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European Citizens’ Priorities in Space {cesa

Q: In the future, do you believe that priority should be given or not to space harris
activities that allow us to ... ? interactive

TOP 5 Priorities:

Identify the effects of climate change
Better understand what is happening on Earth

Further our knowledge of the universe

Protect mankind against threats from outer
space (asteroids, efc.)

Explore the solar system

“In the eyes of Europeans, the primary area of progression for space activities
would be to foster a better understanding of what is happening on Earth,
particularly regarding the climate”
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ESA Budget by Domain for 2019: 5.72B€ =CSd

Navigation* [}

%‘

13.1%
Prodex
Space Transportation* 1.2%
22.5%
Scientific Programme
9.2%
e Basic Activities.
B€: Billion Euro 4.2%
ME: Million Euro Budget 2019

5.72 B€

*includes programmes
implemented for other

institutional partners Associated with General Budget

4.1%

Human Spaceflight, Micro.
& Exploration
12.0%

Earth Observation*
24.3%

i Telecom & Integrated Applications*
6.8%

] Technology Support*
European Cooperating 21%

States Agreements . Space Situational Awareness
0.1% 0.5%
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Our Mission in EOP {cesa

Develop world-class Earth

Observation systems
addressing scientific &

societal challenges o s
with European and global

partners
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ESA-Developed Earth Observation Missions {&&iesa
Satellltes

25 under
2015 development
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Science: Earth Explorers .
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2023 2009-2013
biomass NP 2N = Smos
» ESA'S FOREST MISSION )~ ﬁﬂ %§< » ESA'S WATER MISSION
\ X 27n. 2009-present
2022 RVAY N
N/ \ ) o
B
earthcare
5 ESA' CLOUD, AEROSOL. cryosat
2022 2009—present
swarm
a e o I u S 2 ESA'S MAGNETIC FIELD MISSION

» ESA'S WIND MISSION & & 2013-present

2018-present
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 Vegetation fluorescence,
indicator of photosynthesis
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Environmental Monitoring: Copernicus Sentinels
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~=s sentinel-1

5 RADAR VISION

sentinel-2

2 COLOUR VISION
sentinel-3
2 A BIGGER PICTURE

W sentinel-4
" < ® _ 2 EUROPEAN AIR MONITORING
‘ sentinel-sp | sentinel-5
2 GLOBAL AIR MONITORING
’h

§ sentinel-s
2 SURFING THE SEAS
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CSC: Sentinel Satellites {cesa

Sentinel 1 (A/B/C/D) All weather, day/night applications, interferometry
™ SAR Imaging

* Sentinel 2 (A/B/C/D) Land applications: urban, forest, agriculture, ...

. Multispectral Imaging Continuity of Landsat, SPOT

gs ‘ . Sentlnel 3 (A/B/C/D) Wide-swath ocean colour, vegetation, sea/land
~~ %71 Ocean & Global Land Monitoring surface temperature, altimetry

entinel 4 (A/B) Atmospheric composition monitoring, pollution;
eostationary Atmospheric instrument on MTG satellites
( - -y . - - -
Sentmel 5 (A/B/C) & Precursor Atmospheric composition monitoring; instrument on
— f\‘ ‘ Low-Orbit Atmospheric MetOp-SG satellites
s

Sentinel 6

g Jason CS (A/B) Altimetry reference mission
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Copernicus Sentinel Status
S-1

Radar High Res. Medium Res. § Atmospheric Atmospheric Atmospheric

Optical Optical & Chemistry Chemistry Chemistry
Altimetry (GEO) (LEO) (LEO)

¢

3 Apr. 2014
B

25 Apr. 2016 |
C

2022/23
D)

