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Programme of the first three days 
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Programme of the first three days 
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Introductory Exercise to SAR  (Chris Stewart) 
Introduction to SNAP: 
Basic processing of Sentinel-2 data over Pécs 
Metadata view 
Generic functions (subset, resample, band maths, etc.) 
Optical functions (spectral analysis, spectral profiler, NDVI etc.) 
Basic processing of Sentinel-1 data over Pécs: Metadata view;  SAR 
functions overview (description of GRD and SLC processing chains) 
 

Exercises 



ESA UNCLASSIFIED – Releasable to the Public 

Exercise about flood monitoring (Issaak Parcharidis) 
Title: Flood hazard monitoring in a transboundary reservoir-regulated 
River basin 
Area and motivation: SAR images from ESA’s Sentinel-1 satellite will 
exploit for monitoring the related water volume changes in the 
Kerkini Lake-reservoir during the period 2014 – 2015, and at the 
same time used for flood hazard mapping in the downstream of 
Strymon River (Serres basin, Northern Greece) which occurred in 
2015 
Products to generate: Water/non-water images, multitemporal SAR 
amplitude images. 
Data and  tools used: SNAP, Sentinel 1, subset image, calibration of 
SAR data, Speckle reduction, Binarazation, Band-maths, 
Coregistration-stack geometric correction 
 

Exercises 
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Exercise about Interferometry (Issaak Parcharidis) 
Title: Ground deformation monitoring in a basin, of intensive 
agricultural activity, in the era of climate change 
Area and motivation: The aim is to investigate seasonal surface 
deformation signals associated with groundwater withdrawal, 
demonstrating the suitability of DInSAR for examining dewatering 
induced subsidence. 
Products to generate: deformation maps 
Data and  tools used: SNAP, Sentiinel 1 SLC images, interferometric 
processing   

Exercises 
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“To provide for and promote, for exclusively peaceful 

purposes, cooperation among European states in 

space research and technology and their space 

applications.” 

Article 2 of ESA Convention 

PURPOSE OF ESA 

ABOUT THE EUROPEAN SPACE 
AGENCY (ESA) 
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ESA has 22 Member States: 20 
states of the EU (Austria, Belgium, 
Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Greece, 
Hungary, Ireland, Italy, Luxembourg, 
The Netherlands, Poland, Portugal, 
Romania, Spain, Sweden, UK) plus 
Norway and Switzerland.  

 

Other EU states have Cooperation 
Agreements with ESA, such as 
Bulgaria, Cyprus, Lithuania and Malta. 
Latvia, Slovenia and Slovakia are 
participating in the Plan for European 
Cooperating States (PECS). 

 

Canada takes part in some 
programmes under a Cooperation 
Agreement. 

22 MEMBER STATES AND GROWING 
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1. Space science 

2. Human spaceflight 

3. Exploration 

4. Earth observation 

5. Launchers 

 

ESA is one of the few space agencies in the world to 

combine responsibility in nearly all areas of space activity.  

ACTIVITIES 

• Navigation 

• Telecommunications 

• Technology 

• Operations  
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Earth 
Observation 
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GEOSTATIONARY 
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POLAR, Low Earth Orbits 
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Constellation of polar satellites   
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The electromagnetic spectrum 

Visible (VIS) + Near Infrared (NIR)= Optical 
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Primary source 

of energy: Sun 

Passive Sensors 
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RGB Composite Band Ratio (NDVI) 
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http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=17782 

Vegetation Anomaly (comparison with long term average) 
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Spectral signatures 
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The electromagnetic spectrum 

Thermal Infrared (TIR) 
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Passive Sensors 

Primary source of 

energy: Earth 
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The electromagnetic spectrum 

Synthetic Aperture Radar (SAR) 
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Active Sensors 

Source of energy: 

Satellite 
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The Heritage: ERS and Envisat data 

• ERS and Envisat missions 1991-2012 

• More than 2 Petabytes of data 

• Two decades of global change records 

• Need for preservation, availability and 

exploitation 
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ENVISAT mission:  
10 years  

First images First images 

Mar 02 

L
a
u
n
c
h
 

Serving  
4000 scientific projects and  

many operational users. 
Many applications for disaster 

monitoring 

Sep 04 

Envisat 
Symposium 
Salzburg (A) 

Ozone hole 2005 

Bam earthquake 

Global air 
pollution 

Chlorophyll 
concentration 

B-15A 
iceberg 

Hurricane 
Katrina 

Envisat 
Symposium 
Montreux (CH) 

Apr 07 

CO2 map 

Arctic 2007 

Living Planet 
Symposium 
Bergen (N) 

Jun 10 

L’Aquila 2009 

and many workshops dedicated to specific Envisat user communities 

Iceland 
2010 

Mar 12 

Japan 2011 

Prestige tanker 
oil slick 
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ENVISAT 
An example of multisensor application:  

Risk Management 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  36 

ESA UNCLASSIFIED – Releasable to the Public 

1) Use of optical data for Risk 
Management 
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Moscow Fires (Meris FR 2011) 
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Baltic Sea Algal Blooms 
(MERIS_FR_2005.07.13) 
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2) Use of radar backscatter for Risk 
Management 
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FLOODING IN CHINA  

(JULY 2007) 

The two images were acquired during the 
same season but different years, one 
during the flooding, the other the year 
before. By comparing the two images, 
both with the same geometry (Wide 
Swath Mode, descending pass) and same 
polarisation (HH) it is possible to assess 
the extent of the flooding.  

