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Overview d-esa

1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric Interference,
Passive Sensors& Active sensors

2. The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels, Science
for Society Programme

3.ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESAAcademy
2 Resources for schools within EO4Society (including Eduspace exercise on the Etna)
3 Tools for general outreach (i-books, apps, MOOCs)

4 Earth Observation Browser (EO Browser): Overview of Sentinel Hub, Sentinel Playground, EO Browser, Industries and
Showcases, Education

1.Exercise: Sentinel-2 for Etna lava flow
2 Exercise: Sentinel-5P for Etna atmospheric emissions
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1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric
Interference, Passive Sensors& Active sensors

2. The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels, Science
for Society Programme

3. ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESAAcademy
2 Resources for schools within EO4Society (including Eduspace exercise on the Etna)
3 Tools for general outreach (i-books, apps, MOOCs)

4 Earth Observation Browser (EO Browser): Overview of Sentinel Hub, Sentinel Playground, EO Browser, Industries and
Showcases, Education

1.Exercise: Sentinel-2 for Etna lava flow
2 Exercise: Sentinel-5P for Etna atmospheric emissions
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1. Basics of Remote Sensing: The Electromagnetic Spectrum eSd

Collecting and analysing data about an object without direct contact with it

4 elements
» Platform (satellite, airplane) » Sensor ( using # parts of the electromagnetic spectrum)
» Object to be observed (land surface, etc) » Information obtained

Objects can reflect part of the light they receive & can emit radiation due to their temperature - electromagnetic radiation
Electromagnetic spectrum

Wavelength
(1A = 0,0000000001m
1pm = 0,000001m ) Vlslblo (0,7-0,4 ym)
30m 3m O03m 3cm 3Imm 03mm 30pm 3ym J00A 30A 0.3A
Radio Radar Infrared Ultra-violet
(Microwaves)
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Remote Sensing = collecting and analysing data about an object with an
instrument that is not in direct contact with the object.

4 elements:
1- A platform to hold the instrument (planes or satellites)

2- A target object to be observed (the Earth: its land surface, the oceans, the
atmosphere, its dynamics)

3- An instrument or sensor (cameras, scanners, radars, etc)

4- The information obtained, and how it is used and stored (e.g, cloud cover
over Europe, evolution of ozone hole, etc)

In Remote Sensing, sensors are able to acquire information that the human
eye cannot see, using different parts of the electromagnetic spectrum besides
the visible part (e.g. the infrared part)

Objects normally reflect part of the light that reaches them (hence their
colour) and can also emit radiation due to their temperature. This cannot
always be seen by the human eye (e.g. infrared)

Light is emitted and reflected in the form of radiation = a wave propagatingin
space with magnetic and electric components = electromagnetic radiation.




Electromagnetic waves have different wavelengths, and their energy at different
wavelengths can be measured, to quantify how much radiation is emitted or
reflected by a certain object.

The collection of all possible wavelengths is called the electromagnetic spectrum,
shown in the graph. Note that humans have designed objects to emit at certain
wavelengths (e.g. microwaves)

More information at in Eduspace / Remote Sensing Principles / What is remote
sensing?: http://www.esa.int/SPECIALS/Eduspace EN/SEMF9R3Z20F 0.html



http://www.esa.int/SPECIALS/Eduspace_EN/SEMF9R3Z2OF_0.html

1. Basics of Remote Sensing: Radiation and Temperature

Objects on Earth emit radiation in proportion to their temperature

Emission depends on the surface temperature

Therefore, by remotely sensing the emission we can calculate the temperature of the surface
Surfaces with different temperatures have maximum emission at different wavelengths
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Thermodynamics indicates that a body at a temperature different from 0

Kelvin, i.e. an object on Earth, emits radiation proportionally to its
temperature.

Surface temperature is a key factor for emission. The surface temperature and
the degree of emission at a certain wavelength are directly correlated.

Therefore the surface temperature can be calculated on the basis of remote
sensing of the thermal infrared emission.

Surfaces with different temperatures have maximum emission at different
wavelengths.

More information in Eduspace
http://www.esa.int/SPECIALS/Eduspace EN/SEM71Q3Z20F 0.html



http://www.esa.int/SPECIALS/Eduspace_EN/SEM7IQ3Z2OF_0.html

1. Basics of Remote Sensing: Spectral Signatures -Sa

Different surfaces reflect radiation differently in the various parts of the Electromagnetic Spectrum = Spectral signatures
Therefore different surface types can be distinguished
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The radiation reflected as function of the wavelength is called the spectral
signature of the surface.

For example, vegetation can be distinguished from the bare ground because it
has a high reflection in the Near Infrared (around 0.8 micrometers) and a low
one in the Visible Red (around 7 micrometers)

Water only reflects in the visible light range (0 to 7 micrometers) , and it has
almost no reflection in the Near Infrared part. Therefore it is easy to
distinguish water bodies, they will appear as clearly delimited dark areas with
low pixel values, when looking at images recorded in the Near Infrared range.

More information in Eduspace
http://www.esa.int/SPECIALS/Eduspace EN/SEM71Q3Z20F 0.html

Image modified from https://www.researchgate.net/figure/Spectral-
reflectance-curves-of-different-land-cover-types-Modified-
from figd 245538996



http://www.esa.int/SPECIALS/Eduspace_EN/SEM7IQ3Z2OF_0.html
https://www.researchgate.net/figure/Spectral-reflectance-curves-of-different-land-cover-types-Modified-from_fig4_245538996

1. Basics of Remote Sensing: Atmospheric interference -@esa

.

Sun radiation & its reflection from Earth’s surface pass through the atmosphere before reaching the satellite sensor.
+ Greenhouse gases absorb part of the radiation from Earth: ozone, water vapour, carbon dioxide.
+ This reduces the amount of radiation the atmosphere can transmit in those specific wavelengths.
+  Wavelengths where most of the radiation can pass through = atmospheric windows

In this part of the spectrum, H,0 and
CO, absorb most of the radiation
coming from the Earth. Very little
reaches the satellite sensor!

3

Even in atmospheric windows, atmosphere
uses and absorbs - data STILL need
to be adjusted via processing

$3  Amospheric transmission (%)

S
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More information about atmospheric windows in Eduspace
http://www.esa.int/SPECIALS/Eduspace EN/SEMUYP3Z20F 0.html

Original image from

Kaab, A.; Winsvold, S.H.; Altena, B.; Nuth, C.; Nagler, T.; Wuite, J. Glacier
Remote Sensing Using Sentinel-2. Part |: Radiometric and Geometric
Performance, and Application to Ice Velocity. Remote Sens. 2016, 8, 598,
available at https://www.mdpi.com/2072-4292/8/7/598/pdf/1



http://www.esa.int/SPECIALS/Eduspace_EN/SEMUYP3Z2OF_0.html
https://www.mdpi.com/2072-4292/8/7/598/pdf/1

1. Basics of Remote Sensing: brief summary eSa
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This graph highlights some of the parts of the Electromagnetic Spectrum used
in Remote Sensing for the Earth.

Visible and NIR - e.g. agriculture
Thermal Infrared = e.g. vegetation stress, evapotranspiraton

Synthetic Aperture Radar = e.g. ground subsidence




1. Basics of Remote Sensing: Passive sensors

Two types of sensors:

~» Passive (use external energy sources)
Problem of clouds!
e.g. infrared viewers

» Active (uses its own source of energy i

' Primary s&rce
 of energy: Sun
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1. Basics of Remote Sensing: Active sensors

Two types of sensors:

» Passive e external energy sources

~ Active (uses its own source of energy to
‘illuminate’ objects and measures the part that is
reflected and returned to the sensor)

e.g. radar
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1. Basics of Remote Sensing: Active sensors

-
’

» Can acquire images day & night + penetrate clouds

* Info about geometric and dielectric properties of the surface studied
> Roughness of surface
> Type of material
> Moisture content

+ Applications: measure sea waves, monitor floods, monitor landslides,
earthquakes, volcanoes, and monitor forests in cloudy areas
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Colour radar images can be produced by combining three single images from
different dates (e.g. 35 days apart) to produce a multi-temporal composite.
Each individual date/image is displayed in one of the three colours used to
form any colour picture, that is Red, Green and Blue (RGB). The different
amounts of colour from each date combine to produce other colours that can
be interpreted by experienced image processors. (More information about
RGB displays in the EO Browser exercise on Etna lava flow from Sentinel-2)

For example, in the case of water bodies, for the radar sensor, the rougher the
surface, the greater the reflection of the microwave energy that will reach the
sensor and be recorded, therefore the pixel will have higher values and show
brighter (whiter).

