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DC3 Science Program Overview (SPO) 
 
 

Goal 2: Quantify the changes in chemistry and composition 
after active convection, focusing on 12-48 hours after 
convection and the seasonal transition of the chemical 
composition of the UT 
 
 
 

Hypothesis 8) Survey flights at the end of June from the central 
U.S. to the northern Caribbean will find the greatest UT ozone 
and NOx mixing ratios above the Gulf of Mexico and Florida. 



Cooper et al. (2007), Evidence for a recurring eastern 
North America upper tropospheric ozone maximum 
during summer, J. Geophys. Res., 112  

August 2006 
Median ozone at 10-11 km from 
daily ozonesonde measurements 
using all available data. 
 
 
 
Same as above but for 
measurements made only in the 
troposphere. 
 
 
 
 
 
Same as above but with model 
calculated aged stratospheric 
ozone removed. 
 
 
 



Cooper, O. R., et al. (2009), Summertime buildup and decay of lightning NOx and aged thunderstorm 

outflow above North America, J. Geophys. Res., 114, D01101, doi:10.1029/2008JD010293. 

Monthly average upper tropospheric ozone 
as measured by ozonesondes, August 2006, 
with stratospheric influence removed. 

Upper tropospheric NOx from all sources 
as modeled by FLEXPART, summer 2006.  
Greater than 80% of the NOx across the 
eastern US is produced by lightning. 

During the summer monsoon (July-August) the upper tropospheric anticyclone traps LNOx, 
leading to strong ozone production over several days.  



Allen et al. [2010] reviewed 13 recent studies on LNOx production 
above North America: 
 
60-90% of UT NOx and 15-35% of UT ozone has a lightning source 
 
Models are generally biased low in terms of NOx 

 
Model simulations of UT ozone have biases of +/- 20% 
 
More work is needed to reduce uncertainties in STE, ozone production 
rates, LNOx emission rates and UT NOx lifetimes. 



Barth et al. [2012] studied UT ozone and LNOx production during the 
early stages of the North American monsoon: 
 
- Weak contrast in ozone within and outside of the UT anticyclone 
- Most ozone production occurs within 24 hours of deep convection 
- STE has a strong impact on UT ozone 



CRYSTAL-FACE found enhanced LNOx and 
ozone above the Gulf of Mexico and 
Florida during late June 
 
 
Measured NO above Colorado during the 
June-July 1996 STERAO experiment. 
 
 
 
 
 
 
 
 
Measured NO above Florida during the 
June 29 – July 31, 2002 CRYSTAL-FACE 
experiment. 
  
 
Ridley et al. (2004), Florida thunderstorms: A 

faucet of reactive nitrogen to the upper 

troposphere, J. Geophys. Res., 109, D17305, 
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Median UT ozone values during CRYSTAL-FACE were ~80 ppbv 







The June 25 GV flight to the Gulf of Mexico 
did not find aged thunderstorm outflow.   
 
Instead the UT was heavily influenced by 
aged stratospheric air and relatively clean 
convective outflow less than 24 hours old.  
 
In contrast to the DC3 continental air masses 
the fresh tropical convective outflow was:  
very clean, very dry, with enhanced NOx 

 



Results from DC3 (May-June) can be used to improve our 
understanding of UT ozone production during the North American 
monsoon (July-August) 
 
- Use DC3 chemical and meteorological observations to improve the 

dynamics, chemistry and lightning parameterizations in CTMs 
 

- Run the improved models for the May-August 2012 time period 
 

- Evaluate model performance against chemical observations (limited) 
during July and August. 



 
Data available for model evaluation: 
 
17 ozonesondes (weekly) from Huntsville, May 1 – Sept 1, 2012 
16 ozonesondes (weekly) from Boulder, May 1 – Sept 1, 2012 
14 ozonesondes (weekly) from Trinidad Head, May 1 – Sept 1, 2012 
22 ozonesondes (weekly) from Wallops Island, May 1 – Sept 1, 2012 
 
Huntsville LIDAR profiles from 11 days in June (from Mike Newchurch) 
 
TES tropospheric O3 and CO retrievals:  daily in May-June, every 2-3 days in July-
August 
http://tes.jpl.nasa.gov/visualization/SCIENCE_PLOTS/SO/main_SS_DC3_2012.html 



TES retrievals on July 6, 2012   (images courtesy of NASA JPL) 



Hydrocarbon samples in background air at 4-12 km above OK and AL 
Analysis by Jason Schroeder, graduate student with Don Blake, UCI 



Hydrocarbon samples in background air at 4-10 km above OK and AL 
Analysis by Jason Schroeder, graduate student with Don Blake, UCI 




