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Study on spatial and temporal distribution of AOT and its
correlation with mass concentrations of ground-level
atmospheric pollutants in Shandong
WU Wei', CONG Chunhua®, ZHENG Yi’

(1. Shandong Institute of Meteorological Sciences, Jinan 250031, China; 2. Shandong Meteorological Observatory, Jinan
250031, China)

b

Abstract The satellite-based aerosol optical thickness ( AOT) is a major reference for studying air
pollution and its spatial and temporal variations. As a result of distinct air pollutant emission, geography,
and climate background, the spatial and temporal distribution of AOT and its correlations with mass
concentrations of ground-level pollutants are different in different areas. In this study, selected data of 89
national environment monitoring stations in Shandong from July 2017 to July 2020, Himawari-8/9 AOT
products issued by Japan Aerospace Exploration Agency (JAXA), and ERAS reanalysis data issued by
European Center for Medium-Range Weather Forecasts ( ECMWEF') are analyzed to explore the spatial and
temporal distribution of AOT in Shandong and its correlations with mass concentrations of ground-level
pollutants. The results are shown below. 1) There are two major low AOT areas in Shandong, distributed
around the mountainous areas of central Shandong and Jiaodong Peninsula with an extension to the east
coast, and the distribution of low AOT areas presents few seasonal variations; high AOT in Shandong
mainly covers areas in the west and south of Shandong which are in conjunction with other provinces and
areas from southern Bohai to the coast of Laizhou Bay, which is noteworthy when analyzing the
interprovincial transport of aerosol. The distribution of high AOT areas is different in different seasons.
2) The diurnal variation of AOT in Shandong, which declines from the peak at 08:00, goes up at 11:00,
and reaches its daily maximum (0. 608) at 14:00, has a bimodal distribution; the diurnal variation of
AOT is quite different with that of fine particulate matter (PM, ;) and O,, which is an important factor
affecting the correlations. For monthly distribution, there are two peak values obtained in July (0. 648)
and October (0.622), while AOT in February has the minimum value. There is to some extent
contradictory seasonality between AOT and mass concentrations of ground-level pollutants. 3) In general ,
the correlations between AOT and mass concentrations of ground-level pollutants, such as PM, 5 and O,
are weak , while June sees the lowest and January the highest correlation coefficient values. AOT has the
highest correlation with mass concentrations of pollutants between 15:00 and 17:00 and the lowest
correlation coefficient at 10:00. This research shows it is difficult to quantitatively reflect the distribution
of ground-level pollutants only based on AOT, and more factors need to be considered in monitoring and
analyzing ground-level pollutions via satellite remote sensing.

Key words Himawari weather satellite; aerosol optical thickness; spatial and temporal distribution;

atmospheric pollutant; correlation analysis; mass concentration; fine particulate matter; O,
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Table 1  Number of stations in 11 cities of Shandong
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FEGYY) Cond 5 AOT #ICHR %L CondxBLH 5 AOT #15¢ R 4L

PM, 0.28 0.33
PM,, 0.22 0.23
S0, -0.01 0.05
NO, 0.02 0.10
co 0.01 0.01
0, 0.22 0.19

TE: Cond FoR ERVS YW Bk I, BLH FoR A SR B L

PLEZSR B, AOT 53 i i 2= 5 Je ¥y it it



514

SR WA IR RO 27 B BE I 2 A3 B HG- 5 i T R0 S Sk B2 AR R S A S 65

VIR B 1) FH G PE (% F WANG and CHRISTOPHER'®
i1 MODIS AOT 15 BYAHOCHE . 13X AT BB AN R A b
W5 A N R R A 2 R, e BE S
MODIS AOT {2 & [& % i T35 1o 5% s 2] 1 SO0 3000 %%
5,1 Himawari AOT 43 &84 R AYEE , 52 H A%
2T . AN TE IR 2 5 B S
T, Himawari AOT 5 f0ki ) () AHOCHEA BIrsi i, i 5
O, MAHCHEA BT TR, Bon it Oy fEIL A2 b ik B
O3 SRR e —E 25 5 bR TR RS A A7
[E5200 O, 5 AOT FHOCHER A EE 22+

0.6

—e— AOT_PM,, —-e— AOT_PM,

0.51
0.4

0.3

LIPS

0.2+

32 MEXMEEN

AT AT T EH R AOT 5450 3275 LWy
FHIC B, KoM T P<0. 01 5 25 K PG 5,
WK 7 s, BAEKE,15—17 B AOT 5155
ARG BRI R] B, 17 10 P2 AOT 575 444
HRAE R ZZ M E] . XF T 05 i, 55 AOT MK &R
Hd B ] 16 I, FHOC R BO 0. 35, FER B
SR ETA R, 17 BT 16 I, Xt
KL, 5 AOT A S fe 22 AU 8] 0 10 1, 5
AOT A 2 8w e B [E) oA 17 15

o- AOT_SO, —=e—= AOT_NO, =e- AOT_CO -e— AOT_O,

—0.17

I

K7 AOT 5 F 25441 (PM, 5 \PM,,,S0, \NO, ,CO 0y JFrie ik A ¢ R KCZ I A8k CR @R el R i id P<0. 01 1 351k

KA, 210 5 18 2 s ARl i)

Fig.7 Hourly variation of correlation coefficients between AOT and mass concentrations of main pollutants (PM, s, PM,,, SO,,

NO,, CO, and O;) (black circle denotes passing the significance test of P lower than 0.01, red circle means failure of

passing the test)
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Fig.8 Monthly variation of correlation coefficients between AOT and mass concentrations of main pollutants (PM, 5, PM,,, SO,,

NO,, CO, and O;) (black circle denotes passing the significance test of P lower than 0.01, red circle means failure of

passing the test)
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