@\pernicus @ eSa

Passive Microwave sensors for Sea Ice Concentration Monitoring

as of Feb 2018

SMMR

USA

SSMI8
SSMI F10

[
[ssmisfi6 22727 4

y

[ssmisF17 127 4

SSMIS F18 ]

[ - G
The |
n MWRI FY3C
L: MWRI FY3D
s
AMSR-E Japan

Assuming 8 years lifetime for current and future missions @lavergnetho

1980 1990 2000 2010 2020 2030 2040
52
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The Arctic —really the Arctic Ocean

Beaufort
Sea

Canada
Basin

Amerasian
Basin

Eurasian
Basin

§ .'4;_“"{&

2%

Greenland 033
Sea

'Norwegian
Sea

ha B1

k‘%
L1 N

am E3

OPErNICUS

Europe’s eyes on Earth

mm ]

esa
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Cryosphere-ocean-atmosphere processes

1. Sea Ice Concentration

. Sea Surface Temperature
. Sea Surface Salinit

. Surface Winds

. Sea Ice Thickness

. Sea Ice Dri

/. Sea Ice Type
8. Sea Ice Surface Temperature

, Heat
T oloss  Seaice Sea ice el

pushed away

loss
Ice shelf

*2 "+ 7 Brine rejection

[Credit: Céline Heuzé]

(ooemicrs @@ @S

JRC TECHNICAL REPORTS

User Requirements for a
Copernicus Polar Mission

USER
REQUIREMEI'I%S

FOR A COPERNICUS
POLAR OBSERVING
SYSTEM

PHASE 3 REPORT - TOWARDS

OPERATIONAL PRODUCTS
AND SERVICES

JRC TECHNICAL REPORTS

User Requirements for a
Copernicus Polar Mission

The Ocean and Cryosphere
in a Changing Clima

WG I X WG I

-—II--—- II:=_IIII_.-_ Ilmm--
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CIMR conically Scanning, L-, C/X, K/Ka-bands (H,V, 3rd Stokes)

esa

260 = - -
I 240} ,,P T
satellite = -
r\—\) velocity : -4l
\:‘ vector ' :
220+ 7
8
g ﬁ‘; 200+ : : : -
3 i - Sea ice thickness (SIT)
J 180 (Heygster et al, 201 ﬁ)
Edge of swath : Forward S ~ ——TB1.4v 40-50
e o swa '
used for Footprint orward scan — TBév
calibration 160+ TB10v .
— TB19v
TB22v
Donlon, Craig; Vanin, Felice (2019): Scanning Geometry of the CIMR 140+ — TB37v .
instrument. Figshare https://doi.org/10.6084/m9.figshare.7749398.v1 — TB89v
PN N N S N ;
0 0.1 0.2 0.3 0.4 0.5
SIT bins, m

- === 411 = 11l O

—_— B b= 11 2R 2= E
ms EE A rAh HE
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https://doi.org/10.6084/m9.figshare.7749398.v1
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CIMR compared to other PMRs

antenna
reflector

MWI-SG (2023)
N AMSR2 (2012)

footprint size ll
I CIMR (2026) i

_(@+b)

il

r4

footprint size:
® L: <60 km
C: =15 km
e X: =15 km

CIMR )
SMAP: 36x47 @ > 7.0m (mesh) K:-<55Kkm

SMOS 32->80 42
>80+ (mean:42) 3dB ellipse Ka: 55 (94) km

35x62 24x42 14x22 7x12 diameters
[km]

3dB Footprints

n
=
2
>
Y
@)
o
@
L
n
>
o
)
c
©
-
=
©
-
)]
£

77x43 20x10 20x10 X4 5x3

C X K Ka
6.9 10.6 : 36.5
Band dF o GH #CIMReu cimr.eu
andname an requency [ Z] @lavergnetho (9th sep 2019)

s 00 EE = E —a B L » THE EUROPEAN SPACE AGENCY




Sea Ice Extent [million km? ]

Sea Ice Concentration Sea Surface Temperature Sea Surface Salinity @esa

CIMR_SST_No_Smoothing

Arctic Sea Ice Extent (>=15% SIC) Monthly Time Series

20

- T T
Reference period 1981-2000
efera pertod 19512000 March Trend:
-46 thousand km® /year 375
-2.9%/decade
a7
15F 36.5
36
355
10} 35
345
(? 34
September Trend 335
5F -89 thousand km’ /year o cL
-11.5%/decade
Forty years of passive microwave satellite data
R T e T >
Source: EUMETSAT OSI SAF (http://osisaf. met.no)

1080 1985 1990 1995 2000 2005 2010 2015 2020 M S N A Sea Ice Drft, ice type, SNow,
soil moisture...

