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A E= N5 DNN B PM, (& B B B =45 E S

PReEgE !, w7, Mo, W T, R, R, ZE!

L WIER2: M5 E0R~2 B, b 310058;
20WRIL Ol KA BREEEBE, B 310014;
3 WA S SCAWFIEBE, &7 313300;
4. WHTR: B EAR SO R L .G, tu 310058

B E: PMEAERHERENERRNFZ—, NMUEBREKERLIN L, S5 MRS, T
KAZBNVZ A . S PM, b DU b A ZE R BT 5k, A SR R IBA R, iDL e 43l PM, ¥k B A A
R, AT IE TR R BRI RO R R AU, B PR R R LS, AT R E
NEA =G S B DT H KT, 48— RS 1 = WL RO TR B 2 R 5 R, X = £ [X 38 2015 4E—2020 4F
PM, W BEHEAT T 3% H B SRS FEAG B o B A SORHIESS R R PR R B R 514 0.85, R1%0.86, L5 th 1wl s Wi
HA RN —80E, LT 208tk B MBENLARMAA . 4 = Xk PM, 7 B2 BRAE A 45 SRR 0, PM,, 3k
JEAE s ) R M AR AR BRE A TR m, E R RAL, BAGEE. A, K=MK
2015 FF—2020 FF B AR PM, 1k 5 2 T Rekads, Hoh Dl Ry S, FREEEA 3.30 pe/(m*a), HK WA
(2.65 pg/(m’-a)); WL 5EHAE FREEEH/NTF 2 pg/(m*a), (A FLHEAE PV, R THTY, I
R, TS 2 eTE . 25 LIk, R TR SRS & AT B 0 vk R TR R TEDUR DN 3 s RS, AR
TN BE 4B PML, MR BE B 25 0 A R AE DT S0 A2 b oA S B R A BRI 5 7 b

KB B, SBBOLFRE (AOD), WS, WRMUH, K=MK, 53R

Bl FREREE, ME, AR, IS S, WA, R, TH 2022, 584 B AHL5 DNN [ PM, {5 B R B 2845 AE 4047 B R 224R
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15 =

PM, 245 807 T2 Uh 2 A8l i AR/
TAET 2.5 wm AR URLY) T PR R . A7 R ELE
FERW, W T PM, BEGE JE A B A I TRAL
R A 2 Wb R A FEA FEW, KIPRBEER
= PM, R, SRR AR, A
ol O W2 2 L O IS R Y 2 A2 (Dockery 45
1993) . 7E #7128k % 75 70 (Global Burden of
Disease Study) P& H, PM, i AFE T ANEA
S AL 5 T A R SR IR XU RS PR A
(GBD 2019 Risk Factors Collaborators, 2020) . It
Hb, PM, 2 i K 58 1 2R B, e W

im HEA: 2021-05-30; FEDZAR: 2022-01-09

BRI A R 2 —

FIBCREIT IR, 25k Rk, P T
b A I B A B R P AN BT A X BRI AR T T
Geo JYE A 2013 4FLDRBUF NG T — RINMESCESR
SR W 2 BT, IR 3 ) B i Y R
TSRS, 2 1o 0 Il T 3] 3 A B 22 70 A Tkl
T, M TFET I R R TR, T2
TEREBOR AR AR, A0 25 Sl A DX
BRI R AT RE, BRI R A
[l W AR L T B AR T BL. A T A
R EROLFEE (AOD) 77, HH AOD-PM,;
(BSR4 3k PM,,, 7T LA BECHRRI M T 32 A
XA , ARAT R I 28 1 2 (0 2= R i
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Bellg. HAT, WHMAOD A . RO RO
AL (MODIS) . Sk 28 LR (AHD) . W] I,
LA RAG AR S (VIIRS) BYSIEIE = b, 23T
SPHERAE L km 24 AT 24 I Landsat, #5543
— SRR A RS R A AOD 7= i, {HHE
R JEIH A, A X Z B T MODIS TLA A
2000 4F B WK, [FIEREfsER A B A 2Bk
HREWE, I AOD =gl 3z W T A R
BRSBTS T . MODIS TR BERY AOD 7= 5 224t
KB KRR, ©2 NPl MOD04 i 15 T
T, KRB R B0 £ A R AR E B
(MAIAC) AOD ™= fh, ¥ EESR TG IR 2s 8] 43 B 5
M 10 km#EFFZE 1 km (Lyapustin %5, 2018).

