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1. Reference solar spectrum (UV to IR) 
2. Land/Ocean EO missions 
3. Atmospheric composition EO missions 
4. Reference validation measurements 
5. QA/Validation systems for AC 
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1. Reference Solar Spectrum  
 

(from UV to IR) 
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 Three instruments covering solar spectral irradiance from 17 
nm to 100 μm (99% of solar energy) 

• SOLSPEC (SOLar SPECtral Irradiance measurements): 180 nm – 3000 
nm; developed by CNRS (France) in partnership with BIRA-IASB 
(Belgium) and LSW (Germany) 

• SOVIM (SOlar Variable and Irradiance Monitor): near-UV, visible and 
thermal (200 nm – 100 μm); developed by PMOD/WRC (Davos, 
Switzerland) with one instrument’s radiometers provided by IRM-KMI 
(Belgium) 

• SOL-ACES (SOLar Auto-Calibrating Extreme UV/UV 
Spectrophotometers): EUV/UV; developed by IPM (Germany) 

 Facility Support Centre: Belgian USOC hosted by BIRA-IASB 

ISS / COLUMBUS  
 

SOLAR 



SOLAR SPECTRAL IRRADIANCE SATELLITES (1981-2020)

INSTRUMENT MISSION

1980

1990

2000

2010

2020

UVS SME
SOLSTICE UARS
SOLSTICE SORCE
SIM SORCE
1ES016 STS-09 I
SOLSPEC STS-45 I
SOSP EURECA
SOLSPEC STS-56 I
SOLSPEC STS-66 I
SOLSPEC SOLAR/ISSSOLSTICE 

(LASP) 
SOLSPEC 

ISS SOLSPEC REFERENCE SOLAR SPECTRUM 



ISS SOLSPEC REFERENCE SOLAR SPECTRUM 
Calibration 
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2. Land/Ocean EO Missions 
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 PROBA = ESA’s ‘PROject for OnBoard Autonomy’ 
 Small satellites for technology demonstrations; prime               

contractor Qinetic Space, Belgium 
 PROBA-1: launched October 2001; EO sensors  still operating; transferred to ESA’s 

Earth Observation Directorate  
 PROBA-2: 1st ESA space weather mission dedicated to Sun observation, launched 

Nov. 2, 2009; 4 Belgian and CZ sensors 

 PROBA-V: reduced-mass version of the SPOT-5 
VEGETATION-2, launched 7 May 2013 from Kourou 

 PROBA-3: double spacecraft to study solar corona while testing precise formation-
flying techniques; launch 2016 

 Altius: atmospheric limb mission for atmospheric composition 

PROBA Series  
 

EO and Solar 
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 PROBA-V: Reduced-mass version of the SPOT-5 VEGETATION 
 QinetiQ Space (Prime Contractor): Satellite platform  
 OIP Sensor Systems: VEGETATION instruments  
 VITO (PI): user segment, data processing chain 

 Four spectral bands: BLUE, RED, NIR, SWIR 
 Ground resolution: 100-180m nadir, 350-660m SWIR off-nadir 
 Mission status: 

 Launched May 7, 2013; gap filler between SPOT-5 VGT and Sentinel-3 
 Dec. 2013 till May 31, 2014: tandem/harmonized operation with SPOT-5 VEGETATION 
 Permanent QA; radiometric and geometric calibration 
 Transition from SPOT-5 VEGETATION to PROBA-V on June 1, 2014 
 Final data products at 300 m to 1 km resolution 
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To download PROBA-V images, please visit www.vito-eodata.be and https://earth.esa.int/web/guest/pi-community/apply-for-data 

http://www.vito-eodata.be/
http://www.vito-eodata.be/
http://www.vito-eodata.be/
https://earth.esa.int/web/guest/pi-community/apply-for-data
https://earth.esa.int/web/guest/pi-community/apply-for-data
https://earth.esa.int/web/guest/pi-community/apply-for-data
https://earth.esa.int/web/guest/pi-community/apply-for-data
https://earth.esa.int/web/guest/pi-community/apply-for-data
https://earth.esa.int/web/guest/pi-community/apply-for-data
https://earth.esa.int/web/guest/pi-community/apply-for-data
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http://proba-v.vgt.vito.be 
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Parameters: 
• Land: albedo, topography, soil moisture, vegetation, imagery 
• Oceans: topography, currents, surface winds 
• Snow and ice: ice sheet topography, snow cover/edge/depth, sea ice cover/edge/thickness 

