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 MACC is a component of 

Europe’s Global Monitoring for 

Environment and Security 

(GMES) initiative

– which provides services for 

atmosphere, land, ocean, 

emergency response and 

security

 The atmospheric programme

comprises

– developing operational space-

based observation of 

constituents (Sentinels)

– strengthening the provision of in 

situ observations (GISC)

– developing and operating 

associated data and information 

services (MACC, MACC-II)
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GMES Atmosphere

Weather services

Atmospheric
environmental 
services

Climate forcing by 
gases and aerosols

Long-range 
pollutant transport

European air quality

Dust outbreaks

Solar energy

UV radiation

• • •
Environmental agencies

provide data & 
information on

Services related to the chemical and particulate content of 

the atmosphere
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Project structure
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Global system is based on the ECMWF Integrated Forecasting System (IFS), 

coupled to a global chemical transport model

Built on NWP
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• Based on the 4D-Var scheme of the IFS

• CO2 , CH4 and aerosols are incorporated in the IFS

Data assimilation has been developed for AIRS and IASI radiances, 

SCIAMACHY retrievals, MODIS aerosol optical depth, … GOSAT …

• IFS also carries O3, CO, NO2,

SO2 and HCHO

Chemical production and loss come

from the coupled CTM

Data for assimilation come from GOME,

GOME-2, IASI, MIPAS, MLS, MOPITT,

OMI, SBUV/2, SCIAMACHY, …

• Chemistry modules are being built fully into IFS

Global data assimilation
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Fully integrated chemistry

Integrating the chemistry in the IFS 

model instead of coupling with an off-

line CTM allows more efficient running 

of the chemistry.

Much higher resolution can be 

achieved for the same cost.

Also, data archiving and dissemination 

can be harmonized.

Coupled

Integrated
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MACC PRODUCTS
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MACC Daily Service Provision

Air quality

Global 

Pollution

Aerosol UV index

Biomass 

burning
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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 

member states.
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Science Support

MACC provides support to 

scientific aircraft observation 

campaigns by forecasting 

constituent concentrations 

around the proposed flight 

track.

This way, scientists can 

anticipate what they will likely 

measure.

Carbon monoxide plume from 

East Asia reaching the Arctic 

region for a proposed HIPPO 

campaign flight (red line).
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Dust forecasting
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Dust aerosol optical depth

00UTC 23 September

Jeff Schmaltz, NASA 1-day forecast

2-day forecast

3-day forecast

Australian dust storm

Dust-band is 

consistently located 

in successive 

forecasts, but 

intensity is lower at 

longer ranges

Underestimation of

dust in background 

forecast is 

corrected by 

assimilating MODIS 

and other data

Possible factors:

parameterization of 

dust mobilization or 

sedimentation

resolution of global 

system (~125km grid)

soil moisture analysis

aerosol retrieval over 

bright surfaces
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Forecasting desert dust events

MACC successfully forecasted high desert dust 

aerosol loads over the Mediterranean 2 days ahead 

of time.

MACC’s desert dust warning index will be a helpful 

tool for forecast and health authorities.

(Image credit: Jeff Schmaltz, MODIS 

Rapid Response Team, NASA GSFC)
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2010 fires over Russia

2m temperature anomaly (C) for July 2010
Fire Radiative Power (Wm-2) from SEVIRI and MODIS

ERA-Interim

Kaiser et al. (2011)
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CO (1018 molec/cm2)

Averaged from 1-17 August 2010

MOPITT

Analysis with CO assimilation

Analysis without CO assimilation

2010 fires over Russia
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Visibility forecast

Forecast of 

visibility is a 

new MACC 

product that is 

currently being 

tested against 

observations.

Visibility is a function of aerosol optical 

depth, humidity, and cloud liquid water.
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DATA PROVISION
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Web plots

Web server distributed over MACC partners, 

but mostly based on existing NWP software
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Forecast examples

UV

O3

Wildfire CO

Biomass burning

Dust
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Monitoring/verification

Input data is monitored 

and output data is 

continuously checked 

against independent 

observations.
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Boundary condition server

A WCS web server hosted 

in Juelich provides data and 

plots from the global MACC 

forecasts.
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MACC Reanalysis data server

Data users
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User examples
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Data dissemination

• MARS and ECFS access for member states and 

MACC partners

• FTP server for daily forecasts on model grid

• Boundary condition WCS server

• ECMWF data server for Reanalysis

• Daily provision of many web plots

• Many users are not used to GRIB format

• NetCDF format

• Support with GRIB decoding

• New ways…?



Workshop on Meteorological Operational Systems 28

Concluding remarks

Deforestation fire, Brazil (M. O. Andreae)