Th i n Sea Ice th iCkneSS Su rface Wi nd over ocean (Obg[nég;% CIMR Products and priorities (See MRD for details) Eesa

Level-2 Processing

 GIVR GRomaiie

Physically Consistent L2 Product

CIN])R L+C+X-band 15 km SWS from Full Stokes

78°N |: Family:
(Projected Map)
Level-1 Processing bTOA Tb Management of footprints at SIE-P
different sizes, Upscale/Downscale
aspects depending on farget scene SST-P
characleristics

L1a (counts)

Could be tuned specifically to
(Un-gridded CIMR APC, Faraday rotatio individual L2 products. N\
Instrument geometry) e . N \
i Uncertainty calculations
i ‘I
Specific to each L2 product
i N '\
I - RS
15°E 20°E 25°E 30°E 35°E 40°E User Defined L1c TOATh
I'tow priority “ [°
Projected
0 5 10 15 20 25 30 rojected map
Wind Speed [m/s] -
=0 e W I mE = == e T EEEE = + THE EURGPEAN SPACE AGENCY
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Building on the legacy of ESA SMOS and NASA SMAP,
CIMR will provide measurements of Soil Moisture

MY @esa

d) Annual mean total column soil Acro'sgtwgrmiggtlerels,r::hanges indg?ljl moistur{'je Ial:[ge:ﬁ fqllgw chang]f:s in
. S precipitation but also show some differences due to the influence o
moisture change (standard deviation) evapotranspiration.

Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming

Relatively small absolute changes -

may appear large when expressed ¢-- 15 1.0 0.5 0 0.5 1.0 1.5 ---3
in units of standard deviation in dry

regions with little interannual Sls BLi L de il

variability in baseline conditions Drier of interannual variability) Wetter
59
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(IMR
Orbit Number: 10695
Time Since ANX: 1506.689

ﬁ#yli/g‘tllt -
CRISTAL

Orbit Number: 5603
Time Since ANX: 5071.219

Daylight

Met0Op-SG-B

Orbit Number: 10693

Time Since ANX: 1069.796
t 620N 15' 15

Eclipse )

ROSE-L
Orbit Number: 1893
Time Since ANX: 2665.767

Daylight
SENTINEL-1A

Orbit Number: 36265
Time Since ANX: 1111.625

Daylight

SENTINEL-1B
Orbit Number: 25281
Time Sincer ANX: .4115310

D;ylig"ht _
SENTINEL-3A

Orbit Number: 25706
Time Since ANX: 311.652

Eclipse

SENTINEL-3B

Orbit Number: 14312

Time Since ANX: 2680.016
t: 20°N 23' 20

élayli;l;tw .
SENTINEL-2A

Orbit Number: 29192
Time Since ANX: 2355.651

ierriay
SENTINEL-2B

Orbit Number: 20283
Time Since ANX: 5378.714

SENTINEL-3A

A8 ret0p-5G-B

—~

SENTINEL-1A.

. X

esa

UTC 2021-01-23 12:00:40.000
Speed: 1000x

Synergy between
Missions is
important as we
will have

unprecedented

coverage in 2028+



Synergy with Other Missions

SENTINEL-1B

o3

SENTINEL-1A

CIMR + MetOp-SGB1 SCA and MWI

CIMR + ROSE-L CIMR + CRISTAL CIMR + Sentinel-2A and Sentinel-2B
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SynTOOI Web "OCEANDATA Datasets ,‘ Hotspots
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Copernicus Expansion Land Surface

Temperature I\/Ionrtorrng Mission (LSTM) \OpemiCUS@esa

Provrde high spatio- temporal resolutron Thermal Infra-Red observatrons over Iand
~and coastal regions in support of agrrculture management servrces |
and a range of addrtronal applrcatrons | '

”
LOopernicus

Europe’s eyes on Earth
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LSTM — Managing Water for Agriculture esa

Provides Thermal Infra-Red observations in high spatial resolution

Nha and temporal frequency in support of agriculture
v management services

* Improves sustainable water productivity at European field scale

- Addresses increasing Water and Food Security issues in a world
of increasing water scarcity and variability

* Responds to major EU agricultural & environmental policies

« Unprecedented 30-50 meter observations in 3-5 thermal bands
* Frequent Land Surface Temperature (LST) at daily to 3 days revisit
«  World-class instrument providing 1-1.5K LST radiometric accuracy

64
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LSTM System Design (ocemicus  @esa

Europe’s eyes on Earth

T -
e Level-2 LST observations**

Geometrical revisit 2 days/2 satellites .