Inundated 
areas are 
clearly visible 
in this Envisat 
ASAR image 
acquired 
during floods 
in China in 
July 2007. 

ASAR WSM 150m spatial resolution acquired 12th 
August 2006, descending pass, polarisation HH. 

ASAR WSM 150m spatial resolution acquired 15th July 
2007, descending pass, polarisation HH. 

Courtesy of IWHR, Beijing 

Flood mapping using satellite radar 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  42 

ESA UNCLASSIFIED – Releasable to the Public 

02 May 2010 

Oil spill monitoring using radar satellite 

The Louisiana Oil Spill 

disaster from space 
(Envisat ASAR) 

22 June 2010 

100 km 

New 

Orleans 

02 May 2010 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  43 

ESA UNCLASSIFIED – Releasable to the Public 

Costa Concordia (ASAR IMP 10.Feb.2012) 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  44 

ESA UNCLASSIFIED – Releasable to the Public 

Iceberg B-15A 
(ASAR_WSM_15Apr05) 
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Iceberg B-15A Antarctic (ASAR_WSM from 4th to 20th Apr 05) 
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Use of radar phase (InSAR, PS) for 
Risk Management 
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Earthquake in Izmit, Turkey (1999) 

Post-seismic deformation 

measured by Interferometric 

SAR 

 

• Synthetic Aperture Radar 

(ERS-1, ERS-2) 

• Generation of Interferogram 

(phase difference between 

two SAR images) 

• One colour pattern (fringe) 

corresponds to 28 mm 

deformation along the line of 

sight 

• This works through clouds or 

darkness (Radar Data) 
Epicenter 
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Campi Flegrei: observation by InSAR 
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3) Use of radar backscatter, combined 
with optical data, for Risk Management 
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Oil Spill Mexico 2010 with radar (ASAR_WSM) 
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Oil Spill Mexico 2010 with optical (MERIS FR) 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  54 

ESA UNCLASSIFIED – Releasable to the Public 

Hurricane Earl (Caribbean 
Sea)_Meris_FR_September 2010 
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Hurricane Earl (Caribbean 
Sea)_ASAR_WSM_September 2010 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  57 

ESA UNCLASSIFIED – Releasable to the Public 
http://soprano.boost-technologies.com 

Hurricane Gustav: wind and currents 

Wind Currents 

Florida 

Jamaica 
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The example of the 2010 Slovenia Floods 

(from Envisat ASAR, Radarsat-2) 

International Charter Space & 
Major Disasters 

More than 500 activations 
in 110+ countries 
since 2000 ! 
 
www.disasterscharter.org 
 

Universal Access since Sept. 2012 

http://www.disasterscharter.org/
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The International Charter makes priority tasking of different EO 
missions in a rapid fashion; it is designed to address sudden requests 
concerning major disasters caused by:  
 

Natural events             Man-made events 
Earthquakes Oil spills  

Fires Industrial accidents   

Floods  

Ice jams 

Landslides 

Tsunamis  

Ocean storms 

Volcanic eruptions 

   

Disasters types supported 



Activation Distribution 

As of October 15, 2012 



Activations in Hungary 

As of October 15, 2012 

https://www.disasterscharter.org/
web/guest/-/flooding-in-hunga-2 
 

https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2


Activations in Hungary 

As of October 15, 2012 

https://www.disasterscharter.org/
web/guest/-/flooding-in-hunga-2 
 

Radarsat-based 

https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
https://www.disasterscharter.org/web/guest/-/flooding-in-hunga-2
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Charter website 

 

www.disasterscharter.org 
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Integrated Earth observation 

system of systems. European 

response to global needs, such as 

• managing the 

environment,  

• mitigating the effects of 

climate change and  

• ensuring civil security 

What is Copernicus?  
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Services 
Component 

Space 
Component 

Copernicus Components  

Overall 
Programme 

Coordination: 
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 Copernicus is a European space flagship programme led by the 
European Union 

 ESA coordinates the space component 

 Copernicus provides the necessary data for operational 
monitoring of the environment and for security 

 Free and open data policy 

 

Sent-1A/B Sent-2A/B Sent-3A/B Sent-5/5P Sent-6A/B Sent-4A/B 

Copernicus: A New Generation of Data Sources 
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Copernicus Space Component: the dedicated 
Sentinels … 

 S1A/B: Radar Mission                   3 Apr 2014/25 Apr 
2016 

 S2A/B: High Resolution Optical Mission            23 June 2015/7 March 
2017 

 S3A/B: Medium Resolution Imaging and Altimetry Mission   16 Feb 
2016/2017 

 S4A/B: Geostationary Atmospheric Chemistry Mission     
2021/2027 

 S5P: Low Earth Orbit Atmospheric Chemistry Mission                
2017 

 S5A/B/C: Low Earth Orbit Atmospheric Chemistry Mission      
2021/2027 

 S6A/B: Altimetry Mission                             
2020/2025 
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… with a long-term operational perspective 
(with Next Gen) 

S-1 A/B/C/D 

S-1 Next Generation 

S-2 A/B/C/D 

S-2 Next Generation 

S-3 A/B/C/D 

S-3 Next Generation 

S-4 A/B (on MTG) 

S-5 Precursor 

S-5 A/B/C (on MetOp-SG) 

