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MACC-II  
Monitoring Atmospheric  

Composition and Climate- Interim Implementation 

http://www.gmes-atmosphere.eu 

• 36-partner Collaborative Project, funded by European Union FP7 

• Started in November 2011 with expected completion in July 2014 

• Prototype for the operational GMES Atmospheric Service (follow-on of MACC project) 

• Providing air quality regional forecasts and global atmospheric composition forecasts 
and reanalysis in support of Europe’s air quality policies and health aspects 



• The global system is based on the ECMWF Integrated Forecasting System (IFS), 

coupled to a global chemical transport model (CTM: MOZART, TM5 or MOCAGE) 

• Regional ensemble comprises seven Chemical Transport  Models run on a 

common European domain 

Global/regional system  



MACC Retrospective 

Service Provision 

Reanalysis of Atmospheric 

Composition (2003-2010) 

Ozone 

records 

(30 years) 

CO2 Flux 

Inversions       

http://www.gmes-atmosphere.eu 

Aerosol Optical Depth 

Methane 



MACC Near Real Time  

Service Provision 

Air quality  

 

Europe 

Global Pollution 

Aerosol UV index 

Biomass 

burning 

http://www.gmes-atmosphere.eu 



Ensemble of European Air-Quality forecasts 

MACC NRT Service Provision 

• World-class air quality services for the  

European region, verified routinely 

http://www.gmes-atmosphere.eu 

London 

• Probabilistic “c-meteograms” for  

the main European cities from the  

multi-model ensemble 



Forecasting European Air Quality 

2-day nitrogen dioxide forecasts for 25 February 2010 from the MOCAGE regional model (left) 

and the coarser-resolution global model (middle) validated with observations (right). 

•MACC provides forecasts of European air quality from an ensemble of regional 

models.  

• All forecasts are being validated with observations from the various European 

Union  member states.  

• The Boundary Conditions for reactive gases and aerosols are provided from the 

coupled global model run at ECMWF 

Regional Model 

(national institutions) 

Global Model 

(ECMWF) 

Observations 

(Present: individual EU countries 

Future: EEA)  



EXTREME EVENTS 



Dust Storm on April 18 2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                  Palestinian men cross a main road as a sand storm envelops the town of Rafah along the border 

                                    with Egypt in southern Gaza Strip, on April18, 2012. (SAID KHATIB/AFP/Getty Images) 

Dust over the Nile delta from 

 satellite imagery. 

Image courtesy  of Chelys. 

Courtesy of  Jochen Kerkmann  

©EUMETSAT 



MACC/ECMWF forecasts for April 18 

Day 4 

Day 3 

Day 2 

Day 1 

Day 0 

• Secondary peak possibly due to mesoscale features 

not predicted as well 
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• Good skill of the model at the  

synoptic scale: storm predicted  

with 4 days of lead time! 



Dust in Norway (May 21) 



Dust in Norway (May 21) 
Seen also in in-situ data at Birkenes, Norway- 

 might be important information for Air Quality  

exceedance 



MODIS image 4 August 

Moscow 

Heat Wave and Fires   

Russia 2010 

min 

max 
Credits: V. Huijnen - KNMI 

ERA-Interim 

2m temperature anomaly (K) for July 2010 

Credits: A. Simmons 



FRP on 4 August 2010 

The daily jump in the modeled smoke distribution is due 

to the assimilation of satellite information on the fires 

Author: A. Simmons 

Author: S. Siemen 

Heat Wave and Fires   

Russia 2010 

Source: wikipedia 
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Fire Radiative Power (4 Aug 10)  
( contour lines at 50 and 500 mW m-2 fire radiative power). 

in-situ PM10 observations (Virolahti, Finland) 

 

1-day PM10 forecast              3-day PM10 forecast 

Russian Smoke in Finland 

EU exceedance 

threshold 



 

Volcanic ash prediction activities 

 
• A new prognostic variable has been added to represent volcanic aerosols, and the 

code reorganised to allow volcanoes to be “switched on or off”, with namelist or file 

definition of the emitted mass and boundaries of the plume.  

