1007-4619(2022)09-1757-20 National Remote Sensing Bulletin i & 57 4R

BT D EE KR E PM, iRk B REEE

MW, MR, BR, KRES, e, #£E

1o E K2 (BU) M S5 B TR B, iR 430074;
2. RS GRS o, K 300074,
3. PEBERE S KE BALHI T b 18R 2 E R A%, Jba 100101

& E: QPR PM,; (Fine Particulate Matter) J&520 %8 S i AA IR G SCHEN R 22— il 2 PR
PM, B0 28 S B JXURS PEAG R P 2= A 98 M 3R AR T 3R o AR b Il o0, TR B IRFE AR HAE S . 5
B FURBA R, BT TR EFERE AOD (Aerosol Optical Depth) 23 PM, (5 v J3 B 07 W B M
POl o ARHFFRMEGAR T TR AOD 77 i SIE PM, W FE R, A48 T H T PM, S8 A9 3232 1L AOD 7= i S L T
KGR s 25T BUA 1Y PM, A6 5007 1 SRR, 16 8 E A PM, RO ST AEFE B Il 8t A P, R3] 32
FLAR AR R I 25 Ay BER I PM, R B T . ST OB TR IR 19 = 4k PM, Vi J R B PM, s k2% 40 43 8 55 D7 1) o
eI R 73 . B LB RN G5 AR U 3 3 0 Jy v 30 BB A6 S R) I B AS [RS8 b v i A 5 M, VR I, REBE T IR
A A5 S VR A S A, (L L 48] PR 7 ARy SRS 78 DR 1 %) Sy B i o P A/, T e A 8 PR L R
)P I10) i FsF 22 S P 0 T A M AR5 R A AR 2R 3 B8 T R O it e 132 B R R Wit . B i P, JRTEAF 5
FEAEM ) 24 3. (1) LA AOD RYARBERLER K [nl Bl G S0 PM, BAR S s (2) BB KRS 13 0] B ;
(3) PM,, MAb2E AT AR ST ), JETF 0, AR SCR T HERGHE 73 30 Hh i PM, AU 23 A8 (b a3, 42T T2 AOD 7=
i 3 Hb TRD PML, SO AT A ERA P, 4RI T LSCARSRMAIFEE il . oG, Bilm sl (R sS . mad
F) . EEMEER (Himawari-8/9) L& AOD 7 S 7E PM, AR ANALAG BEAT 58 F BA RO E, 30 T 25/
BRI PM, VRS B B B2 X HOR, BEE RN AR LR, B3k, WL RSO T i A RE A2 KL
T EAEE, BERIET AN 0 B0 14 RS T SE 0 PM, T 1 7 ) b @ Wi, 4 7 5 2 iR ik 1R RO M b
W I BC R 25 4, ATSEIl = 4ER0 PM, MR RO s B, PM, ALSRZH M BN T is e i Al . SR 88 Rk 25 0 H:
WE, HA2s 2R R e — N E R EI 1), JRIN,  HE PM, 4155 I 5k R 45 R 5836, el o I 1AL 3
SR v X TR Sl DO AR, S B PML, s Ak 22 I 0 ) R R B S T g — AT . B AR, AT T
FB AR PM, Al 3805 05 B SR B ML S L, 26T DAL AOD 7 i S T AT M 1T PM, ¢ 38 A8 B4 8 R O 1) 136
TR, FREFUT LT PM, R BE ST ARG BE B B 43 4 R

KR PM,,, DR, AOD, fhiBE ik

IR W8, MRE, SR, FRE, M, BT 202 EFIEERNEHEPM, REREHE. BHEFR,26(9):
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B JE AR 2 AP AL EE TR Z — (Tao 55,
2013). HHHKAR/N, TTLLRR ) HuE A N MR B

Bl 28 57 O DR A R MR T AL e R B AR, SR, o AR AR K E T (B A,
WKLY PM, ; (Fine Particulate Matter) {534 M 2017). KERATHAFIREN, KMEZE TS
AR BRIV N B — IR [, PM, =8 KA PM,, 75 Y /KT 9 |l X 23 386 i 1l 55 R0 IE IR 3R 4%
A H B ER/NTET 25 pm BRURLY),  FBRAY AR AT BT R (Lin 5, 2007a;
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Pope 4%, 2002). 201543k [ A PM,, 5 44 F5(
B XIET R 535 40.3% . 2P IENGE RGBT
BN 331% . WP NERFET-HE R 26.8% . ifid
FET-3 N 23.9% . 12 VERH ZEE It FE T2 %K 18.7%
(Song %%, 2017); %4h, PM,, A RIEE L (A
MUK B ARIE) . FEa ki (A7—15d) ., B Ak
K2 B A2 55 R i, BEXT KA 2R
7R = A EE S (Cao%:, 2012; Kaufman 25,
2002) . BAIT, MR AR ST s 25 23 HE 4 0 PM, VR BE
JEHEE,

b T T FR P, 75 Y K - i BLIERY
Wom B, v A LR AR /N PM, % 22 0
HERRYERS (Zhang %, 2006; Wang %%, 2016).
E C T 2012 4F IR Al 178 5 4 [ 32 23 19 PM,
b T W X 2%, 3 R P Y B B AR I L T
BN AR B SR SR I ASUASUAR S b T 3 A5 M
WA R AN, A LU LS (1) |F
B 2013 AF DL A 9 W0 A50H b T 000 ) 45 e L
J2 b = PML D AR e # (2) REA
2015 41 LA b 1o Wi 00 o £ ] 580 i a5 ity o5 A 0l
s, E IR R A3l 5 A TR AR BBV 1 1Y) 32 2k
THH DX, 17T AR B A AT B G 508 1 DX 3 o 5l s
AV TS5 5 B9 43 A R H S O LA SR B P vk B Y A5
[ ASEARIE (LuZs, 2016); (3) o E & BRI ]
B R A DCIRPE 55 ST Je S, R Y a0 A HfE
DA WK 31 Bl A 75 G 2 (B) A0 A L R TR B A% i aod 7
(Tao %, 2012). L, HEFMIRILPM, B (1F) A 25
AL FECEEL,

T3 R SN B AR Sk PML g W T R R T 3
B 25 [ A A B, RAR 1 M T W 0 3l A543 A N 4
PIE R, TR LSS A Ty 6 . K2 ) R ) i 2
NI IR AT L ¢ HE MARER) PM,, I3 Y2 IR 5 A
(Yao Al Lu, 2014); 534k, TR K KFEAL T 4
AT I W AR, SR A e = T 0 A 5%
HAESRGYR™ENREDES, KD A
W EL A H 1 W G R EE 480 A B AR 2 ) 7 5 I 45
(Yao 1 Lu, 2014). T B S KEFIEE AOD
(Aerosol Optical Depth) 2 Hh ¥k 2 11 21 K< T Ay
S R B Sr, VE AR R Ik
FEBR,  FH A 0 T A B S5 1) FC S AR i i
EH, JFRmas S5 2 (Liusg, 2009a). A
FERM], PM, 5 AOD Z [MIAF7EsR B IEAHOC R
FLRFEIN g 24 R R R 114 B A T o

IS, SCHUS BRI B 2 5558, I FEAOD k&
B (Kahn 4, 1998) . T ik, #2058 H
PM, 5 AOD [ AH S a7 JCIBR R AT | LS B s
] . K 2 A5 A PM,, 7 SE WS I (Hoff Al
Christopher, 2009; Liang %%, 2018) . #|f T2
AOD 58 PM, 9 LN PM, K AR AL #a FABF 5
S (Zhang 5%, 2017),

ARSCEZNTIA AOD 7= S Al 5 PM, ik 3 11 &
ART7 B . H A AOD 7= i LR R 5 R
455 ENAMRYRHOCHTSE , ZRR AL T TL A 8 Al 5
PM, B IRETE IR, X HOR R b7 e B .

