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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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The electromagnetic spectrum 

Visible (VIS) + Near Infrared (NIR)= Optical 
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Primary source 
of energy: Sun 

Passive Sensors 

Presenter
Presentation Notes
Filename:	PassensorTitle:		Passive SensorsKeywords: 	passive sensors, active sensors, radar, Earth, Sun, light, energy, reflection, clouds, atmosphere, Summary: 	EO instruments: the passive sensors, instruments that measure the reflection of the sun’s energy on the Earth Surface and transform 		it in electric signalsEO topic: 	InstrumentsClass: 	Geography possibility for another slide about the physical aspects of these sensorsFull Text: 	Passive sensors are instruments that measure the reflection of the sun’s energy on the Earth Surface and transform 		it in electric signals. Later, these signals will be processed in order to build a visual representation of the surface of our planet.		Their main advantage compared to active sensors are the facility of interpretation of the results, their main disadvantage		is that they are dependant of the atmospheric cover.  A cloud covered sky makes the interpretation of the image very 		difficult or even impossible.				
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The electromagnetic spectrum 

Thermal Infrared (TIR) 
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Passive Sensors 

Primary source of 
energy: Earth 

Presenter
Presentation Notes
Filename:	PassensorTitle:		Passive SensorsKeywords: 	passive sensors, active sensors, radar, Earth, Sun, light, energy, reflection, clouds, atmosphere, Summary: 	EO instruments: the passive sensors, instruments that measure the reflection of the sun’s energy on the Earth Surface and transform 		it in electric signalsEO topic: 	InstrumentsClass: 	Geography possibility for another slide about the physical aspects of these sensorsFull Text: 	Passive sensors are instruments that measure the reflection of the sun’s energy on the Earth Surface and transform 		it in electric signals. Later, these signals will be processed in order to build a visual representation of the surface of our planet.		Their main advantage compared to active sensors are the facility of interpretation of the results, their main disadvantage		is that they are dependant of the atmospheric cover.  A cloud covered sky makes the interpretation of the image very 		difficult or even impossible.				
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The electromagnetic spectrum 

Synthetic Aperture Radar (SAR) 
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Active Sensors 
Source of energy: 
Satellite 

Presenter
Presentation Notes
Filename:	PassensorTitle:		Passive SensorsKeywords: 	passive sensors, active sensors, radar, Earth, Sun, light, energy, reflection, clouds, atmosphere, Summary: 	EO instruments: the passive sensors, instruments that measure the reflection of the sun’s energy on the Earth Surface and transform 		it in electric signalsEO topic: 	InstrumentsClass: 	Geography possibility for another slide about the physical aspects of these sensorsFull Text: 	Passive sensors are instruments that measure the reflection of the sun’s energy on the Earth Surface and transform 		it in electric signals. Later, these signals will be processed in order to build a visual representation of the surface of our planet.		Their main advantage compared to active sensors are the facility of interpretation of the results, their main disadvantage		is that they are dependant of the atmospheric cover.  A cloud covered sky makes the interpretation of the image very 		difficult or even impossible.				
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ESA Earth Observation Programmes 
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ESA Earth Observation Programmes 

Meteorological 
Programme 

Copernicus 
Programme 

Earth Observation 
Envelope Programme 12 
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ESA Earth Observation Programmes 
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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 

Presenter
Presentation Notes
Preservation and exploitation are also pursued with other historical missions, such as the Landsat data archive with USGS
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ENVISAT mission:  
10 years  

First images 

Mar 02 

La
un

ch
 

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 application:  

Risk Management 
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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 | 06/11/2012 | Earth Observation Programmes | Slide  23 

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 

Presenter
Presentation Notes
By combining surface roughness and current flow information with Envisat Advanced Synthetic Aperture Radar (ASAR) data of the spill, SAR image analysts are able to detect the direction in which the spill boundaries can drift. 
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Costa Concordia (ASAR IMP 10.Feb.2012) 
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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) 
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Hurricane Earl (Caribbean 
Sea)_Meris_FR_September 2010 
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Hurricane Earl (Caribbean 
Sea)_ASAR_WSM_September 2010 
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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 400 activations 
in 110+ countries 
since 2000 ! 
 
