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Envisat mission extension



Ozone hole

Ozone hole seen from Envisat

Presenter
Presentation Notes
-7% p.a. now -1%



Ozone Ozone layerlayer depletiondepletion levellinglevelling offoff

Ozone hole

Recent scientific headlines of Earth 
Observation: Ozone

Slightly positive trend of global 
ozone increase of almost 1% 
per decade in the total ozone 
from the last 14 years
(result confirmed by comparisons with 
ground-based measurements) 



The changing air quality

SCIAMACHY NO2 
concentration, 2008 mean



 

Air quality measurements from 
space highlight the direct, often 
dramatic influence of human 
activities on the environment

Presenter
Presentation Notes
This is the NO2 in new graphical design with the data from 2008 (the one we showed previously is from 2004-2006)



OMI, 2007 OMI, 2008

NO2 reductions detected from 
space during the 2008 Beijing 
Olympic Games

Mijling et al., Geophys. Res. Lett. (2009)

Monthly OMI NO2 over Beijing
Witte et al. (2009)

Presenter
Presentation Notes
OMI measurement in August 2007 and in August 2008 showing the decrease in Nitrogen Dioxide during the Olympics.
On  the right as compared to previous years 2005/2006/2007 the decrease is up to 50%
The measures taken were reduced traffic, stopping construction work in Beijing , stopping some industry in the surroundings and power plants starting early July 2008



Worldwide leaf area index
[1999-2002] © ESA

Worldwide leaf area seen from space



ASAR Wave Mode tracks 
long swell propagating 
across the Pacific during 
12 days



 

6 hour time step



 

Wavelength from 300 to 
450m 



 

Wave period from 13 to 17 
seconds



 

Time period from 8 to 20 
July 2004

ENVISAT ASAR monitors SWELL 
Courtesy of B.Chapron IFREMER and F. Collard BOOST Technologies BREST 

Wave tracking from space

Presenter
Presentation Notes
 During the Envisat Symposium held in Montreux, Switzerland, from 23 to 27 April 2007, Chapron and Collard presented for the first time a demonstration of swell tracking across the Pacific Ocean over a period of 12 days using Envisat ASAR Wave Mode. 
"Swells are still surprise factors, which can unfortunately be deadly," Chapron said. "The SAR Wave Mode product allows us to locate and systematically track swells globally. In the near future we anticipate using SAR wave data to predict their arrival time and intensity." 
 Waves of all wavelengths and travelling in several directions are generated by storms. Upon leaving the storm, they disperse and those with the longest wavelengths travel the fastest.
A larger wave period correlates to a more extreme wind event. Approaching the coastline, the wave system slows down and individual waves increase to reach at least two times the mean average of their initial wave height easily. For instance, a 5-metre significant wave height system can hit the coast with the height of 10 metres. 

As part of the Global Monitoring for Environment and Security (GMES),the Sentinel-1 SAR instrument will have a dedicated wave mode allowing the Near Real Time tracking and forecasting of swell for European users. �



Greenland mass balance 1996-2005

Mass deficit:
83±30 Gt/yr in 

1996 
205±37 Gt/yr in 

2005

2/3rd of loss 
due to 
dynamic 
thinning

Changes in the Velocity Structure of the Greenland Ice Sheet, Science vol. 311 no. 5763, 
pp. 986-990 Courtesy of  Rignot & Kanagaratnam, 

“Greenland’s contribution to sea level rise has 
been doubling between 1995 and 2005” – Eric 
Rignot, JPL

Presenter
Presentation Notes
“Study of glacier velocity over the Greenland ice sheet has shown significant acceleration of outlet glaciers during the last few years, doubling Greenland’s contribution to sea level rise between 1995 and 2005” – Eric Rignot, JPL
Contribution to sea level rise is 0.65 mm/yr in 2005. 20th century 0.2-0.4 mm/yr for all glaciers and ice caps




Passive Microwave September Ice Extent 1979‐2007



Envisat: Ice Thickness anomaly 2007/8

[Giles, et al., GRL, 2008]

Planetary Visions Ltd.



Arctic Sea Ice coverage (ENVISAT)

NW Passage

NE Passage

Presenter
Presentation Notes
Picture data 



Three Years of SCIAMACHY Carbon Dioxide Averaged Mixing Ratio Measurements
Courtesy of  Michael Buchwitz University Bremen

CO2 seen from Envisat

Presenter
Presentation Notes
SCIAMACHY instrument aboard ESA’s Envisat, scientists have produced the first movies showing the global distribution of the most important greenhouse gases – carbon dioxide and methane – that contribute to global warming.� �The importance of cutting emissions from these ‘anthropogenic’, or manmade, gases has been highlighted recently with European Union leaders endorsing binding targets to cut greenhouse gases by at least 20 percent from 1990 levels by 2020. 
there are significant gaps in the knowledge of carbon dioxide’s sources, such as fires, volcanic activity and the respiration of living organisms, and its natural sinks, such as the land and ocean. 
By better understanding all of the parameters involved in the carbon cycle, scientists can better predict climate change as well as better monitor international treaties aimed at reducing greenhouse gas emissions, such as the Kyoto Protocol which addresses the reduction of six greenhouse gases including methane and carbon dioxide. 