2 AODHE PM,, 1% BLA i

21 REARXFEE(AOD)

A AR B TR AE R P B 11 A5 s S R 4
RGN Z AR R, no il KA, sh))
S HAKRLE0.001—100 wm; KIFETT 5k H SR
(bt BmYb . kK MBEHERSE) ATACK TR
GRERS. T, AV E) MRSk,
Sz . AR (47—15d, fi
ek FRliA 30 d) . SSRARfE R . fhFdl iR 2
GHRE, XA . RAAE R . A
At s i ™ B2 (Kaufman 25, 2002) . AOD
R RERRENEESHZ —, EaE
FLT 1) AR R E R BB, ] DU
JB 7 A 3 TR AR Xk A BH A S A R R
FAE TR RO EFE i S KRVEIR R (Liu
4, 2009a) . HE, KN AR AOD A] EK IR K
(A EW] 45, 2018):

A0D=J?K;(mzyk (1)

Kb, KA, Z) FoRBARNTER FE Z B S I
HOERE . W KECS ) (Bassan 5%, 20103
Nussenzveig Ml Wiscombe, 1980; Yamamoto #H
Tanaka, 1969), i KSR AT LLAERCKH & AT
SPRRRL T, 8RR R SR BT O R AL
K.\, Z) AIFoRy (ZEAAE, 2008)

K,(A\Z) = 11'f(2exl (m,r,A)n(r)r*dr (2)

Kb, Q.(m, r, VAP Em, FFPE5Er FE
KAMREL, n(r) BB ERAE . L EAS
ATLUE Y, AOD 550 MG 5 800 i .53 A M
R AT K
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2.2 AOD5PM, KX Z&

FEBT Terra TURAYZ A LU MISR - (Multi-
angle Imaging SpectroRadiometer) FJ - HIIF5E 0,
5 ] WG AT £1 MBS A AOD X A7 AE 2 0.1—
2.0 wm [ RURL I L ABURE 33X 5 PM I R4 3
EH BT (Kahn %5, 1998, 2001), Xtk #S7
AOD 5 PM,  Z [AI AR SCOC R4t T S I LAl
B2, AODRR AR R T 2R KRR
B I E AR, T PM, g e 3T M 1 R 4 A T
IS N R R =W E (Collaud Coen 45, 2013),
BT ) B AR O A2 3 A0 IR B A AR I
WARFEER S (A 45, 2005) . P, 5%
XFAOD FEAT 5 BE RO AT IE o SR I IH G R 5 b
e AR e B A G I A AR R AR e, ARIE AOD 3
B, HAREK (A, Z) WFRRA

Ka(/\,Z)%Kaﬂ()\)exp(—[f ) (3)

A, H ORI AL B, R AT AT R
S ZPBLH (Planetary Boundary Layer Height) T 1Ll
O, TRAFIZRRTBIEIZHY, Al
RATGRP Y TR (Tsai %, 2011) . L,
AODAIFER NI ( Koelemeijer 2 2006)

AOD%KQ‘O()\,Z)f:exp(—If )dz= (4)

o

K,(\Z)-H,,

BT RO R IR A, IR IR kAR &
Wit AF XTI R R AR AR A, DT S e A I T G
PE (ZERUA 45, 2005) . LART AR SE fa] 2 b A AR X6
M2 RH (Relative Humidity) 1F & Z It [RIH LAY Y
A Bz —, {HE HEEFCEE RH X AOD 19 F- 3
SR, MELL R ORTE RH R AOD B948fki#a#% (Tian
L 2010) o AEEAAR AT VB I A AV IS 11 W
R, K ) e R G2 ) S 0 1 SGE o
A FRHL X (Hand 1 Malm, 2007). HAi, 250
TR AR A ARG T £(ch), XHE
REUEATIREITIE, PARAS I oo Ti 15 0 R 5k
W Wang %5 (2010) T PM,, 5 FRIBFRHECRE
ZIM LR, kLt T AR RS A OE 5 1
AOD 5 PM,, i A G My 0.48 I TH 2 0.62, HE
Hand Fll Malm (2007) FOBFITEEH, A I W E
ek B T e AT 5y . IRA PR Ak 1
T, BB 25 BRI [ AR L ARRAE . PRI,
HERR AR [R] DX IR A MR 3 K 7 f (vh) 2 IE

#E57. AOD 5 PM, A1 R LR
3 T PM, B i 32 AOD 7 i

e

HAT, 7T R AOD 1) TLR A& R i H
RN 20t . ZME . SAhEotik . BoLtHEk
Bl B X I 12 2 e 2 TR . 200 TR AR I
i B o HER U OGS MODIS  (Moderate
Resolution Imaging Spectroradiometer) . 1] WLYGZT AL,
EHESHY VIIRS  (Visible infrared Imaging Radiometer) |
Fe b L A2 AL AHT (Advanced Himawari Imager)
Sy 2 TR ARG 38 2 M B AR A MISR
(Multi—angle Imaging SpectroRadiometer) ; #{OGHIA
L B K IE &2 i iR 3O R G5 CALIOP
(Cloud—Aerosol Lidar with Orthogonal Polarization ) ; ¥
Bl 2K Pk T B 2 Ja gt 32 5 2 b 3K S SR R A A
J7 114X POLDER  (Polarization and Directionality of the
Earth’s Reflectamces ) ; I£41, %:F MODIS L1IB AOD
H¥ia 4 S AOD B 22 £ JBE R SUI IE 5% MATAC
(Multi-Angle Implementation of Atmospheric Correction )
WAL Z I T P, B SR TS . 45 TLR AOD 7
A TEAE R R 10 538k, EEAMEDLEE AOD 7 i
HFHAEH M B (0.25°) 1% H AOD LTIy
235 A BT w A, L3R W T PM, 1) T i
AT . B, ARSCRX S G AOD 7
AT

31 SHIEDELREE

3.1.1 MODIS.MAIAC

& 4 FE Terra Fll Aqua T2 I+ 1) MODIS 1% & 4%
TE 36 MG I By (0.4—14.0 wm) PN XF 4l Bk A1k
SOCTE R S AT A H A BRI, 23 (8] 4 HE R TE
250 m—1 km Z [0] . FHR MODIS 45 22 U Bt 1) 4% 2%
i E R SR M A B AOD R B, (Hi TH:
FE 75 (6] 43 B S8 R (] 3 B R 1 L #, MODIS
AOD EL R I B 12 /) TR R IR = dh 2 —
(Tao &, 2015; Wang%"‘fr, 2020) ., Tao%F (2015)
WA T Co MUY SR B, R IS H A% DT (Dark
Target) J.92: % 1 () AOD 7E 1 5 L X [H 25 B2 A 9l Y
T 5 A B B T A A, (H R ARG TR
b5 H X B9 AODA{E ; AHXTF DT 7E AOD>1.0 # 2t
— 2P N B R Jo ik ST AOD, YR #E DB (Deep
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Blue) H.35 [ (1) AOD {H BEAR 4 i 48 7 K il 5
15 Y S A A AR, {H DB AOD Fi T [ 7 35 3
X AFAE 3 22 5 1 Ik AOD H 5 BUH: i 8 v P A AR
(Tao %5, 2017). Wang%¥ (2019a) F|HH[E 204
AR I A 3 W 25 AERONET  (Aerosol
Robotic Network ) 3 &5, PF4l T 2001 4E—2016 4F- 1
fi1] o [ 45 b XA [R) R #4167 79 C6.1 DT AOD S JiE
5 €6 AOD AH L C6.1 DT AOD 7E3 i1 X 358 A 3F 25 £k
58] T AR, MODIS C6.1 AOD Bl JEit
AT LIS EAE R LR C6 MU™ i AT BT 4 5 .