 

Universal Access since Sept. 2012 

Presenter
Presentation Notes
Universal access



ESA Presentation | 06/11/2012 | Earth Observation Programmes | Slide  38 

ESA UNCLASSIFIED – Releasable to the Public 

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 
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Charter website 

 

www.disasterscharter.org 
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Copernicus: A New 
Generation of Data Sources  

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

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

 ESA coordinates the space component 

 

 

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

42 

In-Situ 
Component 

Services 
Component 

Space 
Component 

Overall 
Programme 
Coordination 

Coordinators: Partners: 

Service 
operators 

Industries 
Private 

companies 

National 
Space 

Agencies 
Eumetsat 

National 
environmental 

agencies 

Presenter
Presentation Notes
The Copernicus programme is coordinated, mostly financed and managed by the European Commission. What is ESA’s role in GMES?�ESA’s role within GMES is threefold. Firstly, ESA is the coordinator of the overall GMES Space Component. The Space Component includes a series of five space missions called 'Sentinels', which are being developed by ESA specifically for GMES. In addition, data from other satellites classified as 'Contributing Missions' will be used for the initiative. They include both existing and new satellites, whether owned and operated at European level by the EU, ESA, EUMETSAT and their member states or on a national basis. They also include data acquired from non-European partners. Secondly, ESA is the development and procurement agency for the dedicated space infrastructure. And finally, ESA is responsible for the definition of the overall GMES Space Component architecture and for the planning of future GMES elements. Who will provide Copernicus services? The service provision model that will be implemented for the delivery of Copernicus services is not defined yet. Its definition will be part of the governance model that will be adopted for Copernicus. To date, the entities that will act as "service providers" for the future operational Copernicus services are therefore not known. For the time being, Copernicus services are provided by Consortia selected by the European Commission. These Consortia include organisations coming from both the public and private sectors.The development of the observation infrastructure is performed by the European Environment Agency and the Member States for the in situ component.
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Copernicus Sentinel Data Policy 

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 security constraints 

43 

Sentinel Data Policy = 
FREE and OPEN access 
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Copernicus dedicated missions: the ESA 
Sentinels… 

 S1A/B: Radar Mission                 2014/2016 

 S2A/B: High Resolution Optical Mission                     2016/2017 

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

 S4A/B: Geostationary Atmospheric Chemistry Mission    2019/2027 

 S5P: Low Earth Orbit Atmospheric Chemistry Mission              2016 

 S5A/B/C: Low Earth Orbit Atmospheric Chemistry Mission     2020/2027 

 S6-(Jason-CS) A/B: Altimetry Mission      2019/2025 

44 

Presenter
Presentation Notes
The Sentinel-Satellites (S1A/B, S2A/B, S3A/B, S4A/B and S5 Precursor) are under development, S-5 and Jason-CS are under definition Satellite launches as from beginning 2014 The ground segment (data reception, processing and dissemination) is getting ready for Sentinel launchesEU is responsible for Copernicus overall and for servicesESA is responsible for the Space Component
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Copernicus Contributing Missions 

45 

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 

Presenter
Presentation Notes
Available today or planned at European, national and international levelDeveloped for other purposes but making important data available for CopernicusList not exhaustive (+ Seosar, SPOT-6/-7, TanDEM-X, EnMAP, Venμs, Altika, Deimos2, etc. )… will evolve based on service requirements and mission availabilities

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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Sentinel-1 mission objectives  

46 

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 

6-day repeat cycle at Equator 
(with 2 satellites) 
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Sentinel-1 
SAR Operational Modes  
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25
s 

250Km 

Quicklook IW GRDM  90m 

GRDH 20m 

SLC  3x22m 

Interferometric 
Wide Swath 
Mode IW 
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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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First Images of Sentinel-1A 

Zambezi River Flooding 
and Victoria Falls, 
Namibia 
 
13 April 2014 

Presenter
Presentation Notes
Acquired on 13 April 2014 at 03:50 GMT (05:50 CEST) by Sentinel-1A, this image shows the extent of flooding in the Caprivi plain from the Zambezi River in Namibia. Sentinel-1A acquired this image in its main ‘Interferometric Wide Swath’ mode with a swath width of 250 km and in dual polarisation. Victoria Falls is also featured in the image, further east along the Zambezi River. The image was downloaded two hours after acquisition and the resulting products were available in less than an hour. Such images can be taken in adverse weather conditions and during the dark, demonstrating the value of Sentinel-1’s radar vision.
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Sentinel-1 vs ENVISAT ASAR over Namibia 
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Sentinel-1A Image  
 