Local time 13:00 (Europe) & night observations ° 5 0 m ete 'S reso | u tl on

SSD 50 m (37m at nadir) ¢ 1‘3 days I’EVISIt

Spectral Bands 5TIR, 4 VNIR, 2 SWIR e 1-1.5 K LST accura cy
Nominal swath 687 km, at 651 km altitude

Acquisition system Whiskbroom scanner

Geo-location L1c 1 SSD (without GCP)

MTF 0.2:0.3 Level-3 Evapotranspiration (goal)
Data latency (L2) 6-12 hours ° ACCU Fa Cy 1 5 0/0 [ m m/d aY]
NeDT <015K * Precision 5%

— — » Field scale [0.5 ha]

Sentinel-3 SLSTR bands

o | S ||| - - Daily observations

8500 nm 9000 nm 9500 nm 10000 nm 10500 nm 11000 nm 11500 nm 12000 nm 12500 nm

* Copernicus LSTM Phase B2/C/D/E1 System Requirements

INIR B Document
_ ']'I i imml | **Mission Requirement Document V3
entinel-2 MSI bands E B [HH ; . . . . . . .
Sentinel.3 SLSTR bands i i i [ ht_tps.//www.e;sa.|nt(AppI|cat|ons/ObserV|ng_the_Earth/Copern|cus/Copern|cus_Se
HPGM LSTM bands 1 11 1 | = ntinel_Expansion_missions -

500 nm 1000 nm 1500 nm 2000 nm 2500 nm
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Copernicus Hyperspectral Imaging Mission for (opermicus @ @Sa
OPErNICUS

the Environment (CHIME)

Mission objective:

Provide routine hyperspectral measurements in
support of EU- and related policies for the
management of natural resources & assets

Primary applications: food security,
agriculture, raw materials, soil properties

Secondary Applications: biodiversity, forestry
management, environmental degradation,

lake/coastal ecosystems and water quality, snow
grain size/albedo, snow impurities o ’ )

Each pixel contains

a sampled spectrum
that is used to identify
the materials present
in the pixel by their
reflectance

* Routine hyperspectral observations

« Sun synchronous orbit (LTDN 10:45)
* Revisit £ 12.5 days (for 2 satellites)
« Nadir view covering land surfaces, inland- and coastal waters
« Spectral range: 400 - 2500 nm

« Spectral bandwidth < 10nm

« SSD: 30m

Reflectance

Reflectance

Reflectance

Green & Dry Vegetation
0.7

(0.6 Sworophyus . - Spcc;m,smry
- and otner cntinel- szrc
0.5 = .”\l/\" I + Sentinel-2 (dry)
) PO
0.4 t (VAN Prosin, lgnin, celloss
| \\ rd
0.2 | Vo Unlay
= | T e
017" 3¢ v .
00-* * N
500 1000 1500 000 2500
‘Wavelength (nm)
Kaolinite
0.7 . owmo Gty
06 # el e
0.5 1l Ve H
W Vo
0.4
*
0.3 1 \\
0.2 3
Spectroscopy +
0.1 PeScminclqﬁ *
0.0
500 1000 1500 2000 2500
Wavelength (nm)
Soil
0.7
0.6
- ommo "o
05 1 l l ‘ Ealeite
03 oo
02 '?/ “oon Spectroscopy +
0.1.* SenlineEE -
0.0
500 1000 1500 2000 2500
Wavelength (nm)
Water
0.06
. Spectroscopy
0.05 / "\pryeocyanin P Scn[incﬂ *
0.04 G [ pem—
/ Iy
0.03 I / \_%
002 - \
0.01 N
0.00 T e

400 500 600 700 800 900
Wavelength (nm)
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Scheduled for launch in 2023, ESA’s seventh Earth Explorer Mission, BIOMASS, will
carry the first P-band (435 MHz) SAR to be flown in space, to gather fully polarimetric
acquisitions over forested areas worldwide in interferometric and tomographic modes

Primary Mission Objectives ) i - Secondary objectives:
o to determine the distribution df * ‘o imaging of sub-surface geology

aboveground biomass in the in deserts

world’s forests o mapping the topography under
o to measure annual changes in this dense vegetation

stock over the period of the o measurements of glacier and ice

mission. sheet velocities



Biomass Level-2 Products
Three primary biophysical products:

o Above Ground Biomass (AGB) : dry weight of woody matter per unit area above the soil including
stem, stump, branches, bark, seeds and foliage; it does not include dead mass, litter and below-

ground biomass

o Forest Height (FH): defined as upper canopy height according to the H100

standard.

o Forest Disturbance (FD): defined as an area where an intact patch of forest

has been cleared, expressed as a binary classification.

In addition:
o Tomographic voxels

. a processing module is also

devised for the generation of tomographic voxels from

the tomographic phase

o Sub-canopy DTM :the L2 processor will be inter-linked

with the BIOMASS

interferometric processor to

produce the first spaceborne digital terrain model
(DTM) of ground topography below dense vegetation.

