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 Introduction 
Numerous studies show that aerosols and trace gases have 
impacts on both human health and the environment. The 
University of Iowa ran the WRF-Chem model (Weather Research 
and Forecast Model coupled with chemistry) to forecast particulate 
and gaseous species during the 2013 SEAC4RS experiment for 
flight planning and near-real time analysis. In this poster, 
measurements from six DC8 flights in the southeastern United 
States (SE)  were used to: 

1. Assess the meteorological forecast skills of the model 

2. Develop a screening method for identifying urban-influenced, 
fire-influenced, and boundary layer portions of flights 

3. Evaluate the model’s chemical prediction skills in the boundary 
layer  

4. Explore the configuration to improve model performance 
 

 • WRF-Chem v3.5; MOSAIC aerosols module with 4 size bins  
• 12 km horizontal resolution, 52 vertical layers; WRF-tracer for emission regions/sectors 
• Boundary conditions: GFS for meteorology and MACC for chemistry; Emissions: NEI’05, 

updated Mexico’99 , FINN and QFED2 fire with plume-rise, MEGAN biogenics, online dust & 
sea-salt; AOD assimilation (NRL product) every 3 hours, 1 cycle a day 

 

 

 Modeling configuration and observation 

• One flight for developing fire filter using HCN and CH3CN concentrations (08/26/2013) 
• Six DC8 flights for model evaluation (08/14, 08/21, 08/23, 08/30, 09/02, 09/21) 
 

 Vertical profiles of meteorology 

Measured and predicted temperature, wind, humidity and pressure agree well. The number of 
data points is shown every 1-km wide altitude bin. 
 Dividing dataset into different groups  

Observation 

We  defined fire-affected sample by: CH3CN> CH3CN(background) or HCN> HCN(background). 
The science objective of the August 26 flight was to sample smoke from wildfires. This dataset 
has been analyzed by Bob Yokelson, who provided detailed screening of fires during  that flight. 
The 98th percentile (CH3CN =0.224 ppb , HCN=0.532 ppb) were chosen as the background. 
Sensitivity of agreement with Yokelson’s assessment to the level of the background was 
assessed. The table lists number of samples that agree or disagree with Yokelson’s 
classification, as well as the probabilities of false negative (α) and false positive (β) error.  
 
 

Selected flights 

We define an urban plume by NOx/NOy >0.4 (Hudman, et al., 2007, JGR). 
Planetary boundary layer height (PBLH) was predicted by WRF-Chem. We used (PBLH – 200 m) 
as the height filter. 
 
 
 
 
 

Urban plume and boundary layer classification 
 

Based on these screening criteria 
and the flight log, we labeled 
different portions of every flight 
dataset 
 

Chemical species in the boundary layer 
Screening results 

Comparison between urban and nonurban areas 

The boundary layer portion accounted for 19.7% (569  (1min 
average) out of 2890). 
Urban plume (or at least NOx/NOy > 0.4) portion in the 
boundary layer was 19.3% ( 110 out of 569, or ~ 9 hr of 
sampling).  
 

The model demonstrated good skill for  
predicting the vertical profiles of particle 
number, O3, NOx and CO. Relatively large 
biases generally occur at the surface, 
where there are only a few data points, 
which might not be representative. Sulfate 
was underestimated and this was 
anticipated since aqueous chemistry was 
not simulated in the forecast mode to 
improve computational efficiency. SO2 was 
underestimated at below 1.3 km. One 
possible reason is that during the forecast, 
only the layer 1 (0-16.8 m) SO2 emission 
was used due to a problem in the model 
configuration. This might also be one 
reason for the under-prediction of sulfate. 
 

Chemical composition shows that the model was ammonia 
limited. Possible reasons are: under-prediction of ammonia, 
emissions and the lack of aqueous chemistry. 
 

• The meteorology was well forecasted 
• Screening methods for identifying urban-influenced, fire-influenced, and boundary layer portions 

of flights have been developed 
• WRF-Chem was able to capture the vertical profiles of particle number and trace gases (O3, 

NOx and CO ). SO2 and sulfate were underestimated. Chemical composition comparisons with 
the observation show that the model was ammonia limited. 

• We will do sensitivity tests and explore the best model configuration to overcome the biases 
found. Some options are     : 

    1. Use more recent emission data (NEI 2008); include anthropogenic emissions at all vertical levels  
     2. Simulate secondary organics; include aqueous  chemistry 
     3. More frequent output (every 3 hours during the forecast) 
     4. Evaluate NH4

+ and SO42- deposition 
 

Fire screening 
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Modeling domain 

Aug 26 Flight 

Aug 14 Flight Aug 21 Flight 

Aug 23 Flight Aug 30 Flight 

Sep 02 Flight Sep 21 Flight 

         Aerosol mass fractions  
(90-550 nm BC, 50-700 nm others) 

Conclusions and future work 

Reference 

450×360 
 

Can Dong, Charles Stanier, Pablo Saide, Gregory Carmichael  
 

Center for Global and Regional Environmental Research (CGRER), The University of Iowa, Iowa City, IA, USA.  

mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu
mailto:Can-dong@uiowa.edu

	Analysis of urban influences in the boundary layer air �using the WRF-Chem model��

