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Abstract As the key precursors leading to ozone pollution, atmospheric volatile organic
compounds (VOCs) are indispensable parts of urban air quality modeling. Due to their complex
composition and the lack of monitoring data, the understanding of their simulation accuracy is still
poor. In this paper, the nested grid air quality model prediction system (NAQPMS) is used to
simulate VOCs in the Pearl River Delta region from September 21 to November 20, 2017. The
VOCs concentration monitoring data from 8 ground stations of photochemical monitoring
network is used to evaluate the accuracy of key VOCs components. The results show that the
model has high simulation accuracy for toluene, ethylene and xylene with concentration deviation
ratio of 0.4-26.6%, which can well reproduce the trend of daily average concentration and the
double-peak characteristics of diurnal variation. However, the model has a large simulation
deviation for isoprene with strong chemical reaction activity and closed relation to plant emissions.
The deviation ratio is nearly 100%, which cannot reproduce the diurnal variation characteristics of
high concentration in daytime and low concentration at night. It is found that the total amount of

VOCs emitted by plants in the Pearl River Delta region is relatively large. However, the ignorance



of biological VOCs emissions in the current simulation system may be the key reason for this
simulation deviation. Besides, the results of simulation evaluation also show that the model still
exists great uncertainty in the VOCs spatial distribution. This paper shows that there is an urgent
need to combine VOCs observation data in the model to reveal and reduce the uncertainty of
VOCs simulation.

Keywords: Volatile organic compounds (VOCs), Simulation assessment, Ground

monitoring, Pearl River Delta
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Fig. 1 Three-layer nested grid simulation area settings in WRF (d02 and d03 are two-level nested
grid regions of NAQPMS)
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Fig. 2 Concentration distribution of ethane, ethylene, isoprene, toluene, m/p-xylene and o-xylene
from September 21 to November 20, 2017. a-h are Guangzhou monitoring station (GZ), Modaisha
station (MDS), Conghua Tianhu station (CHTH), Wanliang station (WL), Nancheng Yuanling
station (ncyl), Heshan station (HS), Wanqingsha station (WQS), Yangmeikeng station (YMK)
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Fig. 3 Average daily variation of isoprene (ISOP), ethylene (ETH), ethane (C,Hs), toluene (TOL)
and xylene (XYL) from September 21to November 20, 2017
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Figd The time series of temperature (T), humidity (RH), wind direction (WD) and wind speed
(WS) simulation (red curve) and observation (black dot) from September 21, 2017 to November
20, 2017; R is the correlation coefficient, RMSE is the root mean square error, Mobs is the

observed average, Msim is the simulated average, and Bias is the average deviation
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Table 1. Daily mean, absolute difference and uncertainty of observed and simulated values from September 21

to November 20, 2017

FRI% L)% Py R i3
MM (ppbv) 0.42 1.55 2.37 3.09 242
LA (ppbv) 0.01 1.41 1.31 3.08 1.78
ZAH (ppbv) -0.41 -0.14 -1.06 -0.01 -0.64
DL 1.6% 90.9% 55.1% 99.6% 73.4%

WZEFE 98.4% 9.1% 44.9% 0.4% 26.6%
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Fig. 5 Simulation (red curve) and observation (blue curve) time series of isoprene, ethylene,
ethane, toluene and xylene in the Pearl River Delta region from September 21 to November 20,
2017; MB is the mean bias, RMSE is the root mean square error, and R is the correlation

coefficient (the same below)

N T PR VOCs W H AL IR RE, &1 6 45t 1 2017 4 9 ] 21
HZ 11 H 20 HRHZR, ZHIR, O SRR M iR B H AR A0 I A
XS B o BN M H AR ORI RE B 4y, HITA] 09~16 I AL 5 0L i 24 AH =
B, BRI 2R, ASIOLIY 0 I o VA F T [R) 5 W B A — 3, AR ILAE
A7 08~09 I AIRACIA] 21 I o AS 20T FH A H TRJ UG E Py B READL B HE R, AU
LI R UEEAR 1)t IWAE B AF 10 B, (BRI B BEAT — e (IRl R0 T] ) U A Fsf

12



BAT PR, BRI A HIAE 19 2L TTOINH IAE 21 I . ZFI2RAE 08

I 31 23 B By BRI 5 UL I il 2RO, 3 2 22 B RN B, A7 B RAIR

fitio BT 2k H AL RO RE 122, ARG R EON-0.19, BRI RN BLi Lk

B 22 KT HER Bl M. Zhe. FHERAN  HR FURLILESE SRAE & R N B fIk

it AT AR 2RO LA R 128 R I B 2B G SR AT — S IR, A2 S N 1k

BOEAESLI BURTREAT — € 3R M. MR JRRAE, WLINIR R BAT B8 R

RURMR ) H AL, IXFPARRFIE 5 28 T LAl VOCs 415p H AT 535 1 2 57 o
55 3 W AT R ISR I R S RO R R D R SR, R AL A2t

RERIR S K o ] 6 AR SRR e FFILIX — H AL, i — PRI A

Y1 VOCs HERBIRI SRR RT BE A2 T B0 1 I AU 22 ) O B A o

2 |(a)lsoprene MB=-0.4 RMSE=0.4 R=-0.59 |(b)Ethylene MB=-0.1 RMSE=0.3 R=0.68 (c)Ethane MB=-1.0 RMSE=1.0 R=-0.19
24 4 4
<
S3 3 3
52 Z,W ’
[
2 W
51 1 4
o | s
0 0 0
5 . . . — 5 . . . 0000 0300 0600 0900 1200 1500 1800 2100
2 |(d)Toluene MB=00 RMSE=0.7 R-=08 (e)Xylene MB=-0.6 RMSE=0.9 R=0.56 Time(BJT)
2 49 4
<
S3 3
E
2 2
2 1 1 —6— Observation
8 —a— Simulation
0

0
0000 0300 0600 0900 1200 1500 1800 2100 0000 0300 0600 0900 1200 1500 1800 2100
Time(BJT) Time(BJT)

K6 2017 4F9 H 21 HZE 2017 4 11 H 20 HER =AM R M. L. Ohe. FRM—
FR AR5 00 H A2 1k

Fig. 6 Simulation and observation of diurnal variations of isoprene, ethylene, ethane, toluene and
xylene in the Pearl River Delta from September 21to November 20, 2017
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isoprene, ethylene, ethane, toluene and xylene at 8 stations in the Pearl River Delta region from
September 21 to November 20, 2017
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Fig. 8 Spatial distribution of simulated mean values (color filling) and daily mean values observed
at 8 stations (dots) of isoprene, ethylene, ethane, toluene and xylene in the Pearl River Delta from
September 21 to November 20, 2017
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Fig. 9 Spatial distribution of average emission sources of isoprene, ethylene, ethane, toluene and
xylene in the Pearl River Delta from September 21 to November 20, 2017
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