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Develop world-class Earth 
Observation systems

addressing scientific & 
societal challenges 

with European and global 
partners 

ESA-EO Mission
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ESA-Developed Earth Observation Satellites
16 in operation

38 under development
14 under preparation 

Presenter
Presentation Notes
D/EOP has three main lines of activities: Earth Science, Copernicus and Meteorology
Since the latest launch of Sentinel-6 Michael Freilich on 21 November 2020, ESA EOP has 38 satellites in development and 16 satellites in operation
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Science: Earth Explorers

Presenter
Presentation Notes
The Earth science missions “Earth Explorers” allow us to understand the Earth System and its diverse aspects in more and more detail.
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First 2 Scout missions selected
Operational missions designed to deliver 
science in orbit based on SmallSat

Very strict cost/schedule boundaries
• 3 years from KO to launch
• 30M€ total mission cost

Agile and good value for money
• Agency’s response to a quickly evolving scientific and 

technological environment in the Earth Observation (EO) 
sector

• Reduction of time and cost to deliver demonstrations of novel 
EO techniques and results in the Earth sciences

• Easily scalable if successful
Innovative implementation

• Service contracts to provide scientific data
• ESA role focused on main critical risks with higher 

delegation to industry in direct contact with institutes and 
labs

• Application of NewSpace standard

ESP-MACCS

HydroGNSS
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Presenter
Presentation Notes

3D models of Earth's underground are traditionally based on information acquired on the ground. Gravity data from the GOCE satellite, however, provide homogeneous coverage in high resolution, which is being used to improve and validate models based on traditional datasets. Models based on GOCE data show subsurface density and its vertical and lateral variability, which provides insight into varying geological compositions and temperatures. Estimating the structure and thermal state of Earth's crust provides clues into the heat of shallower sedimentary rocks, and thus the potential location of oil and gas accumulations. Subsurface areas with temperatures ranging over 60–200ºC indicate the maturity of the rock and, therefore, the likelihood of the presence of oil and gas.

GOCE Gravity gradients provides 3-dymensional information on the density difference caused by the changing composition of crust and mantle. 
Previous models based on seismic or in-situ gravity data are usually limited by poor data coverage or data being only available along single profiles.
This global data can be used in local areas together with seismic information to derive high frequency details at local and regional scales.

"Using GOCE data for improving our understanding of Earth's composition is still in an early phase, and more local geophysical surveys need to be conducted to validate the models," 
“early results how spaceborne technologies can be used to improve our understanding of the various geological properties of deeply buried sediments – from 5 km to 10 km deep – 
"This is especially useful for remote areas that are difficult, expensive and time-consuming to explore.”

While neither oil or gas reservoirs can be found directly with GOCE, the analysis can guide researchers in identifying areas where the geological conditions appear promising for further ground exploration.
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Glacier Decline
Cryosat

Presenter
Presentation Notes
Apart from Antarctica, Patagonia is home to the biggest glaciers in the southern hemisphere, but some are retreating faster than anywhere else in the world. 
This is because the weather is relatively warm and these glaciers typically terminate in fjords and lakes, exacerbating surface melting and causing them to flow faster and lose ice as icebergs at their margins. 
Traditionally, it has been very difficult to map exactly how fast these glaciers are changing. 
However, a new way of processing ESA CryoSat swath data now makes it possible to map these glaciers in fine detail. 
CryoSat has revealed that between 2011 and 2017, there was widespread thinning, particularly in Patagonia’s more northern ice fields. 
The Jorge Montt glacier, which flows down to the ocean, retreated 2.5 km and lost about 2.2 Gt a year. 
In contrast, Pio XI, the largest glacier in South America, advanced and gained mass at a rate of about 0.67 Gt a year. However, over the six-year period, the glaciers overall lost mass at a rate of over 21 Gt a year. This loss is adding about 0.06 mm a year to sea level.
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Unexpected Swarm Discovery

GNSS Blackout 
Phenomenon due to
‘thunderstorms’ in the 
ionosphere
© ESA–ATG medialab

Presenter
Presentation Notes
Signals (yellow lines) from GPS satellites can be interrupted when lower-orbiting satellites like Swarm fly into equatorial plasma irregularities. The green line is a sample electron density profile measured by the Swarm satellites during one of these events.

8 October 2016. Satellite engineers have been puzzling over why GPS navigation systems on low-orbiting satellites like ESA’s Swarm sometimes black out when they fly over the equator between Africa and South America. Thanks to Swarm, it appears ‘thunderstorms’ in the ionosphere are to blame.

As with many satellites, ESA’s three Swarm satellites carry GPS receivers as part of their positioning system so that operators keep them in the correct orbits. In addition, GPS pinpoints where the satellites are making their scientific measurements.
However, sometimes the satellites lose their GPS connection. In fact, during their first two years in orbit, the link was broken 166 times.
A paper published recently describes how Swarm has revealed there is a direct link between these blackouts and ionospheric ‘thunderstorms’, around 300–600 km above Earth.
“This is thanks to Swarm because it is the first time that high-resolution GPS and ionospheric patterns can be detected from the same satellite.”
These thunderstorms occur when the number of electrons in the ionosphere undergoes large and rapid changes. This tends to happen close to Earth’s magnetic equator and typically just for a couple of hours between sunset and midnight.
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© ESA/DTU Space/DLR

Lithospheric Magnetic Field (with CHAMP)