Acquired on 24 May 2014 
 

 Stripmap mode S3   

Sentinel-1 contributing for the first time to the  
Copernicus Emergency Management service: 
Activation for Floods in Bosnia-Herzegovina 

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 

Presenter
Presentation Notes
Credits: ESA
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Acquisition: 21 April 2014 
Mode: TOPS IW HH/HV   

Sentinel-1 
Deforestation over Brazil 

Presenter
Presentation Notes
The data corresponds to an Sentinel-1A TOPS scene acquired on April 21, 2014, about two weeks after the launch during the satellite's commissioning phase, capturing the Rain Forest in Brazil. It was acquired in Interferometric Wide (IW) mode, which has a swath of 250 km and in dual polarisation (HH & HV). The image shows clear deforestation patterns.The Sentinel-1A TOPS data were processed using the ESA Sentinel-1 Toolbox, to be made available in September 2014. The processing steps involve initially the checking of co-registration/overlap between the HH & HV  channels, multi-looking to reduce noise and acquire square image pixels and finally geocoding to transform the radar coordinates to a map projection. �Taking advantage of the polarimetric capabilities of the sensor, a colour composite was then generated (RGB - HH HV HH) emphasising the various land cover types in the region. Targets with higher backscatter power in the HH component appear in magenta (e.g. mad-man structures), while those in the HV component in green. Low reflectivity areas such as waterways and deforested sites correspond to darker and black colours. Further analysis of Sentinel-1A data will be possible after the calibration of the instrument. 
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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) 

Presenter
Presentation Notes
Sentinel-1A radar acquisition from 22 April 2014 showing Greece’s Attica region, with mountainous areas and the capital and largest city of Athens near the centre. In the water, different shades of blue indicate different types of sea surface, influenced by currents and waves. The image was acquired in ‘interferometric wide swath’ mode and with a dual polarisation in VV and VH. Colours were assigned to different types of radar polarisations.
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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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PRELIMINAY RESULTS RICE MONITORING  

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

 

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

 ©
 s

ar
m

ap
 

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 

Presenter
Presentation Notes
Summary: A significant area of rice paddies in Vietnam’s Mekong River Delta has been reduced through drought and saltwater intrusion caused by El Nino. In March 2015, about 1.67 million hectares were mapped by the Sentinel-1A satellite. Year later, about 1.39 million hectares were mapped, showing a 16.7% loss in rice area over the year.Europe’s Sentinel-1A satellite has shown that the Mekong River Delta – one of the world’s major rice-growing areas – saw a significant drop in productivity over the past year, illustrating the effect of El Niño on food security.Since the end of 2015, dry conditions associated with El Niño have strongly affected South East Asia, leading to severe drought, in particular in Vietnam’s Mekong Delta.River water levels are at the lowest recorded in 90 years in many places, causing more severe and earlier salt water intrusion than previous years.According to UN humanitarian response reports, local farmers are coping with the drought and increased water salinity by reducing their crop area.The Sentinel-1 mission is helping to map and monitor rice production. It carries an advanced radar that can see through all weather conditions – essential in cloud-prone South East Asia – and is highly sensitive to changes in waterlogged ground such as rice paddies.“The frequent observations by Sentinel-1 over the main rice production areas and its free access make the mission an indispensable asset for rice monitoring in the region,” said Thuy Le Toan from France’s CESBIO institute.“Rice fields at different growth stages have been mapped by Sentinel-1A nearly every 12 days since October 2014. Comparing the rice area in mid-March 2015 and mid-March 2016 indicates a decrease of about 276 600 hectares of rice grown area – a reduction of 16.7%.”Rice is the most important crop for human consumption and is eaten by more than half of the world`s population every day, with Asia representing the largest production and consumption region.Ensuring there is enough affordable rice for everyone is critical for global food security, meaning that extreme weather conditions, such as those caused by El Nino, have a direct impact on how much food is traded and consequently brought to the table at an affordable price.Following the dramatic global food price spike in in 2007–08, the G20 agriculture ministers launched the Group on Earth Observations Global Agricultural Monitoring Initiative – or Geoglam.The initiative’s main purpose is to strengthen timely crop monitoring information with Earth-observing satellite to help reduce food price instability.Geoglam is a collaborative effort of global agricultural stakeholders and space agencies such as such as the UN Food and Agriculture Organisation, the World Food Programme and Japan's JAXA space agency. ESA’s GEO-Rice project is dedicated to develop, validate and demonstrate dedicated rice monitoring products based on Sentinel-1 observations in support of Geoglam.The information from Sentinel-1 is crucial for policymakers from local to country-wide, improving estimates for national agricultural statistics, planning relief activities or assessing damage from natural disasters, informing crop insurances for smallholders or monitoring conservation practices and precision farming.The data are also being used to monitor rice crop evolution in northern Vietnam’s Red River Delta, the country’s second most important rice producing area.
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Sentinel-1A: Nepal Earthquake 