More info on how to interpret radar images in Eduspace
http://www.esa.int/SPECIALS/Eduspace EN/SEMHUESTGOF 0.html

12



http://www.esa.int/SPECIALS/Eduspace_EN/SEMHUESTGOF_0.html

Overview

7
®
»
o

1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric Interference,
Passive Sensors& Active sensors

2.The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels,
Science for Society Programme

3. ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESAAcademy
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2. ESA & ESA's Earth Observation Programmes -CSa

+ Established in 1975 “To provide for and promote, for exclusively peaceful purposes, cooperation

among European states in space research and technology and their space applications.” (Atticle 2
of the ESA Convention)

» Over 50 years of experience

« 22 Member States

+ 8 sites/facilities in Europe

« Over 80 satellites designed, tested and operated in flight
+ 5.6 billion Euro budget (2018)

+ ESA Directorate of Earth Observation Programmes

Develop world-class Earth Observation systems addressing scientific & societal
challenges with European and global partners

=02 ™= SIS S N @I E -
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2. ESA & ESA’s Earth Observation Programmes
http://www.esa.int/Applications/Observing the Earth
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2. ESA & ESA’s Earth Observation Programmes
http://www.esa.int/Applications/Observing the Earth

ESA NG UIREIITUINEE SPACE FOR OUR (LIMATE

> Observing the Earth
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2. ESA & ESA’s Earth Observation Programmes
http://www.esa.int/Applications/Observing the Earth
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> Observing the Earth

View from above
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2. ESA & ESA’s Earth Observation Programmes: Science Satellites
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Science: Earth Explorers
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2. ESA & ESA’s Earth Observation Programmes:

Science Satellites cSa

cryosat

TN A ESHSICEMISSION
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The Earth science missions “Earth Explorers” allow us to understand the Earth
System and its diverse aspects in more and more detail.
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2. ESA & ESA’s Earth Observation Programmes
http://www.esa.int/Applications/Observing the Earth
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> Observing the Earth
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2. ESA & ESA’s Earth Observation Programmes: Copernicus Sentinels

Meteorology e

Science ©°2  Copernicus Lo

— 0l b 2o = 4 ™= T RIS 0 8 e BN BN TS0 KX SR im0l

eSd

21



2.1. ESA & ESA’s Earth Observation Programmes

Environmental Monitoring: Copernicus Sentinels s
{sesa

sentinel-1
+ RADAR VISION
o sentinel-2
ey e o + COLOUR VISION
sentinel-3
¢ + A BIGGER PICTURE

i sentinel-s
“% _ 4 EUROPEAN AIR MONITORING

sentinel-sp | sentinel-s

._l
& + GLOBAL AIR MONITORING
£
sentinel-s
m + SURFING THE SEAS
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More info about the Copernicus Sentinels:
https://www.esa.int/Applications/Observing the Earth/Copernicus/Overview

4
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https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Overview4

Exercise on lava flow

2. ESA & ESA’s Earth Observation Programmes: Copernicus Sentinels
from Etna (EO Browser)

sentinel-1 /
+ RADAR VISION
sentinel-2
+ COLOUR VISION
sentinel-3
+ A BIGGER PICTURE

sentinel-s
.+ EUROPEAN AIR MONITORING

. sentinel-sp | sentinel-s

+ GLOBAL AIR MONITORING

sentinel-s
+ SURFING THE SEAS k
Exercise on gas

emissions from Etna
eruption (EO Browser)
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In the exercises we will work with data from Sentinel-2 and Sentinel-5P
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2. ESA & ESA’s Earth Observation Programmes
http://www.esa.int/Applications/Observing the Earth
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> Observing the Earth
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2. ESA & ESA's Earth Observation Programmes: Science for Society Programme { = @Sa

observing the earth - https://eo4society.esa.int/

sl 090 hebdweeoas More info about educational resources in the EO4Society
site can be found in the next section of this presentation,
"ESA Educational Resources for teachers and schools”

+ CUROPLAN SPACE AGENCY

Mo o actess Gaca

eo science for society
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1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric Interference,
Passive Sensors& Active sensors

2. The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels, Science
for Society Programme

3.ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESA Academy
2 Resources for schools within EO4Society (including Eduspace exercise on the Etna)
3 Tools for general outreach (i-books, apps, MOOCs)

4 Earth Observation Browser (EO Browser): Overview of Sentinel Hub, Sentinel Playground, EO Browser, Industries and
Showcases, Education

1.Exercise: Sentinel-2 for Etna lava flow
2 Exercise: Sentinel-5P for Etna atmospheric emissions
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3.1. ESA Education Office

https://www.esa.int/Education

esa [EIEEISGINN ESA ACADEMY  TEACMERS' CORNER  ESA KIDS

2%+ TEACHERS' WORKSHOP

Lot

ESA Acadessy

LATEST NEWS
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ESA’s Education Office aims to help young Europeans

(from 6 to 28 years old) gain and maintain interest in science
and technology

Hands-on projects

N -

Support to teachers

w

International Cooperation activities

FeS

Opportunities for students
5. Outreach initiatives

The resources and projects from ESA’s Education Office are
related to more than Earth Observation: interplanetary
exploration, satellite simulations, astronaut training..

Siide 27

European Space Agency
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3.1. ESA Education Office

https://www.esa.int/Education
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+ TEACHERS' WORKSHOP
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Hands-on projects

Training and career
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students
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3.1. ESA Education Office: Teacher’s corner: ESERO project for secondary schools&:

https://m.esa.int/Education/Teachers Corner/European Space Education Resource Office

eroe
O
L
5 chmgees

Teachers cormer

Csaroom ressuroes
Tancher tramings

FSA Acadumny
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ESERO (European Space Education Resource Offices in ESAMember States) offers an annual series
of national or regional training sessions for both primary and secondary school teachers, offered in

collaboration with national partners

15 ESERO offices: Austria, Belgium, Czech Republic, Denmark, Germany, Ireland, Italy, Luxembourg,
Netherlands, Nordic ESERO, Poland, Portugal, Romania, Spain, UK.

Side 29
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3.1. ESA Education Office: Teacher’s corner: support to teachers -CSa

sa.int/Education/Teachers ¢

n teachers' corner
EOUCATION ]

ESA  EDUCATION  ESA ACADEMY BRITIGLLURGLIILEN ESA KIDS

a=fErcn

&

"+ SAVE THE DATES!

Tenchas 1 mengs

e bl ROt dwted 3 3y

ESA Acadumny o 4§ {ideots St ol 1 0 Bhe 2019
ans < oo i oy
Catelleas Heoe
Exparsmants
LATEST NEWS
;
=R e 2T o g™ EE RIS S M e ON ORI IEENEE im el European Space Agency

30




3.1. ESA Education Office: ESA Academy: Hands-on projects & opportunities for

students

https://www.esa.int/Education/ESA Academy/What is the ESA Academy

Con
Toachas trmemsngs

Satelloes
ogerimmasts

=R e IT g s

academy

ESA ACADEMY

iocieloate e WHAT IS THE ESA ACADEMY?

ESA Academy & ESA's overarching educationa’

programme for university students from
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1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric Interference,
Passive Sensors& Active sensors

2. The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels, Science
for Society Programme

3. ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESAAcademy

2.Resources for schools within Science for Society programme (EO4Society) (inc. Eduspace exercise on the
Etna)

3.Tools for general outreach (i-books, apps, MOOCs)

4. Earth Observation Browser (EO Browser): Overview of Sentinel Hub, Sentinel Playground, EO Browser, Industries and
Showcases, Education

1.Exercise: Sentinel-2 for Etna lava flow
2 Exercise: Sentinel-5P for Etna atmospheric emissions

Side X2
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3.2. Resources for schools within Science for Society Programme

https://eo4society.esa.int/training-education/

Within the Science for Society Programme (already presented a few slides above), ESA
makes available training opportunities, materials and tools, some of which are
dedicated to schools

+ EUROPLAN SPACE AGDNCY

eo science for society

out about plined workshogs .

