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Spatiotemporal distribution characteristics and relationship analysis of aerosol
optical depth and PM, ; concentration; Taking the “2+26” urban agglomeration

as an example
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School of Geographical Sciences, Liaoning Normal University, Dalian 116029, China

Abstract; The agglomeration of population and industries has led to the rapid growth of fossil energy consumption, resulting
in the continuous increase of air pollutant emissions and irreversible negative impacts on the regional climate. Based on the
multi—source remote sensing data, this paper analyzed the temporal and spatial distribution of Aerosol Optical Depth
(AOD) and PM, in the “2+26” urban agglomeration from 2015 to 2019, and the influence of aerosol optical thickness on
PM, ; concentration was analyzed by calculating the correlation coefficient. The main conclusions are as follows: (1) The
overall change of PM, concentration was winter>spring>autumn >summer, and it showed highly spatial autocorrelation.
From 2015 to 2019, the PM,, concentration has dropped significantly to below 40 wg/m’. (2) The average range of AOD

values was between 0 and 1, showing the distribution characteristics of high in spring and summer while low in autumn and
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winter. By 2019, the concentration of AOD in spring, summer and autumn showed a significant decrease, and was the most
significant in summer. AOD also showed a high spatial autocorrelation. (3) There was a significantly positive correlation
between AOD and PM,  concentration. From the perspective of seasonal changes, the correlation showed the characteristics
of autumn>summer >winter >spring. And the annual average AOD and PM, concentration showed a moderately positive
correlation. Therefore, a quantitative study of the similarity and correlation between AOD and PM, concentration in
spatiotemporal changes can prove the influence of aerosols on air pollution, and provide scientific ideas and basis for future

urban air quality management.

Key Words: aerosol optical depth; PM,; spatial and temporal distribution; correlation analysis
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2.1 BRI AL I 1 WREXHER

ASCAd A B0 T EALHE 2015 4 & 2019 4R 1Y) Fig.1 Location of the study area
MODIS & H A% IOt 2% & B W A% b = % 5™ &
(MCD19A2)  H [ g i da 28 05 Y8R 4 (CHAP ) TR B8 B PM,, o ¥R B 55080 DA A7 B0 DX R cdk: , né 1 o
AR MCD19A2 Fdla4EH 550 nm B2 AOD $585 , B [a] 85 B ok 2015—2019 4, 2 35 WF92 DX [l (i
9 h26v04 |h26v05 h27v04 Fl h27v05) , 3t 7304 5, % MCD19A2 4 9 4 BE = 540 45 T PP A I BE (QA) fH
18 ARG EE e oG PR LA RS B A A SR T SR ST X P 2015 4 2019 4R H S A
¥ BB LA AOD, 34h, AOD J&— N TJoE AR IEME RN 0 & 1, HE B R WAL, A&
SCHFE ] B i s S5 ) (CHAP) B S i i PM, BSR4, 2 90E  IZ B 52 R® ¥R T 0.80, 43 3 AN
K EERIALAT GG FTASIESY AP R AR S 15 e i AR JCAUE 5o geit DR DL R BT | £l ik
PHEE R R ARG IX P 2015 455 2019 4R H ¥4 A 35 Y LLURAEY) PM, (W EE 5070 wg/m’,

®1 BERESHA

Table 1 Data source and description

pieitEsudl ] IR KR

Data types Time Resolution Source

O BER A0 X MODIS 18 B .

MODIS remote sensing data, MCD19A2 2015—2019 4 1km https ;: //ladsweb.modaps. eosdis.nasa. gov/
A R B s TS e i A —

China High Air Pollutants, CHAP 2015—2019 4 1km https ;: //weijing-rs. github.io/