WA 5T F BT, MODIS AOD %4 1 JH 44 13
B Qe ) 0 A% s Be il v 15 G S F (Tao 55, 2015).
AN, {EHRET MODIS AOD B PM, A% 5811 55 Bl 47 [
TN 7 A~ Hi g 24 /N 8 S0 PM, 36 B8 R] & 80T AR
s A OC M (M & &R L R=0.7) (Wang FI
Christopher, 2003), iXxEHW] T T EIHERICHHF
PR TR RFR AT . Wang 58 (2020)
FIH MODIS 3 km AOD % T HUHSE I X /) PM, , ¥
B, R T A A 10 47 28 LERAIE RP 24 0.82, A I
MODIS AOD fE 2 B H F5 4y i T 2R

*1 EFHIEAOD~fH
Table 1 The common satellite AOD products

AOD = S R B 23 (R 43 R S DX 3 7 itk e
WA (DB) 550 nm 10 km .3 km 0.904 (Wei%,2019)
MODIS Rl b, T )
i H AR (DT) 550 nm 3 km 0.946 (Wang%,2019a)
. i 94N1] WL E— 4T AN B 8 4 . oA
VIIRS  VIIRSE /7 AOD 57ik SO B T 4TI B 6 km Bl b, 0.85—0.94 (Bilal %,2017)
AHI JAXAHJ7 AOD Bk 500 nm 5.5km il 4t T 0.74 (Zang%:,2018)
MAIAC  ZAf B KA IERAE 550 nm 1 km i b, TR 0.94 (Tao%5,2019)
MISR MISR £ ffi B 575 550 nm 4.4 km i dth, TRV 0.865 (Tao%%:,2020)
CALIOP IR RS 0.532 pm . 1.064 pm gqﬁ:izz jokz il Hl VAR 0.7 (Omar%,2013)
POLDER GRASP {53 865 nm 670 nm 10 km i b, TR 0.92 (Su%,2010)

MAIAC T MODIS L1B AOD 7, | F i) ]
JE 8 3 A F L T RS G 25 Rl AL B, GESEAE 1 km (1)
15 25 (] 73 HE R SO SO OB 22 R BE - (Lyapustin,
2011a, 2011b), A HORE 40 5s 6] R B0 e I 7
WS $E O T A AL 2 o &5 A I Ia) P 30 o0 B fn 2
434, A B T3 MATAC 38 h i =46 . <,
T B R R A IE B ME B P (Lyapustin 55
2018), tnrhE F2s i AOD KA SR 4r 2
Hz (Tao%s, 2012), FRHH T AOD Sz i i HERATE ;
Tao 55 (2019) MYERIELS R KW, MAIAC AOD 5
AERONET AOD [ #H ¢ R 534 0.94, H MAIAC
AOD 5 MODIS DB 1 DT AOD j= i HL AT A BL Y 25 1]
IYARHERAE, {HEH T MAIAC 1 km /3R, HY)
TR Kt AODE I . Ji4h, PIH A bR fE
AOD 77 fify 41 MODIS 5 53 #2800 (10 km AOD)
RS B AIE (DT 3 km AOD) (Mhawish 5%, 2017;
Remer %5, 2013), MAIAC i 4F 3 76 FOR P 4 5
2 S A TR A 7 AR RN ) 2 . MATAC
TERGAE B b R A = 2 VD . TR T R R he
B R iE AOD, BB UE I 5 8 e =2 1 X 1) PM,

e JE A AR 58 1) A & (Chudnovsky 45, 2013) .
Liang % (2018) FJJH MAIAC A RO &8 FE A4
T b mt K H R 1 4 X 2004 4E 5] 2014 4F 1 km 25 1] 43
PR T R AR H PM YR B, BB 28 SURS 56 1) R 7
2013 4F 24 0.82, 7E 2014404 0.79; BLAk, AT
N1 177 s P, 36 88 7 281 RAR B /K P 1 HLAg A
BEHERRE (RYERIN 0.78—0.86) .

3.1.2 VIIRS

% JE 3| Terra Ml Aqua T2 H HFmE &
ot A, 2011 4F 38 [E E A2 MK R NASA
(National Aeronautics and Space Administration) &
7 Suomi-NPP A, HALHN VIIRS f& 245 b 1
S MODIS i) “4¥(T# 7. MHZ T, VIIRS i 5%
ByE (3060 km), X T MODIS (2330 km) f%
TR A 7 32 b DX A A A 2P0 3 R0 9 4 4 [a] PR
(Hsu%¥, 2019). VIIRS A Fp 0 I 8 ds . 34
BERIC s (EDR) Airpa] =& (1P), IP %S [a]4)
R 750 m,  FHF AR IO 0 i A A I R
EDR /& IP 77 i &8 i B0 i e i ik . o uE M A s
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F3N Y 23 [6) 43 BE g 6 km BOERIEIC %, U dE R b
JOEEPE B AOD 72 5 A Angstrom I KR, A
WF5% 48 78 T MODIS 3 km AOD 7= /i #il VIIRS 6 km
EDR AOD 7= Sh 76 PM, Al 55 07 TR 22 55 AL AURE
FEKFE, VIRSHEIAIE T MODISHLRY, MALSE H4E
PRI Aok B, VIIRS AR 1 T 42507 Hb I
SEBR PM, K (Yao 25, 2018) . Yao %% (2019)
He T3 [a] [ Ak Y B B AL A 6 km 1Y VIIRS
EDR AOD A5 1 1 B M X () PM, W B 5 PM, HLAT
B B AR R, S5 A R 57 TR 1 T B
R U M PE A PML B H AR R B (Tt AE S,
2004) , JUT LA [E] PM,, iR B 9 Al 5 Al 28 G 22
Wang %% (2016) FJH VIIRS DayNight Band (DNB)
OGBSO A 3 T A TR 3 b R 1 PML IR, R
HAKREN0.67, G5RILFEAME; Zhao %5
(2016) # ] VIIRS DNB il if $ i #3775 17 15 3%
P24, LA X R[] PM, 1475 SR, It
BB a5