World Fires Atlas 
[ERS ATSR]  © ESA

Worldwide fires seen from space



02 May 2010

Disaster management with a help from space 

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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GOCE – the gravity mission

 In space since March 2009



 
Third measurement cycle of 

the Earth’s gravity field

A unique mission:

 First gradiometer in space
 Very low orbit (255 km)
 Active air drag control (ion engine)
 Perfectly quiet environment



GOCE gravity field

meters

a global geoid map based on only two sets of data



Gravity field 
map and 
improved 
global geoid 
models

Improved 
understanding of 
ocean circulation 
and energy 
distribution

Global 
unification 
of height 
systems

GOCE – Applications

http://www.soest.hawaii.edu/cgps_tg/casestudy/case3_files/mars_map.gif


SMOS – The ESA water mission

In space since 2 November 2009  

Applications:

First global observations of two key 
variables of the Earth’s water cycle



 

Improve models of global water 
cycle and global ocean currents



 

Improved management of water 
resources



SMOS – First results

©UPC

Brightness temperatures 
(level 1 SMOS data product) 
over South America Release of data

First Level 1C products (and 
some data sets for level 2) 
released to cal & val PIs mid 
April

General release of level 1C (= 
brightness temperature) by 9 
July 2010

General release of Level 2 
(=soil moisture and ocean 
salinity) in September 2010

Presenter
Presentation Notes
The image depicts non-calibrated brightness temperature values colour coded from blue (low) to red (high). Although the image content cannot be interpreted at this time, it proves that the instrument is in good shape and the data reception and processing chain are working. �



Comparing SSS map generated with 3 days of SMOS data (ascending 
orbits 29-31, January 2010) and World Ocean Atlas climatology for 
January [J. Tenerelli, CLS, Brest]

First SMOS Salinity Map



Validation of SMOS L2 products

Ocean Salinity | Jordi Font | ESA LPS | 28 June 2010 | SMOS | Pag. 26

March 2010: comparison of SMOS data composite with 7296 in situ 
salinity values (Argo floats) [IFREMER, Brest]



CryoSat-2 – ESA‘s ice mission



 

monitoring precise changes in the 
thickness of the polar ice sheets and 
floating sea ice, up to latitudes of 88°



 

Launch 8 April 2010



CryoSat Sea Ice Measurements

CryoSat-2 – ESA‘s ice mission



Release of data

Release of Level 1B data 
to Cal/Val users early 
July

Release of Level 1 
products to science 
users in October (end of 
commissioning phase) , 
followed by release of 
level 2 data

L1b Stacking: Ross Ice Shelf & 
Ross Sea, 11th April

Presenter
Presentation Notes
The image depicts non-calibrated brightness temperature values colour coded from blue (low) to red (high). Although the image content cannot be interpreted at this time, it proves that the instrument is in good shape and the data reception and processing chain are working. �



ADM-Aeolus – ESA‘s wind mission



 

to provide global 
observations of wind profiles 
from space (+ cloud top heights, 
vertical distribution of cloud, aerosol 
properties and wind variability)



 

to improve the quality of 
weather forecasts and our 
understanding of atmospheric & 
climate processes



 

ADM-Aeolus will utilise the 
active Doppler Wind Lidars 
(DWL) method.



 

This is the only method that 
can provide the required data 
globally.



EarthCARE – ESA‘s aerosol mission



 

for a better understanding of 
the interactions between cloud, 
radiative and aerosol processes 
that play a role in climate 
regulation. 



 

by acquiring vertical profiles of 
clouds and aerosols, as well as 
the radiances at the top of the 
atmosphere. 



Volcanic ash cloud monitoring

ENVISAT MERIS, 
19 April 2010

Eruption of the Icelandic volcano 
Eyjafjallajoekull (April-May 2010):



 

Optical images from space 
(Envisat)



 

Ground-based network of LIDAR 
stations (Earlinet)



 

ADM-Aeolus and EarthCARE will 
provide essential new information

Volcanic plume 
from FALCON 
aircraft



Volcanic ash cloud monitoring: ground- 
based LIDAR (Munich, Germany, 16-17 April)

Credit: University of Munich, Meteorological Institute 

Presenter
Presentation Notes
Ground-based lidar observations of the volcanic ash cloud originating from Iceland's Eyjafjallajoekull volcano acquired by the lidar stations in Munich, Germany on 16–17 April. The image shows volcanic ash slowly moving from 4 to 2.5 km altitude. The Munich lidar station is part of the Earlinet network of ground-based lidar stations. 