- === 411 = 11l O
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EES8 — FLEX « ESA’s Photosynthesis Mission »

Eesa

& o

Science Objectives

» Quantify the exchange of
carbon between plants and the
atmosphere

» Provide vegetation stress
indices

» Provide better insight into plant
functioning, health, and stress

Payload
> Visible to Near infrared

’Targe uncertainties due to moving
clouds and changes in the atmospheric
state & temporal co-registration

within 6s to 15s is required.

FLORIS (150 km) 8

SLSTR ‘nadir’ (1400 km) 4%
OLCI nadir (1270 km) Pl
SLSTR backward (740 km)

69
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Photosynthesis and Fluorescence Eesa

WATER + LIGHT = CHEMICAL ENERGY FLEX integrates leaf
level photochemical
output to field scale

LIGHT

ENERGY 1. Chloroplasts trap 2. Water enters leaf

light energy

Observed in the O,A
/ absorption band

3. Carbon dioxide 4. Sugars and Carbo-
enters leaf through hydrates leave leg
stomata

Photo-
synthesis

CHEMICAL ENERGY + CARBON DIOYDE = SUGAR

Higher Pheophytin

far-red
Fluorescence

Cytochrome 5 0.05 T T T "
red Fluore- complex 650 700 750 800
scence P

wavelength (nm)

Energy

B rHotosvstem Observed in the OZB
absorption band

70
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“~ .~ = Folrth Earth Explorer Mission
. B - 3-satellite constellation

- &-~ ~  Launched 22 Nov. 2013
Magnetic Signals
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Swarm — What do we measure at 400 km?

magnetosphere

|~

ionosphere

removed:

core field

oo et Sy Sars . removed:

core field

cou pling currents ~ magnetospheric field

crust

removed:

core field
magnetospheric field
ionospheric field oceans
ocean flow

induced currents

removed:
core field
magnetospheric fiel
ionospheric field
crustal field ni
5 1 0 1 2 72
nT
TS 00
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Swarm — What do we measure at 400 km?

Energetic
Particles
lon/Neutral
Neutral Upwelling Escape
From Heated
Region ﬁ

?y‘\/ /l?nw[?‘r]?j/en S
' A lonosphere
{LI Solar / Cavity
SR Wind
/ vny
EUV
p—
Plasmasphere ‘l Plasmasphere
Filling Draining and"
' Heating

g - |
> -
: ,; | solar-Driven .
FouEnéam i 4 Tides Implusive
e(tk‘ \ 7 Heating-
A : DN s Gravity a Driven Wind
* = N \ ‘\\\\\ ) vY“""‘ Corotation ;

Neutral Wind V4 RS

Drags lons Down e -~
d e 2

Field Line
P Neutral Wind

me0N0Sphere Trougf_\r ot 17

. riven

/‘X Downwmd
|/

K

lonosphere Crest ?:[:Igsl 'i‘:‘:s Up
o Plume e

T

Credit:GSFC ) Neutrals

B

HE s _viE

D dE N
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Swarm Examples of highlights

Examples:
related to
original objectives
of Swarm
Swarm probes Swarm helps pinpoint Swarm helps explain Unravelling Earth’s Swarm reveals why Magnetic north and the
weakening of Earth's new magnetic north for Earth’s magnetic jerks magnetic field satellites lose track elongating blob
magnetic field smartphones Examples: beyond
original objectives
of Swarm
STORY STORY 1
A%,
e ‘

Tug-of-war drives
magnetic north sprint

Swarm turns to
whistlers and storms

There's a jet stream in Magnetic oceans and Energy from solar wind
our core electric Earth favours the north

Swarm detects

When Swarm met

asymmetry Steve

74
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Aeolus - ESA’s wind mission esa

4 . A
/Key science and mission objectives \ )

* Providing profiles of winds in clear air, in-cloud (optically thin) and at cloud-tops (optically
thick), in the troposphere and lower stratosphere, globally

* Filling a gap in the WMO Global Observing System
» Advance understanding and modelling of atmospheric dynamics
» Extend lead-time and predictive skills of weather forecasts

» Contribute to reanalysis, improve weather and climate model parameterization, climate
model validation

» Provides atmospheric cloud and aerosol backscatter and extinction profiles of use e.g. to
air quality models

+ Demonstrating Doppler Wind Lidar technology for future operational meteorological /
missions

Mission concept
» ALADIN: Atmospheric LAser Doppler INstrument, HSRL at 355 nm, 72 mJ output, 50 Hz
+ Single line-of-sight Doppler Wind Lidar, measuring mostly zonal wind component

» Recievers: Fizeau (particle backscatter) and Dual Fabry-Perot (molecular backscatter)
spectrometers

