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Abstract: To address the present inadequacy of precise—level forecasting of atmospheric pollutant diffusion, a projection pur-
suit model based on accelerated genetic algorithm (RAGA—-PPC) was developed by use of the meteorological and remote sens-
ing aerosol optical thickness (AOD) to explore setting—up of meteorological indicators and forecasting methods concerning
the concentration diffusion levels of PM.; and O; suitable for Zigong, a city situated in the Sichuan Basin. The results suggest
the spatial distribution of AOD shows a trend of low in the west and high in the east of the city, which is consistent with
the seasonal trend of PM.;, with a characteristic of high in winter and low in summer; while the spatial distribution of O,
concentration has significant seasonal differences: low concentrations in autumn and winter and high in spring and summer.
Intelligent algorithms filter out meteorological elements that affect PM.; concentration, and their winter performance is more
pronounced. The meteorological factors that affect O; concentration are more prominent in summer. As to hierarchical accu-
racy verification, the fitting results of meteorological diffusion levels match the actual situation well, with a fitting accuracy
of over 90.00% in terms of O, concentration in summer and PM.,; concentration in winter; and the model of RAGA—-PPC is

characterized with the predictability of air—pollutants diffusion level in the future period 1~7 days, and the stability and accura-
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cy of numerical forecasting are closely related to the goodness of the fitting levels.

Key words: PM.; and O; concentrations; aerosol optical depth; meteorological elements; meteorological diffusion level
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Table 1 Basic information of ground monitoring stations in the study area
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Fig.4 Seasonal average changes of AOD, PM, ;and O, concentrations from 2016 to 2022 in Zigong

AR R HERI R 53 N IR & A L, B H
I 5 L S WA B S P i 553 , e i e ol e
JVE AR AR AR 2 1 A B i A
B 0,25 — 2 KU AT fi i KRB o O A% (15
NFZ R RT O AR e BESE ™, AR BE ILBE
(VIS_Min) 2 —E HENE HHE OB X RAZ L
R, o SHHEE JRESHES LN
FroA Rt TR TR AR LA RER . i
-1 M (PRS_Sea) 32 22 i R RUEE KRR GE 1M A8
A, X O v J32 1) s i) 5 308 3 o) XU IR i )2
1o A SRR AR G A A Il S B il O A A B2 0K
BT I, R R B AR i
22 S TR FIRHEEE R XU RN L
T2 i AR R PML [ SR Z R (El6(b)) ,
For ) B )23 i B R R M) PML s MR JEE 1 S PR 28, 4 25 M
k708, HUKOERE (608) . &FRIEMKAZERE
Sy RN G | 301 )2 e B AT L 1) b TE
ST, Byt TS Y ) AT T JE AR RO R X
A2 ven I SV T 2 W A (12 (3 B8 22 ) B R ek b s
ERIE B 5 — 22 R T kAT AR RIS e AR TR, A D i
K 7K 5175 5 15 YL W1 K ) 5 e A (IG IR B AE

This BBl ZE RSN TE kb AR (8 PM. K iR Z)
TET O TS W7 R BB LS B 7R GE 0T I R A
FEVE ABH G Z R FEAEPMo N T4, B
MREE RS B R R N AR L 1P AU
FAE KR BEAFLRFE , 7530 35 X3 55 [B] 5% 1 PMs 5
T 7 A (TEM_Max ) 238 o 3P o8 908 2
B Ak R i PE 5 PMLs A1 56, {H AR FHBL ] HL A T8
etk 5 Z R R, v] RS AR SO AR e 1
b, B8 UL 1 SV T R e e T A e A B R S A
I H 4 A T,

15 Y U B 43 A 5 RS B R R s e R ) Tk
BEYIAR G , RGH S ) 5 e ) i 32 B0V BRI, AL ) e
TENG IR T 10 H ST T A R, H AR R
BN T 2 m/s™, O, F PM,s 75 42 3= 5 XU A 1 45 /e
AU IR T B AR M A Tl 3T TS G B
T P AL, YT R i LR AR Y15 e )
FAHR" > 5 e 32 L DK A A 2 R 3R
42 HHFBEIAZIET

GRS ST F E AR PM.s . O,
WBEBHERN 0 A FIFP (<35 pg/m’ <100 pg/m®) |
AR T H(35~75 pg/m’ . 100~160 pg/m®) FIAF|