S-6 A/B 

Access to Contributing Missions 
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Status of ESA Sentinels missions 

1. Sentinel-1 (1A launched on 3/04/2014; 1B on 25/04/2016) 

2. Sentinel-2 (2A launched on 23/06/2015; 2B on 7/03/2017) 

3. Sentinel-3 (3A launched on 16/02/2016; 3B to be launched within 2017) 

4. Sentinel-4 (launch planned for 2019) 

5. Sentinel-5 (launch planned for 2021) 

6. Sentinel-5P (launch planned for August 2017) 

7. Sentinel-6 (launch planned for 2020) 
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It is assumed that the following Sentinels are confirmed as a result of the user 

consultation process and following a gap analysis : 

 

• Sentinel-7:  an anthropogenic CO2 monitoring mission 

• Sentinel-8:  a Thermal Infrared Imager (companion to Sentinel-2 C/D)  

• Sentinel-9:  components: 

  S-9 ICE:  Enhanced Ice and Snow Continuity mission 

  S-9 HEO: Polar Weather Payload on a Highly Elliptical Orbit 

• Sentinel-10:  a Hyper-spectral mission 

 

Sentinel Expansion 
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Copernicus Contributing Missions 

Copernicus 
Contributing 

Missions 

Atmospheric  
missions 

PROBA-V 

SPOT (VGT) 

MetOp Meteosat 2nd Generation 

Cryosat 

Jason 

DMC 

Deimos-2 

Pléiades 

RapidEye 

SPOT (HRS) 

COSMO-Skymed 

Radarsat 

TerraSAR–X 

Tandem-X 

http://images.google.at/imgres?imgurl=http://www.skyrocket.de/space/img_sat/msg-1__1.jpg&imgrefurl=http://www.skyrocket.de/space/doc_sdat/msg-1.htm&h=300&w=233&sz=17&tbnid=TWIlDyoVzVoJ:&tbnh=111&tbnw=86&start=5&prev=/images?q=Meteosat+8&hl=de&lr=&sa=G
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 ESA Sentinel Data Policy (Sep 2013) and EU Delegated Act on 
Copernicus Data and Information Policy (Dec 2013) 

 Main principles of Sentinel data policy: 

 Open access to Sentinel data by anybody and for any use 

 Free of charge data licenses 

 Restrictions possible due to technical limitations or for 
security reasons 

 

Sentinel Data Policy = 
FULL, FREE, OPEN access 

Copernicus Data Policy 
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Copernicus Services Component 

Services 
Component 

Marine 

Land 

Atmosphere 

Emergency 
Management 

Security 

Climate 
Change 
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Sentinel-1 (A: launched April 2014, B: launched April 2016) is the first of a series of 
operational radar satellites that will provide data continuity until 2030 
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Sentinel-1 mission objectives  

Data continuity of ERS and ENVISAT 
missions 

 

 Copernicus imaging  radar mission for 
ocean, land, emergency applications:  

 monitoring sea ice zones and the 
arctic environment 

 surveillance of marine environment 
(oil spill monitoring) 

 maritime security (e.g. ship 
detection) 

 wind, wave, current monitoring 

 monitoring of land surface motion 
(subsidence, tectonics, volcanoes) 

 support to emergency / risk 
management and humanitarian aid 
in crisis situations 

 mapping of land surfaces: forest, 
water and soil, agriculture, etc. 

Data continuity of ERS and ENVISAT 
missions 

 

 Copernicus imaging  radar mission for 
ocean, land, emergency applications:  

 monitoring sea ice zones and the 
arctic environment 

 surveillance of marine environment 
(oil spill monitoring) 

 maritime security (e.g. ship 
detection) 

 wind, wave, current monitoring 

 monitoring of land surface motion 
(subsidence, tectonics, volcanoes) 

 support to emergency / risk 
management and humanitarian aid 
in crisis situations 

 mapping of land surfaces: forest, 
water and soil, agriculture, etc. 

Flood delineation map over Balatun Bosnia and Herzegovina 

Sentinel-1A July 2014 northwest Italy Costa 
Concordia cruise ship being to Genoa. 
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Sentinel-1 
Mission Overview 

Now 6-day repeat cycle at 
Equator (with 2 satellites). 
Sentinel 1-B data distributed 
since 26 Sept 2016 

Laser data transmission via the 
geostationary data relay system 
EDRS was demonstrated for S-1  
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Sentinel-1 
SAR Operational Modes  

Main modes of operations:  

- IW over land and coastal waters (normally VV or VV-VH polarization) 

- EW over extended sea (VV or VV-VH) and sea-ice (HH or HH-HV) areas 

- WV over open oceans 
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4 mutually exclusive SAR modes with different resolution and coverage 

• Polarisation schemes for IW, EW & SM: 

 single polarisation: HH or VV 

 dual polarisation: HH+HV or VV+VH 

 

• Wave mode: HH or VV 

• SAR duty cycle per orbit:  

 up to 25 min in any of the  

    imaging modes 

 up to 74 min in Wave 

mode   

Main modes of operations:  

- IW over land and coastal waters (normally VV or VV-

VH polarization) 

- EW over extended sea (VV or VV-VH) and sea-ice 

(HH or HH-HV) areas 

- WV over open oceans 

  Sentinel-1 SAR imaging modes 
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2
5
s
 

