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China and Its Application for Aerosol Radiative Effect
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Abstract: Based on a variety of test indicators from June 2015 to February 2016, the six kinds of forecast
pollutants (PM,, ,PM, 5,S0O,.NO,,CO,0;) and the AQI index of Air Quality Numerical Forecasting Sys-
tem in Central China were verified. Then the impact of aerosol radiation effect on surface meteorological
factors was studied by sensitivity experiments. The results show that the Air Quality Numerical Forecas-
ting System in Central China has stable and good forecasting effect on the six pollutants and AQI in Hubei
Province, but the forecast error of Oy is larger and forecast value is higher than the observation. The error
could be reduced by the error correction in future. Compared with the CUACE forecasting model, the 24 —
48 h forecast is better than that of CUACE and the 72 h effect of the two models are similar. The aerosol
radiation effect has affected the distribution of surface meteorological field to a certain extent. During this
process, the total radiation effect of aerosols reduced the solar radiation by 7. 740 W « m™?, 2 m tempera-

ture decreased by 0.162°C, plantary boundary layer height decreased by 16.457 m, relative humidity
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increased by 0. 557 %, and 10 m wind speed decreased by 0. 011 m + s~ '. The effect of aerosols on meteoro-

logical elements in the daytime is greater than that over night. The reduction of solar radiation, 2 m tem-

perature, boundary layer height, 10 m wind speed and the increase of humidity are not conducive to the

spread of pollutants. The increase of pollutants concentration also contributes to the above changes of me-

teorological conditions, resulting in a bidirectional feedback between meteorological conditions and atmos-

pheric pollution.

Key words: Central China, air quality numerical forecasting system, aerosol radiation effect, feedback
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Fig. 1 Main frame of Air Quality
Numerical Forecasting System

in Central China
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Air Quality Numerical Forecasting

System in Central China
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Table 1 Physics and chemistry options used for the Air Quality Numerical Forecasting System in Central China

SR Y YSU scheme YSU Scheme
MBI % KF scheme Kain-Fritsch (new Eta) scheme
Wy R T WSM 6 scheme WRF Single-Moment 6-class scheme
KU R RRTM scheme Rapid Radiative Transfer Model (£ 15 min 28— %)
S I R Goddard Shortwave scheme simple downward integration (% 15 min 5 —¥%)
[t T A 2 Noah Land-Surface Model ~NCEP/NCAR/AFWA scheme with temperature and moisture in 4 layers
. [y RADM?2 direct effect
R S MADE/SORGAM MADE/SORGAM scheme
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Table 2 The 24—72 h forecast verification results of daily mean concentrations

of air pollutants in Hubei from June to August 2015

TR B 5%/ h PM:.5 PM, SO, NO, CO (O
24 0.73 0.74 0.53 0. 81 0. 81 0.59
R 48 0.71 0.75 0.58 0.76 0.76 0. 61
72 0.61 0.62 0. 44 0.62 0.68 0. 40
24 —0.26 —0.27 —0.40 —0.08 —0.35 0.54
MNB/pg » m™3 48 —0.33 —0. 34 —0. 44 —0.13 —0.39 0. 56
72 —0.33 —0.33 —0. 44 —0.12 —0.39 0. 57
24 15. 64 24.27 6.28 3.72 0. 34 38.83
RMSE/pg « m™3 48 18. 30 28.31 6.77 4.47 0. 38 39. 20
72 19. 28 29.74 6.89 5.26 0. 39 40. 20
24 28 29 40 13 34 46
MAPE/% 48 31 35 44 17 39 47
72 33 36 45 18 40 46
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Table 3 Same as Table 2,but from December 2015 to February 2016

