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Spatio-temporal distribution characteristics of aerosol optical
depths in summer—A case study in Liaoning Province

FAN Qiang, TAN Yawen*, SHI Yue

(' School of Geomatics, Liaoning Technical University, Fuxin 123000, China )

Abstract: Aerosols are one of the important pollutants in the atmosphere, and understanding their spatial
and temporal distribution and influencing factors is of great significance for the protection and
management of the atmospheric environment. To reveal the spatio-temporal distribution pattern of aerosol
optical depth (AOD) in summer in Liaoning Province, China and the role of its spatio-temporal
differentiation driving factors, this paper studied the spatial distribution pattern of AOD in summer in
Liaoning Province using global Moran's I index, spatial hotspot analysis method and standard deviation
ellipse method, and analyzed the main influencing factors of summer AOD in Liaoning Province using an
optimal parameters-based geographical detector. The results show that the high AOD values in summer in
Liaoning Province are mainly in the central plain area of low altitude, while the low AOD values are mainly

in the mountain and forest areas of high altitude on east and west sides. In addition, urbanization,
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industrialization and unbalanced economic development are the main reasons for the regional differences of
AOD in Liaoning Province, and social and economic factors are gradually becoming the main influencing

factors of spatial and temporal differentiation of aerosols.

Key words: atmospheric aerosol optical depth; spatio-temporal distribution; standard deviational ellipse;

optimal parameters based geographical detector
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Table 1 Classification criteria of interaction probe

Interaction type Standard of judgement
Nonlinear attenuation q(X, N X,) <Min[g(X,),q(X,)]
Single-factor nonlinear attenuation Min [q(X 1), q(X, )] <q(X,nX,) < Max [q(X 1), q(X, )]
Independent g(XiNXy) = q(X,)+ q(X;)
Two-factor enhancement q(X, N X,) > Max[¢(X, ), q(X,)]
Nonlinear enhancement g(X,NX,) > q(X,)+g(X;)

7E: Min[g(X,). q(X,) M q(X, )~q(X, ) B2 T 5 ME , Max [ g(X, ), (X)) 18 g(X,)q(X,) B ThIECRIE , g(X,)+q(X,) N
(X)) q(X) Pir Al
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Fig. 1  Overall distribution of summer multi-year average AOD in Liaoning Province
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Table 2 Summer average AOD in various cities of Liaoning Province

. AOD
2005 2010 2015 2020

LI 0.4977 0.3394 0.4927 0.3164
AT 0.2833 0.2475 0.3470 0.2343
HARA 0.3302 0.3658 0.3714 0.2421
KIET 0.5311 0.3528 0.4960 0.4188
PHARTH 0.3776 0.2560 0.3587 0.2539
i 0.3223 0.2560 0.3831 0.2580
B 0.4225 0.3131 0.4147 0.2778
F T 0.4270 0.4881 0.4733 0.3324
BT 0.5038 0.3711 0.4935 0.3468
LA 0.5350 0.3651 0.6155 0.3410
AT 0.6853 0.4856 0.6423 0.4068
BRI 0.5693 0.3384 0.5810 0.3493
BRUE T 0.4366 0.2823 0.4394 0.2762
F=gnhi 0.4812 0.3838 0.4974 0.3505
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AIE RIS AR 3K AT RE AR I8 A 2010 A% XA IR 90 A0 22 e I R A . 2020 4F &3 T L X E AOD A LA
J AOD 1 AR T HA Ay o 30748 SO M S 0 ok BTl o R AR P AR & TR HETR, I 2 1 T UK A FH R K ik
RSB SRR X o Rk, AHERR IS BIX — LGRS N8 AR TS T AR =S E sy, 551
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Fig. 2  Distribution of summer AOD in Liaoning Province in different years. (a) 2005; (b) 2010; (c) 2015; (d) 2020
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Table 3 The proportion of AOD classification in summer in Liaoning Province in different years

Percentage of AOD classifications/%

Grade
2005 2010 2015 2020
Very low value 1.89 0.14 1.62 1.21
Low value 33.85 36.44 35.34 3571
Medium value 37.02 41.18 35.60 37.10
High value 17.67 13.24 18.27 17.05
Very high value 9.56 9.00 9.18 8.94

k4 1T 8 IF -S4 AOD 4 & = 18] 48 %

Table 4 AOD global spatial autocorrelation in Liaoning Province in different years

Year Moran's / z-score
2005 0.65%* 10.49
2010 0.62%* 10.00
2015 0.727%* 11.52
2020 0.75%* 12.15

T o RoR Il B 99% W VER L .