3.1.3 AHI

PLAEAFGE H, PM, A AR 305 O T i B T AL
(Aqua, TerradF) S AOD ™=, MR T AR
Bf B 23 BER O, TE Tk SR W P, 14 ¥ B AR 4k
CRel R 2 B TS Y i iF ) [RIR R RR AT 1 o0 BT I
7 M XA 75 YL R A, H PM,, Mk B 7 7E H A 28 4k
(Guo %5, 2016). I, W LA G HEN b
PM,,— H N Y ¥ BE AR fb s e #i i . £ B8 %
(Himawari-8) J&—WiHhekEr ik LA, H¥EHM
AHT AR AT 76 7] WL 28 21 A% BE DR AT 45 10 434
— KA (Yumimoto 25, 2016), FREUSIA
By HAZBE B . Zang % (2018) #f Himawari—8
AOD 5 AERONET 7 H [ J2 H: J&8] 71 #1 1X 42 4 Hby 1]
Sl P L 5 SR AT A, R R 0.74 1
FHOC M J2 0.24 AT 2 . Himawari-8 AOD £ i
T FH F 5T HESE L X PM, /N AR, IR E)
R4 0.86 B9l 45 B (Wang 55, 2017) . Li &%
(2018) 3 F/NIF[A] 25 11 Himawari—8 AOD Wi il %
0 ) FH R B 2 S A AT DU T A B PML, R
25 W J2 U B T Himawari—8 B it B 45 S K5 )5 &8 4,
Ak 5 5 1 0D (A AF OGP 3551 0.755 Zhang 55
(2019) #£F Himawari-8 AOD [ /N K 4 A 22 T
e X EFHLX K S I R = A
DX F) PM Al SRS, 438 LB IEAS 1) S 5

i FAE A A C R B R 4353 4 0.82, 0.84, 0.80 %
0.74, A UL, /NI [E] 25 WL Y AOD 448 ) T PM, 4
A SRS W ELAT AR R AT T

32 ZAEIEMERBIE—MISR

MISR A\ 9 />0 £ BE £ 43t 1 4 4> AT WL/ak 204
JEIE I B A BRE LI (Tao 55, 2020); MISR
JARE 119 22 O8I0 AT R B 5 1 AU I ol = R
YRR, AR ORI NRDE AR, ATH TR
WA 15 B (Kahn 48, 1998) . #&1fi, MISR
(55220, V22) W3R 17.6 km, 3O T
M2 S5 5T (Moo %5, 2015) FLRATHR A5
(Liu%F, 2007a; 2007b) vt THIKE . R Tk
STHER IR, 2018 4E4], Hr i MISR LS ™ fib
(3230, V23) &k, HPREE 4.4 km,
WEMBE S E WA T (Garay %, 2017,
2020), 3K R AERAIA A A ) B AL T B AL
2%, W UE 3 B MISR AOD 1) 2 13 f 22 7F + (0.05+
20%A 0D, poner) TEEIN 2R 80% (Tao %, 2020).
TVRE Y 22 £ BE LI #5 4 MISR AOD Ry 5% HUfS
B, 2RI N T AL AR (Chemical
Transport Model, CTM) AL HE A 36 [ i) S0 e 43
i (Li%E, 2015 F12013) oAl 58 [ 4R 38 A1 ph &
X 9 PM, e (Liu%, 2007b). 4l Franklin £
(2017) FJFH MISR 4.4 km i AOD Fl53r2% AOD 7= i
HESL T AOD-PM, B2 i1 B0 “4iRAS AOD+
AR ZAS AOD” i) AOD-PM, MR L H e b, BRI,
B PM, 5 M2 52 PM, 19 R 0.67., 3l A
R R REL . mIREL . B TRk (EC)
FIA LR (OC) dLAk, X LR A3 1) BTk 56 Fifl 1 34
A MEMAEL (Jeffrey, 1998); HBhWHF5
W], I R AL RS AR E 5 PM, 19 3 2 fh 2
WA K (Saldiva s, 2002) . M, W6 E A [FE
PM, k25 B 53 () v B2 ARG Sk B oe d 2t R,
CTM PA AT UL A A5 AN A0 6 30 e T s D0 5 4 3k T 512
PRI, )2 F T 0 PM, | ) 45 A2 43 vk
(LiuZ%, 2004). fHIECTM B FI 25 530 3 A7
BN 2 PE (Smyth 48, 2009) , 41 Yahya 55
(2014) WYZEREIR, 12 km 20 BER T S 4055 F
27 T A5E 2 ) AP 5 S DR (] 9 R OC 32 B0FE
0.2—0.6 Z [0 (FfREE) H10.1—0.7 Z M (fi§ 2
)5 5 — T R i 2R T & B DX 32 A AR
AU IF R 25 BRI, ALY PM, 18 53 v 2 AIG T 52
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M (Mahmud 25, 2010) . T2 AOD 7= & fig

ST ST M TG PML B B (Hu%E, 2014), H
BAT Zrynt s 2880, Bl T R2509 A0D
77 i T AR DX S B BRI Ak 2 R T TS
FHFARE PV, 422 153 o MISR PR3 1 <0
A5 B, TEBEGE PM,, (1K B 25 A8 4 35 DL K
PM, b2 18 73 22 5 AR A 1 £ BRE 5% i) 7y 1T EL AT
E# (Liuds, 2007a). O A AF5%UE B A H MISR
SRS o 5 BT PM, A S 14 B R T A
(Liu %%, 2007b). Liu%§ (2009b) © T 2009 4 F
FH17.6 km Y MISR AOD 4143155 & #i il 55 [& PM,, , Y
TR ER e B, IFFRFE T 70% 1) 6% R £ vk 1 AR Ak
HIX A 43 BE R T4 B2 PR I PM, b2 1853 1) =
23 [ AR Sk ok FoRERE . O T R B RS A Y 25 ) AR
A7, Meng 5% (2018) %5 F I V23 B MISR
4.4 kmBHRLE, Rk TR PR R S5
R, R A 2 B N 4 R PM, AR E Ry (R
FREL . HERER . OCHIEC) AYHARRN SRS 40 A0 1k i
FREEASAL, X —45 3R, MISR 4.4 km ) AOD 4
SRR B A A PM, oAb 27 B0 14 245 ] B8 SRT 1B
R EE Y S A C /T ) S

3.3 BEtEiE—CALIOP

CALIOP#4#%F CALIPSO T &, BE—& XMk
o B B RUYE KOG E IR, BB AE 0.532 um Al
1.064 pum A 32 OW I X 42 (04 )5 10 s %, IF T
0.532 pm AL AT m AR LI, P24 1 R RN (R Y
MAERTE R E (Holz%E, 2008), CALIOP
HE AR, RS2 Ok, AL
PAETREE R B R L = )2 TR
W2, AR B AR . AR RS 2 5F (Holz
&, 2008) . 5 MODIS (4 4R M b, CALIOP
PiF W29k 16 d (Winker 25, 2009) , iX % #]
CALIOP & H (175 [B R AL ZAM B, a0 B H
CALIOP WL R K A4 58 PM,, 130K T B Al Sk 114
2 (Colarco %5, 2014; Zhang #l Reid, 2009) .
P, PAERAFSR HO2 K CALIOP FY 3 LA A1 5 B
Y8 Sl BYAZ 5 A5 38 PM,; (Glantz %5, 2009; Gong
45, 2017) . %F CALIOP 246 T 3T Hb it i % i
THGFRE, PRI b — b o T 3 M T A I Y
HE, L, Toth%F (2019) 2 fEJ& A 0] LA
I Hb T Y CALIOP AOD 1458 PM, W B2, I AR
JR AR B YR T R RN E] Y PM, R, A

B PM, 5T i PM, 19— B (R B R A
0.48), HAKEM (RH0.21); XFEH T PM,, Al
DU T sl B i vpogic A, HEA & RRIRE .