1)
Q

=02 ™= SIS S N @I E -
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EO training & education

Online EO for everyone: MOOCs,
webdinars and video tutorials

Scientists: advanced training by theme
(ocean, land, stmosphers)

and young

Primary and secondary schools: EO
basics
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3.2. Resources for schools within Science for Society Programme

el
- u https://eo4society.esa.int/training-

leoworks

WORLD
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education/primary-and-secondary-schools-eo-
basics/

TRAINING COURSES FOR TEACHERS

MORE GENERAL ESA SPACE EDUCATION

The Ecucation department of ESA
relevent 8130 1o Earth Observetion

10pS SOUCATIONS! Material and UNdertakes Mary BCEVITES In SPACE EOUCATION for Children. Some of Ts is
more information, vist the scon and E5ER0 webste

d:esa
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1d-secondary-
.
Primary and
A Lndertakes
EO Browser will be presented in the next section of this
RESOURCES FOR SCHOOLS presentation, and will be used for the exercises we will do
together.
I ATUAD 9
L 10 bverer 54 Sobs - Laarn 100
==
leoworks wORLD
*WATER
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3.2. Resources for schools within Science for Society Programme: Bilko & LearnEOL = @S 3

Primary and secondaryischopls

Bilko is an educational software that was first developed for UNESCO
in 1987. The software is updated regularly

RESOURCES FOR SCHOOLS LearnEO! is an education project that includes hands-on training aimed
E mainly at upper high school and university level
kamEl The exercises of LearnEO! are done in the Bilko software
= LearnEO!
WORLD Learn Earth Observation with ESA

“WATER

=02 ™= SIS S N @I E - European Space Agency
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S'c'l'-lvdol‘:a Introduction to ESA
LAY ALl . Earth Observation

» Global Overview

» Continental Overview

* The Natural and Cultural Sphere
RESOURCES FOR SCHOOLS

- Annex:
SCHOOL T e
ATLAS + Teachers’ Handbook
» DVD-ROMs with the original bands of the satellite data

+ Handbook content and exercises, connected to Eduspace

oo™
ATLASS

and its software Leoworks (see next slides)

Describes the major issues related to water on Earth
" Presents water as a natural resource, focusing on
WORLD global water, the oceans, seas, lakes and rivers of the

*“WATER Earth

Side 37
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3.2. Resources for schools within Science for Society Programme: LEOWorks eSa

LEOWorks

== LEOWorks allows to view and manipulate optical and radar
- images, and includes tools for Geographic Information Systems
(GIS) analysis
_WORLD
WAIER LEOWorks is the software used inthe exercises of Eduspace
o (see next slide)
o |
=00 b ST - g ISR RS S OB e INOBE T IZENEE im el
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3.2. Resources for schools within Science for Society Programme: Eduspace

http://www.esa.int/SPECIALS/Eduspace EN/index.html

@ esa eduspace

What is Eduspace?

The Eduspace website aims to
provide secondary school students
and teachers with a leaming and
teaching tocl. It is meant to be an
entry pont for space image data,
and, in particuler, to 8 widespread
vissbility of Earth observation
applicavons for education and
trasming

-

The Eduspace website encourages
teachers to use Earth observation

Earth cheervation » dota in ther cumnculum by providing ready-made projects. It is nch in

satefites didactical matenial, especally in local and global remote sensing satelite
[“Resewrces 4] data. 1t 15 a source of ideas about how to introduce space-related

matters into the dassroom, where full scale examples are slso

T

Sungs Gollery 2 2 Send this page to » friend »

Vdeo Galery .

Contact s B

Search in Eduspace .

Search

=M ID ™ - 1™ = T IS O e 31

X
European Space Agency

16-Oct-2019

|+ -

I+l

-€Sa

Educational website aimed at secondary school
students and teachers

Entry point for Earth Observation applications
education and training

Ready-made projects
Didactical material with local and global data
Source of ideas for classroom activities

Side 3
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3.2. Resources for schools within Science for Society Programme: Eduspace

http://www.esa.int/SPECIALS/Eduspace EN/index.html

&%
oA

European Space Agency

Mt. Etna, located in Sicly, Italy
(37°44'N, 15°00°E), s Eurcpe’s
argest volcano.

It has @ volume of at least 350
km? and is one of the most active
(1.e. productive in eruptions)
volcanoes on Earth. Etna has an
slttude of approwmately 3330
metres, which vanes by a few

tens of metres according to its
Wagengo S actvity, and s surrounded by popuiated aress.

The oty of Catania is stuated south of the voicano. The lower part of this
continental voicano has a base of sbout 60 x 40 km, an aititude of sbout

e 2900 m, and is 3 sheld. The upper part s & strato voicano. The
composton of Etny @ % samdar to alkah basalt and trachybasalt.
This means that the lava s basic, with low $i,0; content. Voicanoes
produong ths lond of lave are not very expiosive

=0 b 22 ™ - 1™ = TS 5 M e N BT I KN OEE i
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Two exercises related to Etna:

» Introduction

Change Detection and
Hazard Assessment

» Exercise 1: Exploring the
volcano

* Exercise 2 : Visual
interpretation using
terrestrial photographs

« Exercise 3: Lava
detection: crisis images
and maps

* Exercise 4: Hazard
assessment: GIS can
help!

Eduspace - Download

* Etna_Landsat_GIS.zip

Eduspace - Software

* LEOWorks 3
* LEOWorks 3 Tutorial

« Introduction
Monitoring of volcanic
hot spots and plumes

*» Exercise 1: Exploring the
volcano

» Exercise 2: Hot spot and
plume detection

+ Exercise 3: Monitoring a
plume - animation

Eduspace - Download

+ Etna_MODIS.zip

Eduspace - Software

« LEOWorks 3
* LEOWorks 3 Tutorial

8
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3.2. Additional tool for secondary schools: educational posters

In addition, another tool for secondary schools is educational posters
Posters can be ordered by emailing: educat } Desa.int

+ SATELLITE ORBITS

=l 2@ 4 ™= T I

L Or ¢

Posters available in: English, German, Spanish, Czech, Greek

+ What is Remote Sensing?
« Satellite orbits

* Ocean applications

* Land applications

* |ce applications

* Atmosphere applications

= M e DN OB T OIZ KN OB im el
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3.2. Additional tool for secondary schools: educational posters

In addition, another tool for secondary schools is educational posters
Posters can be ordered by ema|l|ng Jucation@esa.int or ¢ Desa

2 WHAT IS REMOTE SENSING?

Remote Seasing 13 the principle of measunng lsrmation bout

an object without being in physical contact with &

The instruments that ae used in remate sensing are Galled sensors
They meamure the electromagnetic radiation of ebjects and omvert
it into data that 3 computer can interpret.

Remote sensing can be done from the ground, frem an aircralt

o from space. [n menote sensing from space, the sensers are
mounted oa 2 satelae and are oriented towards the Earth so that

the atmosphere, ocean, ind and sbjects such a5 trees, crops,
buiings, mvers (an be ebserved A

Remote senung sentons are grouped Inta o (ategories s
L8 e
passive and actve. )

Fod oot mare # wm a1a 0 o buapeen

=02 ™= SIS S N @I E -

@esa

PASSIVE SENSORS

Dassme semion mesmure the radution
coming from & source external to the
vemaee, wxh a1 the mnkght reflected by
sbjects on the Earth or the thermal
b arwd o dron emvtted by B Lacth
sell Passive sersers camot detect
sumbight during the right. 1F they are
eptical, they aine camnot see through
deudr.

