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Abstract Potential forecast models have been developed for air pollution of summertime (Apr.—Aug.) ozone and
wintertime (Nov.—Feb.) PM, s in Chengdu using the multiple linear regression (MLR), back-propagation (BP)
neural network (NN) and random forest (RF) algorithms. The key predicting factors for each of the models are
selected from various potential factors that may impact the spatiotemporal distribution of pollutions. The models
are trained and established with 2016-2018 datasets and evaluated with a data-withheld method and further with
independent 2019 dataset. The results show that the MLR, NN and RF models are all capable to accurately predict
O; and PM,; 5 pollution potentials in short lead-time (1-3 days) in Chengdu. The models are also found having quite
stable performances in medium- and long-term (7-15 days lead time) forecasts. Among the three models, the MLR
model performs the best in prediction of O3, while RF model performs the best for PM, 5.

Key words multiple linear regression; BP neural network; random forest; medium- and long-term air pollution
potential forecast
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Fig. 1 Monthly mean of daily maximum 8-hr average O3 and daily average PM, s concentrations,
and monthly number of exceedance days (O3 > 160 pg/m’, PM, 5 > 75 pg/m’)
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Fig.2 Flow chart of building the air pollution
potential forecasting models
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Table 1 Evaluation of the ozone pollution potential
forecast models in Chengdu
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T2 BEBT PM.sis BB MIRE R ISR EMAE
Table 2 Evaluation of the PM; 5 pollution potential forecast
models in Chengdu

IR
Jrik A E R BIAS GE RMSE
’ HE ETR
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Appendix 1 Three nested domains of the WRF simulation. The purple-, blue- and red-line framed regions
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Appendix 2 Performance Evaluation Statistics of the WRF Simulated Meteorological Fields Against Hourly

Observations from Surface Meteorological Station in China during 2016-2019
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T4 -0.06 1.14 -1.29 3.17 4.57 62.86  0.87 1.72
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Potential Prediction Factors for Forecasting the O3 and PM2 s Pollution Potentials

A R4 P T bR
T_MAX A H o R K £ H 00:00-23:00 2m S iz /NHE- B R E
T_MIN b H AR K 4 H 00:00-23:00 2m "/ 8 - e /ME
T_MORN MO b I BT K 4% H 08:00-11:00 2m /N {E T8
T M H PR K 4} H 00:00-23:00 2m i/ - P8
T850 850hPa & H P34 il K 4 H 11:00-15:00 850hPa /N A -~ 34118
T850_MAX 850hPa 4 H i/ < il K 4% H 00:00-23:00 850hPa il /M - f5t KA
T700 700hPa 5 H SF iR K 4% H 11:00-15:00 700hPa il /N P35 {4
T700_MAX 700hPa 4 H 55 il K 4H 00:00-23:00 700hPa < i /1NN E - KA
T500 500hPa 45 H F34 il K 49 H 11:00-15:00 500hPa “ii /MR8 -F 348
T500_MAX 500nhPa 45 H 5 & il K 49 H 00:00-23:00 500hPa “ifi /MR - K AR
ws T 5 H P35 R mis 4 00:00-23:00 10m JX\3E /N E - 4 E
WS_MORN BT L2 B8 XU mis  4EH 07:00-10:00 10m JX3E /N E-F 4 E
WS_AFTE HTH R AP I B3 R m/s H 12:00-18:00 10m KU /N E-FH{E
WS850 850hPa 45 H 11 Xk m/s 4% 00:00-23:00 850hPa JX i /N B -1 1E
WS700 700hPa 4 H 135 K3 m/s 4% 00:00-23:00 700hPa X /N {E -3 1E
WS500 500hPa 45 H T Xk m/s 4% 00:00-23:00 500hPa JX i /N {E -3 1E
WD HuTH AR H 55 2 K] 4 H 00:00-23:00 10m A [a] 77 B/ NHE - E
WD700 700hPa 5 H 5 £ K[ 4} H 00:00-23:00 700hPa JA, [ 75 iz /N i - A B
LcC H ks & %  AH 11:00-15:00 &2z &/NH{E-T5E
McCC HFh & % 4 H 11:00-15:00 1z & /N E-FIE
HCC H¥ S mes % H 11:00-15:00 &= fE/NHE-FI51E
RH HiTH A H PS4 A X % H 11:00-15:00 2m AR N E-F 2 1E
RH_MORN HbTHT A i B PR AR IR % 45 H 08:00-11:00 2m AHX R FE/NSHE -5 {A
MJ m*
SR T H RN R , 5 H 00:00-23:00 [ I 95 i /N 4 - B AT
SR_MAX EE IR TIARATIR R MJZ " A H 00:00-23:00 [A] g3 AH /N -5 K i
PS Huf 4 H PR Pa  fFH 00:00-23:00 HhTiIJE /INE- P
PS_DELTA b4 H PSR EE Pa 2 H PSR S A — H i AUE 22
STABILITY . " 24 H 17:00 700hPa 4 H 345 0 24 H s iR
ZH
PBL (=R S obuR, YN S M £ H 00:00-23:00 123 5 i /N -~ 35 18



