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Numerical Modeling Analysis of Secondary Organic Aerosol ( SOA) Combined

with the Ground-based Measurements in the Pearl River Delta Region

GUO Xiao-shuang', SITU Shu-ping', WANG Xue-mei', DING Xiang’, WANG Xin-ming’, YAN Cai-ging’, LI
Xiao-ying’ , ZHENG Mei’

(1. School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 510275, China; 2. State Key Laboratory of
Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China; 3. State Key
Joint Laboratory of Environment Simulation and Pollution Control, College of Environmental Sciences and Engineering, Peking
University, Beijing 100871, China)

Abstract: Two simulations were conducted with different secondary organic aerosol ( SOA) methods—VBS ( volatile basis set)
approach and SORGAM ( secondary organic aerosol model), which have been coupled in the WRF/Chem ( weather research and
forecasting model with chemistry) model. Ground-based observation data from 18" to 25" November 2008 were used to examine the
model performance of SOA in the Pearl River Delta( PRD) region. The results showed that VBS approach could better reproduce the
temporal variation and magnitude of SOA compared with SORGAM, and the mean absolute deviation and correlation coefficient between

3

the observed and the simulated data using VBS approach were —4.88 pg-m™ and 0.91, respectively, while they were -5.32
pg+m > and 0. 18 with SORGAM. This is mainly because the VBS approach considers SOA precursors with a wider volatility range and
the process of chemical aging in SOA formation. Spatiotemporal distribution of SOA in the PRD from the VBS simulation was also
analyzed. The results indicated that the SOA has a significant diurnal variation, and the maximal SOA concentration occurred at noon
and in the early afternoon. Because of the transport and the considerable spatial distribution of O, the SOA concentrations were
different in different PRD cities, and the highest concentration of SOA was observed in the downwind area, including Zhongshan,
Zhuhai and Jiangmen.

Key words: secondary organic aerosol(SOA) ; numerical modeling; ground-based measurements; volatile basis set( VBS) ; secondary

organic aerosol model (SORGAM) ; Pearl River Delta( PRD)
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Fig. 1 Schematic diagram of SORGAM and VBS
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Fig. 2 Modeling domain, topography and location of air quality monitoring sites and meteorological monitoring sites
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Table 2 Tracer species in the experiment

HIAY) FEA AL 3 IR

aromatics TS 2 ,3-dihydroxy-4-oxopentanoic acid

isoprene kR Ak Cs-alkentriols, 2-methylglyceric acid, 2-methylthreitol, 2-methylerythritol

monoterpenes H gL cis-pinonic acid, pinic acid, 3-methyl-1,2,3-butanetricarboxylic acid
kAl 3-hydroxyglutaric acid, 3-hydroxy-4 ,4-dimethylglutaric acid

sesquiterpenes ey -caryophyllinic acid

x3 TEYHRESHM 11 B 18 ~25 H SOA iRE

Table 3 Mass fraction of the SOA tracer concentrations and SOA concentration during Nov. 18"-25"

SOA/pg-m ™3 Jsoa 18 19 20 21 22 23 24 25

isoprene 0. 063 0.15 0.13 0.31 0.37 1. 16 0.52 0.59 0.44
monoterpenes 0. 168 0.09 0.05 0.05 0.11 0.23 0.25 0.08 0.15
sesquiterpenes 0.011 0.25 0.05 0.15 0.49 1.23 0.73 0.26 0.41
Sum BSOA — 0.48 0.23 0.51 0.97 2.62 1. 50 0.93 1. 00
aromatics 0. 004 2.10 1.07 3.32 6.01 12.22 7.11 2.61 4.90
Sum SOA — 2.58 1.31 3.83 6.98 14. 84 8.62 3.55 5.89
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Table 4  Statistics of meteorological verification variables

iH OBSave SIMave Bias MAE MRE ( JGH437) RMSE Cor( JCHAA)
2 miRJE/C 292.3 294.2 2.0 2.1 0.0 2.4 0.9
10 m X/ m-s ! 2.3 5.9 3.5 3.5 2.4 3.8 0.6
2 m AR/ % 54.6 64.4 9.8 11.3 0.2 13.1 0.8
x5 TRITEWEMEIESIT/ pg-m?
Table 5 Verification statistics of air pollutants simulation/pg+m ~>
Case 154 OBSave SIMave Bias MAE RMSE Cor( TCHAT)
NO, 46. 5 37.9 -85 19.0 24.5 0.5
case 1 PM,, 97. 8 93.4 -4.0 37.9 47.5 0.4
0, 64.0 63. 1 -0.6 24.3 31.9 0.7
NO, 46.5 50.5 4.0 26.8 35.9 0.5
case 2 PM,, 97.8 106. 4 8.5 36.3 45. 1 0.6
0,4 64.0 81.4 17.9 28.5 34.9 0.7
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