Presenter
Presentation Notes
After three years of collecting data, the highest resolution map of Earth’s lithospheric magnetic field from space to date has been released. The dataset combines measurements from ESA’s Swarm satellites with historical data from the German CHAMP satellite using a new modelling technique that allowed scientists to extract tiny magnetic signals from Earth’s outer layer. Red represents areas where the lithospheric magnetic field is positive, while blues show areas where it is negative.
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Aeolus data is operational and impactful
Aeolus gauges hurricane Lota wind velocities
17 November 2020

Presenter
Presentation Notes
As Hurricane Lota reached Nicaragua on 17 Nov. 2020, Earth Explorer Aeolus picked up high wind speeds north and south of the hurricane. 
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Aeolus data is operational and impactful

Courtesy: NOAA

Positive impact (red) when assimilating 
Aeolus winds from 4 April to 19 August 

2020 (M. Rennie – ECMWF) 
ESA/PB-EO/184/RoomDoc(2020)44

Presenter
Presentation Notes
Operational use in NWP:
ECMWF, DWD and Météo-France are already assimilating Aeolus data
UK MetOffice will by end of this year and the Indian National Centre for Medium Range Weather Forecasting (NCMRW) will by February 2021

Left image:
NOAA has previously shown that Aeolus data can be used to improve the prediction of hurricane tracks, with scientists now exploring the possibilities further in NWP models.
This 2019 example clearly shows the positive impact of Aeolus data in NWP models: the model using Aeolus data is far closer to the observed hurricane track than the model ran without Aeolus data.

Right image:
Positive impact (red) when assimilating Aeolus winds from 4 April to 19 August 2020 (M. Rennie – ECMWF) 
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Aeolus partially fills weather data observation gap

• With many planes grounded the amount of aircraft data available for NWP at ECMWF 
has dropped

• Operational use of Aeolus mission data in NWP has helped filling this observation gap

Presenter
Presentation Notes
FSOI: Forecast Sensitivity to Observation Impact. This is a tool has been used to quantify the impact of the assimilated observations on 24 h short‐range forecasts. 
We are all too aware that COVID-19 is a serious threat to health, is putting huge pressure on healthcare systems and it could leave the global economy struggling for years to come. With lockdown measures in force across the globe, the pandemic is also affecting aspects of everyday life that may not be so obvious. The drop in commercial flights, for example, has led to fewer measurements for weather forecasts, but fortunately, ESA’s Aeolus satellite mission is helping to fill the gap.
The COVID-19 pandemic is affecting countless industries across the globe. The travel industry is one of the hardest hit with an unprecedented decline in air traffic. Under normal circumstances, commercial aircraft equipped with sensors supply measurements of temperature, wind speed and wind direction in the atmosphere below 13 km. Without these measurements, the weather forecasts we take for granted everyday would be much less accurate.
Florian Pappenberger from the European Centre for Medium-Range Weather Forecasts (ECMWF) in the UK, said, “Measurements from aircraft across Europe have dropped by 90%. We are still able to forecast the weather reliably several days ahead, but due to COVID-19 we may have temporarily lost as much skill as we gained in several years of scientific development.”
The weather is a product of chaotic processes and even very small changes in the atmosphere can lead to completely different weather conditions in the long term. This is why it is important to have the best understanding possible of the current state of the atmosphere before starting to calculate what the weather will be like days and weeks ahead.
ESA’s Aeolus mission was built to demonstrate how new spaceborne technology could profile Earth’s winds to understand how wind, pressure, temperature and humidity are interlinked – contributing to climate research and to forecasting the weather.
It works by emitting short, powerful pulses of ultraviolet light from a laser and measures the Doppler shift from the very small amount of light that is scattered back to the instrument from these molecules and particles to deliver vertical profiles that show the horizontal speed of the world’s winds in the lowermost 30 km of the atmosphere.
Aeolus has not only proved successful as a technology demonstrator and of value to science, but has surpassed expectations – and now meteorologists are already using its data operationally to improve weather forecasts.
Lars Isaksen from ECMWF, said, “Satellite data provide a lot of information on temperature and humidity fields, but less on wind fields. In January 2020, ECMWF started using wind information from the Aeolus satellite and we can now use these data to partly fill the gap caused by having fewer measurements from aircraft.”
ESA’s Jonas von Bismarck added, “The technology that Aeolus carries is exceptional and certainly proving its worth. We were all thrilled when ECMWF started using its data for weather forecasting but we never expected a situation that’s been brought about by COVID-19 – and we now see the mission playing an important role during this awful crisis.”
Dr Isaksen added, “While Aeolus is certainly helping to fill the gap, we are also releasing more radiosondes to help maintain the reliability of the weather forecasts during the crisis.”
ECMWF’s work on this topic builds on contributions from several expert centres in the ESA-funded Data Innovation and Science Cluster (Aeolus DISC), including the German Aerospace Center (DLR), ECMWF, the Royal Netherlands Meteorological Institute (KNMI) and Météo-France.

Source: https://www.esa.int/Applications/Observing_the_Earth/Aeolus/COVID-19_Aeolus_and_weather_forecasts
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Scientific Excellence

International Cooperation

Prepare for the future

Fully applicable to EarthCARE
Validation and Scientific Utilisation

 Join / Cooperate / Prepare!

Presenter
Presentation Notes
EarthCARE will advance our understanding of the role that clouds and aerosols play in reflecting incident solar radiation back into space and trapping infrared radiation emitted from Earth's surface. 
The mission will employ high-performance lidar and radar technology that has never been flown in space before.
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