> 2022/23

13 Oct. 2017

A
2020
B
2025

A
2021
B

2027

> 2027

European Space Agency
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Copernicus — continue global leadership in EO

r )
> 225 000 6 operational services
registered users % db == i A @

= tip of the iceberg Land Atmosphere  Ocean Clironate Disaster Security

. / satellites flying
((;’\) 250 TB satellite data o, o, 3 sa ssp S5 so
= ¥ distributed per day

e Y A

Ig full, free & open °e oo oo
data policy preparing Copernicus 4.0

- Y,

OBl = IE Ed SR
- rale



(Y

\

Global & System View by Copernicus \‘\Q\-}_gesa

Chlorophyll Sea Level Height Sea Surface Temperature

Soil Moisture Carbon Dioxide
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The electromagnetic spectrum 5 5 {zesa
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g -
[T g
— 0.1 nm
jg1e_| X-Rays
1 nm
101 | 400 nm
1gre. | Ulraviolet - 1on
] 500 nm
=100 nm
10" {Visible 1000
nm
104 | v g 600 nm
Infra-red — 10 um
1012 |
Thermal (= 100 um 700 nm
1012 ]
Far] 4000 pm
1om +1.mm
Microwaves [~ 1cm
1019, —
- m~aaar
Synthetic Aperture Radar (SAR) < L 10em
100 _]
~1m
10° _{Radio, TV
—10m
107_|
— 100 m
105— Al
— 1000 m Slide 15
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Sentinel-1 observation scenario
Main thematic domains & components .

SENTINEL 71

Land cover:

agriculture, forestry, Maritime
hydrology, etc. surveillance European coverage
Calibration/validation
Global land mapping

. ! Security
landslides, subsidence...

(InSAR applications)

Sea-ice, icebergs,
lake-ice

-/

Ground deformation:

)

Tectonic, volcanoes,

Slide 16
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Sentinel-1
Mission Overview
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Sentirjel-

Two satellites

C-band Radar,instrument

Sun=synchronots-oerbit at -
693 km altitude :
Inclination: 98.18° +l aser data transmission via the

Sentinel-1 B

e geestationary data' relay system
7 years lifetime EDRS was'demonstrated for S-1

Consumables for 12 years
3

Mean LST: 18:00h at N B-day repeat cycle'at

ascending node Equator (with 2 satellites):

12-dav repeat cvcle at ™= -Sentinel 1-B data distributed
Y P4 since 26 Sept 2016

Equator (with 1 satellite)

Slide 17
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Sentinel-1

SAR Operational Modes
R - HH+HV or
i | swatt 20 x40 m2 > 400 km VV+VH

HH+HV or
VV+VH

HH+HV or
> 80 km VV4VH
20 x 20 km?2
at 100 km HH or VV
spacing

» Daily coverage of high priority areas, e.g. Europe,
Canada, shipping routes

WV over open oceans

W over extended Gpernicus

=
=
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Tropical Forest Cover Loss by dense S-1 Time Series
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Forest-cover loss

P1) )
W map in
iy A
1] V ! 1 A .
AT L\/\*'\ M ;“‘\fﬂv/vllvmw Province
Ny .
V\I,_m x Riau,
=== Tg 2016(10) .
— 10 2016(a0) Indonesia,
2017(181) 20;4! 20|r52 20156 20!'60 201‘6‘ 20:68 201‘72 20:76 based On
dense S-1
(P2) time series
f“\ Z'\Ty. ,/‘JV“N\/L/}A\WJ\/Y\I‘N\ f\\xy\// \ (VH
\ ]l F channel):
-~ T 2016(28) '\‘W‘ |
| — T 2016(40) H Ur (A)
e , , ‘ y . r encroachme
i017’}(215) 20148 20152 20156 20160 20164 20168 20172 20176
Reiche et all, Remote Sensing.n}018, 10, 777;
B Natural forest B 8 365 1 w1 doi:10.3390/rs10050777 into natural
Plantation forest Month | 1| 2 3| 4[5 |6 |7 8|9 10/ 1112 123 4]5]6s )
Water Year 2016 2017 WAGENINGEN
UNIVERSITY & RESEARCH
large-scale
plantation
dynamics
Slide 19
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Sentinel-1 Surface Soil Moisture
Example of 1km SSM resolution over in Southern Italy

S-1 SSM product includes mean & std at 520m pixels size (1 km res)

December 04, 2017

0.05 m3m?3 0.5 \ 0 m3/m3 0.1

mean SSM
SSM

A E)(ploi'[_S_'] Sty ra— [ ER Courtesy: Francesco Mattia, CNR - ISSIA

Slide 20
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Sentinel-1 Surface Soil Moisture
Example of SMOSAR S-1 SSM at field scale

0.05 m3/m3 0.5

Tillage /
| vegetation
changes

a1

- SSM /mag over/mpsed to the tilag or vegetation abrupt
changes derived from VH S-1 changes (12-20/06/2017) at 40m (details
close to the Valladolid city).