250Km 

Quicklook IW GRDM  90m 

GRDH 20m 

SLC  3x22m 

Interferometric 
Wide Swath 
Mode IW 
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Quicklook 

EW GRDM  90m 

GRDH 50m 

SLC ~10x43 m 

Burst transition 

6
0
s
 

413Km Extra Wide 
Swath Mode EW 
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Envisat ASAR 

 20 m ground range resolution  

 100 km swath width (Imaging 
mode)  

 35 days repeat cycle 

 Up to 100 Mb/s space to 
ground data rate 

 5 years design lifetime 

Sentinel-1

 10 m ground range resolution 
(stripmap mode)  

 250 km swath width (Interferometric 
wide swath mode – 20m ground range 
resolution) 

 6 days repeat cycle (with 2 satellites) 

 2 x 260 Mb/s downlink data rate 

 7 years design lifetime (consumables 
for 12 years) 

Sentinel-1 (SAR) versus 
Envisat ASAR  
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Flooding event captured by Sentinel-1 (Namibia) 

ENVISAT ASAR APP (June 2011) Sentinel-1 IW TOPS (April 2014) 
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S1A Polarimetric 
Composition 
Poyang Lake 

RGB – VV VH VV/VH 
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RGB – HH/HV/HH 

Acquisition: 21 April 2014 

Mode: TOPS IW HH/HV   

Sentinel-1 
Deforestation over Brazil 
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A month after fire (Parnitha Mt.) 

ASTER acquired July 20, 2007 

Credits: NASA 

Seven years after fire (Parnitha Mt.) 

Sentinel-1A acquired April 22, 2014 

Sentinel-1 
Vegetation Regeneration – Burn Scar (Greece) 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  98 

ESA UNCLASSIFIED – Releasable to the Public 

Icebergs Antarctica Peninsula 
Sentinel-1A (RGB HV-HH-HH) 
Post processing with Sentinel 1  Toolbox  



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  100 

ESA UNCLASSIFIED – Releasable to the Public 

Class. Method: 
Random Forest 
 
Classes: 
Forest 
Water 
Urban 
Winter crops 
Bare fields  

City of Jena  
(home of ZEISS) 

Autobahn to 
Berlin 

Nature Reserve „1000 Lakes“ 

Saale River Dam 

Sentinel-1 
Land Classification  Dual Pol HH-HV  (Germany)   

Location: Thuringia, 
Central Germany 
Acquisition Date: 
26-April-2014 
Credit Univ. of Jena 
Chris Schnmullius 
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RICE MONITORING  

S-1A geocoded – 8 & 20 Aug, 80m (detail) – Vietnam 

 

 

rice stage 1 
rice stage 2 
rice stage 3 
non-rice 

 ©
 s

a
rm

a
p
 

Courtesy SARMAP 
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Sentinel-1: Mekong Delta Rice 
Crops 

contains modified 
Copernicus 
Sentinel data 
(2015–16) 
/CESBIO/ESA 
DUE GEO-Rice 
Innovator project 
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Sentinel-1A: Nepal Earthquake 
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Sentinel-1 Napa Valley Earthquake  

INSARAP (NORUT-PPO.labs-Univ. Leeds-COMET) 
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Campi Flegrei seen by Sentinel-
1A 

Copyright: 
Copernicus data (2015)/ESA/DLR Microwaves and 
Radar Institute/INGV/e-GEOS/GFZ–SEOM INSARAP 
study 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  108 

ESA UNCLASSIFIED – Releasable to the Public 

Sentinel-1A: Example of Land Monitoring 

Devastating 
earthquake  
in central Italy on 
24th August 2016 
(Magnitude: 6.2) 

Vertical ground 
subsidence (~20 
cm) and lateral 
movement (~16 
cm) around 
Accumoli 

Interferogram 
obtained combining 
Sentinel-1A images 
before and after the 
earthquake and 
showing ground 
deformation 

Credits: Panorama & 
AP Images 
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Sentinel 1: Earthquake Italy 30 Oct 
2016 
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Sentinel 1: Mocoa (Colombia) Landslide  
1 April 2017 

Copyright contains modified Copernicus Sentinel data (2017), 
processed by I. Parcharidis, Harokopio University of Athens 
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Sentinel 1: Negribreen Glacier 

Copyright contains 
modified Copernicus 
Sentinel data (2016/17), 
processed by 
T. Strozzi 
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36 Years of Radar Vision 

Upper glacier 
receded by about 
5.5 km over the past 
36 years, 
contributing to sea-
level rise 
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Sentinel-2 (A and B launched) 

• Wide swath high resolution 

super-spectral imaging mission 

• Land and Security Services 

• Data continuity Landsat and 

SPOT-type missions 
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Sentinel-2 Superspectral imaging mission 

Mission profile 

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

 Sun synchronous orbit at 786 km mean 
altitude 

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

 Mission objectives: 
 Generic land cover maps 

 Risk mapping and disaster relief 

Mission objectives: 
 Generic land cover maps 

 Risk mapping and disaster relief 

(1) See: https://earth.esa.int/web/sentinel/user-guides/sentinel-2-msi/resolutions/spatial 
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Sentinel-2 
The European “Super Landsat” 

Coverage (d)         26            16       5 (2 satellites) 

Swath (km)         60           185  290 

Spectral bands        4+1           8+1   13 

Resolution (m)         2.5        30,(15)           10,20,(60) 

Landsat 8 SPOT 5 Sentinel-2 
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Sentinel-2 
Swath width 