TTE X & JR—

T A 2019 4F - HO IS V50 25

Administrative division data

2.2 ZE[E) A AHOC AT

JT 8T AOD 5 PM, 5537 125 (R AR TR, 4R SCHE B B 2is (] 405 1 8 2 (R 405 30w DX 3k B e Ja 1k A AL
FEMIBE 22 H8 50 ( Moran's 1) et ok B i 42 Ry s () FUAHDG , 3R 2s (R AH DCI M B T DL IEAH G R HUAH
KRZR AT AR FATT I R M (E -5 FLA0 3 T @ P 14 235 (8] 43 A RRAE AR Ak R 30 [ I 28 000 38 7 A B 1Y

http ; //www.ecologica.cn



156 o SO

&t
H

#H B

LB g R/AS: W
. X 2w —8) (- %)
YD IR
P o ACERMITEN R, w, ARSI EER § MR AE, «, - x Ml &, — x 0525 0 2SI oe
R LI (L5 - P A Dt 22
BRI 2 Ah AR SOR TR AR SCHR AR PEAT 1A BRI R AUREAS A 23 (6] SRAR AR BE . =53 Moran's 1 $8 5010
HHEAR:

(1)

X wylx = ®) (v - %)
== (2)
2 (x-x)°

2P RS 1) ARG R & IR) (2.1) . Moran's 1 REUEAE-1 R 1 210, ARYEJRHSE 2 55800 i 2
BERNIE B, 75 A He SR AT LUyl 70 o 16, Mg - 4 2R MR R AR AL SR R AR B35, 7
A v (A BT v L e L] L AR ARG A BT oo L MR ML) AR AN 35 AR SR TR Ol AR T
AR ) FARDG Jay i s 18] 1 R S FE A B0 AT DX Il My 25122 T X 525 FL A8 o 2 i 4 2 [ AR G AR 2, 22
G AT JR B DX P 1 25 S ARRAE . A SCHE TSR R ER Moran’s 1 480 F b I, 32 238 2 JRy &4 H] A G 4L
(LISA) SRR IRk Ferm AR ik 1 25 ) R AR O
2.3 MR

ASCEZIIHT AOD 5 PM, W Z [ AR SENE . AHRAE MM A 0 P s 2 A B A ISP 28 BT
HEAT O AT i A ek DR SR ARG IR . AR SCHEHE Pearson AHSC R B r TR AN

(v =) (r = 5)
= Z y-y (3)

Y -0 X G-
o, (o, y) B (x, y) 43900 2 A8 s B R (A2

3 ERAMm

(=}
T

JEX MR BEFEAR , SR 1T FLAF 25 H A3 PM, ¥R B IF 30 A

o 60 -
g
3.1 PM, (240 S =
. =g 40r
A 2 T AR AT 2015 4R, B 2019 4EIBR 9 H % E 50|
9 PV, YRR T 5.15pg/m’ AR A 03 PM, EH0 2 5 a0

SRR AR, B L RIAESES, EKE T2 3 4 5 6 7 8 910 1112
TGRSR . B TR ST KA F AL 7 X, A f e Ji i Month

% AR ZE IR T B A K e i, N s e HE ik B2 2015—2019 & PM,  ARETH

A PN, R 222 FUTR s, AF] T 5598 1) Fig.2 Inter-monthly change characteristics of PM, s

P, MR X F A VDA R, A5 e ik

FEFEAAR 2 s BT A SR, A6 7 i DX R /K R B B B A, o 4 A HP 5 e 00 %) ol £ FH ik, [ st plt T

H 2R B4R S0, KA AZ T, DR R T 0k A TR R, D (i A5 ek B e B RK R AR
IR 3 A1, 5 H Sk AR b —2, 2015 42 2019 4E[6] , PM, K fE R L R A B MR EREX

B, A R B R AR, AR A B> HEB S ESE B, st s , F2 P, K EE

o R AEAEIE T X AP SR M X, TR — R B TR kT (AL T ) A bk 32

Wl (PR T AT YD), E 2019 4R BEANFSE X P PM, W EEY B3 R RE S 30peg/m’ LT,

http ; //www.ecologica.cn



134

157

0 200 km

|

[ L i i—

0 10 15 20 25 30 35 40 45 50 55 60 80 100 >100

B3 2015—2019 £ PM, iR E = E 57
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H 7B PM, R BE I 5%, 2 2019 AEBFEFE R 15ug/m’ LR, #kF%,2015 4F % 2018 4R (], PM, s ¥k A BT 3
I, (R SR D158 AL 46 17 I 2019 4, e B DL 2 30pe/m® BLF ., 2015 483
2017 4[], BRAIFST X P30 B AL FB I G X S, &2 PM, Wk i (i SR 4 0 Bk, 70% [ B IX e 18 T 80pg/m”,
2018 42 2019 4[], PM, (W& 0 2 R % B T JERE i 7R M TR BEAE SOpg/m® DU_BAN, AR HIRC R =
35mg/m’ LN o 15 YW BE ) ORI AR 15 11 8 B R SRR R TR B, DR DA 19 RIS BORE ™ i 22 5 e )
HERCSF R A K