. 7 Zoo the
Overview of S-1 SSM map on 20/06/2017

S EXplOit-S-1 st o [ Courtesy: Francesco Mattia, CNR - ISSIA
Slide 21
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The electromagnetic spectrum

Visible (VIS) + Near Infrared (NIR)= Optical <

Spectral Intensity

.2

Radiation Transmitted by th
1

e Atmosphere
10

70

Downgoing Solar Radiation
70-75% Transmitted

=
4
e)
&y

Uv_ | Visible

Upgoing Thermal Radiation

15-30% Transmitted

T
5
o

Infrared
1

0

Wavelength (um)

N
T
= =
=
) g
5 2
g H
o =
— 0.1 nm
jg1e_| X-Rays
1 nm
1017_|
. — 10 n
10% | Ultraviolet
=100 nm
15
10" bl 1000
nm
MNear =
10 8 { 1 um
Infra-red — 10 um
1012
Thermal (= 100 um
1002_|
Far] 4000 pm
101 | 1 mm
Microwaves [~ 1cm
o
107 Radar
— 10 cm
109 _J
~1m
10° _{Radio, TV
—10m
107 _|
— 100 m
108 AM
~ 1000 m
Long-waves

400 nm

500 nm

500 nm

700 nm

—
—]

®
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Sentinel-2 Superspectral imaging mission

Mission profile

| Multispectral instrument with 13 spectral bands
(VIS, NIR & SWIR)

I Sun synchronous orbit at 786 km mean
altitude and 98.5°inclinaison

i 290 km swath width

| 5 days repeat cycle at Equator (cloud free)
with 2 satellites

| 7 years design life time, consumables for 12
years

| 10 m, 20 m and 60 m spatial resolution
(depending on the band) (1)

Mission objectives :

» Generic
and disaster relief

Slide 24
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Sentinel-2
Imaging System : Multi Spectral Instrument (MSI)

— 11 b S == 4 1]

. Central .
Band name Resolution wavelength SRuH e Purpose
(m) (nm)
(nm)

BO1 60 443 20 Aerosol detection
B02 10 490 65 Blue
B0O3 10 560 35 Green
B04 10 665 30 Red
BO5 20 705 15 Vegetation classification
B06 20 740 15 Vegetation classification
BO7 20 783 20 Vegetation classification
B0O8 10 842 115 Near infrared
BO8A 20 865 20 Vegetation classification
B09 60 945 20 Water vapour
B10 60 1375 30 Cirrus
B11 20 1610 90 Snow / ice / cloud discrimination
B12 20 2190 180 Snow / ice / cloud discrimination
L — i | B | B Sy o B § R SE m vl
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S-2: Large range of applications...

Agriculture, Forests & Carbon,
Vegetation monitorin

Geology

— 11 ha Co ™= 4 1 == := T I 01 = O 2

Land cover classification, high

>

resolution layers & change.

Tl

Water quality
- 0 Il — Z2 SE m vl

Global Land
use

& change

Slide 26
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Sentinel-2: Agriculture

Sentinel-2 is the first optical mission to include 3 bands in the
‘red edge’, providing information on the state of vegetation

Sentinel-2 for agriculture :
esa-sen2agri.org

. '-|"|'=: Tl e =y
Tghre |-

i =
|
- L.
iy
e
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The electromagnetic spectrum T E
g g
jg1e_| X-Rays - o1nm

1 nm
1017
1gre. | Ulraviolet [~ 10n
100 nm
1015 o
Visible (VIS) + Near Infrared (NIR)= Optical <G| — L 1o
10|
Infra-red — 10 um
10|
Thermal Infrared (TIR) < ===y 100un
Far| £ 1000 pm
1om_| 1 mm
Microwaves [~ 1cm
1010 E——
Synthetic Aperture Radar (SAR) <= CE e
109 _|
—1m
10° JRadio, TV
— 10m
107 _|
— 100 m
108 AM
= 1000 m
= Bl b IZ Long-waves