Sentinel-2 (A+B): 

Full Earth Coverage 

(at Equator) in 5 days 

Sentinels are 

complementary to 

High-Res commercial 

and national missions 
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Sentinel-2A: Vesuvius 

False colour 
composite (8-3-
2): Near infrared 
- Green -Blue 

 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  122 

ESA UNCLASSIFIED – Releasable to the Public 

Sentinel-2A: Mount Etna Eruption, Italy, April 
2017 
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Sentinel-2A: Mapping Water 
Bodies 

This animation shows a 
Sentinel-2 image over 
southern Spain from 12 
July 2015, and how 
information on inland 
water bodies can be 
isolated to help better 
detect changes. By 
providing measurements 
of water quality and 
detecting changes, 
Sentinel-2 can support 
the sustainable 
management of water 
resources 
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contains modified Copernicus Sentinel data [2015] 

Sentinel-2: Agriculture 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  125 

ESA UNCLASSIFIED – Releasable to the Public 

See also: S-2 for vegetation http://www.esa-sen2agri.org/SitePages/Home.aspx 
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Effective coverage in 

summer with S2-

A&B: repeat cycle of 

5 days - cloud 

coverage <15% 

days 

South Africa JECAM site: 5 days revisit, 

February-June 2013 - RapidEye   

Monthly cloud free composites possible for most areas 

Sentinel-2 Revisit Time Capability 
5 days revisit for crop dynamics 
 Sentinel-2 for agriculture  http://www.esa-sen2agri.org/SitePages/Home.aspx 
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Sentinel-2A: Agricultural Monitoring 
Sentinel-2 is the first optical mission to include 3 bands in the ‘red edge’, 
providing information on the state of vegetation. In this image (6 July 2015 
near Toulouse) the multispectral instrument was able to discriminate 
between two types of crops: sunflower (in orange) and maize (in yellow). 
 

See also: S-2 for vegetation 
http://www.esa-
sen2agri.org/SitePages/Home.
aspx 
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Sentinels in Co-Operation 
Using both S1 and S2 data (and Landsat-8). Innovative crop 

type map at national scale:  pilot project for potential future 
Copernicus service agricultural components 
 

contains modified Copernicus Sentinel data [2016] 
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Sentinel-2A: Algal Bloom 

Algal bloom along the 
coast of Valdivia, Chile 
 
Extreme economic impact: more 
than 24 Million of salmons died, 
more than 800 Millions of USD loss  
 
Sentinel-2A, 
5 March 2016  
 
 
 

contains Copernicus Sentinel data [2015]  
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Sentinels in Co-Operation 

Contains modified Copernicus Sentinel data [2015/2016] 
/ESA/ACRI 

Fish cages in Western Mediterranean Sea 
contains modified Copernicus Sentinel data [2015/2016]/ESA/ACRI 
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Sentinel-1A und -2A: Traffic Jam on the Danube 
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Sentinel-3 (3-A launched) 
               March 2016 

• Medium resolution imaging 

and altimetry mission 

• Land and ocean applications 
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Sentinel-3 Payload 

•Ocean and Land Colour Instrument   

(OLCI) 
•Sea and Land Surface Temperature  
Radiometer (SLSTR) 

Optical Mission Payload 

•Ku-/C-band Synthetic Aperture 
Radar Altimeter (SRAL) 

•MicroWave Radiometer (Bi-
frequency)  

•Precise Orbit Determination (POD) 
including: 
• GNSS Receiver 

• DORIS 

• Laser Retro-Reflector 

Topography Mission Payload 
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Sentinel-3 Revisit Time & Coverage: Optical 
Mission 

 Short Revisit times for optical payload 

Number of 
Satellites 

Revisit at 
Equator 

Revisit for 
latitude 
>30° 

Spec. 

Ocean Colour         
(Sun-glint free, 
day only) 

2 Satellites < 1.9 days < 1.4 days 
< 2 

days 

Land Colour             
(day only) 

2 Satellites < 1.1 day < 0.9 day 
< 2 

days 

SLSTR dual 

view (day and 

night) 

2 Satellites < 0.9 day < 0.8 day 
< 4 

days 
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Pushbroom Imaging Spectrometer  
(VIS-NIR) – similar to MERIS   

Key Improvements: 

 More spectral bands (from 15 to 21) 400-
1020 nm 

 Broader swath: 1270 km 

 Reduced sun glint by camera tilt in west 
direction (12.20°) 

 Absolute (relative) accuracy of 2% 
(relative 0.5%)  

 Polarisation sensitivity < 1% 

 Full res. 300m acquired systematically for 
land & ocean 

 Reduced res. 1200m binned on ground 

 Improved characterization, e.g. 
straylight, camera boundary 
characterization 

 Timeliness: 3 hours NRT Level 2 product 

 100% overlap with SLSTR 

OLCI: Ocean and Land Colour 
Instrument comparison to MERIS 

MERIS Bands λ center Width 

Yellow substanace/detrital 
pigments 

412.5 10 

Chl.. Abs. Max 442.5 10 

Chl & other pigments 490 10 

Susp. Sediments, red tide 510 10 

Chl. Abs. Min 560 10 

Suspended sediment 620 10 

Chl. Abs, Chl. fluorescence 665 10 

Chl. fluorescence peak 681.25 7.5 

Chl. fluorescence ref., Atm. 
Corr. 