#1141 FRE, % HETEERNPM.M0:SET BERHR: UAB T AF 149

X o B B 7200 <

RENTY 104 5 106106 101101110 1160 ©

7 1029 991013101 Y

{120 2

=

sla7 80 &

| m
0= o0
35 b 10 L W o0k
5 30Ff B 20204
® 251 B 20194
K20 ¢ 20184
£ a5y I 20174
= 10 B 20164

(5) i —e— O,-8h/J ¥1H
123456789101112123 4567809101112 123456789101112
H 1y H A H A
()0 3K JiE

X 7 b ‘%”@5} 1 160 {;

%

2

=

ﬂ

=
s EE 20224
140 & 20214
< 120¢ B 20204
g 1007 B 20194
X 80f 20184
2 ol I 20174
‘2‘8 i B 20164

—e— PM, ] Hfii

1234567891011121 234567 89101112 123456789101112

H H A
(b)PM, i J&

HAy

Bl5 [ 57 12016-20224E0 FIPM, 5 ¥ {8 F 8 A5 1R 0 5 25 4,

Fig.5 Monthly variations of the average values and exceedance conditions of O, and PM, ;from 2016 to 2022 in Zigong

RHU 11086
PRS 1 638
PRS_Sea 1 606

TEM 7532
TEM Max [——————""—""7 485
RAD [——1453
SSH "1 431
WIN § ——1314
VIS_Min [———1 291
BLH ———1278
VAP ——1272
WIN D 1261
PRE Max 1h [———1 241
PRE [—1,180

0 200 400 600 800
i1 o
(a)5 Z0, i

RGEE

1000 1200

VIS_Min 1795
BLH 1708
TEM 1608
RHU 1555
RAD 1507
% PRS_Sea 1436
B PRS "1 376
&

TEM_Max 71375
r WIN D [ 356
WIN_S 1344
PRE_Max_|h f=————"1343
PRE 1338
VAP [=—=21135
SSH =113, L
0 100 200 300 400 500 600 700 800

RS 5r
(b)% ZEPM, K J¥

Bl6 XGBoostH i fifi 4t o< ## X R A T

Fig.6 Selection of important meteorological factors using XGBoost
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Table 3 Threshold values of PM.; and O; concentrations and seasonal indicators of meteorological elements in Zigong
PM.; SHRER HE R A7 0, SRER HE 57 &=
RE/C >23.5 <17.0 >10.2 R C >22.0 >29.0 >23.0
S JE/hPa <966 >978 >980 S JE/hPa <969.0 <963.0 <973.0
AHXREEE /% >72 >83 >80.0 AHX /% <66.0 <73.0 <76.0
K HF/hPa >19.5 >18.0 >9.9 [ T HE/mm <20 <3.0 <20
>75 pg/m’ AR EE/m <420 <330 >320 , A/ (m-s™) <2.0 >1.8 >1.5
2160 pg/m
AOD >0.9 >1.0 >1.1 R/ 100~200 180~240 240~120
[ /mm <0.5 <0.3 <0.2 DA /m >460.0 >450.0 >300.0
Kk /(m-s™) <1.9 <1.3 <1.3 e AR/ T >27.0 >33.0 >28.0
A me 100~290 60~330 180~315 H i&/h >6.0 >6.0 >6.0
FHKW-h-m™)  >16.0 >16.5 >13.0
JREEIC 20.0~23.5 17.0~180  9.8~10.2 REEIC 18.0~22.0  26.0~29.0  18.0~23.0
S JE/hPa 966~970  977.0~979.0 979~981 S /hPa 969.0~974.0  963.0~964.0 973.0~977.0
AXHBEE/%  65.0~72.0  80.0~83.0  77.0~80.0 FHXHRIE % 66.0~77.0  73.0~84.0  76.0~85.0
KS/MPa 16.0~19.5 17.0~180  9.4~9.9 [ £/ mm 2.0~3.0 3.0~12.0 2.0~3.0
35~75 pg/m® WFRJZFEE/m  420~440  330~350  320~358 . RE/(mes™) 1.8~2.0 1.7~1.8 1.4~1.5
100~160 pg/m
AOD 0.8~0.9 0.8~1.0 0.8~1.1 UETA 45~175 50~180 120~240
[ MY £ /mm 0.5~1.0 0.1~3.0 0.2~0.5 BFEEE /M 430.0~460.0  350.0~450.0  320.0~400.0
Ki#/(m-s™)  1.9~2.2 1.3~1.5 1.3~1.5 AT 22.0~27.0  30.0~33.0  21.0~29.0
K/ 50~100 60~270 45~180 H ##/h 2.0~6.0 3.0~6.0 2.0~6.0
ESHE&W-h-m™?)  10.0~180  11.0~185 6.5~13.0
REIC <20.0 >18.0 >9.8 REIC <18.0 <26.0 <18.0
S JE/hPa >970 <977.0 <979 S JE/hPa >974.0 >963.0 >977.0
FAXHRIE % <65.0 <80.0 <77.0 AR /% >77.0 >84.0 >85.0
/K< /hPa <16.0 <17.0 <9.4 [ WY H/mm >3.0 >12.0 >3.0
<35ug/m’  BFZEE/mM >440 >350 >358 <100 wefm® K/ (m-s™) <1.8 <1.7 <1.4
AOD <0.8 <0.8 <0.8 SO ug Pap e 45~200 45~240 45~120
[ i /mm >1.0 >3.0 >0.5 A B fm <430.0 <350.0 <320.0
KA/ (m-s™) >2.0 >1.5 >1.4 B A IR/TC <22.0 <30.0 <21.0
JRa) e 50~290 60~270 45~315 H f&/h <2.0 <3.0 <1.2
HSH/(KW -h-m™) <10.0 <11.0 <6.5