34 #HEHXIBEIRDEEZRBZEIZE—POLDER

POLDER J&#4 2 7F Parasol T & 1% 75 ML37 i
BARSHRCTE, B 9 NI BLEAT 2 A B i AR
LI, AT B R A I A R i b % 1T RV VR
LA RIS B (Deuzé 55, 2001) ., POLDER #&1{it
1) i 315 175 2 BEAR 25 220 b IX 43 HH RIS e S5
PSRRI R TTER , RN T kR B S R Y
FEXTAOD R 520 (Deuzé %5, 1993) ., Fan %5
(2008) kA 1 At 501 A ) M ) POLDER AOD
CRLF 2 48<0.30 wm) , 45 5 3¢ B 7 > 508 4 22 1)
()AL FTAR DCHEARHE3E T 1, AOD ¥ 5 4R 0.03,
X W T POLDER EA #f %2 X 48 S i 0 5T ik
MRE T . IAh, SudE (2010) ¥ Fifi 22 10 Y
POLDER AOD (HiF24£<0.30 um) 54 144
i 5L AERONET AOD #4174, 158 T R4y
HNE (R=0.92), WF5245 £, POLDER AOD
72 i B TR B v A L A Uk ) B B
OB . GuodF (2016a) KT 201341 7 210 H
) POLDER AOD £it#is b4 1 4 Al i iy (4edk
(LAY R B A Y | (] IS AR AR R X6 % (]
IFREREL) Y PM, T BE 77, &5 SR % WX 4 Fhos
A& S IE B A O F B0 0.57—0.64 2 A, AF] A
POLDER AOD T il v B2 5 A/ i PM, ( HA J 2 58 3L,
Bl 2R A AR # X . Bovchaliuk (2013) T
PARASOL AOD 43#7 T 2005 4F 2 2013 4= 1 [) K i
B H PM, VA9 H 458, JF & 3K 865 nm 4k (1)
POLDER AOD 5 #h 1 PM, 5 EAH 36, HAHE R 5L
$0.62 (¥R 3.26). BEK, HEITKZEHAH
5% £ 2N JH MODIS AOD 45 %4 41 48 >k 7t il PM,, ¥k
B, K] ST TR A0 RS A AU IR BBURR Y PARASOL
AOD X {ER A, HOAH MU T POLDER
AOD 7 fiti 550 305 i1 17 PM, s & B2 rp i RO 5 (Su
45 2010; GuoZs, 2016a).

4 PM,IMGE Tk

SF TR AOD 1 PM, Al 57 7k £ 24 35,
RIE A PR3 L 2% A T L A R T R
() 1) S ETASE Y DL K iy 137 B2 [l 5 328 3 Je 3]
HL#R2% > ML (Machine Learning) 77158945 Fh 41T
B, A& PR
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BT PM,, TR SOEBIR A AOR E R

Fig. 1 Classification of PM, satellite retrieve models

4.1 [LBIETF*E

e A9 PR 73 CTM T HS PM, 5 AOD (1 e
BRI T, PRI LLBIDCR 5 AODARfE, M
A 54 3 b 1T PM, € (Van Donkelaar 25, 2006) .
7 O AR T 075 s PV, UL B, 4
i T8 AOD BV AT 5¢ Bl PM,, 0 S 7, 9 i J8 52 i)
PM,,—AOD SE R ZFIRZR (41 AOD %) I B BI 2K |
WL W K KGR SF) o 2004 4F, Liu 4%
(2004) FH4 AR KA e iy Jg 8 L 91 R
N MISR AOD, FF& T —Fi &7 i A 2501 7 vk
FARBES I AOD 5 PM, ,—BMERg N &, HF{E
5 EREERPFH EPA (Environmental Protection
Agency) M EAFTER A CH: (R=0.81), Jf
FEOR IR I T LA LR A B T s 0 R R A
A R () R O A A T B P A B R
e, M PM, B BE J1 . Van Donkelaar 45
(2006) FRFFREE AR, R e B 26 J2 5 1
AOD 5 PM, FHCRMEZENE, ZMX KR
fifi 25 [6] AH 5 P M 0.69 R F# %] 0.36; 54, Van
Donkelaar %% (2010) ¥ b6 [H 75 AOD 45 &,
33 T 42 EK 2001 4F F1 2006 4F (4 3T Hb 17 PM, e
RN AL PM,  JUA - R 20 pg/m®,

el R 7R B X A AR S (D 80 pg/m’, BRI LR
2R 6.7 pg/m’®, 514 T EERFES T Z 60 B
Ll ) PR 2 T RS AL S5 i SRl AR T4 B 2k
15 P HEORE 555 S HOR 5 SR I B AR SRR
PR, XA O R A PV RS B A B (Liu 5%
2004; Van DonkelaarZs, 2006).

4.2 HIEHE

AOD R M2 RATTIRE AR TR Z RN
VB CAFIERE 1T PM, o2 T8 4 T 0 i
L) AE B AR P B 0T R VR, AT =z IR A A G
P 52 B0 I T L0 A 0 I I T AR 1 5
(ZEIA 45, 2005) . A4S (2005) IR AR
THEET Y BRAIL AR 1) 22 56 8 20 X AOD #E 4T
WIE, FEPEE0HT T 2004 4F 10 A b 5T 9 — Uk M
15U I B FE 2 B DX I i A0 b T 2 1
SRR R R . T, dr A
AOD 5 PM, YR T, HILRET RS %
JEFE 5 PM, W B AR 8 7 fEB 1Y PM,,—AOD
KA (Koelemeijer %, 2006), He 4§ (2016)
P& ) — T i T 0L A B R ) i RS OE
X RH PEATH IF Ji 45 21 PM, , 5 ¢ BF 55 52 PM,
WA G R BUH T 0.85, Wy L BEAR R 8 75 4 %
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JEHR S PM, W BRALREME , {HJ2 PM, AT AOD &R Y
PHEMLE R 42, HSEW R T 2T 45
St R FRUA, HETMEZ5 A A X E DL E i
IR B Z BN R, FEPM, MG RIFA
FEAE (Li %, 2016), U Engel-Cox % (2004) %5
it B TR OUL B84 B i B2 = R, X AOD AT
KOE, SR EHIM KRR S T4 5%,

