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Numerical simulations were performed in order to evaluate the impact of the direct effect of aerosol particles 

on meteorology and air quality over East Asia. The online coupled Weather Research and 

Forecasting-Community Multiscale Air Quality (WRF-CMAQ) modeling system was applied from January to 

March 2014 for cases with/without feedback: two-way/one-way simulations. Ground-level shortwave 

radiation and PM2.5 concentration in the two-way simulation were respectively smaller and higher than those 

in the one-way simulation over the Asian Continent, particularly in China with remarkably high PM2.5 

concentration. These differences indicate that the aerosol direct effect substantially influence the atmospheric 

stability, and therefore the dispersion efficiency of air pollutants. 
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Fig.1  Modeling domain and locations of observation sites. 
 

3. ⸗♦ꜟ─  

≢ ⇔√ ה ○fiꜝ▬fi⸗♦ꜟ

(WRF-CMAQ)─ ╩ Table.1⌐ ∆⁹CMAQ─ ⌐

⌂ │♃כ♦ NOX⁸SO2⁸CO⁸NH3⁸  

(VOC: Volatile Organic Compounds)⁸  (PM: 

Particulate Matter)⌐ ⇔≡ INTEX -B (the Intercontinental 

Chemical Transport E Xperiment phase-B)(4)─Ᵽכ☺ꜛfi

CMAQ

WRF



1.2 ─ ▬fiⱬfi♩ꜞ⅔╟┘ ⸗♦ꜟ─

╩ ╖ ╦∑╢↓≤⌐╟╡ ⇔√⁹ 

 

Table.1  WRF-CMAQ configurations. 
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Table.2  Statistical evaluation of meteorology and PM2.5  

           simulations (βY: two-way/N: one-way simulation). 
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Fig.2  Spatial distribution of PM2.5 concentration  

for two-way simulation. 

 

Fig.3  Comparison of PM2.5 concentration at all 27 sites. 
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Parameter Setting

WRF

Initial and boundary NCEP FNL, MSM-GPV, RTG-SST-HR

Land use USGS 24-category data

Explicit moisture Morrison 2-moment scheme

Cumulus Kain-Fritsch scheme

Surface Pleim-Xiu Land-Surface Model

PBL and surface layerACM2 scheme / Pleim-Xiu scheme

Radiation RRTMG shortwave and longwave schemes

FDDA 3.0×10
-4

 s
-1 

(Temperature, Mixing ratio, Wind)

CMAQ

Emission data INTEX-B, REAS, ARCTAS

EAGrid2010, JEI-DB, OPRF

MEGAN v2.04, FINN v1.5, AeroCom

Initial and boundary MOZART-4 / GEOS5

Horizontal advection Yamartino scheme

Vertical advection WRF-based scheme

Horizontal diffusion Multiscale

Vertical diffusion ACM2

Photolysis calculationCCTM in-line calculation

Gas phase chemistryCB05

Aerosol AERO6

Mean(Obs)feedbackMean(Model) MBE R MAE RMSE IA

Y 2.1 -0.2 0.98 1.0 1.2 0.99

N 2.6 0.4 0.98 1.0 1.2 0.99

Y 4.9 -2.4 0.96 2.4 2.5 0.88

N 5.0 -2.3 0.96 2.3 2.4 0.89

Mixing ratio (g/kg) (g/kg) (g/kg) (g/kg) (g/kg)

Y 2.1 0.0 0.93 0.4 0.5 0.96

N 2.1 -0.1 0.93 0.4 0.5 0.96

Y 4.2 0.2 0.97 0.3 0.4 0.98

N 4.2 0.2 0.97 0.3 0.4 0.98

Wind speed (m/s) (m/s) (m/s) (m/s) (m/s)

Y 2.9 0.9 0.54 1.1 1.4 0.53

N 3.0 1.0 0.54 1.2 1.5 0.52

Y 4.0 1.6 0.74 1.6 1.8 0.48

N 4.0 1.7 0.74 1.7 1.9 0.48

PM2.5 (µg/m
3
) (µg/m

3
) (µg/m

3
) (µg/m

3
) (µg/m

3
)

Y 113.3 2.6 0.86 32.4 45.5 0.93

N 103.0 -7.8 0.85 32.7 48.0 0.90

Y 15.4 -5.0 0.86 6.8 8.7 0.89

N 15.4 -5.0 0.85 6.8 8.8 0.89

Beijing 2.0

Osaka 2.3

Beijing 110.7

Osaka 20.4

Temperature                     

Beijing 2.3

Osaka 7.2

Beijing 2.2

Osaka 4.0
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(a) shortwave radiation at surface  

(b) PBL height 

(c) PM2.5 concentration 

Fig.4  Spatial distributions of contribution rate  

of aerosol direct effect. 
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Fig.5  Scatter plots of contribution of aerosol direct effect to 

PM2.5 concentration and (a) shortwave radiation  

at surface, and (b) PBL height. 
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Fig.6  Scatter plots of contribution of aerosol direct effect to 

 PM2.5 concentration and (a) shortwave radiation  

 at surface, and (b) PBL height at 5 sites. 
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