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Abstract: Primary gaseous pollutants such as carbon monoxide (CO), sulfur dioxide (SO,) and nitrogen
oxides (NO,) are important targets for controlling sources of air pollution. Satellite remote sensing can
achieve large-scale concentration monitoring of these pollutants, which serves as a significant supplement
to ground-based station monitoring. Based on the observation data including primary gaseous pollutants,
aerosol optical depth, meteorological and other auxiliary data from Shanxi Province's national control

stations, Liiliang City's micro monitoring stations, Sentinel-5P/Tropomi satellite and MODIS, this work
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conducts a study on the estimation and mapping of the concentrations of these primary gaseous pollutants
(CO, NO,, SO,) with a spatial resolution of 0.01° in Liiliang City, China. Firstly, the DINEOF method is
employed to reconstruct the missing data of satellite remote sensing, and then the eXtreme Gradient
Boosting (XGBoost) method is utilized for concentration estimation. The finding reveals a strong
correlation between the estimated concentrations and the station observation data of primary gaseous
emissions, and the inversion results effectively illustrate the variations in the distribution of primary
gaseous emissions across different regions within the city. It is indicated tht this approach compensates for
the limitations posed by the sparse distribution of national control stations and enhances the precision of

urban air quality control.

Key words: primary pollutant emission; machine learning; satellite remote sensing; concentration

inversion
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Fig. 1  Distribution map of state-controlled monitoring sites in Shanxi Province (a) and

micro monitoring stations in Lilliang City (b)
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Table 1 XGBoost main parameter settings table

RN N_estimators Max_leaves Learning_rate Subsample
CO 44 21 0.18 0.84
NO, 38 17 0.64 0.91
SO, 20 12 0.26 0.88

7E : N_estimators: X3 ¥R A FIEUE ; Max_leaves: 1R R M A5 KIRSE ; Learning_rate: fCFRAEAL )24 5] % ; Subsample: X,
RNGFEARRFEZE
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Fig. 3 Example of DINEOF missing data reconstruction for primary gaseous pollutants in Liiliang area.

(a) CO (with data missing rate of 38.01%); (b) NO, (with data missing rate of 40.77%); (c) SO, (with data missing rate of 73.18%)



616 PNESIESIEO NS A A i 20 %

PRIt COT » B2 5, Bl BRI A5 A W52 e s NO, Bdls 75 84 70 A1 7 2 1) 2~4 pmolec/cm® # 7>
HA BRI EIRTE, MAE 0~2 pmolec/em’ (IR AE 70 A7 MR N F&, FEARFE AT R REEELBL 5 10 SO, 5 CO
(K3 73 A HEAHESE AL, A 30 pmolec/em® 2 73 Fi £k, 8 4 K408 A6 AR AE A& B AR, vy B Ak 338 Ty, (H 2 AE
100 pmolec/em® A L= B e {E Ak, EEAA 45 S B SR AR a0 A BE /b o T BRI, CO 5 SO, 1) H #{E 45 AR 4P
FERAE IR B TR A 7 RN, AL 18 K. WAL PE, TR 18 A S5 i £ 4T 47
AW BT R, L BILE S, fN R RNZ12.6 K10, B1FA7.8 %A,

030 0.030
0.00160 { (a) R DINEQF taconstucted ®[7 [ DINEOF reconstructed (c) =21 DINEOF reconstructed
:‘ [ origin data [ origin data i [ origin data
0.00140 H 0.25 0.025 W
0.00120 030 5656
Z'0.00100 z z H
; 2015 Zo.015
2 0.00080 2 S
a [a] a
0.00060 1 0.10 0.010
0.00040 i —
0 + ol = = 0 + + F +
1000 1500 2000 2500 3000 3500 4000 o s 100 15 20 25 30 35 0 0 00 150 200 _ 250 300
R /(pmolec-cm2) ¥R I%/(pmolec-cm2) W% /(pmolec-cm?)