400 nm

500 nm

500 nm

700 nm
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Sentinel-3:0ptical Payload

— I e 5 W - ] ™= :

(Microwave
Radiometer)

Ocean and
Land Colour

Instrument
Sea and Land (OLClI)

Surface
Temperature
Radiometer

(SLSTR)

Slide 30




Sentinel-3 applications = ever increasing

""'s.‘ N

Water resource
management

Fire monitoring

Ship routing: Fisheries: Harmful Mesoscale ocean
maritime safety algal bloom/marine circulation, currents,
biology/global ocean tides
primary production

Slide 31
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_and Cover: Typology.

no data

s

Shrubs cover areas

Grassland

Cropland

Vegetation aquatic or regularly flooded
Lichen Mosses / Sparse vegetation
Bare areas

Built up areas

Snow and/or Ice

Open water © ESA 2016
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Agricultural'lfand Use

. - ?o ' ’
< Distinguishing 15 Crop types”
) ar- - . J’Gern}any . © Humboldt UnivefSity

Berlin -

) -
Sentinel-2 and‘l_andsat-B Data P. Griffimso :

- " '
. Mixed
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Soil Moisture for Drought Monitoring

SMOS mean monthly soil moisture (2011-2016)

Time: 1 of 72

Anticipated crop failure
can be used to predict &
prevent famine

6 GEQGLAM

Conditions:
I e ceptionat
I Favourable
‘Watch
|
[
out-of-season
Retrieved soil moisture value (m3.m-3) | 80
m [ EWCM Southern Africa Countrles

r 2 - Maze
ou u [:ﬂ
Non-EWCM Southern Africa Countries. oy

Slide 35
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SMOS: Major droughts in 2015

Sept. 2015
Australia

June 2015

)
1
SouthAfrica
April 2015

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 (m3/m3)

Slide 36
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Sentinel-3 vegetation status and land surface
temperature

OLCI Terrestrial Chlorophyll Index Land Surface Temperature
global mean, 20-23 September 2016 monthly composite for September 2016

Credit: S3 MPC o = = = 5 =,
Credit: D. Ghent, University of Leicester

Slide 37
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Earth Surface Heat

-135 —90 —45 O 45 S0 135 340.00
L 284.0(
256.00
7 gy ~ I P 3
Contains modified Sentinel-3A data (2016) £
200.00

© UK National Centre for Earth Observation/University of Leicester %
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Emergency Management during Wildfires {cesa

< Moguer, Spain
29 June 2017

Copernicus Emergency
i Management Service Rapid
Mapping

Slide 39
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1W|Idf|ref§' In Russia - \\\&&Eesa

Sentinel-2
Amur Oblast
9 May 2018

= =e O B0 = S22 KX ZE im I+l



Forest Fires in Urban Areas

Mount Vesuvius
& Naples, Italy

12 July P e Sentinel-2B
2017 - 12 July 2017

Slide 41
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Wildfires — Prevention

' Map Options

COUNTRY BOUNDARIES o

= 11 bha o W= 4
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< Fire Danger
Forecast (based
upon the Drought
Code)

14 March 2018

Copernicus
Emergency
Management Service

Slide 42
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Climate Change Initiative

— 0 hm C= =N 4 ] W =



1L u II — . mr/. 3
mimm N — EEE S "]



N
Causes — Greenhouse Gasses {cesa

Atmospheric
Carbon Dioxide

412 ppm

Atmospheric Carbon Dioxide

= 410 ppm

400
390

+9% ppm
360 in just 15 years time
370

Global Monthly Average © ESACCI/
Planetary Visions
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 21 Feb. 2018
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Effects - Rising Temperatures d=esa

Running twelve-month averages of global-mean surface air temperature anomalies relative to
1981-2010

0.6-
0.4+
0.2+
C 04
=0.2-
-0.4

@)

1980 1985 1990 1995 2000 2005 2010 2015
© Copernicus Climate Change Service
May 2017
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Antarctlc Ice Sheet Monltorlng

p—— —W—v—_w et e ey e e e

e s S o e

Based on Cryosat data over three years (2010 — 2013)