4.3 SitiEs

FLXE T PM, FAOD ¢ & A9 2 2008 4%
W AL AOD 5 b T8 3 17 79 PM,  J5 o ¥k 38 4 7 ] B
A SCPE S M, 140 2003 4, Wang F1 Christopher
(2003) B KX AOD 5 PM,, i 4 56 Pk HEAT 5 &
Br, B0 E BRSO AR 3E b B AOD 5 PV, 1Y
MR (R=0.7), JFE T HFEHPM,,H
MODIS AOD (et mlIE 75 # 5 UEB T FIH AOD 14
B PM, S B AT 474 (Hoff F Christopher, 2009) .
PR, B0 A9 BIF 9 o 2 DG b T8 0 3t o PML, . 5
AOD WYL SCZ, LA g il e 7. 5 ) 1) 3 B
LPERIE R, JREUS — e s R . A,
AOD 5 PM, ;R R A5 2 G T E R R 52
EFIERETMARGLH TS L2 ERNZ TSN
[ )94 0 (Gupta 1 Christopher, 2009; Song 4%,
2014), ©Al A AF AR AOD 5 PM, A1 A OC £ .
BE 2T 2Rk [l B R 285 4 4 R 81 A R, =X
o, XRREHEWMILHFEMBER, B, BT
ESIEIEEY @
PM,, = B, + Baop- AOD (5)
PM,, =B, + Biop*AOD + B,- X (6)
SRIMT, 3K 7 IF A 18 148 8 A Bl A 52
X [ PM,,—AOD JC &, TERLRITINORG B LA AR
BIAERENE, W Engel-Cox 25 (2004) F1J 3 El b
AT 3ty A 7 W DRSO L OORT 4 S it b T 7Y
AOD Il PM, A OCHEHEAT 20T, 153 T M OC R
A, S5 R ARG b XA OC R £A 0.8
PLE, PEACHRAHOC RBONMK T 0.2, Bk, gk
P ] U A TR AN BB 2 R 2 B 0 T 1 PML A4k B
5% WiE, WEEERET G R E R
FIHL X (9 AOD G5 PM, ,, Hrp &R 2. &
TRORG S5 i 2 R G TR, AN MR 5 00
A IME (Linear Mixed Effects Model) (Lee 4,
2011) , J7 mAERE Y GAM  (Generalized Additive
Models) (Paciorek 25, 2008) . Hi I AL [A] )7 45 50

GWR (Geographically Weighted Regression) , i P!
FEF R ANAL B )AL (GTWR) FIBLES 5%, X
AR A Y T B ) £ e [ DA TR A R AR A L K
SRS

(1) LME. LME &8 et ity
2011 4F & W F PM,, i B vk JE A4 (Lee 55,
2011), FEFTIEHE 22 M X BT 57 T PM,,—AOD ¢
Z, HEABREMHLRERE. KloogdF (2011) ¥
AOD 5 A B2 6, ] LME B f Bt 1
TR 5 S8 PM, 5 AOD £ R LERT IR FAY
A, LME SR FH7E — & #2 B L f# B T AOD
5 PM,, Z B 425 F,  HLDH HAR AR 25 44 fif 5,
AR GEMAR T 2N, i, LMEBRE
R T 0 52 E AR L H RS PM, ¥ JE (Chudnovsky
4, 2012), HOMHBIAFMFFR X, 5%
A M (Lee %, 2016), LA{A%1 (Kloog %5,
2015) PhRerhEdbs XA (Zheng 55, 2016)
;5 Xie % (2015) A A LME 4k 5 7 b 5t
20134F3 H £ 201444 H 1 H ¥ PM, ik i, 45
IR0 7R AN TR W s 5 AL 7 A8 SR 56 R 0.75—
0.79. LME £ 8 ZE B[] _F s npEALALN, , DL &
AOD-PM, &R S B, W R A AKX s

PM,; = (Bo + ,80,[) + (ﬁAOD + B,\OD,L)'AOD + (7)

By X
Ko, BBy 27N BE BN REL, By, FNBron,
INBENLBON REL, B RN RS R2E, FEHLRLN
WL T AOD-PM, O FR MBS ] AR S . 75 28 B ) 2
LME7EZS (8] 24 Jmfy, WA % AOD-PM,, X &
142 8] 5 T .

(2) GWR. LME fRI7E s} (a2 5 1 B AT 1R 5%
R EME, RS (VNAFECR) A9 GWR BLRLE
AAERE L HA RIGYE, BT RO A B,
B BE g 2s [ B A M 280, B R B A
/N VL AT S S B A4, ML T
AOD By KA PM, Jmy i AG SR A, 45 M an=l (8)
i, R (u, ) FoRZSAME s A EYAAR, 3X
Ui Bl GWR B (%) Z2 5 bl 2 (0] 467 B AR A (Ma 55,
2014) . Hu (2009) A& BT 3 FEAHLBHIX AOD 5
PM,, 2 [A] (2 (B R — 20k, A GWR B fig Bt 1
XA M. 2R, GWR AR AEZE 35 [E 78 g 37
A [ AE AR B T AT (Hu 4%, 2013) . Ma%§
(2014) FH GWR BT it [ H X 2013 4F PM,, ik
JESEATAR S, BT [ X PM, 1 H 4k
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JEAS N, R A 22 S GE RN 0.64. Song 45
(2014) FRIFFT 45 5 24 B AE [ Bk — £ M X 1) PM,
flirh, GWRBRIfERE T 73.8% B PM, W A5 4k
PM,, = B, (u,v,) + Biop (u,v,)» AOD +

B (., X, ®
(3) GTWR. GTWR 57U F fif 25 5 5 F b 2
A ] B B s R AR e R, B ET
GWR B BA 7% & I IR . E GWR IR

Sent b, A TRTSEEE, ME 4R bR, BE
[ B 25 JE B 28 B % 4% N AR RS2 IR, RBAS R
SRCHI IV X PM, 1) T L S 3 1) B 7E GWR AU 2
AHFMAREE R, W=l (9) PR, XiE—24R
o TR A E Y (He #1 Huang, 2018a, 2018b).
Guo %5 (2017) F I GTWR £ 1K Jb 57 2013 4E
4 H—2015 4 3 J] MODIS 3 km 25 [A] 43 £ 2 (1) AOD
5w PM, EAT LG, S50 RIH PM, AOAHC &R
0 0.36—0.75, FF4 ST R/ ING B R E S
B, A B TR m R A O RE 7)o He Al
Huang (2018b) FJfH GTWR 5% H PM, W i, 45
SRR GTWR AL G E LT GWR ALY, Wikl 1
GTWR 7EA AOD-PM,, Bt X BE A L T 1 10 A
415 BfiJ, He#lHuang (2018a) FH ek iGTWR
CIMAZETRFAE) AR SR R0 B X 1 PM, VR 5 XF
T4 AOD-PM,, VT it /) K&, HAZ X EAE R K
0.82, X 5HRMER GTWR PEREA Y ; [FIAT, iGTWR
TEIA AOD-PM, Ve RCHEA 1 KA h R B T 471

e J1, 28 LEUE R 0.24 B4 151 0.46
PM,, = B, (u,v.t,) + Buop (u,v,t, ) AOD +

B (w08, ) X

(4) GAM, LMEBIRIFIGWR (GTWR) il
R T AP AL, H T A AOD 5 PM,, B A
RIRAYAE LR PE D R, GAM H55 7 B8R 2 fi o 4 M
BRI P, (BT AT V1 R BRE W 1R 4
fift BE AOD-PM,, 9 9 £k M OC &, LSS U 25 44 4
A (10) PR, S,() 5S,0) /R AOD HHH)AE
EHIELERE (ZouZE, 2017) ., Paciorek %
(2008) fifif GAMBRIZFL RH, PBLH, PM,, Wil
HAEFAOD Z MAFAEJE LM E LR . LindE (2009a)
I R BE A AL 3k, X AOD 5L AR H T
W PR, U SE FE AR A PM, M, £S5 T
BhF 0 T 45 K 5 Sorek—Hamer 55 (2013) 1] H
et mIa (LR) . GAM FI £ 0 A & i [0] I 455 1
(MARS) i %5 PM,, o i v B, 45 SR 3 W] i 2 1Y)

