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We demonstrate a prototype multi-scale assimilation system 
that integrates satellite observations of multiple trace gases.  
 
This system updates the modeled contributions from non-local 
sources to ozone in California, and those from the local NOx 
“sector” (e.g., anthropogenic and biomass burning) emissions. 
 
Today we focus on NASA ARCTAS-CARB period (June 2008). 
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Ozone variability in the western US is affected by various sources:  
Model-estimated source contributions can be highly certain 

1. Background  2. Objectives/Methods  3. Results  4. Ongoing Work   
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This study: to reduce the uncertainty in modeled ozone contributions  
from non-local and local sources via satellite chemical data assimilation 
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3D-Var [Singh et al., 2011] 4D-Var [Huang et al., 2014, in revision] 

evaluate with independent ozonesondes, surface & aircraft observations (see poster) 

By integrating Aura measurements into a multi-scale chemical transport modeling 
system, we aim at improving the estimated impacts on ozone in California from:  
1) trans-boundary pollutants; and 2) US ozone precursor (NOx)’s emissions 
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Singh et al., 2012 



Impact of assimilating TES & OMI observations on STEM modeled near-surface ozone 
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Contributions from “transported 
background” increased by 2-6 ppb 
after assimilating TES ozone into 
the boundary condition model 
GEOS-Chem. 
 

Assim TES ozone Assim OMI NO2 

Period-mean near-surface daytime ozone, after-before assimilation in STEM  

Contributions from US NOx 
emissions dropped by 0-5 ppb 
after assimilating OMI NO2 into 
STEM. 

near-surface: < 2 km a.g.l. | daytime: 8am – 7pm PDT 

Mean: 3.9 ppb  Mean: -1.2 ppb  

Accomplishment 1: We repartitioned ozone source 
contributions from local and non-local sources. 



Local NOx emissions from different “sectors” constrained by OMI NO2 columns 

10−9 kg/s/m2 

The 4D-Var method accounts for the life cycle of the chemical species. 
 
Assimilation of OMI NO2 reduced original NOx emissions (in the most recent 
CARB inventory, Mar 2013) by ~1.7%:  
•  -(5-20)% over urban areas (mostly anthropogenic) 
•  >+80% at some wildfire locations 
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Accomplishment 2: We repartitioned local NOx emissions 
from anthropogenic and biomass burning sources. 
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Ongoing Work 

1) Further assessment of contributions from extra-regional 
& US emission sources to ozone, for extended periods/
expanded regions 
 
>> Participation in the HTAP2 multi-model experiment 
>> Constraints on emissions of other ozone precursors 
(VOCs, CO) & integration of other observations (e.g., 
MOPITT CO) 
 
2) Improving assimilation settings & comparison of 
different methodologies (e.g., 3D-Var vs. 4D-Var) 

Thanks for your attention! 
Welcome to stop by our poster for details of this study!  
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