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ABSTRACT 
Intensive atmospheric sampling field programs are envisioned as a key component of integrated research 
programs such as the North American Carbon Program (NACP) [Sarmiento and Wofsy, 1999; Wofsy and 
Harriss, 2002].  The intensive sampling provides unique information about the spatial distribution of CO2 as 
well as imposes tight constraints on regional budgets that are difficult to obtain from other means. We 
summarize what we have learned from the numerous COBRA (CO2 Budget and Rectification Airborne study) 
experiments [Gerbig et al., 2003a] that have taken place in 2000, 2003, and 2004.  We present the observed 
spatial variability of CO2 [Gerbig et al., 2003a; Lin et al., 2004a] and regional budgets derived from regional 
air parcel-following experiments [Lin et al., 2004b].  These observations are also used as a critical testbed for 
modeling frameworks [Gerbig et al., 2003b]. We draw conclusions about ways to maximize the value of 
intensive atmospheric sampling experiments and the role that such experiments should play within programs 
like the NACP. 
 
COBRA: PILOT EXPERIMENT FOR GATHERING AND INTERPRETING CO2 OBSERVATIONS 
OVER THE CONTINENT  
The CO2 Budget and Rectification Airborne study was conceived as a pilot experiment to conduct intensive 
atmospheric sampling over the continent. The objectives were to a) observe the distribution of CO2 with 
sufficient resolution in both the horizontal and vertical dimensions over the continent that had formerly been 
lacking in the CO2 measurement record; b) test how to extract information from such highly variable CO2 
observations over the continent. The high spatio-temporal density of such observations is of central importance 
for both evaluation/falsification as well as stimulating development of modeling frameworks. Thus COBRA 
and similar intensive experiments serve as an integral part of a coordinated research effort like the North 
American Carbon Program.   
  
COBRA flights took place during August of 2000 (http://www-as.harvard.edu/chemistry/cobra/) in the U.S., 
May~June of 2003 (http://www.fas.harvard.edu/~cobra/) over U.S. and Canada, and May~August of 2004 
(http://www.deas.harvard.edu/cobra/) over U.S. and Canada, with particular emphasis on the New England 
area and Québec.   
  
Figure 1 is an example from August 2000 of the high-resolution CO2 observations that an intensive experiment 
like COBRA can provide. The sampling resolves important features in CO2 gradients—e.g., the northern legs 
exhibit pronounced depletions of ~20 ppmv in the lower 2 km of the atmosphere, representing the signature of 
photosynthetic uptake in the mixed-layer and the relic boundary layer. Marked horizontal contrasts were 
observed as well—the southern legs showed enhancements in the lower atmosphere rather than depletions.   
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COBRA-2000 Flight Tracks

Figure 1.  The flight pattern from the COBRA 
experiment in 2000 and the large-scale 
distribution of observed CO2 (altitude vs. 
longitude cross-sections).The blue lines in the 
cross-sections represent the aircraft profile 
locations, which were interpolated to create the 
cross-sections.
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