ACTIVE SENSORS

Actrve semons e the own sowce of
rabation In the case, the senser emits
rach stion towards sbjects on the Earth
and memures the amourt of radution
reflected back In comtrast to passwe
araons, actare sensors Gan meavers by
dhay and by night. 1f they are radar, they
a0 can e theongh clouuds

€Sd
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3.2. Additional tool for secondary schools: educational posters

In addition, another tool for secondary schools is educational posters
Posters can be ordered by emailing: ed ) or

2 SATELLITE ORBITS

In Earth Observation, the sateliaes | L eries around the Earth called orbits

n three principal factors. The first factor is the
nd factor 13 the velocity of the satelite and the thed
thon of the satelite. The closer the satelite is to the Earth, the

xcording to what the satelites need to sbserve

ation satelites

=02 ™= SIS S N @I E -

@:esa

GEOSTATIONARY OREITS
“LOCKED WITH THE EARTH"

(montationary orb s are descrbed by » croder
trajectory approsiesstely 36,000 b above
the Earth's equator. Satelites on these orbits.
travel around the Earth at the same angular
welccity as the Earth. In this may, they sppear
Coratantly # the same position shore the Larths
surface and can provde & continoous servoe.
Mort ewtesrological and telecommnication
sateliten are placed in grostatonary orbls.

NEAR POLAR SUN-SYNCHRONOUS ORBITS
“LOCKED WITH THE SaN™

Mo prodar S syr rorcass et are described
by & roughly arcular tragectory appron enately
800 i sbove the Earth's surface. Sutelites
on these orbits ascend or descend nearly
croming the poles a3 the farth rotates, in
Such s may that they can cbserve every part of
the Earth at the same local time and with the
sarve s Bamsoation each day £ ath sbeervation
Satelhtem e 10 Cover thee planet Globaby
2w placed m Bre orbits.

eSa
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3.2. Additional tool for secondary schools: educational posters

In addition, another tool for secondary schools is educational poster
Posters can be ordered by emailing: edu t or eohelp@esa.int

2 OCEAN APPLICATIONS

The oceans cover mere than 70% of the Earth's surface. These vast areas have 3 great
influence on weather and chmate regianally and worldwide, for this reason ocean
monitorng B very impartant for our planet and for human wel-being.

Nowadays, satelites measure 2 variety of ocean pacameters at global, regional and local
saales. These measwrernents support 3 wide range of applications such as  dimate
change monitarthg, weather forecastiong wind and waves monitoring, algae blooms,
fishery, ship routing, search § rescue, ol spal detection, and water quality assessment

=02 ™= SIS S N @I E -

o~

w-esa

ocuan coLem

Opticl instruments are capable of
hearving B coow of te sorem,
revesbng e presencs of slgae and
plarktsn which i1 » good dicater of
gobal ocnan heakth nd heps o
detarmee the eost satable locatuorn
for productee fiheres

on s

Linaging rader matrusments are senslive
1o vurface roughness. Ths char sctermstc
enables them to detect of spills, o ol
Rastng on B surface han the effect of
smostheng the waves produced by e
wind on the watar.

-

Radar dtrmeters mwsiure the beght of
the sea sarface This inbormation is vital
ts mentor ses level rise in coustal
arvas and to understand the gebal
ocran Gradation

-€Sd
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3.2. Additional tool for secondary schools: educational posters

In addition, another tool for secondary schools is educational poster
Posters can be ordered by emailing: ¢ t or eohelp@esa.int

2 LAND APPLICATIONS

Land covers 30% of the Earth's surface. This area supports the vast majerity of human
2ctivity and provides Rabitats te bving beings. [t aise plays 3 prominent role in the Earth's
dimats, dus ta &3 direct interaction with the atmesphere and the hydresphers

These elements make the mervtoning of Land 2 hey component for humantind

20 the busphers

Remots sensing has become taday an invaluable tsol in the assessment of land mseurces.
Satalitas support for example land cover mapping, lanming. forest hres detacton,
10d motsture and ecorion assessment, forest biemass estimation, Earth's tepagraphy

maasrement, vokano manitenng and sarthquake modelling

=02 ™= SIS S N @I E -
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et

Optical emagers arv capable of providing
periodic and fine detaled images of
agadtural febds T slows mappng
creps and ameming their health and
@rowth on & frequent busns

voLcawoes

Agple sbora of rade emagers mchde
e arng the mflation or deflation o &
ok o B b etr o precrvon wwng
SAR Intarferometry. This can provide
wharation on volcansc atwity. which
can wrprve mades for the predacton
of future envptens

son waryname

Imagng radometers, wich as on SA's
SMOS satwlite, produce gabal maps of
surface sol moturs, = important
e amet for vegrisbion and sgreulire
rrtarng mde maragreert, wedher
and demts forecasting

Porupasn Space Agemey

€Sd
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3.2. Additional tool for secondary schools: educational posters

In addition, another tool for secondary schools is educatlonal posters
Posters can be ordered by emailing: education@es t or echelp@esa.int

tace s permanently covered by glaoers, ke caps and ke sheets,
phere. These dfferent forms of ice, massly found in polar
xal role in reguiating the Earth’s dimate and sea level
possbly incveruible changes of the cryssphere

The manitaring of xe & therefore imperative for the future of our plaset

Remote sensing ‘sfiers 3 new and vakiabie tool for xe montoring and 3 vartety of ke
and offshore operations in polar areas
measurements of essential ice
arachy ~iter dumate hange

It allews the characterisaton of searice drift and the determraton of glaoer flaw velooties.

=02 ™= SIS S N @I E -

x coven

Optucal enager, ot well s rackar imagers,
massure the ice cover extent and track
g icebers i ocran currents. These
v gt rde o b the moretern;
of Gimate Ohange and cn support
mantrme nangation = our exreaungy
bty Arctic waters.

SLACIIR FLow VELSCTTY

Uiy advanced techrooes soch @ SAR
Irtertersemetry rader imitrunents allow
the remrvmmert of glacrr flow veloc dy
Th sbarmation i+ used to efer glacery
s bdarce whach 3 3 serevte enhcator
of the Larth's demate.

and seaice thickness. This enables
Guanticaton o the smeunt of o meting
0 polar regans and its cartrbutien t
Fobd sealeved rine

-CSa
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3.2. Additional tool for secondary schools: educational posters

In addition, another tool for secondary schools is educational poster
Posters can be ordered by emailing: ¢ t or echelp@esa.int

2 ATMOSPHERE APPLICATIONS

The Earth's atmosphere is the mixture of gases that surmsends sur planet It is of fundamental
importance to e an Earth Ameng other things, it provides liviag erganisms alr to breathe,
peotects us from the sun's Witraviclet radation and regulates the Earth's temperature to keep
1t habitadle Monitering the properties of the atrmosphere Is therefore essential

Sensors on board satellites offer new capablities to support atmospheri applications. For
exampie, they prowde prohles of wind and measurements of doeds distrbution to imprave
weather madels and forecast. They also monitor changes n atmasphenc composition, usehul
to control air quality and refine dimate models. They provide detailed views of phenomena
such as hurricanes, eruptions of vekanic ash and urban heat islands.

=02 ™= SIS S N @I E -

desa

s -

Optxcal imagers from space provide
detalled views of cleud strectures
amociated with the comection of
wind. This nfornation is weld
vappart the meartoring of hurncanes
and rgrove mesther lorecastng

wino

I racdar instruments are erde
o mater wirface reughness sech o

mnd an cpen ocram

farwm and 1o weather forvcasting

RO sen DD M)

Optical spectrametsrs messure the
bpt mfected from the atmosphere
and reveal sbsorption fimes, which
correspond to pues such as
Notrogen Sansde (V0,) Thes swdormatian
is vitd %o ar quallty and to
wppert the predctan of demate charge

Harvonan Space haeniy
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Overview

1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric Interference,
Passive Sensors& Active sensors

2. The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels, Science
for Society Programme

3. ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESAAcademy
2 Resources for schools within EO4Society (including Eduspace exercise on the Etna)
3.Tools for general outreach (i-books, apps, MOOCs)

4 Earth Observation Browser (EO Browser): Overview of Sentinel Hub, Sentinel Playground, EO Browser, Industries and
Showcases, Education

1.Exercise: Sentinel-2 for Etna lava flow
2 Exercise: Sentinel-5P for Etna atmospheric emissions

=iz == SIS S N @Il EOE - e European Space Agency
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3.3. Tools for general outreach: CryoSat App (VIDEO)