* Polar sun-synchronous dawn/dusk orbit (18:00 LTAN), 7-day repeat cycle (111 orbits)

\39 months mission lifetime (including months commissioning) / \ /

£S5
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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

Scientific highlights, some examples

Polarvortexseen from the east (blue) AboVE-Maido campaign: Aeolus validation using LiWind and radiosondes

Polar vortex seen from the west (red) . . . . Ascending orbit
Example of Cal/Val measurements with 3 radiosoundings and continuous o ADOVEMaK 2018 1009, 16:53 - 1631 UTC

LiWind operation from dusk till dawn: meridional wind

Subtropical jets Atmospheric Gravity Waves in Aeolus Wind Lidar Observations

Along Track Distance / km 5] Along Track Distance / km
500 1000 1500 2000 2500 O 500 1000 1500 2000 2500

Aeolus overpasses

£
H

Descending orbit S .
AbGVE-Maido 2019 10 10, 01:00 - 01:55 UTC 80 -7t 50 -40
21 Longitude / deg

Altitude (km)

Now @

0 20 40 60 80 100 50 -40 30 20 -10 -10
Cloud fraction / % HLOS Rayleigh Wind Speed / ms™* HLOS Rayleigh Wind Perturbation / ms™*

Inaue 98, Fir For, BOE (10,903

Equator
UT hour

* During AboVE-Maido, 3 asc + 3 dsc Aeolus-collocated measurements have been done Left and above: AeOIUS ObSerVes graVIty wavVves.
7 0 o 2 « Perfect timing for the balloon launches and LiWind operation on Cal/Val nights | Left: Cou rtesy S s M ] Khayk| n et a I - LATMOS/IPSL 2020
Preliminary Aeolus winds (m/s) * Aeolus is capable of reproducing vertical structures induced by IGW o 5 s AbOVe: Banya rd et al., GRL 2021,
https://doi.org/10.1029/2021GL092756

Above: First L2B winds available 2 weeks after launch!

See- €sa -|nt/ae0|us Aeolus Zonal Mean U-component of HLOS Rayleigh Wind

+5° Latitude 2019-2020
] e 26
® W e

Large positive impact on NWP
seen in global models world-
wide, despite lower than
expected instrument
performance. Aeolus

Pressure, hPa
Pressure, hPa

o\

"FLclouds —— | -

Altitude / km

B TROPOS, - i

90 60 30 0 30 60 "% "9 60 0 0 %0 6 % Operationally assimilated since i % -
atitude atitude €ipzij S
B g Jan 2020, currently by 5 centres. . TUNES, ¥

o
s

mh‘\‘ B 3 9
Left: Blue colours->positive Sl
impact as a function of ECMWF
forecast length.
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3
k]
g
&
@
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4
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s
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8
&
@
=
T
£
8
e
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=

Pressure, hPa
Pressure, hPa

r R \
AN\ -20 -10 0 10 20 30

a I 2
| Renn'e et al 2021, LzA-scAmcksun-rlm*:r:‘sr'] .@ U-component of HLOS Rayleigh Wind Speed / ms~!
Belialine P Pl el P PPl https://doi.org/10.1002/qj.4142 Long-range transport of aerosols from fires, desert dust Aeolus observes 2019/2020 QBO disruption,
and volcanos detected. Example above: Baars et al. Courtesy Banyard et al. UBath 2020
GRL 2021, https://doi.org/10.1029/2020GL092194 76
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GOCE observation principle and products esa

: s >~ <_ ~ | GOCE orbit tracking (1-2 cm)
: : - - - .
: i
(‘) § ':25 » g )
9.8 3 7
g= 9.8072467...m/s* The constituents of 'g'

Geoid (scales >100km, 1-2 cm accurate):
« surface of no currents shaped by gravity
« reference for (levelling) heights

« mirrors the Earth interior
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GOCE Examples of highlights Eesa

GOCE reveals what's
going on deep below

Examples: beyond the
original objectives of GOCE

Understanding the ‘OC’ GOCE settles debate on Gravity lowdown
in GOCE sloping sea

Examples: related to original
objectives of GOCE

GOCE: the first
seismometer in orbit

ESA's gravity-mapper Earth's gravity scarred
reveals relics of ancient by earthquake
continents u...

Orbiting on the edge
yields insight into
space weather

ro

— 2 THE EUROPEAN SPACE AGENCY




Implicitly assumed as available information for multiple Copernicus services
(land/hydrology, climate, marine, emergency)

Providing also the global context at medium and long term for all water
related elements in atmosphere, land, ocean, ice, solid earth and
thus climate

Crucial for many water cycle related ECVs as defined by GCOS

Unique in providing ground water information essential for
water management and droughts/floods

Immediate opportunities for a joint cross-cutting mission
(MCDO-NGGM) enabling a constellation in international
cooperation

ESA-NASA Joint Mass Change Mission Expert Group (JMCMEG)
established to consolidate science & application needs and mission
requirements

\\\ k\oods and dro“&hz: //':

— gorecasting of .

