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EUMETSAT’s commitment and activities

As stated in its Convention, EUMETSAT is committed to the contribution to the 
operational monitoring of the climate and the detection of global climate change. 

This objective is addressed by EUMETSAT at different levels (recent Council 
Resolution, 2009 and associated Implementation Plan, 2010):
•Taking into account climate-specific requirements in the planning of new 
programmes;
•The provision of observational data with its satellites and embarked instruments;
•Generation of Fundamental Climate Data Records (FCDRs) through re-calibration and 
re-processing is the main focus;
•Generation of Thematic Climate Data Records (TCDRs), making best use of Satellite 
Application Facility Network expertise, is a second focus;
•Contributions and coordination with international partners, organisations and 
initiatives.
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Presentation Notes
The term Fundamental Climate Data Record (FCDR) is used to denote a long-term satellite data record, generally involving a series of instruments (all platforms), with potentially changing measurement approaches, but with overlaps, calibration and quality control sufficient to allow the generation of homogeneous products providing a measure of the intended variable that is accurate and stable enough for climate monitoring. FCDRs include the ancillary data used to calibrate them. For “one-off” research type measurements, the principles do not apply, but as many of the other principles as possible (e.g., those for rigorous instrument characterisation prior and during operations, complementarity of surface and satellite-based observations, etc.) should be followed.
The term Product denotes, values of fields of Essential Climate Variables derived from FCDRs. Products may be generated by blending satellite observations and in situ data, or by blending multiple in situ or multiple satellite data sources. Some products are generated within model assimilation schemes. Some satellite-based products are created by using the laws of radiative transfer to retrieve ECVs from the FCDRs. Other documents use the term Thematic Climate Data Record (TCDR) for such products; in the GCOS Implementation Plan , the term Integrated Climate Product was used. The development of products may require strong collaboration between organisations responsible for the generation of datasets (e.g., meteorological services, oceanographic centres, environmental agencies, space agencies) and the separate research or operational groups that generate products, to ensure continuous refinement and extension. Adequate details of the product generation approach need to be documented and made available, along with the products, to ensure repeatability and incremental improvement of the products.
For further discussion of the terms Fundamental Climate Records and Thematic Climate Data Records see e.g. National Research Council (2004): Climate Data records from Environmental Satellites, the National Academic press, Washington D.C., USA, 150pp.
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EUMETSAT CDR Overview

• Aim for combined FCDR for Meteosat series (MVIRI, SEVIRI 
homogenised radiance record);

• Aim for FCDRs for all Metop instruments (first records using 
latest operational algorithm version are called initial FCDR);

• Aim for FCDRs for all NOAA heritage instruments on Metop 
(AVHRR, HIRS, MSU, SSU, AMSU-A/B (MHS));

• Produces FCDRs in joint activities with NOAA NESDIS/NCDC;
• TCDR production aims at ECVs plus typical data for assimilation 

in atm. Reanalysis as AMVs;
• Supports specific international activities as WCRP (GEWEX 

Radiation Panel Reprocessing and Assessment), WMO (GSICS, 
SCOPE-CM), ECMWF Reanalysis, ESA-CCI.
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GCOS ECVs at EUMETSAT Ground Segment 
(inclusive SAFs)

Atmospheric (over land/sea/ice):
Surface:

 
Air Pressure, Air Temperature, Precipitation, Surface Radiation Budget (including Solar 

Radiation), Water Vapour, Wind Speed and Direction.
Upper-Air:

 
Cloud properties, Earth Radiation Budget, Upper-Air Temperature, Water Vapour, 

Wind Speed and Direction.
Composition:

 
Aerosol Properties, Carbon Dioxide, Methane, Other Long-Lived Green House 

Gases: (Nitrous Oxide (N2O), Chlorofluorocarbons (CFCs), Hydrochlorofluorocarbons 
(HCFCs), Hydrofluorocarbons (HFCs), Sulphur Hexafluoride (SF6), and Perfluorocarbons 
(PFCs)), Ozone.

Oceanic:

 
Surface:

 
Carbon Dioxide Partial Pressure, Current, Ocean Color (for Biological 

Activity), Sea Ice, Sea Level, Sea State, Sea Surface Salinity (SSS), Sea Surface 
Temperature.

Sub-surface:

 
Temperature, Salinity, Current, Nutrients, Carbon, Ocean Tracers, Phytoplankton. 