Presenter
Presentation Notes
Based on data from the Sentinel-1A satellite, this image shows how and where the land uplifted and sank from the 7.8-magnitute earthquake that struck Nepal on 25 April 2015.Near the boundary of the Indian and Eurasian tectonic plates, blue shows areas of uplift of up to 0.8 m towards the satellite (called ‘line of sight’) which could be caused by a vertical uplift of 1 m. The yellow area depicts areas of subsidence, a movement that often occurs as a counter movement to the uplift in subduction zones (where one plate dips below the other) during earthquakes. Additionally, a horizontal north–south shift of up to 2 m was detected.This image was generated using data acquired by Sentinel-1A before and after the earthquake event.This image was originally released by the DLR German Aerospace Center.
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Sentinel-1 Napa Valley Earthquake  
INSARAP (NORUT-PPO.labs-Univ. Leeds-COMET) 

Presenter
Presentation Notes
Sentinel-1A radar acquisition from 22 April 2014 showing Greece’s Attica region, with mountainous areas and the capital and largest city of Athens near the centre. In the water, different shades of blue indicate different types of sea surface, influenced by currents and waves. The image was acquired in ‘interferometric wide swath’ mode and with a dual polarisation in VV and VH. Colours were assigned to different types of radar polarisations.
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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 

Presenter
Presentation Notes
Ten Sentinel-1A radar scans acquired between 7 October 2014 and 12 March 2015 were combined to create this image of ground deformation around the city of Naples, which includes the active volcanic areas of Italy’s Phlegraean Fields – or Campi Flegrei – and the Vesuvius volcano. Dark blue indicates areas that experienced an uplift of about 0.5 cm per month, while red areas show subsidence down to 0.5 per month. The purple square over the city of Naples indicates the location of the calibration point.These preliminary results were presented at the Fringe Workshop at ESA’s ESRIN centre for Earth observation. INSARAP is a project under ESA’s Scientific Exploitation of Operational Missions (SEOM) programme.
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Ice Streams seen by Sentinel-1A 

Greenland, 
West Coast 
 
January 2015 

Copyright: 
Copernicus data (2015)/ 
ESA/Enveo 

Presenter
Presentation Notes
This image combines two Sentinel-1A radar scans from 3 and 15 January 2015 to show ice velocities on outlet glaciers of Greenland’s west coast. Sentinel-1 offers excellent capabilities for observing the velocities of Greenland’s outlet glaciers with unprecedented temporal resolution at complete spatial coverage, extending and enhancing the time series of ice-velocity maps available from previous satellite sensors. Shown at Fringe 2015
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Sentinel-1A: Austfonna Ice Loss 

Copyright: CPOM/GRL 

Combined observations 
from eight satellite 
missions, including 
Sentinel-1A and 
Cryosat 

Presenter
Presentation Notes
Rapid ice loss in a remote Arctic ice cap has been detected by the Sentinel-1A and CryoSat satellites.Located on Norway’s Nordaustlandet island in the Svalbard archipelago, parts of the Austfonna ice cap have thinned by more than 50 m since 2012 – about a sixth of the ice’s thickness. Over the last two decades, ice loss from the southeast region of Austfonna has increased significantly, and ice thinning has spread over 50 km inland and is now within 10 km of the summit. The ice cap’s outlet glacier is also flowing 25 times faster, from 150 m to 3.8 km per year – half a metre per hour. In the study published in Geophysical Research Letters, a team led by scientists from the Centre for Polar Observation and Modelling (CPOM) at the University of Leeds in the UK combined observations from eight satellite missions, including Sentinel-1A and CryoSat, with results from regional climate models. “These results provide a clear example of just how quickly ice caps can evolve, and highlight the challenges associated with making projections of their future contribution to sea level,” said the study’s lead author, Dr Mal McMillan. 
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2014 - 2016 Nagler et al. 2015/2016 