©-CPOM/LeedS/IESA - —
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100

Sea Level (mm)

0

— Il hm E= W -

. Impacts'

= RIsine S: Lavsels

Global Mean Sea Level
— Y —

90 -

80 |

70

60 =

50

40 |

30 F

20 =

10 F

T T T T
ESA Climate Change Initiative (SL_cci) data

& AVISO plus Near Real Time Jason-3 data

3.1 mm/yr

-10 [ L M 1 1 i 1 1 1 " 1 1 M L 1 ] M
1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Time (yr)

Sea level rise Is
accelerating. Sea
levels could rise 1.3
meters in the next
80 years.

Proceedings of the National
Academy of Sciences

February 2018

| - 1= == S w1l European Space Agency



Cloud Properties

Carbon Dioxide,
Methane & other GHGs

Ozone
Aerosol properties

Sea Surface
Temperature

Sea Level; Sea Ice
Ocean Colour

Glaciers and ice caps

Land cover
Fire disturbance
Soil moisture




sea jce @
sea level @ :

Q

N @ cloud

sea surface
temperature

i [ | greenhouse
, ‘ gases

g DZone

@ . CLIMATE
CHANGE

ocean colour O ;

ice sheets @
. INITIATIVE
land . i

‘ laciers .
o cllmate_ g ; moisture
modelling
& user group cover -~
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Opportunities for EO

training

Slide 51
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Central pages ‘“_ 20 education and training: -@sa

new page, with all ESA EO present
and future training opportunities!
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https://rus-copernicus.eu/portal/the-rus-

offer/training/

Cgé? RU S Research and

(xenes  User Support ‘.M ﬁ % k@m} : g @esa

o
@Eﬂ The RUS Service ¥ BIGEHIEN0{Ei884 The RUS Library ¥ The RUS Community ¥

Login /Register &

You are here: Home > The RUS Offer > Training

A key pillar of the RUS service is the provision of free training aiming to bridge knowledge gaps which
may limit the use of Copernicus data.

The RUS training offer includes:

= Face-to-face sessions which focus on remote sensing applications and are dedicated to different
user categories, from beginners to trainers.These events are generally split in a theory part and a
hands-on one, the latter being carried out within the RUS working environment each attendee is
delivered at the beginning of the session.
The number of such events is limited to a few each year, collocated as far as possible with large
Earth observation events to facilitate user attendance.
You can check at any time the list of forthcoming face-to-face sessions.

= Webinars aiming to demonstrate in a concrete way how the RUS working environment can help
you to process data and derive results. Their typical duration is 90 minutes.
Upcoming webinars are generally advertised a few weeks in advance to allow registration.
However, if you miss one of them, you can re-play it on the RUS Copernicus Training channel
available on YouTube or consult the synthesis of questions and answers discussed at the event time
in the section Training past events.
You can also repeat step by step the exercise corresponding to each webinar in a RUS working
environment using the tutorial available in our Training Library.

- -1 = =T il = O i - BB BT 22 SE o I+l
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» News from RUS

GEO Blue Planet - Toulouse - 4-6 July 2018
Access to the RUS chat

RUS Training Session - Valencia - 22 July 2018
IGARSS 2018 - Valencia - 22-27 July 2018

RUS Training Session - Chamonix - 27 June 2018
GeOBIA 2018 - Montpellier - 18-19 June 2018
RUS Training Session - Sozopol - 21 June 2018

Copernicus Info Session - Bratislava - 12 June 2018

v The RUS agenda

Conferences & Workshops

Training sessions

w MR

=]

17

>
®
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o
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https://rus-copernicus.eu/portal/the-rus-offer/training/

ECHOES IN SPACE

1 MOOC on Radar Remote Sensing

(/]
History - Basics - Applications

9 HISTORY & GEOMETRY
4 WATER ¢ HAZARD

12 5700 15% d1vaA

XepTigixate

S TUTOPLOAG  STUGEVTO  XOUTAET10V

http://eo-college.org — presently a re-run (1 year duration)
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http://eo-college.org/