Terrestrial:

 
River Discharge, Water Use, Ground Water, Lake Levels, Snow Cover, Glaciers and 

Ice Caps, Permafrost and Seasonally-Frozen Ground, Albedo, Land Cover (including 
Vegetation Type) , Fraction of Absorbed Photosynthetically Active Radiation, Leaf Area 
Index, Biomass, Fire disturbance , Soil moisture (recognized as an emerging ECV (not part of 
the 44)).
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Presentation Notes
Red: not feasible from satellite
Green: in EUMETSAT Implementation Plan
Light blue: EUMETSAT observations hold potential for future TCDRs
Black: done by others or nobody
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Surface Albedo from GEO Orbit

GSA: broad band (0.3-3.0 μm) surface albedo:1-10 of May 2001

From east to west, GMS-5, MET-5,MET-7,GOES-8 and GOES-

 
10 

Figure Yves Govaerts, EUMETSAT

Presenter
Presentation Notes
The GSA algorithm derives simultaneously the surface reflectance in the VIS band and the equivalent aerosol optical thickness at 0.55 for a continental type of aerosol. 
The GSA product is generated every 10 days in the geostationary resolution on a regular grid as the one used for Meteosat images.

Product generated in the geostationary projection.
The GSA algorithm is being documented to ease its implementation in new reprocessing environments.
A more robust version of GSA is being developed that includes the modifications performed at JMA and for R-MPEF-II.
The mechanism to manage the releases of this distributed algorithm still need to be put in place. 
All Meteosat observations have been processed from 1982 (1998 for the IODC) up to 2006.
GSA for GMS-5 prior to MODIS era is under processing with calibration tables based on extrapolation of calibration tables in MODIS era.
The processing for the GSA from mid of 1997 to 1999 are completed, but these GSA product is a sort of trial version, because the extrapolated calibration parameters need validation.
An evaluation strategy is elaborated at JMA for the comparison of meteosat-5 and GMS-5 surface albedo
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User Support is Key: Problems identified in early 
version of the Meteosat albedo data se
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Broadband surface albedo time series for dark and bright desert 
targets  with standard (top) and corrected (bottom) conversion 
coefficients.

Figures from Loew and Govaerts, 2010

Meteosat Sensor Spectral Response

Presenter
Presentation Notes
Figure 1. Surface albedo (BHRiso;bb) time series for dark and bright desert targets for
different spectral conversion approaches: (a) broadband albedo with standard conversion
coefficients, (b) broadband with new conversion coefficients; different lines correspond to
different targets.

Figure 2: Meteosat Sensor Spectral Response

The problem is due to the spectral conversion from the VIS band to the broadband spectral interval.
There is a large uncertainty on the characterization of the VIS sensor spectral response (SSR) prior to Met-7.
For Met-5 and -6, past studies have shown that the use of Met-7 SSR is appropriate.
For Met-2 to -4, the uncertainty on the SSR actual shape is amplified by the spectral conversion from the VIS band to the broadband interval.
New empirical spectral conversion coefficients have been derived for Met-2 to -4 using broadband Met-7 surface albedo as reference instead of computed values.
The use of these new spectral relationships significantly improve the temporal consistency of the surface albedo time series.
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Are there trends in convection features over the Sahel? 

• Slight increase in diurnal maximum 
area

• Increase in number of cells
• None are significant
• If radiances are not intercalibrated 

different/stronger trends appear: +8% 
(at 86%) for max area and -0.3% (at 
84%) for coldest temperature.

 SAH 
 Mea n Slope 
Max. Area  3.6E4 km2 +3.9 % / decade  

(61%)  
No. Cells 216  +5.6 %/ decade  

(85%) 
Coldest Te mp. 199 K +0.1 % / decade  

(46%)  
 

Courtesy of Ralf Bennartz
Univ. Wisconsin

Presenter
Presentation Notes
Figure 10: Same as Figure 4 but comparing results with and without satellite
intercalibration. The red curves here correspond directly to the curves in Figure 4.
The black curves here would be obtained, if no intercalibration were performed.
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International Partnership

• EUMETSAT is contributing to International Initiatives related to 
climate monitoring:

– ISCCP and GPCP (Major GEWEX Cloud and Precipitation Climatology)
– WMO-GSICS (Global Space-based Intercalibration System)
– WMO-SCOPE-CM (Sustained COordinated Processing of Environmental 

satellite data – Climate Monitoring)
– Major model-based reanalysis activities (EU ERA-CLIM project at 

ECMWF)
– ESA Climate Change Initiative
– CGMS, CEOS and GEO

Presenter
Presentation Notes
SCOPE-CM = Sustained Coordinated Processing of Environmental Satellite data for Climate Monitoring.
Network of operational satellite operators: currently CMA, EUMETSAT, JMA, NOAA initiated by WMO Space Programme with links to GCOS, CEOS, CGMS and  GSICS.
Aiming at the sustained generation of global climate data records from satellites addressing observational needs for climate variability and trend analysis.
Current EUMETSAT contributions through Central Application Facility and the Climate Monitoring SAF.
EUMETSAT acts as the SCOPE-CM Secretariat.
Pilot projects started with initial activities on selected topics and satellite data.
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WMO SCOPE-CM

• SCOPE-CM = Sustained Coordinated Processing of Environmental Satellite data 
for Climate Monitoring. EUMETSAT acts as the SCOPE-CM Secretariat.