Sentinel-1: Ice Velocity Maps 

Copyright: contains modified Copernicus Sentinel data [2014-2016] 
/ ENVEO / ESA CCI 

Presenter
Presentation Notes
Another example of Sentinel-1 contribution to scientific studies. Such maps are key for the understanding of the impact of climate change on ice melting. Large ice sheets such as Greenland and Antarctica substantially contribute to the global sea level rise.
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36 Years of Radar Vision 

Presenter
Presentation Notes
Comparing data from three generations of radar missions – Seasat, ERS and Sentinel-1 – the retreat of two large glaciers in southeast Greenland over a 36-year period is evident in the image above. This preliminary analysis shows that the effects of climate change on the world’s second largest ice sheet have had a major impact over the past three decades. The glaciers show significant retreat, with the upper glacier receding by about 5.5 km over the past 36 years. This melt is contributing to sea-level rise and the release of more freshwater into the North Atlantic. 
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Sentinel-1B’s First Image 

Contains modified Copernicus Sentinel data [2016], processed by ESA 

Svalbard Archipelago, 
28 April 2016 

subset 

full scene 

Presenter
Presentation Notes
Sentinel-1B’s first data strip stretches 600 km from 80°N degrees through the Barents Sea. The image, which shows the Norwegian Svalbard archipelago on the left, was captured on 28 April 2016 at 05:37 GMT (07:37 CEST) – just two hours after the satellite’s radar was switched on. Subset to the right:This full resolution subset of Sentinel-1B's first data take shows Edgeøya or Edge Island, which is one of the islands making up the Svalbard archipelago.
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Sentinel-2 

• 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 

70 

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   
 Mission objectives: 

 Generic land cover maps 
 Risk mapping and disaster relief 
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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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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: see http://www.esa-sen2agri.org/SitePages/Home.aspx 
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Sentinel-2A: First images 

Northwest Italy 
and Southern 
France 
 

French Riviera 
 

Po Valley 
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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 organge) and maize (in yellow). 
 

See also: S-2 for vegetation 
http://www.esa-
sen2agri.org/SitePages/Home.as
px 

Presenter
Presentation Notes
Sentinel-2 is the first optical Earth observation mission of its kind to include three bands in the ‘red edge’, which provide key information on the state of vegetation. In this image from 6 July 2015 acquired near Toulouse, France, the satellite’s multispectral instrument was able to discriminate between two types of crops: sunflower (in organge) and maize (in yellow).
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See also: S-2 for vegetation http://www.esa-sen2agri.org/SitePages/Home.aspx 

Presenter
Presentation Notes
Sentinel-2 is the first optical Earth observation mission of its kind to include three bands in the ‘red edge’, which provide key information on the state of vegetation. In this image from 6 July 2015 acquired near Toulouse, France, the satellite’s multispectral instrument was able to discriminate between two types of crops: sunflower (in organge) and maize (in yellow).
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Sentinels in Co-Operation 
Using both S1 and S2 data (and Landsat-8) 
 

contains modified Copernicus Sentinel data [201  

Presenter
Presentation Notes
Using both S1 and S2 data (and Landsat-8)Since October 2015 we are cooperating directly with the State Agricultural Intervention Fund (SZFI, http://www.szif.cz/en), the Paying Agency of the Czech Agriculture Ministry responsible for the EU subsidy as part     of the Common  Agriculture Policy (CAP) of the EC in the Czech Republic.      This is part of a cooperation we set up with JRC to demonstrate a national pilot based on Sentinel data for potential future Copernicus service agricultural components. The result is the innovative crop type map at national scale of the Czech Republic .                    The role of SZFI is to provide us access to their national Parcel Information System with thousands of field declaration records which are instrumental for calibrating and validating the crop type map. SZFI is also very valuable  for defining the user requirements, involving national stakeholders from the public and private sector.    A special side event is organised on this at the occasion of the Living Planet Symposium and the Check Agriculture Minister is planned to attend.
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Sentinel-2A: Algal Bloom 