B4 BRIBIX 2020 4 — VAN R R S 5 TR S F S REE B 41 (@) COs () NOL: () SO,
Fig.4  Average monthly probability density distribution of original data and reconstructed data for primary gaseous pollutants in
Liiliang area in 2022. (a) CO; (b) NO,; (c)SO,
TE S35 358 43 38 48 48 FH XGBoost R SR I SR B , K5 i 2 UC e 15 B i RE A S0 fan N AT 25, BT
TRIAR 73 ) 5 AR (R I GRAEAN MR AR HEAT BB (1815), RIS SR 1k € R R* \RMSE RIFAN R Uk BE . (i
5 A1, XGBoost BAILEIZREE IR 55 Tl &R (IR B b 3 2 00 tH sy — B, 08 oA i 50, Bl

3.0 100 50
Y =081 +0.15 Y = 079X +6.49
RMSE = 0.1206 RMSE = 6.1565 /
251 R*=0.8825 R% = 0.8304 R
N =18122 N=17412

Y=077X +243
RMSE = 2.6498
40 R? = 0.8241

N =17622

XGBoostIZREENOREE/(ng-m™)
£
t
XGBoostiI| Zr #ESO,REE /(ng-m)

XGBoosti)l| 4 ECOIRE /(mg-m?)

XGBoostFRCOR B {8/(mg-m™3) XGBoostFMNOR B B /(ng m™?) XGBoostFi SO, B 1/ (pg-m™)

Y = 069X +326 PR
RMSE = 39383 - -

o] R=06115
N =7552

3.0 100 50

Y =0.69X +0.24 / Y =074X +7.75
RMSE = 0.1852 4

RMSE = 7.7516
251 R=07226

R = 07311 5. .
N =17766 1 N=7462 o MR

S
20

L

XGBoostllif #£CORE /(mg-m-)

XGBoostllift SENOKREE /(ng-m)
8

XGBoost/llit 8£SO,iK B /(ug-m?)

05 10 15 20 25 30 0 20 40 60 80 100

XGBoostFMCORE {/(mg-m™) XGBoostFUNO, R B {&/(ng-m™) XGBoostFISO, K B {&/(ng m™)

BEmEE
5 XGBoost 1R} H ZEHIX 2022 4 — TG R I FIIE I 2R 5 IS0 L
Fig.5 Comparison of predicted values of XGBoost model with training set and test set for primary gaseous pollutants

in Liiliang area in 2022



%5 K HE, 45 UTHL— OASTS e e R i

617

BB, A S L.
3.2 ROEHR

il 545 RS A SO B Bl 6 B, X BLEE 7 2022451 H 1 H 202246 H 1 HR2022% 12 H 1 H
X3RS LS T, M AT DL O I B 2 T b (X — YRR S Y 3 b T 9 P AR R [ BF TD AR [R] (X
A B FEARAY, o[RS AR SO I AL 5 2 T X P Y 458 0 s —2183A (37°31'15"'N,, 111°08'26"E) 5 [ i
TEBEAT X ECERE , 7.8 3 3 A IR FESAME AR A 5 H iRk FE B AR AL B0 IE

01-01
38°30'N

37°00'N |-

i |
T10°30°F 111°00F 111°30°E 112°00'E
Longitude

2022-06-01
38°30'N <

¢ 38°00'N}--
=
=
=
k-
—

37°30'N

37°00'N

0°30F 111°00°E 111°30°E 112°00°E
Longitude

=

1

2022-12-01

38°30'N

38°00'N| -

Latitude

37°00'N| 5

1 1. 1 I
110°30E 111°00E 111°30°E 112°00'E
Longitude

K6

T !
- | 2022:01-01

2022-01-01

CO concentration/(mg-m™)

NO, concentration/(pg-m=)

110°30°E 111°00F 111°30°E 112°00°E
Longitude

1109306 111°00F 111°30°E 112°00°F
Longitude

06-01

CO concentration/(mg-m™)

110°30°E 111°00°E 111°30°E 112°00°E
Longitude

- 2022-12-01

N0, concentration/(pg-m)

2022-06-01

ot | 1
110°30°E 111°00°F 111°30°E 112°00°E
Longitude

-12-01

CO concentration/{mg-m-?)

N0, concentration/(pg-m™)

T10°30°E 111°00°E 111°30°E 112°00°E
Longitude

110°30°E 111°00'E 111°30'E 112°00'E
Longitude

BT M X — U ASTS Y TSR R A 5 45
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Fig. 7 Data comparison of primary gaseous pollutants from the national control station in Liiliang City

in the 42nd week of 2022. (a) CO; (b) NO,; (c) SO,
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Fig. 8 Data comparison of primary gaseous pollutant from the national control station in Liiliang City in October 2022.
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