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GMES Atmospheric Environment Service

• Integrates space-based and in-situ 
observations of atmospheric composition 
with state-of-the art atmospheric modelling

• Provides monitoring and forecasting 
services for atmospheric composition

• Helps Europe to respond to climate change 
and poor air quality

MACC – Monitoring Atmospheric Composition 
and Climate



GMES Atmosphere
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MACC Daily Service Provision
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MACC Project Structure



MACC aims to optimally 
combine the information of 
satellite and ground-based 
observations to monitor 
atmospheric CO2 and CH4 
concentrations and fluxes
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Prescribed Fluxes
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Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS
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Why focus on land carbon fluxes?



AIRS
OCO-2

MACC budget of global CO2

Year Fossil Fires Ocean Land Net 
emission

MODEL
Atm.
Growth

OBS
Atm.
Growth

Corrected 
Land

2003 7.61 1.82 -1.42 -1.03 6.98 6.92 4.18 -3.92

2004 7.97 1.76 -1.42 -1.3 7.01 7.62 3.39 -5.70

2005 8.27 1.87 -1.42 -0.91 7.81 8.39 4.77 -4.69

GCP Fossil LUC Ocean Land Net OBS

GCP 
(unc)

7.7 
(0.5)

1.1 
(0.7)

-2.3 
(0.4) -2.4 4.1     

(0.1) N/A 4.1  
(0.1) N/A



Prescribed Fluxes

Observations

Data Assimilation
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More 
interactive 
approach



Atmospheric CO2 model

Hydrological flux model

Carbon flux model



GEOLAND2 evaluation of C-Tessel fluxes 

CC--TesselTessel

CASACASA

High-latitudes

Tropics



AIRS
OCO-2

Collaboration between MACC and 
GEOLAND2 ensures that C-Tessel 
can be fine-tuned against flux 
observations AND atmospheric 
CO2 observations.

MACC evaluation of C-Tessel fluxes

Observations MACC - CASA

MACC – C-TESSEL



C-Tessel is tuned to CASA on long time scales, but then allows inter- 
annual and day-to-day variability driven by observations of soil 
temperature and moisture and available radiation.

Advantages of C-Tessel

Clear effect 
of 2003 
summer 
drought.



2geoland2geoland

Towards an integrated GMES system:
• A fully integrated surface flux model constrained by 

satellite observations will be a major step forward for 
MACC

• The feedback from MACC will help GEOLAND2 to 
improve its surface model

• This is what makes Europe strong! GMES is more 
than just 6 service themes. The potential of the total 
sum is unrivalled.



Thank you!
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