Volcanic plume from space – NASA 
CALIPSO

CALIPSO is a joint NASA 
(USA) and CNES (France) 
mission (launched in 2006)

Passive and active 
instruments onboard the 
CALIPSO satellite monitor 
aerosols and clouds 24 
hours a day.

Credit NASA



•Data Sources:
•Carbon Dioxide: NOAA.
•Land Cover: Goldewijk & Battjes, National Institute
•for Public Health and the Environment (RIVM),
•Netherlands, 1997.
•Temperature: Source unspecified.
•Species Extinction: Reid & Miller, World Resources
•Institute, Washington DC, 1989.
•Nitrogen: Vitousek, 1994,
•Human Population: US Bureau of the Census

Based on information compiled by the International 
Geosphere-Biosphere Programme (IGBP).

(Image: MERIS mosaic)





Vulnerability Assessment : 
Impacts as a function of Climate Change

(Parry et al. 2001 http://www.greenpeace.org/raw/content/usa/press/reports/millions-at-risk.pdf)



Emission scenarios / stabilisation levels 

IPCC (2007) WG III, Figs. SPM.7,8 



First image of the Earth from space



Sea level

Presenter
Presentation Notes
Picture data 



Sea temperature

Presenter
Presentation Notes
Picture data 



Sea level rise

Church et al., 2004, 2006

Holgate and Woodworth, 2004
1.8 +/- 0.3 mm/yr (1960 to 2000)

Satellite Satellite altimetryaltimetry

Presenter
Presentation Notes
This is one area where space excels, with satellites providing (in conjunction with calibration from in-situ sites) the most accurate source of data on changes in sea level globally.

The IPCC projects that sea level will rise ~30-80 cm by 2100 – significant uncertainty from ice – Arctic and Greenland.





regional sea-level trends (mm p.a.)

Cazenave et al. 2009



Leicester University: Veal et al., MERIS/AATSR Workshop, ESRIN, 22-26 Sept 2008
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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

11 Essential Climate Variables



Essential Climate Variables



Combining Research and Operational Satellite Data Can 
Unlock Further Climate Information

4949



Climate Change Climate Change 

Mitigation Mitigation -- REDDREDD



QuickTime™ and a
 decompressor

are needed to see this picture.

UNFCCC COP-15 Copenhagen



Why Forests - Why Carbon?

• A large proportion (up to 20%) of global emissions are thought to arise from tropical 
deforestation

• Reduced deforestation and increased reforestation is a rapid response to reducing emissions

• For countries, there are potentially very significant environmental, social and economic 
benefits and implications that parallel the climate benefit (e.g. biodiversity…)

• Design of effective national forest monitoring systems that can serve UNFCCC - Climate 
Change negotiations, is a key decision at COP-15 (Copenhagen 2009) 

• Therefore efforts on designing of operational forest monitoring systems must focus on these 
economic and policy drivers, not on technology



The basic idea behind Reducing Emissions from 
Deforestation and Degradation (REDD) is simple:

Countries that are willing and able to reduce emissions from 
deforestation should be financially compensated for doing 
so. 

What is REDD?



Decision text for Copenhagen:



Page 55

Forest area in province EST
2005 RGB = NIR/Red/Green with segmentation

Wetlands (Marecage)
 Not deforestation!

Agro-forest mosaic
> 10 % crown cover
 Not deforestation!

Deforestation below the MMU

Yellow = Deforestation
along the road 2000 - 2005

Deforestation
1990 - 2000

Deforestation Mapping: Cameroon



Final Map Product of ESA-Project
GSE Forest Monitoring

(ESA-GAF)

Presenter
Presentation Notes
Siberia (Ikutsk, near town of Bratsk)



Forest Cover Change



The GEO FCT initiative

• GEO Forest Carbon Task (FCT) supports countries 
establishing national systems for forest carbon tracking 
by:

– access to long-term satellite, airborne and in situ data, 
and the associated analysis and prediction tools

– creating the framework and technical standards for a 
global network of national systems

– following the guidelines for the United Nations Framework 
Convention on Climate Change (UNFCCC)

58



The GEO FCT Partnership

• Supported by governments committed to forest carbon monitoring: 
Australia, Canada, Japan and Norway

• CEOS and its member space agencies: notable contributions from 
ASI, DLR, ESA, INPE, JAXA, ISRO, USGS, coordinated by ESA.

• UN-FAO, GOFC-GOLD, EC-JRC & other research groups

• Google, Prince’s Rainforest Project (UK),…

• Seven governments wish to cooperate as ‘National Demonstrators’ 
for the project in 2009-2010

– Australia, Brazil, Cameroon, Guyana, Indonesia, 
Mexico and Tanzania.