HERFEE AOD 5 PM,, 1) 56 RA ARG 45 X
FRi i oCHE, I, 2l T BB AT
KR, (45X AOD IR B . bR S AR
BT H AT IE S5, ST H A P 8 1 ) B e
ZOTHE (Li%, 2016; Lin%s, 2015; sK2EMZSIE
5, 2013). Hli FYHMHELESRE SR, BRARHhR
wZHEELRTT, HA KSR AT, AR
RIART M, R A%, B T PM,, W
DA () TG 22, Ok B2 1 2 3 R R s
GEiTAERY, (Rl B 25 A KR B TR g Sr AOD 5
PM, AYC R . £ onkh ml a4 A £ e 8 T AOD-
PM,, R E, AT AOD 5 PM,, ARk 56
R, RRBNEI, FRARLE R TR IO LR b
HIlAX—KR (Liuds, 2007). Do (2015),
Just%E (2015) . M i lR%F (2018) FIJHZMERG
BN (LME) R SUIMAELES (GAM), Jf45
HARRER . LR 2R 5 S8 S o o A
PYAE R PERL Y, 5545 21 1Y PM, W BEORG B R 42
F+ . He Fll Huang (2018) A FH b # i AL 7] 15
(GWR) S H Mk R AR BERY , JFJE T PM, ¥ AR
PIREGE,  [RIVREICES T O 8] B2 [ 4 {5 5 2 % [l
IHMEE R Rk, HLES ) SR B T R
JE, MW TAEGEMGIT AL, PLEsF I BRI
s KA AR PERI A BE T, bl TR
SHE R, ZangZE (2019) FHI XAl
A M2 454 AOD, KR ZEER . mfE (DEM) .,
LA B AR 2 (NDVD) 25 PR RLAE 5 T 42 [
PM, FHEE . WeiZs (2020) FHEI; 23 B o [l ) b
BT A3t A5 2] 4 K BT 19 PM, 28 18] 40 A 7
IR FH 2] 1 Ko ) B PR P i

SRS X S AR ER IS T OREEIRCR . (Al T
KA 25 S g, S0 2 LR 2%
X AR E D)3 3 AOD 55 PM,, Fifi i 23 75 4 Y 56 &
(Fang %, 2016), — @& FEE BRI T AL 2% ) 15
BRI o4 M. R IVLEIE—FZ M HTA
SRIBTF A, AT S gst, HHW
Ry (AR Y BB 50 25 M T T O SRR B DX 3
RV h 25 R S B T L A PR, T G R AR AR (1 A
PESEBENE (Vaswani %, 2017; R¥4, 2020).
o fif DR S B 2 LA A5 TR T vk 2 SRR s S M
(1), AR 9T 4 — b gt A v 2 ML 9 T
P45 (DNN) KA HE AOD-PM,, K &,
B T 8 3 B I ML RE A% A e 25 sl A U X T 4t
S A Sl R S B S N1 o < R ) A )
PM, MR . B0, ASHIF 5 35 B B R 7B TR
FLEDEM ., NDVIAIRRLERFHNFH, BMAT
BEXE T N R AR P2 AR ST A DT I B
I FH 3 SR AL 1245 1) AOD-PM, Y 6 BB, £
B = X, 2015 4E—2020 4F PM, VK i 1 I5F 25 43
A, PREK = DX s S Y B 23 AR ARARRAE