708.75 10 

Vegetation, clouds 753.75 7.5 

O2 R-branch abs. 761.25 2.5 

O2 P-branch abs. 778.75 15 

Atm corr 865 20 

Vegetation, H2O vap. Ref. 885 10 

H2O vap., Land 900 10 New OLCI bands λ center Width 

Aerosol, in-water property 400 15 

Fluorescence retrieval 673.75 7.5 

Atmospheric parameter 764.375 3.75 

Cloud top pressure 767.5 2.5 

Atmos./aerosol correction 940 20 

Atmos./aerosol correction 1020 40 
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 Sentinel-3A : Dust storm over the Red Sea 

acquired 
27/07/2016 
12:00 pm 
 
 
Sentinel-3A 
 
Copyright:  
Contains modified 
Copernicus Sentinel 
data (2016), 
processed by ESA 
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Key Improvements: 

– number of spectral bands from 7 to 9 (new 
1.3 and 2.2um) for better Ci Cloud 
detection 

– increased resolution for VIS and SWIR 
channels (0.5 km @ nadir, TIR 1 km 
@nadir) 

– maintain along track scanning with 
increased swath of oblique view to 750 km 

– increased nadir swath coverage to 1400 
km 

– 100% overlap with OLCI 

– improved coverage Ocean < 4 days 
(practically ~ 2 days) 

– dedicated Active Fire channels 

– Timeliness: 3 hours NRT Level 2 product 
Thermal Structure in the Med, 

ENVISAT AATSR 

S3: Sea and Land Surface Temperature Radiometer 
(SLSTR) Comparison AATSR 
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Sentinel-3A: Thermal Signatures 

Contains modified 
Copernicus Sentinel data 
[2016] 

Namibian Coastline, 
29 March 2016 
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S1,S2,S3 co-location over Italy 
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Sentinel-4/5/5p 

• Atmospheric chemistry missions 

• Instruments to be flown on 

• MTG (Sentinel 4) 

• MetOp SG (Sentinel 5) 

• Separate precursor mission 

for Sentinel 5 

 

 

MTG 

 

 

MetOp SG 
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Some Sentinel Application Areas 

Ship Ship 

Maritime surveillance Oil spills Land subsidence Tectonics 

Vegetation Deforestation Floods Volcanoes 

Sea ice extent Ice speed Atmosphere Ocean colour 
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Copernicus Services domains 

Land 
monitoring 

Marine 
environment
al monitoring Atmospheric 

monitoring 

Emergency 
management 

response 
Climate 
Change 

monitoring 

Security 
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The ESA Climate Change Initiative 
(CCI) 

© Thinkstock by Getty Images  
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• 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 

CCI: Essential Climate Variables  
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ESA UNCLASSIFIED – Releasable to the Public 

EOEP Impact on IPCC 

• “Satellites have improved the capabilities of 
observations for climate science, in terms of 
volume and quality” 
 

• Chapter 2: Observations: Atmosphere and 
Surface 

• ATSR series 

 
• Chapter 4: Observations: Cryosphere 

• Altimetry/SAR (ERS-1/2; Envisat); Cryosat-2; 
IMBIE 

 
• Chapter 13: Sea Level Change 

• Altimetry (ERS-1/2; Envisat) 
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Science – the Earth Explorers  
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Earth Explorers launched so far 
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Status of ESA Earth Explorers: 

 

1. GOCE – mission accomplished 

2. SMOS – still operating 

3. CryoSAT - still operating  

4. SWARM - still operating  

5. ADM-Aeolus (launch planned for the end 2017) 

6. EarthCARE (launch planned for 2018) 

7. BIOMASS (launch planned for 2021) 
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Most precise geoid to date 

GOCE: Mission accomplished  
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Monitoring soil moisture and 

ocean salinity. Globally. 

SMOS: Mission accomplished and ongoing  
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Surveyed sea ice thickness 

0 3.5m 

Average spring sea ice thickness 2010-2015 

Cryosat: Mission accomplished and ongoing  



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  162 

ESA UNCLASSIFIED – Releasable to the Public 

CryoSat: Near Real Time Ice 
Thickness 
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CryoSat 

• CryoSat Antarctica digital 
elevation model 

• 2 km grid resolution 

• Covers 99% of the continent 

• Fully validated and accurate to 
within 25 m on average 

• Distributed to all conference 
attendees 
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Tracking 

Earth’s 

dynamic 

magnetic 

field. 

Swarm: Mission accomplished and ongoing  



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  165 

ESA UNCLASSIFIED – Releasable to the Public 

Copyright: ESA 

Swarm: Jet Stream in Earth’s Core 
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Swarm/CHAMP: Lithospheric 
Magnetic Field 

Copyright ESA/DTU Space/DLR 
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Swarm: Geomagnetic Field Changes 

Courtesy: Finlay et al.,  EPS, 2016 

Courtesy: Finlay et al.,  EPS, 2016 

 Field strength and location of 
poles are evolving on a decadal 
time scale 
 

 Field strength concentrations at 
high latitude 
 

 North America -3.5% in 17y; 
North Asia +2% in 17y 
 

 South Atlantic Anomaly -2% in 
17y and migrating westward 
 

 Swarm also tracks rapid inter-
annual accelerations 
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Aeolus 

• Global observations of wind profiles 

for analysis of global 3D wind field  

• Launch planned for 2018 

 

