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CARIBIC
Civil Aircraft for the Regular Investigation of the 
atmosphere, Based on an Instrument Container  

2 million kilometer
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The CARIBIC container in its position
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A flight from  

Frankfurt  to  Cape Town
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Motivation for this CO2 study
• Especially in the tropics where in situ CO2 measurements are scarce, 

it helps to at least have information at altitude

• The carbon cycle of South Asian regions is poorly studied

• CARIBIC provides CO2 data, plus many additional data for 
atmospheric composition (here we use 2008)

• CONTRAIL provides CO2 data, including ample vertical profiles (2007)

• We conduct inversion using these CO2 observations in the upper 
troposphere, plus of course the NOAA data   

• Caution, the surgeon general warns: INVERTING is DANGEROUS  
You will need confidence in transport
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Inverse modelers trust transport











No inverse modelling by lack of data ?

MODIFIED

64 region inverse model & ACTM transport (Patra et al., 2005; 2011)



Inverse modelling …more data ..
(surface + CONTRAIL)



Inverse modelling …and more data…use the data
(surface + CONTRAIL + CARIBIC)



Strong impact of surface
emissions at cruise altitude
of CARIBIC



CARIBIC measurements between Frankfurt and Chennai and 
ACTM (T42L32) forward simulations

CH4

N2O

SF6

CO2



TDI64 fluxes from inversion change due to CARIBIC 



Seasonal cycle and precipitation effect on South Asian flux

About 1-month delay in carbon uptake 
from rainfall (see also Patra et al., 2005)

Temperature

Rain



Validation of South Asian flux using CONTRAIL data over Delhi



CONTRAIL CO2: Role of fluxes on vertical profile simulation



CONTRAIL CO2

seasonality at    
4 airports



Conclusions

• CARIBIC, and particularly CONTRAIL, provide large amounts 
of in situ CO2 data over vast regions of the atmosphere

• In the tropics, just there where fewer measurements are 
made, large scale upward motion makes these aircraft data 
very useful

• We found South Asia acted as a net sink of CO2 at the rate of 
0.37 Pg-C/yr during 2007 and 2008 

• Inter-annual variations in precipitation have presumably a 
large effect  in this region
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