T s PMLs W BE (AR 43 G R0 B BRI T BORA R T4 55, 20 <35 pg-m™.35~75 wg-m LI >T75 pg-m™, OB R4 A7
R T/ AT T HAAF] T HEEY, 29 8<100 pg-m™ 100~160 pg-m™ A f=>160 ng-m™, FH,

F4  PML:HO:REFTERIGFRIT

Table 4 Critical projection values of seasonal levels of PM.; and O; concentrations

e PMz.s e e L b O:;
e e ] pre e e G A pre oE TE
HFTHH 0.885 1.085 0.937 HFTHH 0.919 1.084 1.107
BARFP 0.997 1.381 1.181 BARFP 1.383 1.213 1.317
AH T >0.997 >1.381 >1.181 AFIFY L >1.383 >1.213 >1.317
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Pro A THEIX PM.s {5 e & R BLSR i HE
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PRo ATRIFZIE ORI 1Y TR AR AR MU N fe o il H
MR 5> AU i) > 5 > 100 52 v > e >l B > XL >
ek > A R

Jilla’=(0.330,0.228,0.249,0.430,0.357,0.153,0.314, 4.4 AZFHKEHBIBIE
0.334,0.381) MU JREE KPR FAXHREE [ 4.4.1  EGAERYERIE

M K XU L AOD Fli B2 i E 9 R L 48 5 o
T W 4 Z5 52 ) PMLs VR B 1) SO 48 A IR A AR
JEE >3 L2 v > [ T 4> AOD> S B> KU i) > 7K 75 >
Y > X

[FJHE, 5 2= O, M B B 435 Jr 1] o' = (0.338,0.269,
0.497,0.071,0.080, 0.182,0.420, 0.343, 0.438, 0.383),
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Table 5 Number and accuracy of stations with seasonal levels of PM.; and O; concentrations

PM.;5<35 pug-m™ 5 0,<100 pg-m™

PM.;:35~75 pg-m™ 1, 0;: 100~160 pg-m™

PM.;5>75 wg-m™ 5 0,160 pg-m™

E] Z Ay CEAITP 0 BRI T 180 CARFFH10)
JENTH IE2/% JENTN IEH2/% JENTH IE2/%
HE 40 57.50 106 64.15 38 63.16
PM.; &= 54 61.11 78 53.85 52 55.77
E = 11 63.64 60 90.00 113 75.22
HE 87 58.62 77 79.22 21 85.71
0, B 63 95.24 98 56.12 23 86.96
(& 137 81.82 30 83.33 6 66.67
4.4.2  SEESHIE bR {E .