.. .-

/) Meight systema0® \\_ "/
“__'9d manageme™ >

Sea level rise
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Future gravity and magnetic mission ideas Eesa

Near-future gravity mission Future, future gravity mission?

B N\
. . V— ﬂL-v N
Mass change from gravity changes: | , R\
Quantum PN
| 1n g,yuq\ e/[};t

MAGIC (formerly NGGM)

Constellation (ESA/NASA) study in Phase A

' m !
2Lt e

2030 w 3

> B e > K

E 5

‘1‘;\ A Spaceborne Gravity Gradiometer Concept Based on Cold
b Atom Interferometers for Measuring Earth’s Gravity Field

Olivier Carraz - Christian Siemes - Luca Massotti -
Roger Haagmans - Pierluigi Silvestrin

. )
1958 1965 1969 1971 1979 2013 2019 ’ 2024 2028

) 1 1 § l
1960 1970 1980 302 2030

NanoMagsat

A nano-satellite candidate scout
mission concept for studying fast
variations in magnetic field and
plasma environment (not selected)
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s

s eSa EarthCARE: Clouds & Aerosols =

ESA's sixth Earth Explorer Mission,
implemented in cooperation with JAXA

Mission goal: relationship of
clouds, aerosol and-
radiation budget

Launch: 2023

. ESA: 'satellite,'launch, operations,
3.instruments (ATLID, MSI, BBR)

_ JAXA: cloud profiling radar .
ESA UNCLASSIFIE ’- Ee fficiaI'Use | . |
-

= N

d= = N o = W M O




Climate predictability: Clouds, the most significant
uncertainty in the atmosphere

Cloud radiative effect:
cooling, heating

Climate change & cloud
feedback: warming and
cloudiness, cloud location &
structure?

Model predictability
uncertainty due to cloud
feedback uncertainty

And aerosol:

« direct radiative effect of aerosol
(much less significant and less
uncertain than clouds, though)

« indirect radiative effect via
impact on cloud life cycle

Global Energy Flows W m™

esa

102\ Reflected Solar
Radiation

\ 101.9W m?

Reflected by

Clouds and 79
Atmosphere
79

Absorbed by
Surface

Incoming
34 solar
Radiation
341.3Wm?

Emitted by
Atmosphere

78 Atmosphere

&\

=
]
=
=
==
80

169

396

Surface
Radiation

17
Thermals Evapo-

transpiration

Net absorbed
0.9
Wm?

’ f 40 Atmospheric

Absorbed by

239 Outgoing
Longwave

f Radiation
2385Wm?

Window

Greenhouse

333
Back
Radiation

333

Surface

K.E. Trenberth, 208029

- EH b
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EarthCARE
Payload & Level 1 Products

HSR Lidar
N A=355nm: Rayleigh, Mie, depol. channels
& &
Q’%\i\@“\ Level 1: attenuated backscatter profiles*
N %Bp
)’ % 94GHz Radar, with Doppler (JAXA/NICT)
)
%, Level 1: Reflectivity* and Doppler profiles
) Ok‘ *planned assimilation at ECMWF
mx 70 s
km 3 gy~
o o ATy .
Model pred|ctab|||ty 299m539<§0;37“~ Multi-spectral Imager:
uncertainty due to cloud Wing | e 4 solar + 3 thermal IR channels
feedback uncertainty B@Rﬁﬁ;‘{‘m 15 Level 1: TOA radiances and brightness
CPR Aow®™ ™ g temperatures in 7 spectral bands
. @<1km, nadir :
Research & observations 500m sampling
—~ progress! Broad-band Radiometer:
Note: low-altitude clouds are the 3 fixed FoV
B“OSt diffcilcmt to ;neaSl:rith ip?)ﬁe-d . Level 1: Solar and thermal TOA radiances
Zgrr\rs! r?E;rrtlgéuArRaEczxcp:ng i g':t 5-;:9’:} (filtered, unfiltered as Level 2 product)
more than CloudSat) *
=T == Sl O = =B s Il 2 22 E — B L * THE EUROPEAN SPACE AGENCY



The Arctic Weather Satellite (AWS) @ ecsa

- Small satellite (120 kg) in sun-synchronous orbit aimed at Applications

Improving Arctic and global weather forecasts. Key application areas for AWS and the AWS constellation are:

* Cross-track scanning_m_icrowave_ (MW) rad?(_)meter with * Numerical Weather Prediction, in global and regional systems:
temperature and humidity sounding capabilities These show continued benefit from further all-weather sounding