EarthCARE 

• Global observations of clouds, 

aerosols and radiation 

• Launch planned for 2019 

• Cooperation with JAXA 

Upcoming Earth Explorers 
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• 7th Earth Explorer: Biomass 

• Biomass estimates based on global 

interferometric and polarimetric  

P-Band Radar observations 

 

• 8th Earth Explorer: FLEX 

• global maps of vegetation fluorescence, 

which can be converted into an indicator of 

photosynthetic activity 

Further Earth Explorer Missions 
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ESA LPS 2016 

http://lps16.esa.int 

PRAGUE 09-13 MAY 2016 
 
Main Objective: Presentation of Exploitation Results based on ESA 
Earth Observation Measurements 
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EO Tools for Education 
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Creation of Tools for Earth Observation 
Education, Training and Outreach 

Tools for secondary schools 

1. Posters 

2. Atlases 

3. Multilingual web-based tools (Eduspace),  

4. Educational SW package for Image Processing and GIS (LeoWorks) 

 

Tools for general outreach 

1. i-books  

2. Apps for Tablets 

 

Tools for University level  

1. MOOCs 

2. SAR videos 

3. SNAP Tutorials  

4. Thematic Exploitation Platforms (TEP’s) 
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ESA School Atlas, new ESA Water Atlas 

Introduction to ESA; Earth Observation; 

Global Overview; Continental Overview; 

the Natural Sphere; The Cultural 

Sphere. 

Annex: Teachers’ Handbook, DVD-

ROMs with the original bands of the 

satellite data, handbook content and 

exercises, connected to Eduspace and 

its SW Leoworks 

Describes the major issues related to 
water on Earth. It also presents water 
as a natural resource, focusing on 
global water, the oceans, seas, lakes 
and rivers of the Earth. 

Both freely available i
n  
PDF from ESA web  
pages (https://earth.e
sa.int/web/guest/eo-e
ducation-and-training) 
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Eduspace:  ESA web-based EO Educational 
tool for secondary schools 
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1. View images, histogram, pixel values, 

header info 

2. Crop, invert, stretch, layer stack, etc 

3. Image arithmetic, filters 

4. Classification, PCA, geometric 

correction, pan sharpening 

5. Radar and optical module (multimission, 

including Sentinel data) 

6. GIS tools 

7. Open-source, Java-based 

LEOWorks 4.1 
Image Processing Software 
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Sentinel Application Platform (SNAP):  
SW toolboxes with tutorials and forum  

1. Set of tutorials for SNAP 

 ( Sentinel toolboxes) 

http://step.esa.int/main/doc/

tutorials/ 

 

1. User forum dedicated to  

Sentinel toolboxes (SNAP) 

http://forum.step.esa.int/ 

 

http://step.esa.int/main/doc/tutorials/
http://step.esa.int/main/doc/tutorials/
http://step.esa.int/main/doc/tutorials/
http://step.esa.int/main/doc/tutorials/
http://forum.step.esa.int/
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Capacity Building in the frame of 
International Cooperation with UNESCO  
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I-books,  Apps 
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Sentinel App 

       For iPhone 

• See where the Sentinel satellites are in real-time 
• 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 current location over the 3D globe 

• Explore the Sentinel satellite 3D models 
• Get information and news about the Copernicus 

Programme 
• Get information about access to Sentinel data 
• Set Notifications to be warned when satellites are 

flying by 
• Stay tuned with the latest mission information 

https://itunes.apple.com/us/app/esa-sentinel/id1036738151?mt=8
https://itunes.apple.com/us/app/esa-sentinel/id1036738151?mt=8
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Proba-V App 

• 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 
• UI available in several languages: 

English, Italian, Portuguese, Dutch, 
Spanish, German, etc. 

https://play.google.com/store/apps/details?id=eoapps.probavapp
https://itunes.apple.com/us/app/esa-sentinel/id1036738151?mt=8
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CCI App & visualisation tool 

Climate from Space, ESA's iPad App for visualization of climate 

data being produced through the European Space Agency's Climate 

Change Initiative (CCI)  

Allows to visualize temporal changes of: 

• sea surface temperature,  

• the ice sheets,  

• sea level,  

• sea ice,  

• carbon dioxide,  

• soil moisture and many more.  

 

https://itunes.apple.com/us/app/esa-sentinel/id1036738151?mt=8
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ESA recently started to create educational MOOCs for EO techniques &  
Applications, starting with Climate Change 
 

Video courses (University level)  
about EO 

 

1.Massive: no limitation on the number of participants. The 

record is 440,000! 

 

2.Open: free and accessible for anyone with an Internet connection 

 

3.Online: all activities are made online 

 

4.Course: it has a specific topic, prepared by specialists, offering 

theoretical and practical content 

  What is a MOOC?
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2
0
4 

1st MOOC about “Climate from Space” 

204 204 

• https://www.futurelearn.com/courses/climate-from-space 

• 10,000+ subscriptions, 50% active, completion rate of 30% (very high!) 