Sy ZE PM, B 25 O, TG Y RS THIESY
Br(F£6), Mgz RAME) (GB 3095-2012),
2 PMs 3, O; H V24 B 2+ 75 pg/m’ 37 160 pg/m’
B, AR PML 80 0759 H o 202041 H 14 H (%%)
PM.; HF-IH B 94.5 pg/m* GEFR) , BRI (SUESL,
AEXTIRE AU XU i )2 5 B L AOD il /2 B A
B, 2021471 A 2-5 H (&%) 152E4 d PM. R IE H
114 93.7~122.8 pe/m’ GHEAR ) , BRIGLEE (30 5502 i BE g
AR SR AMHRE Xm KGEE  AOD #{EH AR RE
AR (R . 20224F 11 H 23-24 H (Fk2)i%4L2 d
PM.; e JE H ¥{H 4 78.0~101.0 pg/m’ GHAR ) , iR AH
X EE AU | R o L300 2 R L AOD YA 2

20184F 8 H 28-29 H (=) %22 d O H Y
{H167.2~198.7 pg/m’ (bR , K IWHGARER T K ]
WAT 2255 TR RN i R X | H B GR
S h FHZE R s ORI R AR . 20204F 5
H 31 H(FEZE)O M 94.5 pg/m* (B, HIFEIRE T
SR G FYZ R R 225 R s R (30.5 C) .
AFRHREEE KU XUTA] | IR S5 4 B 2 16 i e 1
. 2021410 A 7 H (FkZ=) O, 1 43.0 pg/m (1) , B
TRE RIS 225 MV R s R G
SRR RE L H R RSSO ER e, R
ST E RN G A8 FRIE T PM.s MO MR BEY 1K
FYHE

%6 T X PMLsH0 O: iR ERE T 8IS RN [REZ LM
Table 6 Examples of meteorological elements with different diffusion levels of PM.; and O; concentrations in Zigong
- PM. /(g - m™) - Oy/(pg-m™)
RER 94.5 93.7~122.8 78.0~101.0 RER 167.2~198.7 94.5 43.0
| 20200114 20210102-20210105 20221123-20221124 i ] 20180829-20180829 20200531 20211007
TREEIC 8.9 71 16.5 TREE/C 31.1 26.0 19.6
S JE/hPa 976.9 983.8 976.4 5 JE/hPa 963.2 968.0 972.8
AHXT IR /% 84.0 81.8 84.8 AERT /% 64.7 67.8 86.8
JKiKJE/hPa 9.5 82 14.3 [ ] e /mm 0.0 0.0 1.2
AR /m 335 340 322 KA/ (m-s™) 1.5 1.4 1.1
AOD 1.2 1.1 1.1 N EI 189 170.9 320
K - /mm 2.6 0.0 0.0 NS R /m 465 407.1 315
K /(m-s™) 1.2 0.9 0.9 SR TAS 36.4 30.5 21.6
W/ 107 208 28 H B % 8.8 2.9 0.0
ARS/(KW -h-m™) 20.2 18.0 5.2
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TP e e e ELYER R = A W ] <
T4l HhL> (Buropean Centre for Medium—Range Weather
Forecasts, ECMWF ) < 52 BU{E T4z 7= i , 25 8] 43 3 56
0.125°, B[] 23 BER AT 72 h 83 h, 72 h J5 M 6 h, 4k
iHE A4 H 20:00(J65THE) o a2 IR (A3 2] [ 51
5 (29.35°N, 104.77°E) A 2K 168 h AR Wik F8 br , F1
FHYE A B H#2 H <4 R AOD T i 48 5 k4%
ECMWF X H S & il g s 2 H AOD PM.; 5% O, ¢
JE SMAEAE A RAGA-PP A B A8 3, XK H O, 5%
PM. 75 Yo BAE IR T IR0 5 388 2k 2% A G PRk H TR
S5 AE R — H 5 G BE i A AR i W) ] T oA
K 1~7 d YT P HEF

MG YRS IRAGE 3 d VA H AWk T2 d,
TN Ry S — VR RSl 1 75 G R 3 B DL 7 d B ] R
JEBEPE 2 IR FRER TS Yead B2, $42 8 PMLs , O, VR 5
TP (<35 wg/m’ <100 pg/m*) FAF| TP H (35~
75 pg/m’ 100~160 wg/m*) FIAF]FH H (=75 pg/m’,
>160 pg/m®) SFFARME , FFAK 7 d P A R AT I
HRYGUF 3 LA A5 B WG R R P(a), ¥ PM.s .