Moran's THE0 0T &£ 51 T4 AOD 4 Jay 42 B i 3R T, 1A #A S 0AT BE 0% B HE X Y =ik
E R EARAT B, 2005.2010.2015.2020 G4 S b 4s B an & 3 B, Hib G_BinfREREEXE. B W]
H1, 2005 FIL T E 2 AOD # S R AEIX 0 A A6 D0 FH T A 30 ALAR T B i G 6 V& DT AEER, B AR EX
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Fig. 3  Spatial distribution of hot and cold spots of summer AOD in Liaoning Province in different years.
(a) 2005; (b) 20105 (c) 2015; (d) 2020
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Fig.4  Stacked chart of the percentage of AOD cold and hot spots in summer of different years in Liaoning Province
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Table 5 Standard deviation ellipse parameters of county-scale annotation in summer AOD area of

Liaoning Province in different years

Year Longitude/(°E) Latitude/(°N) Short semi-axis’/lkm  Long semi-axis/km Oblate
2005 122.61 41.18 118.71 168.73 0.296
2010 122.38 41.13 167.70 119.24 0.289
2015 122.59 41.17 117.14 167.33 0.300
2020 122.52 41.08 123.25 175.92 0.299

12005
* 2010
A [Jo2015
m [12020

5 LT EANFEFEG EZ AOD ARHEZEAE 2 A (WAEEIDNIL T8 AOD H Lyt F i)
Fig.5 Elliptical distribution of standard deviation of summer AOD in Liaoning Province in different years (The inset shows the

migration trajectory of AOD center in Liaoning Province)
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AR TR EEREHE R,

%6 LTHNE S4B % AOD & #h H & gfd

Table 6 Values of various influencing factors of summer AOD in Liaoning Province in different years

Influencing factors of AOD ¢ values

Year

LST FVC DEM \A% PRE RH PD BD GNP GSP
2005 0.48 0.30 '0.77 0.29 ’0.52 0.27 0.36 0.50 0.40 ’0.53
2010 '0.43 0.36 ’0.39 0.29 ’0.36 0.26 0.27 0.30 0.20 0.14
2015 *0.50 0.38 '0.67 0.35 0.35 0.13 0.48 ’0.54 0.46 0.41
2020 0.38 0.26 ’0.61 0.28 0.45 0.24 0.43 0.42 ’0.68 '0.69
Single-factor mean ’0.45 0.33 '0.61 0.30 0.42 0.23 0.39 ’0.44 ’0.44 ’0.44

T R AT ROR BB I HEA

4.2 REHFMNSHRER

A AR AT AVTAd 520 DR 22 795 79 2 8] S (R VR F B 6F AOD IR I RME R G R o B 6 S AR [ IR P48
AARMEE R R, BT LR AR, RO 748 58 AR PR3 s 5 00, 5o A ISl
TERIMISC IR 2. Ak, b s IR 2% (R I, X AOD FRI52 1w K - B BR 3R (1 52

2005 4F, B RH 5 PD.GNP.WV, GNP 5 GSP L\ & WV 5 PD %2 F. I R E A AR £ 1t 38 5 4, HoAth DR 2511
AC H IR I AWH 158 . DEM 5 Hofth % K 258 TR AR S 3 (¢ > 0.80), H 15 PRE.GSP %8 B [
gMEH K (g =0.91). 20104, K728 BARH G R AR 8, H 2 HBUREEL T2 3R 2 8 5L
HHABR RAZ R, HpPRES FVC R AR BN R (¢ =0.77), K& PRES WV 2 HH (¢ =0.76), H
IR AR 58 . 20154, DEM 5 HoAt R 3% 1922 BACR A i .35 (¢ > 0.70), Hirh DEM 5 GNP %2 B
gEH K (g =0.88), H4BD 5 GNP AL HI ¢ H 15 0.88. 2020 4F, &4t 4 N &R A8 BAURIZ T 23
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GSP F1 GNP 5 HAth K 228 H. AR 5 A 82 (¢ > 0.70), DEM 5 HiAl A1 1928 HRCR K IH BT (¢ > 0.70).
2 H AR K& GSPAIBD 22 H. (¢ = 0.91), HX/& DEM 5 GNP A . (¢ = 0.88)-
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I H A P R IERR S e — AN X 22 55 52 I A R LA R N VB B RE T, v P T A SR i)
I I A TS E (R BG G, FR I 51 R PR IR AR AN T T e S IR BRI R, T B I &, A
PR 357 R 3 1 DX A FAth b [X B 5 H B0 e v B

LsT @ g, . LsT ®) a8
FVC 0.56 FVC 0.59
FVC 0.92 FvVC 0.92
DEM .0.19 DEM 0.67 0.69
DEM 0.85 DEM 0.85

WV 0.64 0.5 - WV 0.53 0.58 065 o7
PRE [0.77 0.61 07 PRE 0.68 [0.77/0.63 07
PRE PRE
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