SAOCOM-1A/-1B  2015 / 2016 
SAOCOM-2A/-2B  2019 / 2020 

Argentina – Belgium Cooperation 
 
 
 

Constellation of two L-band SAR EO satellites for disaster management. 
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Argentina – Belgium Cooperation 
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3. Atmospheric Composition 
EO Missions 
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Belgian involvement in: 
 ERS-2 GOME (SAG, retrieval, Cal/Val) 
 Meteor-3M SAGE-III (ST, retrieval, Cal/Val) 
 SCISAT-1 ACE (Belgian imagers, SAG, retrieval, Cal/Val) 
 Envisat SCIAMACHY (Co-PI, Belgian PMDs, SAG, retrieval, Cal/Val) 
 Envisat GOMOS and MIPAS (SAG, retrieval, Cal/Val) 
 EOS-Terra MOPITT (ST, retrieval, Cal/Val) 
 EOS-Aura OMI (ST, retrieval, Cal/Val) 
 MetOp-A/B GOME-2 and IASI (SAG, SAF, retrieval, Cal/Val)  
 TANSO-GOSAT (TCCON, Cal/Val) 
 OCO-2 (TCCON, Cal/Val) 
 Sentinel 5 Precursor TROPOMI (MAG, retrieval, Cal/Val) 
 Definition of future missions (MAGs, ACC, ORM…) 
 Development of Altius (PI) 

ATMOSPHERIC COMPOSITION MISSIONS 
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NO 2 BrO  OClO PSC O 3 
    Image courtesy BIRA-IASB, DLR, ESA, IFE/IUP/Bremen, and KNMI 

Ozone Monitoring by GOME Type Sensors 
GOME TYPE SATELLITES (1995-2025)

SOUNDER MISSION

1990

2000

2010

2020

LEO

GOME ERS-2
SCIAMACHY Envisat
OMI EOS Aura
GOME-2 MetOp-A

MetOp-B
MetOp-C

TropOMI Sentinel-5p
Sentinel-5 Sentinel-5
UV/VIS/NIR GEMS / GOCI-2
UV/VIS/NIR GMAP-ASIA
UV / VIS / NIR Sentinel-4
UV / VIS / NIR PCW
UV/VIS/NIR TEMPO, GeoCAPE

LEO
GEO
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4. Reference Measurements 
for Satellite Validation  
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http://uvindex.aeronomie.be 

Solar UV-Visible Irradiance Monitoring Network 
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Solar UV-Visible Irradiance Monitoring Network 

http://uvindex.aeronomie.be 
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1. Spectral data (Global Solar 
Spectral Irradiance) 
• Wavelength range : 280 -600 nm 
      Field of view : 2 pi sr 
      Period : since March 29, 1993 

2. Broadband data 
• UV-B meter (total) since February 2, 1995  
• UV-B meter (diffuse) since July 16, 1996 
• UV-A meter since May 11, 1995 
• pyranometer since July 25, 1995 

3. Filter radiometer data 
• 10-Channels SPUV-10 since March 21, 1996 
• 7-Channels UVMFR-7 since October 14, 1999 
• 7-Channels MFR-7 since December 18, 2003 
• 5-Channels GUV-551C since May 23, 1996 
• 6-Channels GUV-2511 since June 3, 2005 

Ground UV Radiation Data Availability 
4. Cloud measurements 
• TSI(Total Sky Imager) since December 7, 1999 
• CIR (Cloud Infrared Radiometer) since March 1, 

2002 

5. Meteorological measurements 
• Eole 100/200 since May 27, 1997 

6. Sunshine Duration  
• SDM MS-093 since June 16, 2010 
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NETWORK FOR THE DETECTION OF 
ATMOSPHERIC COMPOSITION CHANGE 

