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400 ppm CO2 



CO2 anthropic emissions 

Uncertainty is ±5% for 

one standard deviation 

(IPCC “likely” range) 

Estimates for 2011, 2012, and 2013 are preliminary 
Source: CDIAC; Le Quéré et al 2014; Global Carbon Budget 2014 



The top four emitters in 2013 covered 58% of global emissions 
China (28%), United States (14%), EU28 (10%), India (7%) 

Top Fossil Fuel Emitters (Absolute) 



China’s per capita emissions have passed the EU28 and are 
45% above the global average 

Top Fossil Fuel Emitters (Per Capita) 



Atmospheric Concentration 

The global CO2 concentration increased from ~277ppm in 1750 to 395ppm in 2013 (up 43%) 
Mauna Loa registered the first daily measurements above 400pm in May 2013 

Globally averaged surface atmospheric CO2 concentration 

Data from: NOAA-ESRL after 1980; the Scripps Institution of Oceanography before 1980 (harmonised to recent data by adding 0.542ppm) 

Source: NOAA-ESRL; Scripps Institution of Oceanography; Global Carbon Budget 2014  

http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://scripps.ucsd.edu/
http://www.globalcarbonproject.org/carbonbudget/


≈50% of CO2 emitted by human activities stored in the atmosphere 

Airborne fraction 



Source: Le Quéré et al 2013; CDIAC Data; Global Carbon Project 2013 

2.6 ± 0.5 GtC/yr 

27% 

8.6 ± 0.4 GtC/yr      92% 

+ 0.8 ± 0.5 GtC/yr      8% 

2.6 ± 0.8 GtC/yr 

27% 
Calculated as the residual 

of all other flux components 

4.3±0.1 GtC/yr 

45% 

Global scale Carbon cycle (2003-2012) 

http://www.earth-syst-sci-data-discuss.net/6/689/2013
http://www.earth-syst-sci-data-discuss.net/6/689/2013
http://www.earth-syst-sci-data-discuss.net/6/689/2013
http://www.earth-syst-sci-data-discuss.net/6/689/2013
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org


In-situ 
measurements: 
Close to surface 
or high towers 

Airborne 
measurements 

Vertical sampling 

Ground based 
remote sensing 
Vertical column, 

satellite calibration 

Eddy 
Covariance: 

Direct 
measurement 
of local fluxes 

Satellite 
remote sensing 
Vertical column, 
global coverage 

Carbon cycle and greenhouse gases monitoring 
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Atmospheric networks 



A European research infrastructure 
to monitor greenhouse gas emissions  

 tracks carbon fluxes in Europe and adjacent regions by 
monitoring the ecosystems, the atmosphere and the oceans 
through integrated networks. 

 provides the long-term observations required to understand 
the present state and predict future behavior of the global 
carbon cycle and greenhouse gas emissions. 

 monitors and assesses the effectiveness of carbon 
sequestration and/or greenhouse gases emission reduction 
activities on global atmospheric composition levels, including 
attribution of sources and sinks by region and sector. 



Thematic Centers: 
Data processing, 
technical support to 
stations, technology 
survey 

Monitoring networks 

Analytical Lab: 
Working gases,    
flask analysis 
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Global Networks 

 GEOSS 

Carbon Portal 

A European research infrastructure  
to monitor greenhouse gas emissions  



Dataset provision for MACC-II 
COPERNICUS core service 

Near real time h+24 
Technology survey & 
evaluation of sensors and 
protocols 

Atmospheric Thematic Center (ATC) 
Atmospheric Data Center ICOS Atmospheric Metrology Lab 

Iam Lab 



ICOS improved sensors, network and interoperability for GMES 

WP2: Autonomous GhG atmospheric sensor systems 

 Task 2.1 : Requirements of ‘heavy-duty’ atmospheric CO2/CH4 and Meteo sensor 
systems for remote areas and challenging environments 

 Task 2.2 :  R&D to enhance instrument remote-control and station-center data 
transmission package  

 Task 2.3: R&D to enhance instrumental package of ICOS atmospheric GHG stations: New 
flask sampler 
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French contribution to the GhG monitoring network 

Hanle 

Pondi 

PtBlair 

Chacaltaya 



French territories in Indian Ocean 



Ozone River 

Marine background 

+ 

African episodes 



Amsterdam Island 

Background observatory of the 
atmosphere  
 
Meteorology 
Greenhouse gases 
Aerosols 
Sulphur compounds 
Radon 
Mercury 

1949: Installation of the weather station 



1980 

Suivi à long terme du CO2 atmosphérique Suivi à long terme du CO2 atmosphérique 

Ile Amsterdam 

Mauna Loa, Hawai 

2013 



Panache sud-africain à l’Ile Amsterdam 

TM2 

Radon 
simulation 

Emissions 

CO2 = 4.2 millimol CO2 m
-2 h-1 

CO  = 1.5 mgC m-2 h-1 

CO2 

CO 
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La Réunion Island 



Indian 
Astronomical 
Observatory 

Site 

• Hanle (HLE), 32.779°N  -  78.964°E  -  4517 m asl 

• Pondicherry (PON), 12.01°N  -  79.86°E  -  30 m asl 

• Port-Blair (PBL), 11.65°N  -  92.75°E  -  30 m asl 

• Hosokote, Bangalore > 2015 

Indo-French collaboration for GhGs inversions 



Hanle: a background station for Asia 

Mauna Loa Hanle 



12 Jun 15 Jun 17 Jun 

23 Jun 

Synoptic scale variations at Hanle 



Asian zoom version of 
LMDz transport model 
PhD : Xin Lin 

≈0.5x0.5° 
over Asia 

A priori surface fluxes 

CO2 - January CO2 - July 

CH4 - January CH4 - July 

Surface molar fractions 



Modis  
11Jan09 – 20Jan09 

LAMTO, Ivory Coast 



Chacaltaya, Bolivia, 5240m asl  



Greenhouse gases monitoring (CO2, CH4, N2O) 

 Long term (>10 years) and high precision calibrated measurements are required for a better 
understanding of sources/sinks of long lived greenhouse gases.  

 New technology (laser diodes) enables high precision measurements, with relatively low 
maintenance, if proper protocols (air inlet, calibration, …) are used.  

 Expert meetings organized by WMO/GAW every two years (provide recommendations) 

 ICOS infrastructure  to develop and standardize the monitoring network in Europe.         
ICOS-Inwire EU project for more robust setup. 

 Observations are missing in many places of the world 

 Near real time access to the measurements 

 Satellite observations will provide major contribution (GOSAT, OCO, Carbonsat) 

 Challenge of putting together large and heterogeneous data flows… 



Different observations 

One carbon cycle to understand 