(9)

LRs 75 3¢ [ VY FS A AH S ME #5022 (R*=0.2) , GAM Al
MARS )R BUARIE T 161 B0 LR, GAM HY S J 28R
hf (R=0.61).,
PM,, =8, + S,op (AOD) + S, (X) (10)
(5) ML, H1FPM,JKESIEZHEAK, W
L. ORISR . N DRI NS, X SRR
B T ARG G AL B PM, MRS s D34k, T
B AOD 5 PM, ARSI AELM IR, MHLE
TS TR R AR LR R BE 1 . Rtk , AL
i o7 2 S AR R PM, Al 58 Y A A (Gupta FI
Christopher, 2009; Brokamp 25 2018; de Hoogh
45, 2018; Park %, 2020). 20094F, FHZERIZE NN
(Neural Network ) #3560 HF PM, Al 5., HALRY
PEREAH LUAZ S GEH AL IR KW EEE (Gupta Fil
Christopher, 2009); FENLAEM RF (Random Forest)
(Brokamp 4§, 2018) . ZFf & #L SVM  (Support
Vector Machine) (de Hooghfff, 2018) FIVEJEE >
DL (Deep Learning) (Park 25, 2020) #Hles=¢>
BRI Z BT B . i We s (2012) FIFIDLAE
W ENE I ZR N T A2 25 ANN - (Artificial Neural
Network) f¢ fili 5 o [& 75 % 19 PM,, ¥ J 5 Li 5%
(2017b) 7E 4 [ Bl A R T S0 pf 2 ) 2%
GRNN (Generalized Regression Neural Network) 1
BET 2013 4F—2014 4E (1) PM,;, I 5L 50 Ge i1
R (MR Z etk ml ) 47 L,
i RRH], GRNNAELA PN BE th THE S Ge AR
B AL T R T T R R B ] R R
ZWE T B AR ] A M BRAR OCPE . BT, Li%E
(2017a) 2% &7 PM, 1) Hb 3 5 5 R ARF 25 A S
KT MR BETR B A AL 5 IR TR A )
RUAHLG , A PM,, b RAH DG4 J5 (155 RS i 1 %
fe, RA0.4219/m% 0.88; BJ5, Li%F (2020)
] I % [& T AOD-PM,, 5C F& 1Y 3k £k P Al i == 57
B, JF & T T H 3R S () A Y R 2 I 2%
GTWNNs (Geographically and Temporally Weighted
GRNN) , BEHRIZERG AN 2 iR . 5 DIE I 25 46
AL (GWR FIGTWR) AHEL, GTWNNs R
R ARy IrERE .
(6) ZFMRAIZE S, AOD FIPM,, I C R A
I 6] 0 25 () 1 52 A8 Ak, P — s 2 ue L e Jost
XA AR I 2 A8 Ak, AN RE T M A PILBE | A R
X 4 PR 2R 2 QA S e 5 e U ) 1) T G R MR
Mg AOD FIPM, AHSCE (Hidy 2%, 2012), A1,
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VN

ST B RS B A ISR AR DL B AR R A 4
DL Bsf 2 A B[] F0 %5 8] - 9 AOD-PM,,, ¢ R A8
b W Hu% (2014) A ZBrEgesisd (LME+
GWR) %% T 3¢ [H 4w &5 2013 4F- (1) PM,, Jii £ ¥
BE, WA R BN R R R T — %
B OKS BE . Rl 0.66 48 55 31 0.69;  Liang 45
(2018) JF& T 3 )2 S i G 0 I ASE AR T 1 At 5
[X 2004 5E—2014 4=/ PM, A3 AR5 00, 5 — A5l
FI ] LME #5550 )z 1t AOD-PM, . IS [A] 5345, 55 — 2k

TR AT GAM BERY R JH Y- bR 8 LA S A 7 45 (1]
RS S, B SRR A A A SN
By B4 KED (Kriging with External Drift)
15 B 7 2 45 A5 3 14 PML, 5% 25, RIS A IF9T IX
ks, P33 EHBRITUN, BEHSGE T
PM,, 75 %5 ()83 o bR R, A db mn K i
i X 11 AR P 2 AR BT 3 RO 177 K3 T £ 279
K, HMEER.

Input samples

Satellite AOD

RH

WS

T™P

PS

PBL

NDVI

Input

Pattern layer Summation layer

Structure of GRNN

El2 GTW-GRNNBRIR =K (L%, 2020)
Fig.2 GTW-GRNN Model(Li et al.,2020)

U9 P73 . 9 BB ASE A 5 B2 v el
X 3 5 v Y REAE AN () B B AN [ 2 8 of b £t 95
PM, ik B, AR T Bk B3 48 Sk iy v ) B 5
PO, HEX3IFESAARE (FR2). HHIA
- T T PV L0 B8 B AT 58 B B v, {H
TR S48 (AR HECRTE ) A5k
AT AREL, 1 BOZ T A AERRPERS 22 D BRI
BRI 543 2 58 T PM, RO ERAL R, E Bl ol R T
AT R, H—23%8 (EEEL) %R
NS By AR B, Al G A — o 4 R R 5 X
TR AR, & HAR TR AOD 5 b T
PM, AT A OCME A AT, BERVZE MY TR B, ok
HERRIR AOD-PM, 22 FR . DL Bk BRI
N B HATHZ GWR. GTWR. LME #il
BLER 22 SR ge A, U HOR ML 2% > I AF SR L
AR AR (L%, 2017a, 2020); Hlassi > fi
TR PR 5 K Y R 2k PR L fig Rk )T vz fl

(Gupta fl Christopher, 2009; Brokamp %, 2018;
de Hoogh %%, 2018; Park %, 2020), {HE X}
AOD-PM,, ¢ 22 19 W) B ML B FI A 25 S5 vk 2% RO
B, i BEAE R[] I SHe i — 2 AL A% 2 S B
BORHE— BT R e

5 PM, S AFAE Y )

5.1 AEREMLER K 8]

B ) T8 A% R 2% 0 R LSS Oy o 1 Ml g i
AOD F= i, FFARAS B T il 500 B T ) 45 ]
WIS (Yao FlLu, 2014), {HTAE AOD /= S
FEAE—E WY R IR . eSS 71, T2 AOD
228 s, mb R R (Fln, WKAE) (Levy
&, 2010) =X Vb A E MR PM, U5 44 (Tao 55,
2012) BRI (&3) 5 FEm ) 55 5 1
W TR (AMMODIS %5 ) HaB7E i BE s} A % AOD

PEATRAE, R A — KK (A2 = ol
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LX) (RemerZF, 2005). X Fh e BRI £ A AL
S PM, B B R, 520 PM, A SRR RORS B | 28
SR FRATI ARG (Zeger 5, 2000) .
R 2245 T AH 9 LA g e T3 5L AOD 1) )= B 1]