=

http://www.esa.int/spaceinvideos/Videos/2012/12

[Earth from Space the Living Beauty

+ EARTH FROM SPACE

The living beauty

=iz == SIS S N @Il EOE - e
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3.3. Tools for general outreach: CryoSat App

esa

cryosat
+ ESA'S ICE MISSION

LAY
B data access to

=0l 20 = - 1™ = T HIIIS 5 B e N BT 22 KX B i

eSa
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3.3. Tools for general outreach: Sentinels App

@esa

£ Available on the
sentinel '

. See the last and next time they have been and will be over
your location; Move them to the time of the last data
transmission and smoothly move them back to their
currentlocation over the 3D globe

. Get information and news about the Copernicus
Programme

. Set Notifications to be warned when satellites are flying by

— s 1™ = TS IS D N @IS OE -

ANDROID APP ON

I+l
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3.3. Tools for general outreach: Proba-V App

(cesa #_ Available on the ANDROID APP ON

k
proba-v ' App Store g COOSIC play

Take a picture of a landscape

Associate the vegetation status derived from Proba-V
NDVI products in your area to the picture

See graphics of the vegetation status evolution during
the last 6 months (tap on picture icon or on map)

Build your picture gallery and see all your pictures on

the map

Share the pictures on social media

Learn about Proba-V, get news and image of the week
Ul available in several languages: English, Italian,
Portuguese, Dutch, Spanish, German, etc.

And much more!

=iz == SIS S N @Il EOE - e European Space Agency

52



3.3. Tools for general outreach: Climate Change Initiative App & visualisation tool CSa

£ Available on the ANDROID APP ON
| ¢ App Store | P> Google play

Climate from Space:

ESA'siPad App for visualization of climate data being 63;""T°u”
produced through the European Space Agency's Climate @

Change Initiative (CCI) @

doud

categories of the Essential Climate Variables o oo )

Sea surface temperature, Sea level, Sea ice @
soil moisture

ocean colour

>
ey
Allows to visualize temporal changes of the 13 general 4 @ :
).l aerosols

Glaciers, Ice sheets @
sea level
@ O climate modelling
fire user group

3 CLIMATE =
FROM SPACE

Ocean colour

Land cover

Soil moisture

Greenhouse gases, Ozone, Cloud, Aerosols

» Fires

=0 e 2T W o g™ E RIS S B e ONOBE T IEEXEE im el
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3.3. Tools for general outreach: Educational “Stories” / exercises on Climate g-esa
Change

+ Set of successive thematic stories and hands-on exercises based on the CCI Visualisation
Tool (Climate from Space) - CCl App

* Dedicatedto secondary school students
« Tutorials for teachers

Not online, still under review

Fires and
| Aerosols

Side 54
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3.3. Tools for general outreach: Video courses (MOOCs)

-esa

https://eodsociety.esa.int/training-education/online-eo-for-everyone-moocs-webinars-and-video-tutorials/

ESArecently started to create educational MOOCs for EO techniques & Applications,
starting with Climate Change

What is a MOOC?

Massive: no limitation on the number of participants. The record is 440,000!

Open: free and accessible for anyone with an Internet connection

Online: all activities are made online

Course: it has a specific topic, prepared by specialists, offering theoretical
and practical content

=02 ™= SIS S N @I E -

Online EO for eweryone: MOOCS, webinars and video tutorials

S g .+ B rew i - e e

Cesa
ECHOES IN SPACE

Side 55
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3.3. Tools for general outreach: Video courses (MOOCs) esa

esa

ECHOES IN SPACE

Introduction to Radar Remote Sensing

B~ ~

>

‘ > A .

Earth Observation from Space: the Optical View

=00 e ZZ W - g ™S RIS S M e OB BT I EXEE im el
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1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric Interference,
Passive Sensors& Active sensors

2. The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels, Science
for Society Programme

3. ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESAAcademy
2 Resources for schools within EO4Society (including Eduspace exercise on the Etna)
3 Tools for general outreach (i-books, apps, MOOCs)

4 Earth Observation Browser (EO Browser): Overview of Sentinel Hub, Sentinel Playground, EO Browser,
Industries and Showcases, Education

1.Exercise: Sentinel-2 for Etna lava flow
2 Exercise: Sentinel-5P for Etna atmospheric emissions

Side 57
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4. Overview of Sentinel Hub

o SENTINEL

Sentinel Hub is a Copernicus Award winning
service for archiving, processing and
distributing Sentinel data

=02 ™= SIS S N @I E -

eSa

Sentinel Hub is a Copernicus Award (http://www.copernicus-
masters.com/index.php?anzeige=press-2016-03.html) winning service for
archiving, processing and distribution of Sentinel data.

Users can look closely into the global archive of all the Sentinels and explore
this rich archive to monitor changes in the land. They can:

- Observe imagery all over the globe
- Create statistical analysis and compare different sensors

- Export results as a raster for further processing
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4. Overview of Sentinel Hub

o SENTINEL

Under the Explore EO data section, we find:
- Playground

r‘-,\ y EXPLORE
%

S

EO Browser
Industries and showcases

Education

There 15 1O 56Cret that we Iove 10 COSENVe our beautiful home p
PRISION, we recommend to start playing with cur free web applicat

from above. If you Rave [Ust entered the Earth CDSENVATION World and share 0w
and read some common nformation

Education

Learn more about
ratelite imagery and a3

use for analysis of
different phenomena and
events happening around
the globe

Side 59
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Under the Explore EO data section, we find:

Playground,

EO Browser

Industries and showcases

Education

We will use EO Browser, but first let’s have a quick overview of what those
sections contain.

First the Sentinel Playground section.
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4. Overview of Sentinel Hub

http://apps.sentinel-hub.com/sentinel-playaround/

<« of senTivEL

Sentinel Playground is a simple web viewer for rapid
exploring of Sentinel-2, Landsat-8 and MODIS, along
with access to data products (NDWI, etc) @ ==

V

=02 ™= SIS S N @I E -
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Siicde 80

European Space Agency

The Sentinel Playground is a web application that is publicly available and
allows users to query for Sentinel data all over the world.

It is a graphical interface to a complete and daily updated Sentinel-2 archive, a
massive resource for anyone interested in Earth's changing surface, natural or
manmade.

It is perfect for someone who wants to find the latest available images of
forest fire, or create a nice looking poster, observe drought or simply
understand how EO products are built.

Access it at: http://apps.sentinel-hub.com/sentinel-playground/
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4. Overview of Sentinel Hub

»

o SENTINEL

Under the Explore EO data section, we find:
- Playground,

- EO Browser o EXPLORE
- Industries and showcases
- Education

-CSa

There is nO secret that we love to cdserve our beautful home planet from above. If you have Just entered the Earth cbsenvation world and share our
PASSION, we recommend to start playing with cur free web appiication and read some common information

Industries and

=iz == SIS S N @Il EOE - e

Education

Learn more about
satelite imagery and as
use for analyss of
different phenomena and
events happening around
the globe

Side 61
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Next let’s have a closer look at the EO Browser.
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4. Overview of Sentinel Hub eSa

EO Browseris a tool to compare the complete archives [« lsssannlo] : |
of all the Sentinels, as well as Landsat, Envisat Meris =
Prova-V and GIBS a
[=]
=]
It allows instant access to browse through petabytes of
newest and archive data
I .. ——. -—I

= 0l 22 =8 4 1 ™ = T IS S B e OB BT 22 KX B i el

EO Browser allows instant access to browse through petabytes of newest and
archive data and chronological comparison of full resolution images.

Their cloud infrastructure can produce results in a few seconds, and the user
does not need to download, archive and process the data.
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4. Overview of Sentinel Hub

< (@ SENTINEL
Its features include <

-

Comparison of data

Visualization options (false colour, NDVI...)
Custom band combination

Run classification scripts (in java)

Export georeferenced data

Store algorithms

- Expert users can use Sentinel Hub OGC services to get the
data in their own GIS environment

More info at: https

=02 ™= SIS S N @I E -

Expert users, who would like to get earth observation data in their own GIS
environment, can make use of Sentinel Hub Open Geospatial Consortium
(OGC) services.

The front-end application is open source so anyone can take it and build
added value services on top of Sentinel Hub OGC services.