« Traditional 54 and 183 GHz bands, complemented with a new capabilities such as the ones provided by AWS. The AWS

. . constellation will not only improve the representation of temperature,
channel set in the 325 GHz humidity band (for enhanced humidity and clouds, but by supplying frequent observations it will

information on humidity and ice clouds) also add information on winds by enabling tracing of humidity or
« Prototype for a potential future constellation, to complement the cloud structures.
backbone core observing missions such as EPS-SG or JPSS. « Nowecasting: The high-temporal resolution of the AWS constellation
Brings higher temporal sampling from MW sounding instruments will revolutionise nowcasting in the polar regions.
for Numerical Weather Prediction - Climate: AWS observations will also support research into climate

change, which occurs at a higher pace in the Arctic compared to
other parts of the world.
Planned launch: 2024

Mission lifetime: 5 years
Satellite:
Three-axis stabilised, 120 kg, 1.1 m x 0.7 m x 0.8 m

Data Flow

Global science data will be downlinked to Svalbard (NO), processed to
level 1b and distributed in near-real-time through Eumetsat's
EUMETCast system.

Direct Data Broadcast will also be available for regional particularly
time-critical applications.

Power consumption: 120 W (deployable, fixed-angle solar arrays)
Electric propulsion for orbit control
Orbit: 595 km, sun-synchronous, ECT tbhd

Mission control: Tromsg and Svalbard (NO)

i
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FORUM - Far-infrared-Outgoin

Today's satellite instruments only
cover up to the mid-infrared part
of the spectrum (4-15 microns).

Forum will extend our view into the
far-infrared (up to 100 microns).

AVHRR

LU microns

Pl o) 1:37/327
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FORUM — ESA’s 9t Earth Explorer esa

Mission Applications Mission overview

FORUM will evaluate the role of the far-infrared (FIR) in shaping 100 ’s 0 Waveleng_/,th [m] s A

the current climate and thus reduce uncertainty in predictions =150¢ ' e b b ‘ | h;id'Latc‘lear'sky" o
of future climate change with potential benefit for numerical 'g I co,
weather prediction ;
FORUM provides: Ng, oo} ™9 i ]
a highly accurate (0.1 K at 30) global dataset of FIR radiances % N,0
to validate present-day climate in climate models and to validate E 50F CH, 1
NWP models c;s FORUM  Iasi NG .
an improved detection of optically thin ice clouds & 0&— FERI [, Wil .HZOI R I’_
an enhanced sensitivity to ice cloud particle size and shape 100 300 500 700 900 1100 1300 1500 17Q9 1900 2100 2300 2500 2700
the ability to assess and improve the spectral consistency Wavenumber [cm ]
(between the mid-infrared and FIR) of ice cloud microphysical
models FORUM spectrometer spectral coverage from 100 to 1600 cm- with 0.5 cm?
a characterisation of mid-upper tropospheric/ lower stratospheric resolution
water vapour Spectrometer single circular pixel @ = 15 km
the ability to retrieve FIR surface emissivity in low-humidity 1-band thermal imager (10.5 ym) with resolution 0.75 km
areas Flight in loose formation with MetOp-SG-A
the ability to test and improve the water vapour continuum 5 yr lifetime

models and spectroscopy (e.g. water vapour, CO,) Launch is planned for 2026

86
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Harmony is the ESA Earth Exp
Mission, comprised of two co
W loose convoy with Sentinel-
| ~350-400 km).

r 10 Candidate
nion satellites in a
(along-track separation

Its payload suite consi
multi-view TIR instru

Foreseen launch in 20

Multi-faceted mission
ocean)

of i d
to a passive ’Ran a‘
2

[
olid Ea r.!;h,y/,.,l%d fce*and

s e

z b

Harmony will resolve (sub)kilometre scale motion
vectors and topography changes associated to
dynamic Earth System processes:

heat, gas and momentum exchanges at the air-sea
interface; '-.
the inner structure of ocean-atmosphere extremes;
instantaneous sea-ice motions to characterize sea-ice |
dynamics;
3-D deformation vectors associated to tectonic strain;
topographic change at active volcanoes worldwide;
gradual and dynamic volume changes of global

mountain and polar glaciers.