Algal bloom along the 
coast of Valdivia, Chile 
 
Sentinel-2A, 
5 March 2016  
 
 
 

contains Copernicus Sentinel data [2015]  

Presenter
Presentation Notes
Relevant to the topic of food security!Using S2 data in a extraordinary El-Nino situation over the last 4 months leading to extreme economic impact in Chile:• More than 24 Million of salmons died • 100,000 Tons of harvested fishes lost.• More than 44 aquaculture sites  and more than 15 companies affected, some of them did not have any biomass insurance.• 1500 Tons were thrown to the ocean due to a lack of a contingency plan in the industry for an event of such a scale.• 100,000 Tons of fishes discard without process• More than 800 Millions of USD direct sells lost• Strong impact on the staffs of the companies with immediate head count reductions. Thousands of employees will lose their jobs during the next weeks and moths.
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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 

Presenter
Presentation Notes
The Sentinel-1A satellite of Europe’s Copernicus environmental programme counts fishing cages in the western Mediterranean Sea.The census of farms and the conformity to registered licenses (respect of an agreed area to do aquaculture activities). The licenses also specify the type of aquaculture - fishes, shellfishes, seaweeds - that have to be monitored
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Sentinel-3 (3-A launched) 

• Medium resolution imaging 
and altimetry mission 

• Land and ocean applications 
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Sentinel-3 Ocean & Global Land Mission 

80 

Mission profile 

 3 main instrument sets: OLCI, SLSTR and RA 

 Sun synchronous orbit at 814.5 km mean 
altitude over geoid 

 1270 km swath width for OLCI and 750 km 
for SLSTR 

 < 1 day repeat cycle for OLCI/SLSTR with 2 
satellites, 27 days for the topography 
package 

 7 years design life time, consumables for 12 
years 

Mission objectives: 
 Sea/land colour data  

 Sea/land Surface temperature 
 Sea surface and land ice topography 
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Sentinel-3 Payload 

81 

•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 

82 

 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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10-Day synthesis from Vegetation Mission (September 11, 2002). Sentinel-3 OLCI 
and SLSTR data will be used together in synergy to provide similar products. 

Altimetry derived River and Lake Heights 2002-
2010: Lake Tanganyika 
 
(P Berry, DMU, UK) 

LST monthly daytime composite for October 2009 – indicating cold 
regions in blue/light green and hot regions in yellow/red colours.  
20 years of active fire monitoring using the ENVISAT (A)ATSR World Fire 
Atlas.  SLSTR will have dedicated fire monitoring channels 

True colour composite mosaic of MERIS data for March 2003.  OLCI will 
provide global coverage data for 21 spectral bands (400 -1020nm) at a 
spatial resolution of ~300m 
 

Sentinel-3 Applications 
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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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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 

Presenter
Presentation Notes
The first image from the Sentinel-3A Sea and Land Surface Temperature Radiometer (SLSTR) thermal-infrared channels depicts thermal signatures over a part of western Namibia and the South Atlantic Ocean. This image shows the ‘brightness temperature’, which corresponds to radiation emitted from the surface. Further processing is needed to turn this into an actual temperature map. The Namibian land surface is shown in red–orange colours, corresponding to a temperature range 301–319K. The blue colours over the ocean correspond to a temperature range of 285–295K. The black areas correspond to clouds, which are opaque to thermal-infrared radiation and so prevent a view of the ocean or land surface.Cold water is seen along the Namibian coast upwelling from deeper waters. The Benguela current flows north along the west coast of South Africa driven by southeasterly winds creating coastal upwelling. Many eddies and meanders are generated in this complex system and these small-scale features are captured beautifully by SLSTR. Understanding changes in the pattern of these waters is important for fisheries, for example.
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Spectral Channels: (A)ATSR & SLSTR 

Presenter
Presentation Notes
Oceans are major Heat Reservoir small changes in Ocean Temperature often led to large changers in Atmospheric Heating. 
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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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GMES/ Copernicus Services domains 