H12 2 W15, PM, i EEY 425 Moran's T 38808 T 0.90, 52 3 i B2 =5 (8] A AR OCHE, il 3 %) 2015 4F 2
2019 4 PM, ;#e & JR3f5 Moran's T F8EUATTEE , K BUAHRT T Rk T PM, W B 1 45 [ SE RAFIEAE A L B0
FH VR ENFEFSA TS A FS>EMERR A, 255K 4 aTLUR I, PM, 19 @ (5 R XA R 20 T
FE DR AR AL S DX (AU T R AR Tl A R LT GRS T R T A SR T (K T A ) O HLAE
2015 45 A 0 ZR R 7 1) (LLAR A TN T PR T ) S0 i )7 A 5 B 2 e i X ZE 2 DXL 70 5t oy FE R AR 40 A, 7E
P e, DX ) SR R U5, DA R e 5 5 B e e (L DX AR o) 5 DX AR AR A LD AR 4 45 T, v (R AR X TR B 2
PR AT E LA PM, AR 0 32553 A FERIF 53 DX AU B P 0 30 2 X, 4435 L1 PG 48 1 R DTl | B JR
IR ATA T A B A7 ST AR T AL s T i P AL i X

F2 PM,REMZTEABEXRHR

Table 2 The spatial autocorrelation coefficient of PM, 5

Ay B2 HRE B q27%F "z A7
Year Moran’s 1 Spring Summer Autumn Winter
2015 )5 0.97 0.95 0.95 0.96
Jayi 0.99 0.97 0.98 0.98
2016 42 0.95 0.93 0.97 0.96
Jeyi 0.98 0.96 0.98 0.98
2017 £ 0.95 0.94 0.93 0.96
Jeyi 0.98 0.97 0.97 0.98
2018 2R 0.94 0.91 0.95 0.96
Jayi 0.97 0.95 0.98 0.98
2019 2R 0.94 0.93 0.93 0.95
Jeyi 0.97 0.96 0.97 0.97

3.2 AOD HYR}2s 43S A

H 2% 3 WA BFFEIXAE 2015—2019 4F (8] AOD “F-3475 BI{E7E 0—1 Z (8], HAHEF 2015 4F, 7F 2019 4FBx
12 45 AOD {ESE AN 1 0.02,1 HAnigin 0.13,2 A 43Hhn 0.25 Lish, Hoax 3 6y AOD 344 B s/t 3, H:
H 7 .8 DR BB, 23 B0 T 0.40 F10.46, AOD 1 H 43 A8 Ak #AFATE 5 4F PN [l ARE B AT 52 300 I S At 1
PE, AOD fHEVA 2 IHEE T KA EIRN iR i, EERENE T Z 820 Fvb 24 2 550 i 15 Yo R
SIS E AOD (B3 & B m R 2 W, KA KR & =R R, R 40RO, A A T K-
B AL AR TP R IS s R TR R B T R 98 28 SOMD B BE BN, R IR F 1 WO K A2 B RS
i, I HAZ 0 IR, — 2 BB LAl T R IR A AT,