Mission Outcomes & Unigueness

XTI Configuration

Simultaneous, \

O(1 km) scale

Directional Doppler

C-band = all weather

3-D repeat pass INSAR

Dense DSM time-series
Simultaneous,

\O(SOm) scale /
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Earth Explorer 11 Phase 0 mission candidates (1/2)

Cairt

Charting our changing atmosphere in 3D

4 . I
f— chemical tracers

e ‘ temperature
aerosols

: from
mid-troposphere
to lower thermosphere)

. . . . . Credits: \
Key science and mission objectlves

» To observe atmospheric composition, structure and dynamics

-

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

Infrared limb emission imager (imaging Fourier Transform Spectroscopy)
Spectral coverage of 710 — 2200 cmtat 0.1 cm?
« Tomographic 3D mapping of atmosphere (5-115 km) at 50x50x1 km?3
\- Loose formation with MetOp-SG / IASI-NG for synergistic limb-nadir retrievalj

Eesa
Nitrosat

Mapping reactive nitrogen at the landscape scale

Anthropogenic Production
of reactive Nitrogen N_
(Nr = Nox o NHS)

Nitrosat view ofl a

1920 1940 1960 1980 2000 2020 2040

Key science and mission objectives

+ Detect and characterize individual sources of reactive nitrogen species NH; and
NO, associated with farming industrial complexes, transportation, 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 |
+ Mission lifetime at least 3 years ’
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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
https://www.nasa.gov/image-feature/noctilucent-clouds-or-night-shining-clouds

Earth Explorer 11 Phase 0 mission candidates (2/2) Eesa

Seastar Wivern
Measuring small-scale ocean dynamics Observing global winds, clouds and precipitation

40 km str: 1t|f01 m 40 km convective

I/
B

Key science and mission: objectives S * Key science and mission objectives

 + synoptic high-rés observations of currents, winds and waves over coastal and - Measure in-cloud horizontal atmospheric motion and microphysical properties
shelf seas, and the Marglnal r@%@ﬁe
?’ infer derivative pre,du;s’tgsugfias vorticity, strain and divergence

* contribute tga:fﬁd‘ ts@lcﬁﬁgfﬂ‘f air-sea interactions, vertical processes and marine
¥, L& o~ b JB . e
Q?OdUCtI ﬁ-." 7 - + Establish benchmark for precipitation and cloud profiling

vi ¢
;alld Aﬁ%‘fmﬁﬁmnon models

- A AB? systerht&r squinted along-track ocean mterferometrx (ATI) from
AEE ,.\Qltsh three;beérﬁs (fore aft5broads1ele) for full 2-D measurements

» Extend lead-time and predictive skills of high-impact weather
+ Contribute to reanalysis, improve weather and climate model parameterization

Proposed mission concept

+ Conically. scanning W-band radar with dual polarization pulse-pair technique

» Sun-synchronous polar orbit with 800 km swath, daily revisit above 50° latitude

» 5-year lifetime

y
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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

Conclusion esa

Europe is providing an unprecedented and unique Earth Observation Observation Evidence Base
that is supporting an enormous and growing number of applications across all domains

The European Space Agency, together with the European Commission and EUMETSAT, is now
preparing to enhance and extend the Copernicus system

User and Policy driven requirements drive the system evolution
Continuity of Copernicus observables is to be guaranteed
Enhanced continuity sets next generation targets

The ESA Earth Explorer Program continues to developing new scientific missions to view our planet
Earth using innovative techniques and technologies.

Fundamental challenges remain to exploit satellite measurements in synergy from the local
process-driven perspective to the global climate challenges.

We have an extremely rich and growing data archive for reanalyses and climate activities that
provides an evidence base for effective decision making and Policy implementation
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Thank you
Any Questions?

Contact:
Craig.Donlon@esa.int

European Space Agency

EUMETSAT
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mailto:Craig.Donlon@esa.int

The proportion of CO, emissions taken up by land and ocean carbon sinks
is smaller in scenarios with higher cumulative CO, emissions

Total cumulative CO, emissions taken up by land and oceans (colours) and remaining in the atmosphere (grey)
under the five illustrative scenarios from 1850 to 2100

GtCO,
12000
For scenarios with
> higher cumulative
10000 CO; emissions...
8000
ATMOSPHERE
6000
ATMOSPHERE ...the amount of CO, emissions
taken up by land and ocean
4000 il elsile carbon sinks is larger,

OCEAN

but more of the emitted
ATMOSPHERE CO, emissions remains
2000 - in the atmosphere...

LAND

...meaning that the proportion

OSP, SP, QOSP, SP, icc]
KMOSPHE, e ‘;\MO HE’*’& M }"’5@@ MO H5,9€ of CO, emissions taken up by
land and ocean carbon sinks
from the atmosphere

65% 44% 38% —> is smaller in scenarios
A \,e \'e with higher CO, emissions.
¢ ¢ ¢
o o'C'cgv K oC("v Wo od"?
SSP1-1.9 SSP1-2.6 SSP3-7.0 SSP5-8.5
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Dual-band allows exploration of

o (opernicus esa
snow/firn/ice interfaces
Otosaka, Shepherd, Casal et al. 29
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