2 WS X A dE

2.1 WRERER

RN =M X =4, L
I WA . ERE R BT, HAE R —i—
BT 2301 i3SI Ay, P E S5 o &
IR XSz — [ B A R s AT A ™ Y X
Wz — o WA R DX R W A AN W
RAE, K=MK % N DY) 32 3 2S5 4
(52N, PRt e 2 00 e i W T R R Y
Bk o M AL BT BOW K = X s AU
AT A SAN A, BEAS IR RN b 1Tl S B, AT
TRl 2E AR T = A b X A RS e B IR BOR 19
T, TS TG Gt AR BR G 2 o Y X M
PRZS [B]FE Rl -5 PM, , Wi sl o543 A A&l 1 7R o
2.2 AOD#iiE

A 5% 2R MODIS T3 508 i MATAC SR I8
77, A LT T MUAS () MODO4 S S T
MAIAC AOD AT B & 25 (B 43 HE% (1 km), &
s I 5 W R SV, BE A T
PM,, (Al 8 . 7 35 K = 1 X 3k [ 2015-01-01—
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2020-12-31 1} H MATAC %54 M NASA I 3 T 2%
3K 75 (https : /ladsweb. modaps. eosdis. nasa. gov/[ 2021-
05-30]), 1did BB EAE, SRPGRIGHIS
XIGE NI AODE ., h TE&A KREMFFERIE T
MATAC AOD fE K = XK, A ST A P
FORSFEHEATIRE (Xiao 5§, 2017).

36°N

12I2°E
/m
218
wrcias 0
E 1 WG RS PM, Wk & o A

Fig.1 Study area and distribution of PM, ; monitoring sites

116°E 118°E  120°E

APM, MRS B AT

2.3 T PM, NS R

2015-01-01—2020-12-30 4&F H A% & /)N Bsf b, i
PM, W W0 A5 40 S VT ] R A AR PR A Y 4 [ 4
Hias S S & A 57 (http://www.cneme.cn/
[2021-05-30]) , & Bt 5% X3 [l K S i 33t
352 A [l s A o M T 3l i A A AR A 5 1) b T OE
I pM, e BE R R IR (181 1)

2.4 HAhHBhEHE

KGNS P, T 5 8 8 EZE R,
AHIE 5 T A5 88080 >R 5 T BRI R AR i rh
L>» ECMWF (https ://cds.climate.copernicus.eu/, [2021-
05-30 ] ) 55 & A 1 55 AR A 3k A=A P40 W 8 2
ERAS, MAHHEHC2015 4-—20204F 4 H (£ 2 m
ISR (T2M) . Hb 3 10 m AR R PG 1] K (WU) |
AL RGE (WV) . AXRE (RH) . 2R
2w (PBLH) . #13R<UE (SP) fEMHHEE AOD
H5PM,, REABRBWIRL S, ST HEN

0.125°, ItAh, HFmREEA (DEM) M HbEE %S ]
Hodg = (http: //www. gscloud.en/[ 2021-05-30] ) | 4k
15, ZS[E PR 30 mo 2015 4F—20204E 45 9 1 km
3 HERNDVI [ AOD Ui A NASA (35 T 43545

2.5 HEWALE

HTAOD ZmETMAERER AR, T
HIE RGBSR, NI — ]
A B 58 A H ECMWF (1) B 3 B B85 14 550 nm
AOD 5347 4 H MATAC AOD % 7 2R P 56 AR
YRR AMS )4 H 5238 A9 MATAC AOD $0ds, At
17 J5 22 AOD-PM,; E #% . ¥ AOD i #h &5 R 5
AERONET Hfi 11 sl s HEAT 50 00E , 45 5 /R4l #h T —
FHAXEZEE (R) H085, ¥z (RMSE)
9 0.17, H4ME R K 0.76, RMSE Jy0.28, L4k
FEWSA TR, (B4 A] LA R Ze i HEoRk . T
S5 . DEM, AOD 5 NDVI %5 8] 43 3545 A AH
), TS T8 ) b Sl 7 A S — — XL, PR
15 BT A WA 50 8 — 1) XU M A (72 TR FE &
5 MATAC AOD AH R 1 km 433 38, Ml 1o W 00
PM, B4 1T REAFAE Fh 135 5 5 e 5 35000 30l k2
RUEECEAS B, SRR AR H BN T 124 /N
R, P IR A i Bl E AT B E AR
T 1A 1 km HiHAS N AT REAAAE 24 M T o 0, THER
X o5 A A A A IZ M B 2 b T S PM, 5 H 34
WEE . WG PTA TR R SE B, EA TR s DD, B
MY A H PM, i S8, SR BT M <
S8dE, DEM, AOD 5 NDVIAXT R ECdnss &,
R Tl B 4 . R X B AR UEAT Z-score B
HEALAR TR, AR FIIE N 0, ARifEZER 1.

3 MRITIE

AHEFE ST DNN LA Z I HLEI A 2 T S
7 T E 1 25 [ 2% #5550 SADNN (Self—Adaptive DNN)
X} AOD-PM,, iS¢ R EATEAL . DNN & THLR2% >
BRI —F, H—RAJR, 24 B2 f—A4
WER, B2 AR E TR, 2
WA IC AR, 2RI e i 47 50
PRACI G, X B AT AR PE ) 2 4 (LeCun
AF, 2015) . DNN [ Ffr b 44 ] DL AR R 2% 5] 5154
W0 2 )2 RN FRE, A R AR LBl A g
J1, IR E Z i, HIAR T RoR
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X"'=g

Eonxz) M
t=012,-+-5,,,57=0,12,---.n

K, XIFRRE RS I DIMATT, s, FZonHjz
MITTIEEL, 60, I XX, Z A AL,
g () IRRBIT R %L, n >l DNN SUMZEEL

DNN #5271 (4 Y1l 3 i S 1] % 1% 58+ 2 T[]
AOACE SR, S A0S R A (A Sigmoid)  FUS
AL RE S L CINBEMLEL B R [E) 25 5 Hh SR 2 T
KBRS, BRI R LA 2R, Rt
HEBI R 2B, A THZMY (ANN),
REWMAMEHIC (ReLu) A MIOE &L, A7
AL (RMSProp) SE¥EIEAT G [ f&HE AT AT L
AR R — A, R RN g B, e
DNN Il 25 5 R AT fE (Reddy 55, 2018; Nair £l
Hinton, 2010). PHIASHT 5T pR £ HI ReLU,
Ji ) A4 R 5 £ RMSProp

TE B AL f BB N T A AR AL
%5 b, B A S E R SCROROBIC &R, it
T E2 AL A HERA P, W] I A5 P B8 1 A8
RUP] T WP OC B iR] T R B AR R ) T, BESR T
PR AT i B (Vaswani %, 2017) . e 51
JEARII (Speech emotion recognition) #5TH,
JIHUH e 75— K Beifi & R H A5 Y G f
DCER, JRBOCHIFREE (Li %, 2021). B/
HEAOOLRARYE )z 8 BRI AR S5,
T HUE AR AL 5E v Al o3 O 28 8] 5 ) M
EER T, AW E T REN TR I R b T 25 R
Fe LR, TE R D HL A AS BTE TR
AN [m] 38 3 AR A 2 T Y B M R RY , X de A AT
FROE X TC , e XA 55 A IR RRAE (Fu 55,
20195 RIg2, 2020), #Ah, FEEEN L, Ye
55 (2019) 254G 1 A3 (A R ) AL 18 VR ) 0 T
SR P RS HEAT T RS EE 4R G Mou Fl Zhu
(2020) #2HDERGTE R, XEGIEEE Y%
AP B e AT RCAE R HE ) B B R AL
AN B AP B T B, DAERAT A
IYINEIE . TR I HLH Y I B T S a4 i 4
EVUNA TR E R R, AR5 —E 2
PRI Sigmoid pRECHH IR B 45 IF 1 Y HE R
I e P IR PR 7 M A 3 BIAS B R IE S A AR
fiE, Sigmoid F/RUIF -

glz)=— @)