£33 2015—2019 F£ AHSBRAFEE (AOD)
Table 3 Monthly average AOD from 2015 to 2019

A0y 1A 2 A 3H 41 5H 6H 7H 8 A 9H 10H 1A 12 H
Year January  February ~ March April May June July August  September October November December
2015 0.31 0.51 0.58 0.62 0.55 0.61 0.94 0.76 0.60 0.59 0.53 0.37
2016 0.47 0.36 0.60 0.56 0.46 0.64 0.84 0.37 0.56 0.61 0.46 0.48
2017 0.46 0.45 0.45 0.36 0.45 0.73 0.70 0.50 0.42 0.51 0.36 0.34
2018 0.38 0.38 0.73 0.51 0.37 0.39 0.72 0.53 0.47 0.37 0.60 0.36
2019 0.44 0.76 0.45 0.53 0.37 0.48 0.54 0.30 0.51 0.45 0.39 0.39
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Fig.4 The LISA clust map of PM, ;5 from 2015 to 2019
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2015 4 AOD i 3 B P AU X g il , HerP i B & AR T G 2 T AOD ZR{H KT 1,60% L) 311X AOD
{B7F 0.60 A I, 5] 2019 4 AOD {H#A B E FIHEZE 0.5 AR, 2015 42 E 2= | BRAFST X V8 3030 S b X A | & fk
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AOD E7£ 0.8 LA I, H AOD mifl (>1) S 30 BE RAE (M) 4 A1 ¢ 1iE , 2016 4F AOD B R T 1 Ay Ml IX KR FE i /b
RN HARIRES B 50% 247 H X AOD {HAE 0.6 LU I, 2017 4F K 2018 4F AOD 1= {1 Y S8 5243 A i0E— 25 ik
55, BUE AR SE ARG, 21 2019 AFH 2 WFFE IX KR i IX AOD {EIREZE 0.5 LU, HAH 3 rE i H X (T 8
B FEET B TTILER ) FEAE AOD fH KT 0.8 MG AL, B2 ,2015 4F AOD S {EZEMT 5T X 7R pe 4 22 2%
RAE/M 2016 4F AOD {HIH B FEEZE 0.8 IR ,2017 & 2018 4F AOD {H- W FHFEE MK, ] 2019 4145 45 B 75 40 Hb
X ( FEESEFEIRE AR ) AOD fHTE 0.5—0.7 X[ P, 55 X 80% 11X AOD {H34/MTF 0.5, 5 2015 4F
HHEE Bk 2 AOD B A W R, 42,2015 AEWFFE IX pE b i X ( EE ARG 451 A 0.7 LA AOD {4
4 ,2016—2018 4-[H] AOD {H B FFFMKZE 0.6 LLT, 1 2019 4F4 Z7E R #RE /r b IX CBr & i1 B RETT 48 FH
1) BHTHR IS AOD {EL(>0.9) FI/NEFIREE

H 3 4 AT 45 A HF AL ZEY  AOD (E7EE =125 (8] A AHCHERRAIR, HAERKZE I 42 J7) Moran's T #8505 1k
R H VAT, AOD 7E 2015 4F 28 2019 4F[H] 2 90 8 1928 (8] FAHOCC R, i X) 2015 47 % 2019 4F AOD
JAI Moran's T B0, & BE AOD (75 [Al4E RAFIEAE R i B 3 AR R BIA T > > F 5> H 2 (1) /A
TR, AT PM, 5, AOD MR (ERE X AR /N H EZEPERFHIX . F5, A0D m{H EEERI A
F5E DX R 70 (T R 48 45 T A B AR A B Tl a8 Tl B 7l ) 5 B 2 R M SRR X o A Y B/, HAE R A L
o, LSRR 5 Bk 2 v B DX T FRRe K, 2018 AR [T A8 A B 3 i, 2 i 32 B SRARTE MY X R 4 (T R 44 45 i LA S L
ZRAB TR BT T ) 5422 AOD EHEIX RAEH N, HAE - fEMFE IX R

R4 AOD M= EEHEXRE
Table 4 The spatial autocorrelation coefficient of AOD

G0 TEZIRHL HE H [Es K7
Year Moran's 1 Spring Summer Autumn Winter
2015 o] 0.93 0.87 0.88 0.95
JRI 0.96 0.94 0.96 0.99
2016 £ 0.96 0.87 0.87 0.98
JRI 0.98 0.92 0.96 0.99
2017 L J5) 0.91 0.79 0.93 0.95
JRIHR 0.94 0.93 0.96 0.98
2018 o] 0.92 0.83 0.92 0.96
JRIH 0.97 0.93 0.96 0.98
2019 2R 0.92 0.88 0.95 0.92
JRI 0.97 0.94 0.98 0.97