Land 
monitoring 

Marine 
environment
al monitoring Atmospheric 

monitoring 

Emergency 
management 

response 
Climate 
Change 

monitoring 

Security 

Presenter
Presentation Notes
Services domains and main applications:__ Marine environmental monitoring: marine safety and transport, oil spill monitoring, water quality, weather forecasting and the polar environment__ Land monitoring: water management, agriculture and food security, land use and land cover changes, forest monitoring, soil quality, urban planning and natural protection services__ Atmospheric monitoring: air quality, ultraviolet radiation forecasting, effect of greenhouse gases and aerosols on climate change__ Emergency management response: help mitigating the effects of natural and manmade disasters, flood, forest fire, earthquakes and humanitarian aid__ Security: support for peace-keeping efforts, maritime surveillance and border control.__ Climate change monitoring: it will use data from land, marine and atmosphere services
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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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Science – the Earth Explorers  

Presenter
Presentation Notes
BIOMASS is missing!‘Earth Explorer’ Missions dedicated to specific aspects of our Earth environment whilst demonstrating new technology in spaceEarth Explorer missions focus on the atmosphere, biosphere, hydrosphere, cryosphere and the Earth's interior with the overall emphasis on learning more about the interactions between these components and the impact that human activity is having on natural Earth processesDesigned for research purposes, Earth Explorer missions fall into two categories: 'Core' missions addressing specific areas of great scientific interest, and faster, lower cost 'Opportunity' missions to address areas of immediate environmental concern. Of the six Earth Explorers selected for implementation, three are Core missions and three are Opportunity missions. The Earth Explorers have all surpassed the original mission scopes.
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Science – the Earth Explorers  

Earth 
Explorers 
launched so 
far 

Presenter
Presentation Notes
BIOMASS is missing!‘Earth Explorer’ Missions dedicated to specific aspects of our Earth environment whilst demonstrating new technology in spaceEarth Explorer missions focus on the atmosphere, biosphere, hydrosphere, cryosphere and the Earth's interior with the overall emphasis on learning more about the interactions between these components and the impact that human activity is having on natural Earth processesDesigned for research purposes, Earth Explorer missions fall into two categories: 'Core' missions addressing specific areas of great scientific interest, and faster, lower cost 'Opportunity' missions to address areas of immediate environmental concern. Of the six Earth Explorers selected for implementation, three are Core missions and three are Opportunity missions. The Explorers in orbit have surpassed the original mission scopes.Mention Synergy!
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Most precise geoid to date 

GOCE: Mission accomplished  

Presenter
Presentation Notes
Great scientific and engineering accomplishment.Might also mention GOCEuse in lithospheric modelingcombinations with Grace for ice-mass balance studiesdetection of earthquake signalre-entry signals used to understand re-entry and improve accuracy of geoid further
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Surveyed sea ice thickness 

0 3.5m 

Average spring sea ice thickness 2010-2015 

Cryosat: Mission accomplished and ongoing  

Presenter
Presentation Notes
Also mention:Relevance for Climate ChangePerspective for possible future in Copernicus (sustainability)
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Monitoring soil moisture and 
ocean salinity. Globally. 

SMOS: Mission accomplished and ongoing  

Presenter
Presentation Notes
Also mention:Relevance for Climate Change, food securityAlso perspective for possible future in Copernicus (sustainability)
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Tracking 
Earth’s 
dynamic 
magnetic 
field. 

Swarm: Mission accomplished and ongoing  
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ADM-Aeolus and EarthCARE 

ADM-Aeolus 
• Global observations 

of wind profiles for 
analysis of global 
3D wind field  

• Launch end 2017 

EarthCARE 
• Global observations 

of clouds, aerosols 
and radiation 

• Launch planned for 
2018 

Presenter
Presentation Notes
Two independent science studies have confirmed significant weather forecast impact using the Aeolus anticipated data, especially ECMWF has confirmed a decadal leap in mid-term forecasts thanks to Aeolus (Note: the scientific director of ECMWF, also the chairman of the Aeolus MAG, Professor Kallen, confirmed in front of DOSTAG that the impact of Aeolus in the ECMWF weather forecast will be significant, in particular for mid-term forecasts. He also reported on the importance of Aeolus wind data in the tropical regions since the latest climate research results indicate that these winds have a strong contribution to the global warming of the ocean water temperature at 500 - 2000m depth)  
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Biomass, the 7th Earth Explorer  