For more general information about OGC start here: https://www.sentinel-
hub.com/develop/documentation/api/ogc _api

Step-by-step guidelines for integration of Sentinel Hub OGC with ArcMap and
QGIS: https://sentinel-hub.com/develop/documentation/integration-guide
Tutorial for the Sentinel-Hub QGIS plug-in: https://medium.com/sentinel-
hub/control-sentinel-hub-from-within-ggis-2a83eb7f13db
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https://www.sentinel-hub.com/develop/documentation/api/ogc_api
https://sentinel-hub.com/develop/documentation/integration-guide
https://medium.com/sentinel-hub/control-sentinel-hub-from-within-qgis-2a83eb7f13db

4. Overview of Sentinel Hub

Demo video
al BROWSER
Summer. 2018 updates,p g,
time-lapse and more’

" 5
= »ﬁ‘o
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4. Overview of Sentinel Hub

&

SENTINEL

Under the Explore EO data section, we find:
- Playground, g _
- EO Browser o e EXPLORE
- Industries and showcases
- Education

There is nO secret that we love to cdserve our beautful home planet from above. If you have Just entered the Earth cbsenvation world and share our
PASSION, we recommend to start playing with cur free web appiication and read some common information

Industries and Education

Learn more about
satelite imagery and as
use for analysis of

different phenomena and
events happening around
the globe

Side 65
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Next let’s have a quick look at the “Industries and showcases” section.

65




4. Overview of Sentinel Hub

https://www.sentinel-hub.com/explore/industries-and-show

Several case studies based on the Sentinel Hub are
presented, to demonstrate the potential of the Hub for

Agriculture

Land Change Detection
Water Resources Monitoring
Drought Monitoring
Insurance Industry
Journalism and Media

=02 ™= SIS S N @I E -
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4. Overview of Sentinel Hub

Under the Explore EO data section, we find:
- Playground,

»

o SENTINEL

EO Browser o EXPLORE
Industries and showcases
Education

-CSa

There is nO secret that we love to cdserve our beautful home planet from above. If you have Just entered the Earth cbsenvation world and share our
PASSION, we recommend to start playing with cur free web appiication and read some common information

Industries and

=iz == SIS S N @Il EOE - e

Education

Learn more about
satelite imagery and as
use for analysis of

dfferent phenomena and
events happening around
the globe
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Finally let’s have a look at the Education section
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4. Overview of Sentinel Hub

- —

taxavon

e L e—

Examples of using satellite images for analysis of different phenomena, to
facilitate learning. The current case studies, done in Jupyter Notebook

include e - @ ¢

Air Pollution (measuring NO, and aerosols from wildfires with S-5P)

- | Volcanology . AT P

Wildfires (with S2 & S5-P) s
Other useful resources

- *,
GV e
ettt s W s
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With new technologies like machine learning and educational software the
traditional educational methods as well as the role of educators are evolving.
And so is the role of EO Browser. This free web application for browsing,
comparing and analysing various satellite data sources is a very useful tool for
experts in remote sensing field. But it is becoming more and more popularin
teaching and engaging students with practical learning in Earth Observation.
The EO Browser is being introduced to many teachers, during workshops and
presentations at universities. Such activities inspired the creation of a landing
page with educational materials.

Case studies are done with Jupyter Notebook, and are a mixture of code, text,
figures, links, equations, etc.

Case studies inspire the definition of the so-called “Themes”, where the user
can find different features related to the case study (e.g. pins).
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Overview

1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric Interference,
Passive Sensors& Active sensors

2. The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels, Science
for Society Programme

3. ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESAAcademy
2 Resources for schools within EO4Society (including Eduspace exercise on the Etna)
3 Tools for general outreach (i-books, apps, MOOCs)

4 Earth Observation Browser (EO Browser): Overview of Sentinel Hub, Sentinel Playground, EO Browser, Industries and
Showcases, Education

1.Exercise: Sentinel-2 for Etna lava flow
2 Exercise: Sentinel-5P for Etna atmospheric emissions

SR b 3T - ™ E TR S S M e DN IEEX S el European Space Agency
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4 1. Sentinel-2 EO Browser exercise

« C QI- tt ap

< 95 EO Browser

Q Search &= t Xk Pins

Data sources
B Sentinel-1
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Lic
W 2A
Max cloud coverage: © "y o 10

Register for free with an email address, to have full
access to all the tools

¥ SENTINEL

n

Password Canfm password

fm requesing free EO Browser account
B Inchude addional free trial of ofher Semtinel Hub services

@ ! would ke 10 roconve Latest news and informaton on Sensined Hub

=R e 2T o g™ EE RIS S M e ON ORI IEENEE im el

70




4 1. Sentinel-2 EO Browser exercise

€Sd

1. Where to search? Navigate to Etna area (simply use your mouse to move the display in order to show the volcano, as seen

below. There is no need to upload polygons or enter coordinates)

2. What sensor? Select Sentinel-2 (both L1C and L2A) * See Note 1 in next slide

3. When to search? Define Time frame: 2017-03-19 to 2017-03-19 (yes, the same day for both!)
4. Click Search

< 95 EO Browser _ n

" 4
Booon
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We need to define three things:
1- WHERE: This is the geographical area where we want to search for images
2- WHEN: This is the time frame, the date of the images we want to find

3 — WHAT SENSOR: Given that we want to see the lava flow, it has to be an
Optical sensor with bands in the Short Wave Infrared part of the spectrum.
Sentinel-2 is used in this case
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4.1. Sentinel-2 EO Browser exercise— NOTE 1 eSa

When the satellite acquires the image, it sends it to a ground station. But the image is not yet ready to be used because
its quality is not yet good enough !

A simple explanation of this is that the image has geometric distortions (e.g. due to the rotation of the earth) and the values
recorded are influenced by the fact that the atmosphere absorbs part of the radiation

=02 ™= SIS S N @I E -

But what does L1C and L2A mean?

A satellite acquires an image over a certain area, and then sends it to a ground
station in Earth. This image is called Level 0, because no corrections have been
applied to it yet so the image still presents distortions that affect its geometry
and the values recorded. Everytime a correction is applied, we say the level of
the image increases.

Level 1C images have had all the corrections done, except for the atmospheric
correction: the distortion of the atmosphere is still present. The values
represent what the satellite measures at the top of the atmosphere (not at
the bottom of the atmosphere!).

After the algorithm that makes this last correction is applied, the outcome is
called a Level-2A product (L2A). L2A products therefore represent the
measurement at the BOTTOM of the atmosphere, i.e. at the level of the
ground.

Ideally we would only use L2A products, but when Sentinel-2 started acquiring
images, the algorithm was not applied to L1C images in an automatic way.
Only later on it started being applied automatically, and then L2A products
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became available as routine. This is the reason why we prefer to select L1C AND
L2A, to be sure that whenever we search for an image, we will be able to find one.
Otherwise, if we only selected L2A and we were looking, for example, for dates in
the end of 2015, we may not find L2A results...because there would only be L1C.

More info at https://sentinel.esa.int/web/sentinel/user-guides/sentinel-2-
msi/processing-levels and https://earth.esa.int/web/sentinel/user-guides/sentinel-
2-msi/product-types/level-2a
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4.1. Sentinel-2 EO Browser exercise — NOTE 1 {=esa

The original image received by the ground station is called a Level-0 image. After each correction, the level increases
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4 1. Sentinel-2 EO Browser exercise — NOTE 1 -@Sa

correcting

Subset of a Level-2A image(
CC for the effects of for the effects of the atmos
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4 1. Sentinel-2 EO Browser exercise

1. Scroll down
2. Select the image with the lowest cloud cover (0.1%).
3. Click Visualize

< 95 EO Browser

Q Search M Results J Visualzation % Pins

8 20170319
© 095021 UTC
&01%

B EPSG4326
(1D 33svB

8 2017-03-19
O 095021 UTC
&524%

B EPSG4326
(10 33sWB
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4.1. Sentinel-2 EO Browser exercise eSS

* Note this image is a Level-2A product (the distortions due to the atmosphere have been removed)

» Try seeing the lava flow with the visualizations that are available by default (True Colour, False colour, False colour (urban))
or inthe maps (NDVI, Soil Moisture...). Doyou manage to see it?