TR 5 %%/ h PM;. 5 PMi, SO, NO; CO O3

24 0. 54 0.52 0.48 0.53 0.47 0. 64

R 48 0.51 0. 46 0.42 0.50 0.40 0.58

72 0. 49 0.43 0.45 0.51 0.38 0.49

24 —0.27 —0.25 —0.34 —0.06 —0. 20 0.5

MNB/pg «+ m™* 48 —0.31 —0.29 —0.40 —0.09 —0.24 0. 5¢
72 —0.32 —0.30 —0.41 —0.09 —0.25 0. 60
24 46.57 48.72 9.08 8.63 0.43 27.54
RMSE/pg « m™* 48 49.73 48. 86 10. 21 9.59 0.48 31.59
72 50. 69 50.97 10. 42 9. 60 0. 50 33.62

24 31 33 37 17 27 40

MAPE/ % 48 33 36 42 19 30 42

72 36 38 43 19 31 43
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15 Y S G AR T BRLROR B W FEAIG . 24 h ) TS 3F
43I\ 0.506 & 0. 073, MAARE ., XIS
JERUE B R g AL AQI Bl A — & )
R 15, &) AQI B EOT LT H 2.

2.3 5 CUACE iR R X b #& 18

1A WRE/Chem 5 CUACE # 20 %) # 1t
A TR BRSO S Wik Al ) CUACE #E0
B3 h BURAE A o 5 X PR AR R 24 ~72 h 1B
RACR TR . 5 O WA O 2 2 i1 2 2 )
b 6 FhiG QeWiZ 3 h WY 24 ~72 h FR PPAl X

e AT WRE/Chem B2 %) 6 Ffis Ye ¥ ik B 19 24
~48 h Fidlk R B35 T CUACE #6205 X 07 7 4 i %4
) MAPE CUACE #i 3 ¥%3 & F WRF/Chem, {H
WRF/Chem X O, B 1 4t 48 % & 47 = 22 & T
CUACE, Ffig Wi 8 &K 2 72 h, WRF/Chem
X} PM, 5 \PM,, fl CO EZ&1Hii R ik T CUACE,
% ZPM, s f1PM,, B R 5 T CUACE ., 73 4 3 %1 <

F 4 2015 F 6—8 A#dL & AQI 4 R W IT 5
Table 4 Statistical tests for AQI grades of
Hubei from June to August 2015

B A/ h LR 5

24 0.736 0. 363

TS 48 0.727 0.314
72 0. 665 0. 204

24 0.166 0.438

PO 48 0. 157 0. 524
72 0.198 0. 580

24 0.138 0.493

FAR 48 0. 159 0.521
72 0. 205 0.571

x5 EAR4,EH2015FE128F2016F2 B
Table 5 Same as Table 4, but from
December 2015 to February 2016

BURs /N R WR RBRE BE O EHE

24 0.506  0.258 0.172  0.105 0.073

TS 48 0.481 0.235 0.166  0.097  0.065

72 0.431  0.204  0.144  0.092  0.042

24 0.135  0.657  0.657 0.692  0.910

PO 48 0.107  0.524  0.608 0.765 0.962

72 0.116  0.680 0.836 0.768  0.954

24 0.532  0.493  0.675 0.731  0.774

FAR 48 0.545 0.521  0.689  0.744  0.897
72 0.543  0.265 0.662 0.692  0.899
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Fig. 4 The observed and forecasted ambient air quality index
in summer (a) and winter (b) in Hubei in 2015
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Fig. 6 Variations of PM, ; (a) ,NO, (b),SO, (¢) and O;(d) between simulated and
observed concentrations in Wuhan from 18:00 UTC 8 to 18:00 UTC 12 January 2015
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Fig. 9 Simulation of influences of the whole aerosol effects (a,d,g,j,m), direct radiative effects (b,e,h,k,n) and

indirect radiative effects (c,f,i,1,0) on the averages of surface short wave radiation (a,b,c), 2 m temperature (d,e,),
PBLH (g.h.1), relative humidity (j.k.D and 10 m wind speed (m.n.o0) during the daytime
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Table 7 Overall, direct and indirect effects of aerosols to meteorological elements during different simulation periods
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