59



National Demonstrators



Landsat Acquisitions over Borneo

173 2009 ETM+ 

 Scenes in USGS 

 
Archive
(May –

 

August)

 
No Landsat

 

5 TM 

 data available 

 from the USGS 

 
archive. 

Request for 

 Landsat

 

5 

 support to 

 
Thailand, GISTDA
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Envisat ASAR Acquisition over Africa



CSA-ESA Coordination over Brazil

• RADARSAT-2

• ENVISAT ASAR

Conflict with ENVISAT C-band sensor 
calibration sites in Amazonia

Presenter
Presentation Notes
Might be solved with Radarsat-2 or X-band sensors TerraSAR-X and CosmoSkymed



PALSAR acquisition status (June 12 - Aug 31, 2009)

Brazil & Guyana - 2 coverages
June/July; Aug/Sep

Mexico - 2 coverages
Aug/Sep; Sep/Oct

Cameroon - 2 coverages 
June/July; Sep/Oct

Tanzania - 2 coverages 
June/July; Sep/Oct

Borneo - 2 coverages
June/July; Aug/Sep

Tasmania - 2 coverages
June/July; Aug/Sep



Borneo - Validation/Calibration sites



Climate ChangeClimate Change 

Mitigation Mitigation -- Alternative EnergyAlternative Energy



Ground irradiance

EO services for site identification, 
plant management, grid management, 
and consulting (architects, urban 
planning)

Exploiting MSG every 15 min, Envisat 
for atmospheric correction

Renewable Energy : Solar

When a new market is opened, a site evaluation is 
not available, as usually other PV-operators do not 
publish their production values. We are now 
expanding into countries like Germany, Italy and 
Spain where we have no operation experiences. 
Investment costs of about 5 to 12 million Euros are 
planned. To assure the flow back of these 
investments we must be sure that we build the PV 
systems at locations with enough solar radiation. 
Therefore we will need satellite derived irradiance 
data.

Robert Kröni, Edisun Power AG director

http://www.ftd.de/
http://www.solarmillennium.de/index,cat1.html


Snow Cover Extent (ENVISAT/MERIS)Digital Elevation Model 
Land Cover (ENVISAT/SAR)

Weather Conditions (MSG)

Water Run Off Forecast

Renewable Energy : Hydropower

Scandinavia

via Hydrological Model

Austrian Alps



Courtesy RISOE

Denmark  (Horns Rev)

High-res
Regional
Radar

Low-res
Global
Scatt

Wind rose
Industry software for 
resources estimation

Renewable Energy : Wind

World’s largest turbine manufacturer for 
planning & maintenance of turbines

>15 years archived history is crucial

http://www.risoe.dk/
http://www.vestas.com/en


Carbon Capture & Storage 
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• Demonstrate potential of high-res 
SAR Interferometry for storage site 
motion monitoring in compliance 
with EU directive for CCS operation,

• Service trial in progress for gas 
storage site in Central Europe with a 
major O&G company and industry 
standards organisation.



Climate ChangeClimate Change 

AdaptationAdaptation



Coral Reef Health & Stress,  Caribbean 

• Health indicators : reef extent, reef rugosity, coral and macro-algal cover, coral population structure, coral 
mortality, coral bleaching, coral diseases, herbivory,

• Stress indicators : Sedimentation, pollution, coastal development, over-fishing, ocean acidification, thermal 
stress

SST patterns (ATSR)

a. Average

b. Min monthly mean

c. Max monthly mean

d. Std Dev

Characterisation of 
Thermal stress regime

Wave exposure map (from shape 
of basin, wind-speed & direction 
(ERS Scatt)



Coastline Change,  Bangladesh 

• Technically challenging (large tidal effects to de-couple)

• Project completing, preliminary results (under evaluation),

• High dynamic land loss & gain; trend towards erosion in East

• 2 separate studies, use of Landsat, SPOT, QuickBird, IKONOS



Plastic horizontal sliding

17000 km of water barriers: 3565 km 
primary water barriers (big rivers, sea, 
Ijsselmeer, Markermeer), 14000 km 
regional water barriers

Courtesy   R. Hansen Delft Institute of Earth Observation and Space Systems

90% dykes monitored

(1992-2005),

Blue, 
below sea 
level

Land Motion: Dyke Stability



Summary

Satellite data support climate…
…modeling and prediction - through provision of ECV 
data to climate modellers (ECMWF, Meteo-France, UKMO, 
MPI…)

…mitigation - through e.g. forest monitoring (REDD)

…adaptation - by management of climate impacts

…attribution - through (eventually) identification of sources 
and sinks



ESA EO missions – launch schedule
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