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• A component of Europe’s Global Monitoring 
 for Environment and Security initiative 

–  which also provides services for land and ocean 

• The atmospheric programme comprises 
–  developing operational space-based observation of constituents 
–  strengthening the provision of complementary in-situ observations 
–  developing and operating associated data and information services 

• A 48-partner EC-funded project called MACC 
–  provides core monitoring and forecasting services 
–  will support downstream services for specific sectors 
–  is coordinated by ECMWF 

GMES atmospheric environmental services 



The GMES Sentinel satellite missions/instruments 

Sentinel 1 Land and ocean Launches from 2011 

Sentinel 2 Land Launches from 2012 

Sentinel 3 Land, ocean and some 
atmosphere Launches from 2012 

Sentinel 5 
precursor 

Atmosphere 
(UV/VIS/NIR/SWIR - Polar) Launch 2014 

Sentinel 4 
on MTG-S 

Atmosphere 
(UV/VIS/NIR - Geostationary) Launches from 2017 

Sentinel 5 
on post-EPS 

Atmosphere 
(UV/VIS/NIR/SWIR - Polar) Launches from 2020 



GMES atmospheric environmental services 

Services related to the chemical and particulate content 
of the atmosphere, providing data and information on: 

–  Climate forcing by greenhouse gases and aerosols 

–  Long-range pollutant transport 

–  European air quality 

–  Dust outbreaks 

–  Resources for solar power generation 

–  Stratospheric ozone and UV radiation 

–  … 

through global and regional processing based on 
adapting the data assimilation and forecasting 
approaches of numerical weather prediction 



MACC succeeds GEMS and PROMOTE projects 

March 2005 – May 2009 

April 2004 – Dec 2009 

June 2009 – ???? 

www.gmes-atmosphere.eu 



GEMS/MACC global data assimilation system 

•  IFS also carries O3, CO, NO2, 
 SO2 and HCHO 
 Chemical production and loss come 
 from a coupled CTM, either MOCAGE, 
 MOZART or TM5 

 Data for assimilation come from GOME, 
 GOME-2, IASI, MIPAS, MLS, MOPITT, 
 OMI, SBUV/2, SCIAMACHY, … 

• Chemistry modules are being built fully into IFS 

• Based on ECMWF’s  “Integrated Forecasting System” - IFS 

• CO2 , CH4 and aerosols have been incorporated in the IFS 
 and data assimilation has been developed for AIRS and IASI radiances, 
SCIAMACHY retrievals, MODIS aerosol optical depth, … GOSAT … 



Global/regional system 



Global/regional system 

GEMS “climatologies” of CO2, CH4 and O3 used in radiation 
 parameterization in latest version of operational ECMWF system 



What about emissions? 
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• Near-real-time fire analysis 
–  based on SEVIRI and MODIS data 

• Parameterized dust and sea-salt 

• Vegetation model for fluxes of … 
–  need for better links with meteorology 

•  Inventory-based emission estimates 
–  need for resolution and timeliness 

• Application of flux-inversion for 
 net source-sink corrections 

–  working for CO2 and CH4 

–  under development for aerosols 
–  under consideration for reactive gases 

Sources and sinks 
Fire radiative power: 12 November 2009 

Black carbon: fossil-fuel source 



From GEMS/MACC retrospective analysis 2003 - 2009 

July 2003 July 2005 Total column carbon monoxide 

Aerosol optical depth at 550nm July 2005 July 2003 

MACC will produce a new global reanalysis for 2003 - 2010 
and regional reanalysis for 2007 - 2009  



Real-time aerosol forecasts 

MACC dust aerosol optical depth 



Dust aerosol optical depth 

Jeff Schmaltz, NASA 

H+24 valid 
00UTC 23 September  

H+48 valid 
00UTC 23 September  

H+72 valid 
00UTC 23 September  



• Dust-band is consistently positioned in successive forecasts 
–  basic meteorology has been captured reasonably well 

•  Intensity increases as forecast range decreases 
–  underestimation of dust in the background forecast is corrected by 

assimilating MODIS (or other) data  

• Possible factors 
–  parameterization of dust mobilization 
–  resolution of global system 
–  soil moisture analysis 
–  aerosol retrieval over bright surfaces 

Some considerations 

10m wind analysis for 
12UTC 22 September 2009 

MACC 
T159 (~125 km) 

Pre-operations 
T1279 (~16 km) 

SMOS ASCAT 
IASI 



Regional air quality: successive 63h surface ozone 
forecasts from CHIMERE and verifying observations 

µg/m3 

15UTC 1 July 2008 15UTC 3 July 2008 

15UTC 2 July 2008 



Regional air quality: comparison of MOZART/IFS and 
regional forecasts 

µg/m3 

15UTC 2 July 2008 
H+63  CHIMERE H+63  MOZART / IFS 



Retrospective case study: 8 August 2003  

Maximum ozone (µg/m3) 

CHIMERE 
0.5O 

EURAD 
0.4O 

EURAD 
0.15O 

CAC 
0.5O 



Retrospective case study: 8 August 2003  

Maximum ozone (µg/m3) 

CHIMERE 
0.5O 

EURAD 
0.4O 

EURAD 
0.15O 

MOZART–IFS 



August 2003 heat-wave  (from 2003-2009 reanalysis) 

24-hr average PM2.5 concentrations (µg/m3) for Lille, France 



Validation against AERONET data 



Validation against AERONET data 



Validation against AERONET data 
Site dominated by dust 

Banizoumbou, Niger 
Site dominated by biomass burning 

Alta Floresta, Brazil 

With 
assimilation of 

MODIS AOD 

Without 
assimilation of 

aerosol data 

       July                 Aug                 Sept  
                                 2003      

       July                 Aug                 Sept  
                                 2003      

AERONET 
GEMS total 
GEMS dust 

AERONET 
GEMS total 
GEMS organic PM 

Aerosol 
Optical Depth at 

550nm 



Comparison of GEMS ozone reanalysis and ozonesonde data 

Limb-sounding data assimilated in 
2003 (MIPAS) and 2006-2008 (MLS) 

These data, especially MLS, are clearly 
beneficial  

OMI data are used from July 2007 

No LS data 



• Consolidate and improve analysis and forecasting systems 
–  establish basic operational processes for near-real-time running 
–  increase horizontal resolution to 80 km global, 25 km or less regional 
–  refine other aspects of the analysis and forecasting systems 

• Monitor the quality of products on a systematic basis 

• Supplement migrated production lines with new services 

• Liaise with agencies to obtain the observations we need 

• Liaise with users to supply the products they need 

• Establish funding and governance for full operations from 2012 

The next two years – towards full operations 
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