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Weather Research Forecasting (WRF) model and the Nested Air Quality Prediction Model System (NAQPMS). To
address the uncertainty of meteorological initial field, the sensitive variables and areas for the prediction of PM2.5
concentration in Beijing are identified by adopting four sets of initial analysis fields. The results show that when
considering the initial uncertainties of wind, temperature, and specific humidity, their reductions in Heilongjiang region
can most significantly decrease the forecast error of the PM2.5 concentration in Beijing. Furthermore, it is found that the
improvement of the accuracy of initial wind fields, especially that in Heilongjiang region, decreases the forecast error of
the PM2.5 concentration in Beijing to a great extent, and the decrease can be up to more than 40% in southwestern Beijing.
Therefore, increasing more meteorological (especially wind) observations in Heilongjiang region and assimilating these
observations into the initial field of the WRF model will significantly improve the quality of the initial meteorological
condition and thus greatly reduce the PM2.5 forecast error of the air pollution event in Beijing. The model forecast skill
will be greatly improved. It is concluded that the wind component in the initial field represents the physical variable and
Heilongjiang region is the sensitive area for target observation associated with the forecast of the heavy air pollution event

in Beijing that is selected for the present study.
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Fig. 1 A schematic diagram of target observation (Muetal., 2012)
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Table 1 Four different meteorological initial conditions and emission inventory used in the air quality hindcast experiment
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Fig. 3 Temporal variations of hourly observed and predicted (al, bl) temperature, (a2, b2) relative humidity, and (a3, b3) wind speed at Guanxiangtai (left

column) and Fangshan (right column) stations during 15-21 Dec 2016 in Beijing
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Table 2 Correlation coefficients between hourly observed
and predicted temperature, relative humidity, wind speed at
Guanxiangtai, Fangshan, and Chaoyang stations during
15-21 Dec 2016 in Beijing

KRR EL
GFS Tii#k FNL #i#t. FNL(FDDA) FNL(OPT)
AEAR SR 5 S PRSI TR S

e UWzae 052 0.69 0.81 0.82
J5 il 0.58 0.65 0.81 0.72
AR 0.45 0.63 0.77 0.78
e UZRaE 055 0.68 0.74 0.75
J5 il 0.44 0.53 0.77 0.57
AR 0.44 0.68 0.75 0.8
Aik  MBRE 0.02 0.08 0.02 0.21
J5 il 0.08 0.01 0.03 0.25
AR 0.01 0.16 0.12 0.05
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Table 3

observed and predicted temperature, relative humidity and

Root-mean-square errors (RMSEs) of hourly

wind speed at Guanxiangtai, Fangshan, and Chaoyang
stations during 15-21 Dec 2016 in Beijing
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Rk M%E 1030 10.30 10.86 10.45
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IR 8.39 8.30 9.00 8.79
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Table 4 Correlation coefficients between hourly observed
and predicted PM2.5 concentrations at Tiantan, Gucheng,
Wanshouxigong, and Changping stations during 15-21 Dec
2016 in Beijing

FHRFREL
GFS #iifk ~ FNL #ifR =~ FNL(FDDA) FNL(OPT)
il S L3 TR RS A

E 0.03 0.3 0.6 0.6

R 0.11 0.23 0.57 0.74
Kiz 0.16 0.2 0.48 0.57
B 0.01 0.31 0.69 0.71
AR EE 0.17 0.21 0.61 0.57
ik 0.04 0.2 0.56 0.68
B 0.08 0.29 0.53 0.78
TFUE XTI 0.07 0.23 0.69 0.73
I E 0.15 0.23 0.44 0.59
i L 0.02 0.08 0.56 0.58
gz 0.34 0.29 0.55 0.51
ESE 0.17 0.19 0.68 0.81

x5 dmWXRiE. H. AFAT. EF. &R 2016 F
12 A 15~21 H PM2.5 /N FRIRFANLM A9 IR IRE G 1t
Table 5 Root-mean-square errors of hourly observed and
predicted PM2.5 concentrations at Tiantan, Gucheng,
Wanshouxigong, and Changping stations during 15-21 Dec
2016 in Beijing

RMSE
GFS #i#t  FNL Fjif¥ FNL(FDDA) FNL(OPT)
3 A S ELim ARSI TR S
e 73 231.11 203.76 182.99 167.19
FR 196.99 194.21 186.47 115.76
Kiz 243.79 247.04 219.58 190.88
gLy 209.82 175.81 194.76 141.42
R 223.5 234.02 280.14 164.84
Hk 262.09 228.43 185.73 161.41
WLl 199.54 175.83 163.46 112.14
EX T 202.48 164.43 117 100.87
Ji AV e 242.49 235.46 202.06 179.38
i S 192.96 194.97 199.35 1135
e 191.48 197.57 117.94 116.35
B 218.08 182.56 146.69 92.34
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Fig. 5 Improvement of the accuracy of (a) initial wind field, (b) initial temperature, and (c) initial specific humidity in WRF model for improving the PM2.5
concentration prediction skill in the heavy air pollution event during 15-21 Dec 2016 (their improvements in Beijing area can reach up to 48.9%, 37.4%, and

10.3%, respectively. Black box denotes Beijing area)
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Fig. 9 The improvement of PM2.5 prediction by improving the accuracy of wind field in large error regions: (a) Bohai; (b) Heilongjiang. The improvements

in Beijing area on average reach up to 5.82% and 9.49%, respectively (black box marks Beijing area)
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Fig. 10 The improvement of PM2.5 prediction by improving the accuracy of temperature field in large error regions: (a) Henan; (b) Heilongjiang. The

improvements in Beijing area on average reach up to 4.48% and 6.87%, respectively (black box marks Beijing area)
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Fig. 11 The improvement of PM2.5 prediction by improving the accuracy
of specific humidity field in large error region (Jiangsu). The improvement

in Beijing area is only about 2.04% (black box marks Beijing area)
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