1+e”

A, g(z) MAF & 2 A9 Sigmoid PRIEL, et H K
HH

AW 58K T 2 T AL A ) DNN o, A g
SADNN LAY, HH f8iAE T 50X T PM, s A Al 5
T ARAE, SR T A A AOD-PM, K R .
AR e B PRI R IE,, X IR AR A
T EB TR T — R A, RNE
IR T — AR AE , B A PR 5 X R Y
FUEE A T A5 B IE J5 A R 1, P A B 6 o 446
g, SXRERERYRIAT L F IS R A S AR E A A
K, M3 AOD-PM, ¢ & (T 25 S it
RIZE R R 2 R e, )2 1 250
1, JERLL B KT R AR R I E , )= P 22
JCM 16 FFR, RGN 1 ff. B GEB% EpAl
K S530%, W M & 4 RRZ, 52 10244
P2 TCHYLER , #A> SADNN HERIZE R AN A 2.,

WMAE EEN R = iz
Bk 1024 1024 1024 1024
r—-— — 1 g S chit 2 U e O e B
AOD : I 1 1 | : :
' i
|

g
2

oo/
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Siataiater
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(9]
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Fig.2  The structure of SADNN model

FERY 5 AT T AOD, DEM., NDVIAI |
WRBIRLHFHN, WIMATEHE (DOY), 4
J& (LON) M (LAT), BANAMA T EXFF
rRE N RAE AR IR T H (LUNAR) B
— AT, R AR B R 1% S PM, e Y
. ARDIE R ER G, AR T A A A
omHE, RERERRMLZET AR, NIRFHEYERK
Fo s, A EVEZ ke R H AR YE A s 2 HE
M E NATI A G 2B, Blan KA =+ 5 1E A
— A SRR O R T I 2D A, &
X KA AL 1 ™ H s, AR ] Rk
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PM,; =f(AOD,, DEM_, NDVI METEO,,
LON_,LAT_DOY,LUNAR,) (3)
K, PM,, FRORMHAE s fE B[] ¢ B 9 H 3 PM
fE, METEO £/R TN+, AIERI SRR T2M
WV, WD, RH. PBLH ISP,
PEANAWE SR EIRHH R 7, £ on4k
PE [ AR 55 AL AR RS AL 47 % L o0 #r . 20T
2R P ] B R S 4 3 AOD-PM, , ¢ 2R 1) J i il A 751
(Liu%, 2007), "JHRH
PM,; =B,A0D, + B,DEM, + B,NDVI, +
B.METEO, + B,LON. + B,LAT, +
B,DOY, + B,LUNAR, + « (4)
K, o NEEE, B, B, -+, BRNENTHIRER,
Bifl AL AR MR 3T AT e oA AT AL AR 22 ST AR R
—, B#dESZDIRR R, LUA R
FERY 7 TN S, RE A5 PRl v b~ > Bl A
X, HATEIABNE, B REE T PM, KR E
BB (HuE, 2017). HAERAESEER, A
KEKBFL (3),
BERURS B (0 ST s O e R0 (R L 3
JrRAMXT IR 2 (RMSRE) . ¥ HRiZ% (RMSE)
FPE 432 (MAE) fERiEkR, AR

Z(}/i,mm = Yikai )

RZ - 1 _ in:l (5)
z(y iMeas Y Meas )?
=1
1< Yo = Vi
RMSRE = /z( YiMeas — Yiks )2 (6)
ni4 Y iMeas
1 n
RMSE = /n z(yi,Meas ~ Yiksi ) (7)
iz
1 n
MAE = > Yo = Vs ®)