• Network of operational satellite operators: currently CMA, EUMETSAT, JMA and 
NOAA initiated by WMO Space Programme with links to GCOS, CEOS, CGMS, 
WCRP/GEWEX and GSICS.

• Aiming at the sustained generation of global climate data records from satellites 
addressing observational needs for climate variability and trend analysis.

• Current EUMETSAT contributions through Central Application Facility and the 
Climate Monitoring SAF.

• SCOPE-CM has a high potential to serve the sustainable generation of satellite- 
derived CDRs in close collaboration between scientific and operational 
institutions.

• SCOPE-CM may also play a role in supporting CDR assessments initiated by 
GEWEX-Radiation Panel. 
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Presentation Notes
Don’t forget to explain what CAF and SAF is!

The name CAF has been coined in analogy to SAF. This notion includes all activities performed centrally by EUMETSAT in Darmstadt that are directly relevant to climate monitoring. Activities are:
Processing to level 1 and level 1.5
Recalibration and intercalibration – GSICS framework
Continuous reprocessing of FCDRs to keep them state of the art
Reprocessing of higher level products in support of reanalysis
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Total Column Water Vapour from SSM/I

SSM/I 20 years data set water vapour over ocean
Frame: SCOPE-CM activity 2

MPI-Meteorology / University Hamburg

Research 
To

Operations
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EUMETSAT contribution to model-based reanalysis: 
EU-FP7 ERA-CLIM

• ERA-CLIM is a new EU-FP7 reanalysis project led by ECMWF that prepares for 
the next major reanalysis.

• The project will run from 01/2011 - 12/2013
• EUMETSAT tasks are:
Generation of consistent AMV and CSR products

for Meteosat 2 – 9 (covering 1982 – 2010) available in 09/2012;
Generation of consistent radio-occultation data

(bending angles) back to 2001 from GRAS, CHAMP, GRACE and COSMIC 
sensors – available 12/2012;

Consistent total ozone from combined GOME-2 and IASI observations – 
available 12/2013;

 First reprocessing of all Metop data including ASCAT (soil moisture, surface 
ocean wind) and AVHRR (polar AMV and SST) – AVHRR available 12/2012, 
ASCAT 12/2013.
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Presentation Notes
Note: pre-versions may be available earlier for test reanalysis. So watch out on the website under data access/climate.
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Global Space‐based Inter‐Calibration System

•

 
What is GSICS?
–

 
Global Space‐based Inter‐Calibration System

–

 
Initiative of CGMS and WMO

–

 
An effort to produce consistent, well‐calibrated data from the international 

 constellation of operational meteorological satellites 

•

 
What are the basic strategies of GSICS?
–

 
Best practices/requirements  for prelaunch characterisation  (with CEOS WGCV)

–

 
Improve on‐orbit calibration by developing an integrated inter‐calibration system
•

 
Initially by LEO‐GEO Inter‐satellite/

 inter‐sensor calibration

•

 
This will allow us to:
–

 
Improve consistency between instruments

–

 
Produce less bias in Level 1 and 2 products

–

 
Retrospectively re‐calibrate archive data

–

 
Better specify future instruments

Presenter
Presentation Notes

Well, what is GSICS?
The Global Space-based Inter-Calibration System (GSICS) is an initiative of CGMS and WMO, which aims to ensure consistent calibration and inter-calibration of operational meteorological satellite instruments. 
One of the basic strategies of GSICS is to develop an integrated on-orbit cal/val system - initially by LEO-GEO Inter-satellite/inter-sensor calibration.
This will then allow us to provide corrections to improve the consistency between instruments, produce less biased level 1, and therefore, level 2 data, and ultimately, retrospectively re-calibrate archive data, which is of great interest in the climate monitoring community
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GSICS Products for GEO IR

• GSICS Monitoring

• GSICS Corrections
– Near Real‐Time & Re‐Analysis

• for Monitored instrument
– IR channels of GEO imagers

• against reference instrument
– IASI and AIRS (hyperspectral)

• by direct comparison
– of collocated radiances

• Typical Corrections ~1K
– For GEO IR channels

t

∆x

Time series of bias estimated from:
–

 

GSICS Near Real-Time Correction
–

 

GSICS Re-Analysis Correction

xREF

xMON GSICS Correction function 
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Extension to Solar‐band Channels
• Choice of Reference 