(NDACC) 
 

Cooperating Networks 

HATS http://ndacc.org 
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http://uv-vis.aeronomie.be 

Retrieved gases  
Ozone (O3)  
Nitrogen dioxide (NO2) 
Bromine monoxide (BrO) 
Chlorine dioxide (OClO) 
Formaldehyde (CH2O) 
Glyoxal (CHOCHO) 
Sulfur dioxide (SO2) 
 

UV-Visible (MAX-)DOAS Spectrometers 
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NDACC & TCCON FTIR Spectrometers 
Direct greenhouse gases:  Other species: 
Methane (CH4)   Carbon monoxide (CO) 
Nitrous oxide (N2O)   Ethane (C2H6) 
Ozone (O3)   Hydrogen cyanide (HCN) 
Water Vapour (H2O)   Formaldehyde (CH2O) 
Carbon Dioxide (CO2)  Nitric acid (HNO3) 
     Hydrogen chloride (HCl) 
     Hydrogen fluoride (HF) 
   CFCs, HCFCs, HFCs 

Porto Velho (8.8°S, 63.9°W) 
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Belgian Maritime Data Centre (BMDC) 
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European Directory of Marine Environmental Data (EDMED)                                                       http://www.mumm.ac.be/datacentre/ 
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5. QA / Validation Systems for 
 

Atmospheric Composition 



EC FP7 NORS Project  
NORS : Demonstration Network Of ground-based Remote 
Sensing Observations in support of the Copernicus Atmospheric 
Service (MACC-II) 
Nov. 1, 2011 to end November 2014 
Objective:  

To perform the required research and developments for optimizing the 
NDACC data for the purpose of supporting the quality assessments of 
the CAMS    
  ⇒ Research part 
To develop and implement a Web-based Validation Server of the 
MACC-II (CAMS) products using the NORS data products 
  ⇒ Operational part 

Integrated in MACC-III / Val from Aug. 2014 to end March 2015 
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NORS Validation Server for Copernicus Atmosphere 
 

http://nors-server.aeronomie.be 
WGCV-37 presentation by M. De Mazière 
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50+ abstracts and 100+ registrations ! 
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PERSPECTIVES FOR NORS 
• NORS/NDACC/GAW Workshop Nov. 5 -7, 2014, in Brussels.  

• Peer-reviewed papers in preparation. 

• NORS continues in MACC-III at a funding level that only 
permits maintenance of the ‘routine’ validation activity, 
without funding for validation data (NDACC) . 

• Space Agencies and Copernicus should contribute to 
supporting the in-situ component they rely on for Cal/Val. 

    But: Copernicus Atmosphere Monitoring Service foresees 
‘support to in-situ component’ but it is limited to 1 person-
equivalent per network for QA of data stream… No support 
for data acquisition and analysis. 
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ONGOING / NEW ACTIVITIES 
• QA4ECV (EC FP7 2014-2018): QA system for ECV production 
• ACROSAT (BelSPO/ProDEx 2014-2015): Metrology of data comparisons 
• GAIA-CLIM (EC H2020 2015-2018): Gap Analysis for Integrated 

Atmospheric ECV CLImate Monitoring 
• Measurement characterization, comparison metrology, traceability 
• Virtual observatory, mapping of observational capabilities, gap analysis 

• Balloon Aircore at Reunion Island (2015) for TCCON/OCO-2 
calibration (vertical profile of CO2, CO and CH4) 

• CEOS ICal (ESA): + FTIR intercomparison campaign (2016) 

• ESA Sentinel-5 Precursor TROPOMI Cal/Val AO: 4 network-
based projects + 1 modelling support project for S5p Cal/Val of 
O3C, O3P, NO2, HCHO, CO and CH4 
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Traceability of  
Validation 
Processing  
Chain 

Keppens et al., AMTD 2014 

Illustration: Validation process 
for nadir backscatter UV ozone 
profiles (from MetOp-A GOME-2) 
 
Keppens et al., AMTD 2014 
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Keppens et al., AMTD 2014 
Traceability of Validation Processing Chain  
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THANK YOU ! 
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