A, nAUCREIENEL v, .. R (S SE0 PM,
B, v, AUERH A PMME, v . IVEE
S PM, (47 Y4

BRI (R 0 IE R S F7 a8 LB IE - fF B Kl 42
BEMLT- 250K S0y, 580 e O b 1 0 S 50 iE
5, FIAAENINGESITEAINII S, R
SUREE PTG R A RIS B, il i A [H]
B P, 0 B A A X e A A A A, A
N o SR S AR R S R B A L X g
SEMRSRLIEA TSR, 0 1) 22 K = Al X 3k PM
BOfG A, A5 BIBFSE X PM, I 25 2045

4 ZERFHT

4.1 HEBERIE

4 2015-01-01—2020-12-31 BF 5% X 35 Bl )4 i
CER AR L S &2 S K| RS N R
341768 A H TAIAI I 2k . Bk 5 e, 255
K3 FT/R o ASAFFT 4R A SADNN AR 52 S5 I 2%
W R ik 085, RMSE 4 12.77 pg/m’, RMSRE &
0.35, MAE/Y 8.22 pg/m’, 1E N AT HIHLES 7 > f
AL, BEPLARMRM AR T — DA RIS R, R
7 0.82, RMSRE 4 0.36, {H H 1l & £k i &1 %
(0.74) HHHF SADNN 19 0.86 FARA L, 1A BEHL
R R 5 (A PV, i, AR5 RE 70 A X 8%
o G Zonk R R B R 2, ANEETR
I Hb XF AOD-PM,, 5& R #E 17 & 4, R {24 0.30,
RMSRE 5 RMSE 43l 5 i5 0.78 5 27.25 pg/m’s H
AT WL, ASHFSE 2 H A SADNN AR R F) F 33 2 1 ML
il 5 TR 2 W 25 AT AU 25 ), 38 3 %o R LA A5 4l A =X
(27 20, XAk 5 P 1 e R 4 B B AR MR 2
JCEME M B RS SR v, IR 2E TN, A T S
N HSHET .

it — U R AL SR H A
b, TRl BGIE SADNN BRIy 5 % H PM, iR 3
fHERE 11, HEHL2016-02-06—2016-02-08 ( fi
AN, B S5EN) 3 d AR R R 545 ik
frxtHe o b, BRI SADNN . A& K H N
f\) SADNN (SADNN-noLunar) . A & VE & /1 10
SADNN (SADNN-noAtt) (&l 4). 5 Hh sl 55 5 %
EIE B, BEH H . %4 5% SADNN Y
R4y 5 47 0.78, 0.73, 0.68; SADNN-noLunar (1
R334 0.72, 0.73, 0.60; SADNN-noAtt it R* 43
52 0.75, 0.73, 0.64. ATLAER], 3 HPERT B
A 3R B UESS RN A R A, HAR T H
SADNN #2805 BB W B4, I ARy B B+
J6 = H R4 0.06 f10.08 (94T, MAEEE
HRHETFT 0.03F10.04. BEAEKSHEN KRS
EARABURAESRTH) 4G, o FBEETTHRER
Bt NI, AL H PR AR TR 4y b gl
&7 NS ] 531 a3k B, SADNN A
RUZERS A /A 38 T Wi LI e Xk, 55
AR ) A X S A /N . PR A7 24 H YL
TR ARG Y T, b T W S KR 3 AR o
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80 pwe/m’, S 3R L b T AT 56 45 S SR R
AH LR, SADNN XYL 548 e (B X8 14 Ak 55 22 B
BT IR, FH7 4 H, SADNN-noAtt /£
ZRVY R L XA R Y Al I SADNN-noLunar
X RIF 5 DX b3 A e DX A BH S AR A o &5 B

M, AT H AR B GRS X AR i 21—
FERE LML, JE R AR PM, B9 i3 fEL X S8 A
K ey (T i i ¢ A M R TR T
5 i AR A — B, RERE RO MG
SERTFEIXIE A H PM, B9