% EO Browser

Search Ml Results J Visuakzation ¥ Pins

sentiveL2 124 (ONIE)  ©* 7

<« 20170319

False cokr
417D, Fatse colr (urban)
NOWVI

- coraa s Yorm Pe | e e Agency
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True Colour is a way of combining the bands of the satellite that creates an
image which resembles what our eyes naturally see. This is useful because it is
easier to interpret!

However, remember that satellite images are different from pictures because
they record the radiation that our eyes cannot see! Therefore other
visualizations (other combinations of bands) can give us additional
information, even if they look “strange”.

For example, the False Colour visualization is a way of displaying bands that

creates an image where any areas with vegetation appear very clearly and in
colour red. This is handy when you need to know where there is vegetation,
because it is clearly visible.

The False Colour (urban) and the SWIR visualizations allow you to see the lava
flow.
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4 1. Sentinel-2 EO Browser exercise -CSa

* But how are band combinations created? What does “Based on bands 4,3,2" mean?

* When we ask the software to display an image, the computer gives a colour for each pixel, and that colour is a combination
of different proportions of red, green and blue

+ The computer decidesthe proportions for each colour based on the value of the pixel in the band that is assigned to the
colour

RED = Band 4
GREEN = Band 3
BLUE = Band 2

For example
Pixel shows green - higher values in the band that we assigned to colour GREEN (Band 3 in this example) (e.g. vegetation)

Pixel shows brown = combination in some proportions of the values in RED, GREEN and BLUE that creates brown colour (e.g
bare soil areas)

The fact that those different proportions exist is what allows for a wide range of colours in the display!

=02 ™= SIS S N @I E - European Space Agenc

“Based on Bands 4,3,2” means the band 4 was assigned to colour RED, band 3
was assigned to colour GREEN, and band 2 was assigned to colour BLUE.

The pixels that show green had higher values in Band 3 than in the other two
bands.

But remember that a wide range of colours is created by combining these 3 in
different proportions, as you can see in the True Colour image.

Let’s look at an easier example, with False Colour.
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4 1. Sentinel-2 EO Browser exercise -CSa

Choosing a different combination of bands, we create what is called a False Colour. The image looks different than how our
eyes see the world, and is a way to highlight vegetation
Pixels that look red are those that have higher values in Band 8, because in False Colour, Band 8 is the one assigned to the
RED channel

RED = Band 8, GREEN = Band 4, BLUE = Band 3

But we don’t see the lava flow....
< 95 EO Browser

n M 7 Veuakzatee
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S —
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Healthy
vegetation
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Reflectance %
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Band 8
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Image modified from https://www.researchgate.net/figure/Spectral-
reflectance-curves-of-different-land-cover-types-Modified-
from figd 245538996
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4 1. Sentinel-2 EO Browser exercise -CSd

The visualization called False Color (urban) shows the lava flow nicely in red/orange. Why? Because the pixels in the area
of the lava flow had higher values in Band 12, which is the one assigned to RED

< 95 EO Browser

s J Visuakzation ¥ Pin

RED = Band 12
GREEN = Band 11
BLUE = Band 4

But why Band 12?
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4 1. Sentinel-2 EO Browser exercise

+  When first ejected from a volcano, the temperature of lava can vary between 700 and 1200° C

* At these temperatures, the main radiant emissions are inthe Thermal Infrared (TIR), middle Infrared (MIR) and Short Wave
Infrared (SWIR) parts of the Electromagnetic spectrum.

+  SWIR is only emitted in detectable quantities from very hot surfaces (e.g. incandescent lava)

+ Lava shows red thanks to R=B12 (Short Wave Infrared part of the Electromagnetic spectrum, 2.190 um) when hotter than
500° C

Side 80
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1. Basics of Remote Sensing: Atmospheric interference

In the Basics of Remote Sensing part, we talked about atmospheric windows

34
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European Space Agency

More information about atmospheric windows in Eduspace
http://www.esa.int/SPECIALS/Eduspace EN/SEMUYP3Z20F 0.html

Original image from

Kaab, A.; Winsvold, S.H.; Altena, B.; Nuth, C.; Nagler, T.; Wuite, J. Glacier
Remote Sensing Using Sentinel-2. Part |: Radiometric and Geometric
Performance, and Application to Ice Velocity. Remote Sens. 2016, 8, 598,
available at https://www.mdpi.com/2072-4292/8/7/598/pdf/1
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1. Basics of Remote Sensing: Atmospheric interference

In the Basics of Remote Sensing part, we talked about atmospheric windows.

Sentinel-2 takes measurements in different parts of the spectrum with different bands. Observe that bands are located where

the atmosphere transmits more radiation!
In the “False Colour (urban)”, Bands 4, 11 and 12 are used.

*Band 1 =443 nm
*Band 2 =490 nm
*Band 3 = 560 nm
*Band 4 =665 nm
*Band 5 =705 nm

*Band 6 = 740 nm
*Band 7 =783 nm
*Band 8 = 842 nm
| «Band 8A = 865 nm

142 Sentinel-2 -Band 9 = 940 nm
«Band 10 = 1375 nm
*Band 11 = 1610 nm
*Band 12 = 2190 nm

; 1

20 50 100
—> Wavelength (um)

Visible <— rared >

high
(100%)

23 Amospheric transmission (%)
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More information about atmospheric windows in Eduspace
http://www.esa.int/SPECIALS/Eduspace EN/SEMUYP3Z20F 0.html

Original image from

Kaab, A.; Winsvold, S.H.; Altena, B.; Nuth, C.; Nagler, T.; Wuite, J. Glacier
Remote Sensing Using Sentinel-2. Part |: Radiometric and Geometric
Performance, and Application to Ice Velocity. Remote Sens. 2016, 8, 598,
available at https://www.mdpi.com/2072-4292/8/7/598/pdf/1
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4 1. Sentinel-2 EO Browser exercise

=eSsa

The visualization False Color (urban) gives you this pre-defined combination of bands. But you can also re-create it

manually, or even explore by creating your own combinations!
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4 1. Sentinel-2 EO Browser exercise

eSa

+ Select Custom rendering. You will see the default selection of bands (R=B01, G=B02, B=B03), which does not look very

useful in our case
+  We want to have R=B12, G=B11, B=B04

+ Click on the circles containing each band (B12, B11 and B04), and drag them to the R, G or B circles correspondingly

< 9 EO Browser
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Drag bands onto RGB fields
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with contritaions ¥om the European Space Agency
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4 1. Sentinel-2 EO Browser exercise

This is how you have manually created the same as the False Colour (urban) visualization
Snow can now be differentiated from smoke & clouds
Pin the image in order to save it

< 95 EO Browser

Q Search B Results J Visuaization ¥ Pins

sentineL2 124 ([SEONIG)

<« 20170319

€ Back

Drag bands onto RGB fields.
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4 1. Sentinel-2 EO Browser exercise

* You can explore using other bands combinations, to make sure you understand how RGB displays work
+ Forexample, if you use this combination, why does the snow look red and the lava blue? R=B04, G=B11, B=B12

< 95 EO Browser

Q Search M Results J Vsualzaton ¥ Pins

sentineL2 124 (NG

«@» 20709

€ Back

Drag bands onto RGB fekds
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4 1. Sentinel-2 EO Browser exercise -CSd

You can explore using other bands combinations, to make sure you understand how RGB displays work

For example, if you use this combination, why does the snow look red and the lava blue? R=B04, G=B11, B=B12

< 95 EO Browser
Q Ssearch W

sentineL2 124 (NG

«@» 20709

Results  # Vsualzation ¥ Pins

€ Back

Answer: because the lava has
higher values in B12, and B12
® is assigned to the BLUE colour.

Drag bands onto RGB fekds

G: Bn B B12

rtntcra bom e [ rmpman “gace Agency
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4 1. Sentinel-2 EO Browser exercise -CSa

+ IMPORTANT TO KNOW: when you want to visualize hot lava flows, you should always use the bands in the Short Wave
Infrared part of the Electromagnetic spectrum (like B12)

But you do not need to assign it to the RED colour of the display if you don’t want to! For us, fire or hot lava is usually thought

of as red, that is why a display with red lava is more intuitively understood. But it is not wrong to show it in a different colour, as
long as you understand the mechanism behind !