• MOOC 5-weeks course (June, 2015 / Dec, 2015) included videos, text, 

quiz, interactive exercises, satellite tracking app 

• Interactive, with Q&A. Two editions done, more will follow 

 

https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/climate-from-space
https://www.futurelearn.com/courses/climate-from-space
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• 3rd ESA MOOC on Climate 

from Space “Greenland 

special” 

https://www.futurelearn.com/co

urses/climate-from-space 

• 1st ESA MOOC on “EO from 

Space: The Optical View” 

https://www.futurelearn.com/co

urses/optical-earth-observation 

• 1st ESA MOOC on “EO from 

Space: The Radar View” 
Foreseen launch in October 2017   

Other ESA MOOCs 
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SAR video lectures and  
SNAP tutorials (French) 

1. SAR basic theory and 

practical exercises with 

SNAP (French version) 

2. Subtitles (Spanish, English) 

done for free by students, 

in preparation 
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Overview of ESA EO Training 

https://earth.esa.int/web/guest/eo-education-and-training 

Central 
page for EO 
education 
and 
training 

https://ea
rth.esa.in
t/web/gu
est/eo-
education
-and-
training 
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Central page for EO education and training 

https://earth.esa.int/web/guest/tra
ining-packages/-/article/sar-land-
applications-tutorial 



ESA Presentation | 20 June 2016 | Earth Observation Programmes | Slide  209 

ESA UNCLASSIFIED – Releasable to the Public 

Central page for EO education and training 

https://earth.esa.int
/web/guest/eo-
education-and-
training/university-
undergraduate-level 
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Central page for EO education and training 
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Central page for EO education and training 
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LearnEO! 

1.LeanEO! is an Earth 

observation education project 

funded by the European Space 

Agency. Its aim is to increase 

the understanding of satellite 

data from ESA missions and 

show how these can be used 

to tackle environmental 

problems in the real world.  
 

2.Lessons use Bilko software. 
 

3. The Amazon river plume 

4. Monitoring oil pollution at 

sea 

5. El Niño and the Southern 

Oscillation (ENSO)  

6. Monitoring Atlantic 

storms 

7. Observing Earth gravity: 

8. Monitoring Arctic sea ice 

9. Forest monitoring  

10. Monitoring urban growth 

11. Land cover mapping 

12. Monitoring soil moisture 

http://www.learn-eo.org/index.php 
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Series of Radar Training Courses in ECS countries since 2008 (University 
level): first for Radar Remote Sensing, now extended to the Sentinels 

Czech Republic (2008), Romania (2009), 

Poland (2010), Hungary (2011), Estonia 

(2012), Cyprus (2013), Malta (2014), 

Slovenia (2015), Bulgaria (May 2016) and 

Latvia (Sept 2016), Lithuania (July 2017) 

Training courses at University level in Europe:  
ECS (Capacity Building in Earth Observation)  
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Land 
Spain, Sep 2014 

Polarimetry 
Italy, Jan 2015 

Atmosphere 
Germany, Oct 2014 

Ocean 
France, Sep 2015 

Training courses at University level in 
Europe:  Innovative Training for  
Next generation EO Scientists, in MS  
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Topics : 
Global Observing Systems, Earth 
System Modelling, Data 
Assimilation, Global Change 

  
1-12 August 2016 Summer School 

ESRIN 
70 early career scientists 

 have taken part. 
 

Usually organized every 2 years, 
open to students from worldwide, 

free tuition 
  
 
 
 
 
 
 

Training courses at University level in 
Europe:  Earth Observation Summer 
Schools in ESRIN 
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Long-term cooperation in organising joint Workshops for teachers / young 
reseachers with EARSeL (European Association of Remote Sensing 
Laboratories) 

Recent EARSeL Workshop 
and Trainings: Bonn (June 
2016),  
Bejing (July 2016) and 
Frascati(Rome)/ESRIN on 
RS for Archaeology 
(November 2015) 
 
Upcoming event: 
3rd Student Workshop on 
Ecology and Optics of the 
Coastal Zones (10-13 July 
2017, Kaliningrad, 
Russia) 

Training courses at University level in 
Europe:  EARSeL 
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Examples: Cooperation with NASA (Trans-Atlantic Training on LULC in 
Baltic Countries and Eastern Europe). Forthcoming TAT training event  in 
Hungary, June 2017. 
 
See TAT   http://web.natur.cuni.cz/gis/tat/ 
LCLUC workshop http://www.nyme.hu/lcluc_training.html?&L=4 

  https://web.natur.cuni.cz/gis/lucc/  
 

Training courses at University level in 
Europe:  cooperation with other space 
agencies (DLR, NASA) 
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Cooperation with CEOS 
WGCapD 

COSPAR CB Workshop, Ghana, June 2017 
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The content of most training courses can be linked from the central 

web page for ESA EO Education and Training: 

https://earth.esa.int/web/guest/eo-education-and-training 

 

  

Training courses online  - 
centralized web page 

https://earth.esa.int/web/guest/eo-education-and-training
https://earth.esa.int/web/guest/eo-education-and-training
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http://seom.esa.int/ 
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http://seom.esa.int/ 
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Thanks for your attention!!! 
Web sites of interest for EO Education: 

 
Copernicus:  http://copernicus.eu/ 
 
ESA Earth Watching: http://ew.eo.esa.int/web/guest/home 
 
ESA Education: http://www.esa.int/Education 
 
SEOM: http://seom.esa.int/ 
 
ESA Earth Observation: 
http://www.esa.int/Our_Activities/Observing_the_Earth 
 
ESA Earth Observation Education: https://earth.esa.int/web/guest/eo-
education-and-training 
 
Eduspace: http://www.esa.int/SPECIALS/Eduspace_EN/ 

 
International Charter: www.disasterscharter.org 
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