– No suitable hyperspectral 
 instrument until CLARREO/TRUTHS

– Use MODIS as inter‐cal reference
• Need spectral corrections

– Use GOME2 to research anomalies

• Direct comparisons possible
– Limited by solar & viewing geometry

– Need to account for different SRFs

• Supplement with invariant 
 targets

– Build up BRDF of scene
– Compare observed BRDF

 with reference BRDF

MET9, 0.65µm

Terra-MODIS, 0.65µm

Spectral Response Functions (SRFs) of three 0.6μm 
channels, compared to modelled reflectance of mean scene

Bi-Directional Reflectance Functions (BRDFs) derived from 
Meteosat & MODIS observations of Deep Convective Clouds
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Combination of Methods (Solar)

• Combining results from
– Direct Ray‐matched Comparison

– Different Invariant Targets

• Spans observational range
– of Reflectance/Radiance

• Combine in linear regression
– Weighted by methods’

 
uncertainty

– Similar concept used to MSG VIS

• Automatic, routine processing
– Provide daily/monthly cal updates

• Error budget for each method
– Also assess: Independence, Stability, 

 Availability, Latency and Cost

Comparison of Reflectance from Monitored and Reference 
Instruments for 4 different invariant targets

Regression provides inter-calibration function

Blue line: Regression for Deep Convective Cloud (DCC) only
Black line : Regression line for the other three targets

Observed Reflectance
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EUMETSAT support and contribution to ESA’s CCI

• There is a need of FCDRs from EUMETSAT sensors for CCI activities, e.g.:
– GOME-2 to extend the observation series of ESA’s GOME sensor
– AVHRR as precursors for MERIS and Sentinel 3 satellites
– ASCAT for validation and comparative studies of SAR sea-ice analysis
– IASI for trace constituents, temperature, humidity, surface emission and 

cloud parameters
– SEVIRI and MVIRI for cloud diurnal cycle analysis

• EUMETSAT will reprocess and document its data that enter the CCI according 
to the needs of the CCI.

• EUMETSAT would welcome feedback on the quality and usability of FCDRs.
• EUMETSAT will coordinate its activities in support to climate monitoring with 

ESA and the ESA CCI in particular.
• Activities under CCI and the corresponding 'lessons-learnt' could be of great 

benefit to SCOPE-CM.
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The End
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Satellite Application Facilities (SAFs) in Europe

Cooperating StateMember State

Support to Nowcasting and Very Short Range Forecasting

Ocean and Sea Ice

Climate Monitoring

Numerical Weather Prediction

Land Surface Analysis

Ozone and Atmospheric Chemistry Monitoring

GRAS Meteorology

Support to Operational Hydrology and Water Management

SAF Consortium Member

Additional Met Service Users
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EUMETSAT’s Application Ground Segment 
continuously generates on an operational 
basis products of climate relevant 
parameters and produces FCDRs and 
TCDRs in dedicated actions.
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User support is key: What does the user need ?
Example: Where does convection get initiated?

Frequency of generation of African Easterly Waves (850 hPa) 
(Thorncraft and Hodges, 2001, J Climate)

Courtesy of Ralf Bennartz
Univ. Wisconsin

Presenter
Presentation Notes
Figure 3 shows the 20-year climatology of summertime convection over tropical Africa
and the tropical North Atlantic. The data are binned so that every system identified is
binned into the 1x1 degree grid-box in which it was first identified, i.e. where the above
selection criteria on size and minimum temperature were first met.

It uses:
Inter-satellite differences in the order of 2 K with M-2 coldest, M-7 warmest.

Trends comparably small and of opposite sign between satellites

Bias correction for differences between different MVIRIs

Did not attempt to correct for drift of individual instruments

Did not attempt any absolute calibration (method does not allow it)

Follow overlapping convective areas in time

Area has to be larger than 100 pixels �
Minimum temperature colder than 230 K

Various quantities are evaluated and tracked for each convective event. In particular:
  Lifetime
  Velocity
  Size
  Temperature

Accordingly, Figure 3, panel (a) provides the total number of convective events found.
Over tropical Africa a clear preference for the development of convective systems can be
found for the coast of Guinea, the coast of Nigeria and Cameroon as well as for various
mountain ranges, including the Cameroon Mountains and the Jos Plateau. Those areas
have already been identified in earlier work as focal points for initiation of convection
(e.g. (Schroeder et al., 2009)). Over the tropical Atlantic, convection is mostly generated
in a latitude band between 5 N – 15 N, roughly coinciding with the southern part of the
Atlantic Hurricane development region, where typically more intensive and long-lived
hurricanes form (see e.g. Cluster 3 in (Kossin et al., 2010)).
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