* A small game: Can you try to recreate those beautiful displays?

=02 ™= SIS S N @I E -
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4 1. Sentinel-2 EO Browser exercise

Answer:

¢ % EO Browser

-€Sd

90




4.1. Sentinel-2 EO Browser exercise eSda

In EO Browser you can also export images. When you have a display that you like and understand, export it by clicking on the
Save icon (right side of the screen). Then select the format and resolution you want (in Basic, Analytical or High-res print)

Note you will need to be logged in EO Browserto have this functionality! Otherwise it will not appear

Basic Analytical High-res print
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4 1. Sentinel-2 EO Browser exercise

Next let’s find out how to compare two images, to see the start of the eruption
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4 1. Sentinel-2 EO Browser exercise -@Sa

This is a shortcut to search for images

1. Click the calendar next to “Date” (You don’t need to go back to Search like we did to find the image from 2017-03-19
and repeat all the steps)

Select the 2017-03-09 and the image will display with the same band combination

3. Notice the clouds and...the absence of lava flow. The eruption had not started yet that day.

< 95 EO Browser

< 9% EO Browser
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4 1. Sentinel-2 EO Browser exercise -CSd

To compare them, we will overlay them (put one on top of the other) and play with the transparency to visualize the
change

1. Pinthis image from 2017-03-09

2. Go to Pins. The images you have saved by “pinning” them earlier are stored here
3. Click Compare

4. Play with the transparency sliders

< 95 EO Browser

Q Search Il Result

< 95 EO Browser

Q sewcn W & Viuakzan
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4 1. Sentinel-2 EO Browser exercise

What has changed between the two dates?

< 9 EO Browser

o -

09-03-2017

Q Sewrcs

19-03-2017
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4 1. Sentinel-2 EO Browser exercise

What has changed between the two dates?

< 9 EO Browser

Q -

09-03-2017

Q

19-03-2017
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Snow melted

Lava flow
appeared
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4 1. Sentinel-2 EO Browser exercise

Click “Finish Comparison” when you are finished

< 95 EO Browser

Q Search [ Results J Visualization ¥ Pins

-

- contrinsons Fom the European Space Agency
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4 1. Sentinel-2 EO Browser exercise

A nice way to visualize the evolution of the volcano is by doing a Timelapse gif

(Make sure you have a band combination or other products displayed

1. Put the start date and end date of the period of time you are interested in. For example 2017-02-09 to 2017-05-08
2. Search for the images. The small visualizations on the left side will be updated

3. Adjust the percent of clouds you accept in your images ( e.g. 73%)

4. Scroll down the images, and leave ticked the ones you like

5. Click play to preview your gif

6. Adjust the speed to make it slower or faster

e

Downloadit (& Sentinel-2_L2A-timelapse

(o]

You can show it to your friends and family!
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4 1. Sentinel-2 EO Browser exercise

Did you notice some of the images do not show the whole area?

The video below (right) will give you a hint....

SENTINEL-2 GLOBAL COVERAGE

€Sd
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4.1. Sentinel-2 EO Browser exercise -©Sa
Another hint.....

1. Go back to search and zoom out to see the whole south of Italy
Select Sentinel-2 (L2A only, for simplicity)

N

Keep a single day in the Time range: 2017-02-24 (same date as the image in the Timelapse that appears “cut”)
4. Click Search

< 95 EO Browser - o _

Q Search M Re & Visuakzation

=02 ™= SIS S N @I E -

100




4 1. Sentinel-2 EO Browser exercise -@Sa

Note that sometimes, there are more data than the Results tab of the EO Browser shows by default. It could be that you
see an image like the one below

In that case, scroll down, click Load more, and all the results should be displayed
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4 1. Sentinel-2 EO Browser exercise =eSa

Answer: the image is not cut, it is simply that the Etna volcano was on the edge of the image that was acquired that day
Every day the satellite Sentinel-2 orbits over a different area of the world, it does not cover the same areas every day!

Game: can you find other days when the Etna volcano appears on the
edge of the image?

=02 ™= SIS S N @I E - European Space Agency
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4 1. Sentinel-2 EO Browser exercise

We have now finished the exercise with Sentinel-2

We will now have a look at what Sentinel-5P can offer
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Overview

1.Basics of Remote Sensing: The Electromagnetic Spectrum, Radiation and Temperature, Atmospheric Interference,
Passive Sensors& Active sensors

2. The European Space Agency & ESA Earth Observation Programmes: Science Satellites, Copernicus Sentinels, Science
for Society Programme

3. ESA Educational resources for teachers and schools
1.ESA Education Office: Teacher's corner (including ESERO project), ESAAcademy
2 Resources for schools within EO4Society (including Eduspace exercise on the Etna)
3 Tools for general outreach (i-books, apps, MOOCs)

4 Earth Observation Browser (EO Browser): Overview of Sentinel Hub, Sentinel Playground, EO Browser, Industries and
Showcases, Education

1.Exercise: Sentinel-2 for Etna lava flow
2.Exercise: Sentinel-5P for Etna atmospheric emissions

=iz == SIS S N @Il EOE - e European Space Agency
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4.2. Sentinel-5P EO Browser exercise g=esa

http://www_tropomi.eu

Sentinel-5P is a satellite launched in preparation for the Sentinel-5 satellite that will be launched in the future: P means
“Precursor”. It carries only one sensor, called TROPOMI. TROPOMI is the most advanced multispectral imaging
spectrometer to date.

It observes the sunlight that is scattered back to space by the surface of the Earth and by the atmosphere, and it detects the
unique fingerprints of gases in different parts of the electromagnetic spectrum.

It can detect a wide range of pollutants, because it measures in the Ultra Violet, Visible, Near Infrared and Short Wave Infrared
parts of the electromagnetic spectrum.

For example NO,, O3, formaldehyde, SO,, CHs, CO can be measured
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Additional info about TROPOMI at
https://m.esa.int/Applications/Observing the Earth/Copernicus/Sentinel-
5P/Tropomi
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4.2. Sentinel-5P EO Browser exercise eSa

1. Zoom out to see Sicily and the southern part of the Mediterranean see around it. This is important because Sentinel-5P is
designed to look at events that occur over large areas (that is why its pixels are much bigger than those from Sentinel-2!)

2. Select Sentinel-5P

3. In particular the maps of SO2

4. Select 2018-12-28 (as both start and end date)
5. Click Search < 9 EO Browser
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4 2. Sentinel-5P EO Browser exercise

1. In the two results, select any of the images and click on Sulfur Dioxide
2. You can see the plume of SO2 on that day and its dispersion

< 95 EO Browser
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4.2. Sentinel-5P EO Browser exercise eSda

The gaps are empty pixels, and they are empty because there was a cloud or because the measurement in the pixel did
not pass the quality controls

< 9% EO Browser

Empty pixels,
probably due to
clouds (because
of the shape of

the gap)

Isolated empty
pixels, probably
due to quality
issues
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4 2. Sentinel-5P EO Browser exercise cSd

Additional material:
The EO Browser case study on Air Pollution uses Sentinel-5P and has beautiful visualizations of the spread of aerosols
from wildfires, for example. We invite you to have a look at it as well |
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3. Useful Addresses

» ESA education portal: www.esa.int/education
» Eduspace: http://www.esa.int/SPECIALS/Eduspace EN/

» ESA EO Education web page: ' ps://eodsociety. esaint/raining-education

» Climate Change Initiative: hiip://cci.esa.int/

» Leoworks 4.3: http://leoworks.terrasigna.com/

» i-Books, Apps: http://www.esa.int/spaceinvideos/Videos/2012/12/

Earth from Space the Living Beauty

» ESERO: http://www.esa.int/Education/Teachers_Corner/
European_Space_Education_Resource_Office
» to order EO material: education@esa.int or eohelp@esa.int

» Santorini, Nea Kammeni Inflating: hiip://www.esa.int/spaceinimaqges/
Images/2012/09/Santorini_inflating

» Water Currents: htip://globcurrent.oceandatalab.com/
» Institute for the study and monitoring of the Santorini Volcano (ISMOSAV):
http://www.santorini.net/ismosav/
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