• SO2 tracer simulation also performed 

• April 2010 Icelandic eruption investigated (and a few others ...)  

This activity is not intended to replace the services provided by the local  Volcanic 

Ash Advisory Centres, but only to supply additional information 

Volcanic plume (aerosols) off the coast of Iceland, 14 April 2010  



Chilean Puyehue eruption  

June 2011 – SO2 Plume Forecast  



User Purpose Means of access 

MACC-II regional models Boundary conditions for 

aerosol and reactive gases 

MARS & ECFS 

Other regional AQ models Boundary conditions for 

aerosol and reactive gases 

MARS & ECFS 

Solar power companies Aerosols FTP 

WMO Sand and Dust 

Storm service 

Dust aerosol forecast MARS 

Scientific field campaigns Specific forecasts for flight 

planning 

Web site, MARS, ECFS, & 

FTP 

Forecast Product Users 

All atmospheric composition products are freely available to 

users from public and private institutions/companies worldwide  



Recent new developments 

in the global system at ECMWF   

• Integration of chemistry modules (TM5) in IFS to replace 

coupled system IFS-CTM 

• Integration of new aerosol model (GLOMAP) 

• Assimilation of fine and total AOD from MODIS 

• NRT global fire emissions from FRP (2003-present) 

• MACC NRT forecast suite to be run by operations 

department 

• Developments on assimilation and forecast of volcanic 

SO2 and aerosols (NRT) 

 

 

 

 



• GLObal Model of Aerosol Processes 

• Developed in TOMCAT CTM 

• Processes: nucleation, condensation, 

coagulation, scavenging and 

deposition, chemistry 

 

•  Mann et al., 2010, GMD 

• 4 soluble modes, 3 insoluble modes 

• SU, SS, EC, OC, DU 

Towards a more complex aerosol model 
Matt Woodhouse & Graham Mann (U Leeds) 



Current aerosol model vs. GLOMAP-mode 

IFS-MACC-II GLOMAP-mode 
Transported aerosol 

tracers 

Mass of aerosol types in 

size bins. 

Size modes have number 

concentrations and 

component masses 

Size distribution Fixed 

Size constant for each 

of the transported types. 

Variable 

Size determined by 

aerosol microphysics 

Mixture assumed Types externally mixed Types internally mixed in 

each mode. 

Chemistry Only simple SO2-> SO4 Gas- and aqueous-phase 

oxidation 

Gaseous tracers 1 (SO2) 5 (DMS, SO2, H2SO4, 

MONOTER, SEC_ORG) 

Aerosol tracers 11 (11 mass, 0 number) 26 (19 mass, 7 number) 

IFS-GLOMAP is currently ~2x expensive as IFS-MACC-II 

(the latter being 85% more expensive than no-aerosol IFS) 



Development of C-IFS 

- online chemistry in IFS 

Dynamics & Physics

Chemistry

ctm

Dynamics & Physics

Transport & 

Chemistry

oasis4

oasis4

oasis4

IFS IFS CTM

Feedback Flow

Coupled System

Feedback:   slow

Flexibility:    high

Integrated System

 Feedback:    fast 

 Flexibility:     low

Aerosol 

GHG 

C-IFS 

Coupled System IFS – CTM  Chemistry and Aerosol in  

IFS  



Resources of T159 24 h forecast on the 

ECMWF’s supercomputer 

C-IFS is far more efficient than coupled system IFS-CTM  

C-IFS 
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Summary 

• MACC provides quasi-operational daily forecasts and re-

analysis of atmospheric composition on global and regional 

scale 

• Data are used as boundary conditions for European air quality 

models 

•  Developments in modelling and assimilation are ongoing and 

always included in the latest IFS cycle 

• Assimilation of aerosol and SO2 of Volcanic eruptions has 

become a research focus 

• NRT fire emissions improve forecast skill on global scale for 

specific events (Russian Fires) 

• OD to run MACC forecast and assimilation suite 


