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Abstract
was built using machine learning. The model used the top-of-atmosphere reflectance data of the Himawari-8

In order to retrieve the large-scale ground PM, s concentration distribution in eastern China, a model

geostationary satellite in 2019 and the meteorological data of the European Center as the input data, and the ground
PM, 5 concentration was the output data. Validation results showed that the model had high accuracy on different
time scales in eastern China. The ten-fold cross-validation of the model had a correlation coefficient of 0.82 and a
root-mean-square error of 20.11 pg/m® for hourly PM, 5 concentration inversion. The hourly satellite-meteorologi-
cal grid data throughout the year of 2019 were input to the model, and the corresponding PM, 5 grid data for the
eastern China obtained. Good results were achieved for the PM, 5 grid data after analyzing the seasonal variation
and spatial distribution of PM, s concentration over eastern China.

Key words satellite remote sensing; top-of-atmosphere reflectance; PM, s concentration; machine learning
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Fig. 3 Results of XGBoost model (a) and ten-fold cross validation (b)
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Table 1 Results of the ten-fold cross-validation for different hours of a day

Fif 21 FEARCR: R RMSE/(ug'm™)  MAE/(ug'm™) Slope PM, s T4 UBGHIE/(ug'm ™) PMy.s WE/(ug'm™>)
08:00 93554 0.78 19.3 13.1 0.99 41.5£24.7 41.5+£31.0
09:00 111846 0.79 23.0 15.2 0.99 46.4+30.3 46.4+37.6

10:00 113561 0.80 22.7 14.9 0.98 45.4+30.8 45.3+37.7

11:00 106660 0.81 222 14.5 0.98 44.0+£31.7 43.8+36.8

12:00 102994 0.83 21.7 14.0 1.00 42.5+32.3 42.3+38.6

13:00 102001 0.84 20.0 12.9 1.00 39.7+31.0 39.5+36.7

14:00 102976 0.85 18.5 11.7 1.00 36.9£30.0 36.8+£35.0

15:00 116640 0.87 16.7 10.6 1.00 34.6+28.8 34.5+£33.1

16:00 104765 0.86 15.2 9.6 1.00 32.4425.3 32.2429.4

17:00 67021 0.81 12.4 8.3 0.97 26.0£17.8 25.9421.2

F2 THXXBWIELERERRAETHRA
Table 2 Results of the ten-fold cross-validation for different seasons

Z FEAKh R RMSE/(ug'm™)  MAE/(ug'm™) Slope PMy s T3 LI (ngm ™) PMas WL/ (ng-m™)
HE 273343 0.80 18.4 12.4 0.98 37.1£24.6 37.1£30.3
ES 211091 0.65 11.5 8.2 0.94 24.0+10.6 24.0+15.2
*E 304931 0.79 15.7 11.0 1.00 36.5+20.4 36.4+25.7
&7 310053 0.81 26.7 18.9 1.00 62.0£42.3 62.0£51.7

448



PR

HMITIZEAE 8 5 TR BERE S 3 [ AR 38 3t IX s 1T ML, 5 YK JBE

F117.4 ng/m®, MAE {5051 14.4 F111.2 pg/m?, A]
DRI A I (12:00) PM, s 6 B S ORI T B
o BRI 10D, S S8OR b iR A
15:00 (R=0.87), 272 1 08:00(R=0.78),
W 1 28 SRR 25 S 5 UL - Y % H R AT
L, 2550 DLIE 4., WL PM, s ¥ 5 4R S Y905 K 39.6
ug/m J I T A5 PM, 5 & BE 4R SF- YA R 39.7 pg/m’,
RMSE 4E 5 HEH/N1.28 pg/m?). Kf 2019 4F 1) 3—
SHEREZE, 6—8 AfENEZE, 9—11 A1EREE,
—RAE 2 AR R4 2R, TU2ZR PM, s ik BE 19 S T 3%
RULFE 2. I 4b)a] LLF H, #5538 (E 5 00 0
HZEA TR, AEMEZGERN, A
#i xR 2 /N T 6 pg/m’s IR Z I PM, 5 R B B

i CE M R 62.0 pg/m?), W sh b K(r 228 51.7
ng/m’), (HRE R 7 4 2 (14 3 BLJE: DU 2 v B 4 (4 (R =
0.81, Slope=1.00, RMSE=26.7 pg/m°), HiK %%
MRk, RIRENZES,
3.3 WA EARE MR R