• Implementation decided by ESA’s 

Earth Observation Programme 

Board 

in February 2015 

• Biomass estimates based on global 

interferometric and polarimetric  

P-Band Radar observations 

• Essential to understand the 

Earth’s carbon cycle 

• To be launched in 2020 

Presenter
Presentation Notes
BIOMASS has the potential to evolve into an operational system. The launch of the mission is foreseen for 2020.Reopening of phase B1 to account for subscription levels
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FLEX, the 8th Earth Explorer  

• decision by PB-EO in November 

2015 

• global maps of vegetation 

fluorescence, which can be 

converted into an indicator of 

photosynthetic activity 

Presenter
Presentation Notes
To fly in tandem with one of the Sentinel-3 satellitesImage in lower left corner shows fluorescence from different types of vegetation. It was captured by a novel airborne sensor called Hyplant to support the development of ESA’s candidate Earth Explorer FLEX mission. The highest fluorescence values (bright yellow–green) were found in sugar beet. These results show how the FLEX satellite mission could provide global maps of vegetation fluorescence, which can be used to retrieve the actual photosynthetic activity. In turn, this would not only improve our understanding of the amount of carbon stored in plants and their role in the carbon and water cycles, but could potentially also be important for helping to optimise agricultural productivity (FZ Jülich)
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EO Tools for Education 
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 E-learning tools 
 ESA kids (primary) 
 Eduspace (secondary) 
 SEOS (secondary) 
 LearnEO! (secondary/undergraduate) 
 Bilko (secondary/undergraduate) 

 Printed resources 
 ESA School Atlas and Water Atlas (secondary) 
 ESA EO Teacher’s Pack (secondary) 

 Training courses 
 EO summer schools (graduate) 
 Advanced training courses (land, ocean, atmosphere) (graduate) 
 Other EO training Courses (graduate and undergraduate) 

 Training within programmes 
 DRAGON 
 TIGER 

 

Overview of ESA EO Training 
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Overview of ESA EO Training 

https://earth.esa.int/web/guest/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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ESA Living Planet Symposium  2016 

http://lps16.esa.int 

PRAGUE 09-13 MAY 2016 
 
Main Objective: Presentation of 
Exploitation Results based on ESA 
Earth Observation Measurements 

Presenter
Presentation Notes
Themes:Atmosphere, Oceanography, Cryosphere, Land, Hazards, Climate and Meteorology,  Solid Earth/Geodesy, Near-Earth Environment, Methodologies and Products, Open Science 2.0Important Dates:Deadline for abstract submission	16 October 2015Notification of Acceptances		End January 2016Issue of Preliminary Programme	February 2016Opening of Registration to the Symposium	February 2016Release of the Final Programme 	at the symposiumSubmission of Full Papers 		at the symposium



ESA Presentation | 06/11/2012 | Earth Observation Programmes | Slide  105 

ESA UNCLASSIFIED – Releasable to the Public 

Thanks for your attention!!! 
Web sites of interest for EO Education: 

 
International Charter: www.disasterscharter.org 
 
GMES / Copernicus:  http://copernicus.eu/ 
 
ESA Earth Watching: http://ew.eo.esa.int/web/guest/home 
 
ESA Education: http://www.esa.int/Education 
 
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/ 
  
SEOS Project:  http://www.seos-project.eu/home.html 

http://www.disasterscharter.org/
http://copernicus.eu/
http://copernicus.eu/
http://ew.eo.esa.int/web/guest/home
http://ew.eo.esa.int/web/guest/home
http://www.esa.int/Education
http://www.esa.int/Education
http://www.esa.int/Our_Activities/Observing_the_Earth
http://www.esa.int/Our_Activities/Observing_the_Earth
https://earth.esa.int/web/guest/eo-education-and-training
https://earth.esa.int/web/guest/eo-education-and-training
https://earth.esa.int/web/guest/eo-education-and-training
https://earth.esa.int/web/guest/eo-education-and-training
https://earth.esa.int/web/guest/eo-education-and-training
https://earth.esa.int/web/guest/eo-education-and-training
https://earth.esa.int/web/guest/eo-education-and-training
https://earth.esa.int/web/guest/eo-education-and-training
http://www.esa.int/SPECIALS/Eduspace_EN/
http://www.esa.int/SPECIALS/Eduspace_EN/
http://www.seos-project.eu/home.html
http://www.seos-project.eu/home.html
http://www.seos-project.eu/home.html
http://www.seos-project.eu/home.html
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Programme of this course 
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