O VR FERI o HA R TP H#(<1.06.,<0.83) FEAF| TP
#(1.06~1.28.,0.83~1.37) MIAF|FH 1 (>1.28 .>1.37)
3P HEHNFERIE . FTXT PM., 15 4L it 72 (2024.4F
12H1-7H),LA11 A 30 H AR H B ECMWE S 4
FIRFE R (KA 7 ) A4 H AOD{H . PM.:#EUA RA-
GA-PPC RV TI5 Y RF T , 1 2 KAEE A
F1.06~1. 28 BEAFITHHO) , 5 3~5 REHAE>1.28
(AFITFYHO , 26 6~7 FAFEEMET 1.06CHFITY 0,
R 2 KRS 5 S0 ORI T4 HO WA 25 5, Hok
T i B B R 5 S A v 5 (R 7)o [
PR, 0,154 (20244F:9 H 26 H-10 1 2 B ) (R 1L
A RS 1R (1.32) FI%E 4 K (1.07) R A T
P, 550 CRF T 8O —E 22 5, AR T
GRS A (R 7)o MG TR MIETT 1 a3 %3 d
i, RAGA~PPC Fild ) B A5 4 45 R 5 SEME Y 24 AR
2% (RMSE) A A hn i 3.6 734 28 7.65 pg/m®); 412 [if
T (B A 4 25 7 d ), $DLA 2 SR 5 S A iR 2247
E—EARENE , X 5EER IR LR E
PERERR R OC R Y] . FIUIESE RAGA-PPC A X}
Aok 1~7 d A I Y B G AT TR

R7 RAGA-PPHEEFIRFIIR BT X PM. 51 0:iR EH BIZE LKL

Table 7 Example of RAGA-PP forecasting PM.;and O: concentration diffusion levels in Zigong

i I SN PM, o/ (g - m™) TR RMSE/(ug-m™) isf ] S O/ (g » m™) TR RMSE/(ug-m™)
12H1H 75.58 1.12 4.16 926 H 162.25 1.32 4.38
12H2H 115.70 1.13 6.44 9H27H 211.25 1.84 7.65
12H3H 100.17 1.51 5.28 9H28H 206.88 1.69 3.67
12H4H 91.38 1.40 4.78 9 29H 151.88 1.07 6.38
12H5H 37.96 1.38 3.88 9H30H 72.25 0.38 5.46
12A6H 24.14 0.98 4.99 1007 1H 69.25 0.41 4.45
12H7H 26.96 0.98 4.56 10H2H 65.75 0.48 4.67

s i PM.; ) F AR ER, HIEA FRA T Y] ; 5200

DL H 5T X 2016-2022 4F- 8 /4™ Wil sl 55 114 25 Aokt
AR LR A, R ] XGBoost fii i O, Fl
PM.s e FE I SR R 3R, 45 & 38 B T 1) AOD 43
SHEAT PMs A1 Os e BE I 23 FEAE 434, IR BAF X
[i1] F1 RAGA-PPC B U 47) 25 2 3. PMLs Fll O, 15 447 10
LRGN 1 o

(1) AOD %5 [H] 43 A1 S VAR AR i 348 IR X AL T
SRBPHALAR B AR L X, S (XA TR B IX AR —
X 5 AN IE I Tl RS 56 AR bt
PG PM,s— 3, B4 T E R iR IR, Ok
RS AESA R, BREAER EREEEDN
I ARERAE 8 H TG YL s i,

(2)XGBoost i3 2% G JKIRE AHXHE
B RGE RG] R L A2 R T AOD 2 S i)

O, M FESLEREH BRI EN L, LEHAE R
JE e SR AHXHREE  E a KE K RS
R H R BRI AR

(3)RAGA-PPC FL RISt} PM.s A1 O, ¥ E L™
NG SNV G 3 B 22 O E A& ZE PMLs TR
S SRR e, TR 2 b5 = 34 90.00% LA |, H
UIEB MK E,

(4)RAGA-PPC BERINF AR K 1~7 d B9 25 R I5 444
PG T IR s LA 2 SR S A 1R 2
I 41 B () 2R A A — s AN L XS5 B AR X T
TR AR E P AR R R Y]

6 RE

RAGA-PPC # X} 25 5 5 Ye W) 4 8055 S TR
B, 52 KU o SRR e v AR M R e, H Ay 3
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