PBL_MAX =ARBUR S S N M 4 H 00:00-23:00 12 52 i /NN - B R AE
PR & H K= Mm  £EH 00:00-23:00 [&7KE/NRHE- A0
GHT500 500hPa 4 H P97 34 =i Gpm 4 H 00:00-23:00 500hP 47 34 5% B /N - T 44
IF_WEEK RHALIEH 1-TAEH; -4k T/EH.
IF_HOLIDAY R NTH 1-%5H; 0-4E% H .
SLP B HFIi-F = UE Pa  f:H 00:00-23:00 V1S KN E-F I
WD_CHANGE Ky B AR R 4 H 00:00-23:00 A [A7E 4k
PS_DELTA_YEST #i—H 24 /M E Pa A — H U 5 50— H b <R EME
PM2.5_YEST B —H PM,s FHIM ug/m* -
03_YEST AT H O RS ng/m -
Cor. Matrix for O3: Chengdu
A
&
\ad =
o &S & ¥ofs S &
? P r:./?.% O ‘?ﬁb o & Q\‘;&\ @Q S &S V‘\O W ’ > 7
FELPEEHTTIS@EITE T T o PR R ;
PS_DELTA_YEST
WS850
WS_AFTE 0.8
WS
HCC 06
STABILITY -0.56 -0.62 -0.87 -0.71
LCC 0.73 1 |0.59/0.33 0.5 [N
- 04
MCC 059 1 0.630.53
RH 0.78 0.88 [0.63 1 0.89 0.61-0.76 -0.36 0.78
RH_MORN 071 0.8 088 089 1 - 0.2
PR
T500 1 0.8 0.66 0.68 0.68 0.57 0.56 - 0
T700 0.8 1 0.8 0.88 0.83 0.81 0.78
T850_MAX 066 0.88 1 0.97 0.93 0.96 0.93 [UNS L o2
T850 0.68 0.88 0.97 1 0.96 0.96 0.96
T_MORN 0.68 0.83 0.93 0.96 1 0.92 0.95 |48
T_MAX 057 0.81 0.96 0.96 0.92 1 0.97 |48 [ 04
T 056 0.76 0.93 0.96 095 0.97 1 (IS
Q3_YEST 47 0.49 0.48 0.49| 1 0.6
SR_MAX 1 0.4 0.72 0.63
SR -0.62 -0.65 -0.67 -0.76 -0.58 084 1 077 0.74 0.8
PBL_MAX -0.87 -0.78 SN -0.86 -0.74 0.72 0.77 1 0.87
PBL 0.63 0.74 0.87 1

Btk 4 ETHIARMNEZMS VL EENRENEEEMHEXREGER
Appendix 4 Correlation matrix of the preliminary variables selected for Ozone model based on importance

analysis of Random Forest
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Appendix 5 Correlation matrix of the preliminary variables selected for PM2.s model based on importance

analysis of Random Forest
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Appendix 6 The pollution potential forecast models for Ozone and PM2.5s in Chengdu with list of selected

predictor variables and setting of parameterization
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Appendix 7 Timeseries of O3 observed and simulated concentrations in Chengdu in summer during 20162018
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Appendix 8 Timeseries of PM2s observed and simulated concentrations in Chengdu in winter months during

20162018
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Appendix 9 Diagram of producing 1-15 -day lead forecasts for Oz and PM2s
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Appendix 10 Timeseries of ozone pollution potential forecasts (with variable O3 YEST removed from models)

versus observations for Chengdu
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Appendix 11  Evaluation of the ozone and PM2.5 pollution potential forecast models in Chengdu (with
03 _YEST/PM2.5_YEST removed)

159 ViR Bl ok R BIAS GE RMSE %%jﬂ
HER S 0.81 -2.95 21.51 27.06 30.26
MLR MR 0.74 -1.55 23.61 31.1 33.93
I o P £ 0.72 1.7 25.81 33.09 41.83
e S 0.82 -3.02 20.9 26.2 27.95
0, NN I AE 0.72 2.74 23.64 32.12 34.82
EUETEES 0.71 1.98 26.49 33.85 39.87
RS 0.98 0.22 9.33 11.94 9.51
RF WS 0.77 4.11 22.45 29.58 34.82
EVHE{ES 0.74 5.1 24.87 31.58 37.25
E%S 0.56 -8.16 29.54 39.86 36.36
MLR I AE 0.53 -4.22 26.86 38.98 37.5
[e e P A £ 0.47 15.27 24.93 30.34 53.33
E%S 0.57 -7.55 28.74 39.54 36.36
PM, s NN pIRERS 0.5 -3.55 27.86 39.91 41.67
EVHE{ES 0.38 16.17 27.09 34.18 53.33
WZREE 0.96 0.49 13.33 17.66 21.74
RF I AE 0.5 43 29.56 39.77 65.62
I o A 0.43 23.9 30.03 36.45 58.33
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Appendix 12 Timeseries of PM2.s pollution potential forecasts (with variable PM2.5 YEST removed from

models) versus observations for Chengdu
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