M S(a)i Ge it 25 BT AL, BT A sl a5 R A5 A
0.41 3 0.97 R %, 4 REZH T 0.8~0.95Z[0], R >
0.8 BYul s A7 778 41>, i uli fS 41 77.1%; R<0.6
IS A 97 A4S, ol s B 9.6%.. AL 5(b) Y
Geitas Rl AL, T U S RMSE {19 50 16 7776 7 i
AR, PEBR R . RO X A A O
RMSE >20 pg/m’ (3l 54 494>, & 3l 25 S50
4.8%; RMSE<10 pg/m® fuli A 3424, ki s s

140 4
~ ] e
£ 100 —— TR XKAEE
%_0 i
7 60
= ]
=9
20
~ 4
] o |
=]
2 WW|WﬁH%”MWWWWWW WPFMF‘MUFHH"MHhI il 'HHMHH
2 4]
< -

01—01 02701 03701 O4~01 05701 06701

07701 08701 09-01 10-01 11-01 12-01 12-31
H-H

B4 £EFFMR PMsKEZRBTEHEQUERNES REERNZEED)
Fig. 4 Daily average of the observed and the retrieved data from all stations in China (a)
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Table 3 Results from the ten-fold cross-validation for different regions

X B RS R RMSE/(ug'm )

MAE/(ug'm)

Slope  PMys 14728 LB IF{E/(ug-m™) PM, s WLl {E/(pg-m ™)

pild 86 91766 0.72 22.1 13.4
Ersald 132 163027 0.85 224 148
R 246 264592 0.85 18.0 12,6
g 79 73231 0.78 20.0 13.5
ekl 317 310597 0.77 139 103
[l 54 62312 0.69 27 148

0.62 30.5+22.6 29.3+£30.6
1.02 44.7£32.3 45.5+40.6
0.86 46.5+31.8 47.7£36.5
1.05 40.94+20.7 40.5+£23.3
1.01 36.4+14.5 35.8+18.2
0.87 35.7£25.4 33.3433.6
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Fig. 6 Annual and seasonal average PM, 5 concentrations between model estimation and surface measurement in eastern China
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Table 4 Comparison between retrieval PM; s and observed PM, s in different regions at different time scales

HiLX

PM. s WP 548/ (pg-m ™)

PM, s S 3 -1 (ugm™)

RMSE/(ug'm °)

MAPE/%

At
et
ER
i
[l
LBl

29.0 (8.8,5.1,1.3,36.0)

46.1 (41.4,27.8,40.5,74.5)
51.2(44.3,27.2,46.5, 86.7)
40.9 (35.1,21.3, 36.0, 71.0)
35.8(32.3,23.0,37.0,51.4)
40.9 (35.1,21.3, 36.0, 71.0)

32.6 (9.6, 3.6,24.5,8.3)
47.0 (374, 28.5,40.9, 77.7)
479 (38.0,27.5,43.5, 78.4)
427 (33.6,24.5,38.3,71.5)
34.8 (28.4,21.9, 36.5,49.7)
492 (39.6,28.5,42.3,79.5)

58(5.1,7.2,62,7.5)
73(75,4.7,67, 147)
6.3(8.7,4.4,7.0,12.8)
6.8(72,6.2,7.5,11.6)
54(6.5,4.7,5.8,9.3)

12.8(102,9.2, 16.5, 18.6)

19.2(17.3,31.3,29.1,23.3)
14.8 (15.1, 14.6, 14.9, 16.6)

9.7(12.8,15.5,11.1,11.3)
16.5(17.3,29.1,23.2,15.7)
12.3(16.4,17.3,13.4,15.7)
26.7(24.3,29.1,23.3,33.7)
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