500 500 500 _
7=0.31X+26.18 - ¥=0.74X+9.35 . ¥=0.86X+5.52 -
R*=0.30 g - R>=0.82 P R=0.85 s

2 400 F RMSRE=0.78 s g 400 RMSRE=0.36 .77 | % 40T RMSRE=035
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Fig.3 Cross—validation results for different models
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Fig. 4 PM,, estimation for different models at typical days in 2016

4.2 FBRPM,iKE R =5 4FE

FEF SADNN A AU B4R B (0 A H PM, 1R 3 4k
Wi, TR I3 2015 4E—2020 4E BEAE Y PM,
WRIE AR 2 A, G550 S B o AR5 PM
W 23 ) 43 A 5 o 000 o R — R, B
RIS RIS, 2R SR E =R
YLF O, 2015 4F—2020 AR AEA S R 0K =M X
By PM,, H{E 40 Bk 0 44.88 pg/m’. 4091 pg/m’,
4127 pg/m’, 39.34 pg/m’, 37.64 pg/m’, 34.07 pg/m’,
Bk 2017 4452 2016 474 /Mg S s ab AR 2Zs S
TEBAFEE . 20154, BIF9E X A 6 Ll X J A
VLR R L DX P ¥ AT T 58— b o i R 1Y)
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Spatiotemporal estimation of PM,; using attention—based deep
neural network
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Abstract: PM,,, as the primary indicator of environmental quality, not only affects the occurrence of haze but also is closely related to
public health and has raised great attention recently. Although PM, ; ground monitoring stations are expanding, they are still on the sparse
side to identify the spatiotemporal heterogeneity of PM, ; concentrations. With the development of remote sensing technology, satellite-based
Aerosol Optical Depth (AOD) data provide an effective way to estimate large-scale PM, 5 concentrations. This study aims to develop a novel
deep neural network model for estimating PM, 5 concentrations in the Yangtze River Delta (YRD).

In addition to satellite remote sensing AOD data, meteorological factors, digital elevation model data, normalized different vegetation
index data, and the lunar calendar day representing Chinese production and living habits were integrated into the proposed attention-based
Self-Adaptive Deep Neural Network (SADNN) in this study to estimate PM, ; concentrations in the YRD region from 2015 to 2020. Five-
fold cross-validation was executed to evaluate the estimation accuracy of the SADNN. The multiple linear regression and random forest
models were applied to compare with the SADNN.

The cross-validation results showed the proposed SADNN model had a high coefficient of determination value of 0.85 and a slope of
0.86, which were highly consistent with ground-level observations. The results also showed better performance than those of multiple linear
regression and random forest models. The results for the spring festival in 2016 demonstrated the effectiveness of integrating the lunar
calendar day and attention module into the model. The spatiotemporal patterns of PM, 5 in the YRD were as follows: PM, ; concentrations
were high in the north and low in the south, and the coastal and mountainous areas were better than inland and plain areas, respectively. On
seasonal scales, winter was the most polluted season, while summer was the best. The overall PM, ; concentration in the YRD showed a
decreasing trend from 2015 to 2020, especially in Shanghai Municipality, with the decreasing speed of 3.30 pg/(m’-a), following the Jiangsu
Province (2.65 pg/(m’-a)). Zhejiang Province and Anhui Province had a lower decreasing speed of less than 2 pug/(m’-a), and Anhui Province
needed more effort and attention to improve the air quality due to its overall high PM, 5 concentrations.

In conclusion, applying satellite remote sensing data and the proposed SADNN model to accurately estimate spatially continuous PM, g
concentrations can greatly make up for the lack of ground monitoring stations and scientific guide for environmental policy planning and
implementation.

Key words: remote sensing, Aerosol Optical Depth (AOD), deep learning, attention module, the Yangtze River Delta, air quality
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