AOD . ST Aerosol optical depth

3.3 AOD 5 PM, BRI SEE

AT A ¥ME, R ArcGIS 15 TSR XFE N 2015 4F 2 2019 4F AOD 5 PM, ik & 1 =318, -
FE SPSS FR A T RSB A OCHE TR R NGRS s . BVAORE 2015 4FZE 2019 4E[E] AOD 5 PM, ¥k
FEAAE AR . WNEARMLE AR EE AR S, B ERAL, SR 2. B> H > L >
BRI, IBTRAERT 2019 4FZ R, 2122 B A0 AH DG4 BI04 0, 2019 A1 DU Z2AH SC PR A 41K
FEa%, AOD 5 PM, Wk AR AR SE M B 2017 4E 42 (r=0.745"" ), B fIR A S Y BRAE 2019 4E 52
(r=0.288"") ;SR1MT, 7£ 2015 4F- % 2019 4[] I3 LB IR L A ATEAR (b, nTRE & i TR 2 B A I E Y
S, HE ARG R R (WG U] BREAE ) R LA B A R TG sl w2 i &5

BT 2BE, M ArcGIS T EXAFFE X AR EHE T TRBCFEIE, 1558 T AOD 5 PM, (W 1Y4E Y
{#, 516 SPSS FiH5 T Pearson HI9E R4, 4F4 AOD 55 PM, ¥ Pearson H196 RE K 0.314"" | £ W 1E
SEEIEKT |, AOD 5 PM, RIS BUPEAISEC R . Ah, 9 TR AOD X PM, (e B HOFE M , ok 04 (i
HEFTREDLRAE K AOD {HAEA H A8 &, PM, (VR FEAE N RS SEFEALZESE T 200 DMEAMETE SPSS T H 174k
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PELA LA SR AE 7 iR, 4EFH AOD 5 PM, (IR EEMRAEIIG TN . y = 19.19 + 13.54 xx , Hirp 45
R BRI F=19.473, .5 PE<0.05, BiHH AOD Xt PM, 8 HAT B B2 S6 & | [0 5 5 2 A9 1) 5E R 40
R*2 0.099, P A RUH RO — M, 8 e 1o U= 80 AN A g D PR 3 2 2 b3RR3 R e 1 ok B 1) 1 22 4k
HiFZH AR REA X R, LR R HZE (KGR W JB RS ) R3S O (MR 1Y = % skt
) LA N % sl i 4 | % fe v — R 26 HL R | Al e 2 ik o el U 1 %) R oA

&5 AOD 5 PM, iKEMEAEY
Table 5 The correlation between AOD and PM, 5

A w5 H% Tk &% AEY w5 H% e &7
Year Spring Summer Autumn Winter Year Spring Summer Autumn Winter
2015 0.311"" 0.471 " 0.479 " 0.421"" 2018 0.578 ** 0.599 ** 0.679 ** 0.547 "
2016 0.366 " 0.498 " 0.552"* 0.451"" 2019 0.288"" 0.335"" 0.541"" 0.434""
2017 0.467 ** 0.344 " 0.501 ** 0.745"*

% FIRAE 0.01 T (BUR) , * FIARTE 0.05 F (BUR) AR KM B3

4 Fit5itie

40 - 3 =19.19 + 13.54x

STAF K | A B9 48 A TR ORI JE 525 A5
A B R  HIHFSE AOD 5 PM,  7ER 28 4 i
AL R B AR H T AR
FREAS L, TR, AR S L 2 TR RS S SRl KRR *;”
X 2015—2019 FSIE RO EEE PM, W EE I 2553 &
T8 ST A0, I B R AR 00 = R 4 2 i
SIHTFRLIS 2 AL B, 30 M RO AT

PM, s concentration/(ug/m?)

VI 2 T E X P, We ¥ 1 B, B LT oL
é:ki/lf\, . 0.2 0.3 0.4 0.5 0.6 0.7 0.8
o o R 2EIRE Aerosol optical depth

(1)PM, R FEAER T LA M 425 B i (B R 4 X 3,
1EE B MM, B R BA T BT P> H W7 AOD S5 PM, RENAKHALR
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