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Background

• A Real-Time Air Quality Forecast (RT-AQF) system that 
is based on a three-dimensional air quality model 
provides a powerful tool to forecast air quality and advise 
the public with proper preventive actions.

• This model exits the overpredictions of O3 and 
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• This model exits the overpredictions of O3 and 
underprediction of PM2.5are likely due to uncertainties in 
emissions, inaccuracies in simulated meteorological 
variables such as 2-m temperature, 10-m wind speed, 
and precipitation, and uncertainties in the boundary 
conditions.

• WRF/Chem-MADRID demonstrates good forecasting 
skill that is consistent with current RT-AQF models



Objectives

• The objectives of this study are to evaluate the 
forecasting skill of WRF/Chem-MADRID in RT-AQF 
applications and to identify likely causes of model biases 
as well as the areas of the improvement.
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Methods
• Existing AQF tools include simple rules of thumb in which 

thresholds of forecasted meteorological variables can 
indicate future high pollutant concentrations based on 
their correlation derived from observed and forecasted 
meteorological and air quality data, 

• An RT-AQF system based on an online-coupled
meteorology-chemistry model has a potential to better 
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meteorology-chemistry model has a potential to better 
represent the real atmosphere and thus provides more 
accurate AQF.

• WRF/Chem for RT-AQF  is based on the modal 
approach, MADRID uses a sectional representation for 
particle size distribution and more advanced model 
treatments.



Analysis

• Fig. 1 Flowchart of the RT-AQF system based 
on WRF/Chem-MADRID
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• Fig. 2. Simulated domain for RT-AQF. Numbers 
of 1-9 indicate geographical regions(separated 
by dash lines) to be evaluated.
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• Table 1 Summary of
discrete evaluation for
meteorological and 
chemical variables in
May-September of 2009.

8



• Fig. 3 shows the overlay plots of 5-month mean 
daily max 8-h average O3 and 24-h average 
PM2.5  with AIRNow observations.
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O3 overpredictions are most apparent in most areas of Kentucky and Tennessee, 
southern areas of Indiana, Illinois, and Ohio, and the Appalachian Mountains 
region.



• Fig. 5 shows simulated and observed daily 
max 8-h average O3 mixing ratios at the 
six urban sites.
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Fig. 6 shows simulated and observed 24-h 
average PM2.5 

concentrations at urban sites.
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Table 2 summarizes categorical evaluation results.
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Table 3 compares model performance using offline 
and online

BVOC emissions in July 2009.
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Fig. 7. July 2009 monthly-
mean bias of concentrations 
of daily max 8-h average O3

(upper) and 24-h average 
PM2.5 (lower) from 

simulations with offline 
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simulations with offline 
(baseline) and

online (Guenther scheme) 
biogenic volatile compound 

emissions, and modified
boundary condition



Conclusion
• 1. Even though this system exists lots of 

uncertainties and  inaccuracies, the RT-AQF 
model based on WRF/Chem-MADRID 
demonstrates a promising forecasting skill that is 
consistent with current RT-AQF models.
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consistent with current RT-AQF models.

• 2. These bias correction approaches may 
be explored to further improve the model’s 
forecasting skill.



Thank you 
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