AR, ITIEREAI I P — 2N LA AOD
Frmb & b s — 2RI X Ml T 3 A0 PM, B8 B 47
il A (LA

*2 PM,fEERBENABERARE

Table 2 Advantages and disadvantages of PM, ;estimation model

ey L

AR

BRI ISE RS

R FEAP I T DM, (TP
L LRI, 5 T

T M TG PM LSR5 1 I 3

BERIZEA SRS AR -0 R A 15 B HEGE B A 5 2R L
i TR B, 3 R S SO B 3R
SERIE T AT o MR LA S A G AR

BB AT AOD-PM, X Z I ] 2 S b
B N R iy

R
LR

SET LA, R AOD-PM, X R AR LR LT
SR P L IR S P2 L A2

SIS

E3  PM,, Bl E IR R &

Fig. 3 Schematic of PM, ; data reconstruction

51.1 DEAODF@E&IEA

XA AOD 7= AT Rl G 1Y 7 1 2 SR SRk
MG I L GRS RIS ) B s (Rl (e A
He v 23 ) 37 15 B 4 0 A T AOD B0l B4 ailt A5 HURD
BIE M T/NEFE AR ER (MadF, 2014). Ma
S5 (2016) R Z AL (IVW) 193 fila
Ji ikt AOD #EAT AT BEl &, HRl& /5 19 AOD
-3 7 35 R T 80.6%; R £ A AOD 7
6] Y H A, Wang % (2019b) R B LG I

T7 ik Rl Z2 R L AR 1 AOD 77 iy S AH R A% A% A
[ 37519 AOD 7= &y, AOD 7 35 RN T 123.9%;
Van Donkelaar 28 (2011) fE#zum 4 (R -k
9) WM AARTE SR ISR SO T B = 2o B A
HEJG R AOD i e o T 53, Win T 21%
Lo MlLERse ok k- Rk, Wil
H#AOD H5HABHT B A B A9 S &R, AR B X 45k
B AOD Bl - A7 1M, W Bi%E (2019) J&T RF 5
AUfIN A MODIS ) = F1 55 KRR 70 B G 8 sl
AOD, 153 7 2 ER AOD ™ i,
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5.1.2 PM, HiEE

XF T PM, B0 B RN 5 ik R A S Zs []
SR T e AR M A Ty vk o A TR B R
(Kloog %5, 2011, 2012) #H, ©iE i H AOD
BRUES X (ST R X)) Y K2 a7 B
B2 S5m0 05 7 B X i 2R a2 A T p s {H R T
SURIA T 23 (a5 B AGE A 62 DX/ i 1l X
25 1A 4 (AT A RI0OFI T B8 A0S0 Ak 38 408 30T X 3 )
RAE, B Z TG RWE5E T, 4 Liang
% (2017) FIH v B AR 0 7 ik e AR AL Sr T
10 km 23 BER 0 PM, H &, SR A48 408 T =k
JEE B PV, e FE RN, FLAE b b DX (%) b T 5 00 o) 266
BERERC, I P A (B AR T 45 21 n] 52 1 700 25
BEHiEG I (L%, 2018) HILL AR 2515 &
il i B G i il A 3 SR v 2 1) 4 PR
T IS TE) A3 R B R AR, LS B a5 ) 43 R B e
TEWTE] LA S vE (O RES AL, 2016)) K
SEmE L K TR R A PM, B S T 3 (i 45 SR
TG, HAMAE B .

52 REREBE

AT 5T 3 2R fa] PR 10 L e P T
T K Wy BB P S SR gk PM, 1R AT R, X gk
D7 B AE REAE — & B BE b e o £ 5 P, T B Uk
(Wang g8 Christopher, 2003; Van Donkelaar i
2006; HeZ:, 2016). {H FIHARE AR, 14
SO R 2 S E) T R . U0 Engel—Cox 45
(2004 ) FI| FH 7 AL AR [T AR IR | UOG) 4 55 fii
70 FI N 1 AOD Fl PM, AHSCPEFEATAIESE, 53] 1 AH
KRB A E A, 45 R AR AL X A 56
FER 0.8 LU L, PUALERNAR T 0.2 T UL & LAY
LR ImT TR AR AN FH TR IO BIE IS X, M A5 X
TR AR, SRS EE R, 52 AT Hb T Y PM,,
Jo e v B S T B A8 R R g B AL AR A T A
B2 AN AR B A R E S S B, BT
JIT T B S BOR 58 3 BN By 3R B 75 22 e 50
W (BB, FENH A — R, T
A (2010) MIBFR SR RIS LT IER
1) AOD 5 T PM, I AH G REL R AT ey, (HER
o e B AT BR A 42 %5 ) 0.61; Engel-Cox 45 (2004)
it P e 3 00 0 K R A kA R, R R
AOD HATIEIE, (U BEARG FEHE = 729 5%

B PM, Al o8 PRI K S8, A 2R ANl

ST R AR ROEORS B, R R T RS
GBI AL 2 ik (Xie 55, 2015; Guo%F
2017; Li%E, 2018). KJEZES, PM, & HBALA:
B 32 B Ry g TR R FL g 22 2T, e A TR
F B AOD-PM, R R ZF AR, e AT E 4t
JE B s (o) i R A M R E I B AR,
PM, ¥ FE (%) w5 0K B2 S i (Xie %%, 2015; Guo 5%
2017; Li%F, 2018). #Rif, HATAELER ARy
SRS B O BA — R, MERLE— DR, 45
TGRSR B 1) S RS B Bl 4 3 T .
F£3 SHEiTEREE

Table 3 Accuracy of each statistical models

MR RS Xk R ik

LME . ERE 075092 XieZ:(2015);Lee % (2011)
GWR [ .EE  0.79—0.82 Hu%:(2013) ; Hu(2009)

GuoZ(2017) ;He %5
GTWR E 0.75—0.82
(2018a,2018hb)
GAM 2 0.79 Liu%%(2009a)
ML R 0.88 Li%%(2017a,2017b,2018)

53 PM, LERHHEE

JRAE PM,, PR E IR E R O & RS —E
=R, ABLUAEXT PM, B4 ST 9 32 02 A 0T
TG PML, MR, AR /D2 TE 3] PM, v Ak 27 i o3 %
N KRB (Hus, 2014; Liang 5%,
2018; Hoogh %%, 2018) . ik & Y 25 < R i
B R WY, V2 A Y B AN ORL Y T R

I IS 0 A AUR ) A T i AR RE T, RESRE L

B 240 Jf i I 2 R A X {7 A= R2 I (Song 55
2017) . PM, AL pior G 2%, TR B HEROER |
o2z RN . W EAE I MR i 4, By
FERT ] A2 (8] BB & e A AR Ak, (R R AR £k ] 2
HEANEME LS, MR kIR TTEk (Kahn 5%,
2015) . LA AR EE A FH T2 W0 R Ak 27 A% S A 76 22
il TR IR K L s A A L, XA BT
) I ORE ) 153 1) 2 85 T (Lelieveld 55, 2015),
AR PM, 19 1k 1 43 1T BE -5 002 320 1140 1L 45 e
WA, HHRTEERA R0 PM, K 5
TERIEAS FEE R Z I (Lepeule 45, 2012) . T
ek, EASFE M A AOD P2 B 4 15 Bt
PM,, (1) 422 i 53 10474k 3 (Liu 45, 2007a, 2007h)
T R A B T M T PML AR R (RRR &R
SFRER . OCHIEC) 1Y #RIR B2 80K 20 1 v i o J3E A



MR 45 BT TR 08 R H T PM, R 32 S T8 1769

fb (Liu%, 2007a, 2007b), {H T H% AOD
PR AT AR AORL, e DL S ST b T SR 48 Ak )
feah,

6 %5 15

PM, AE R —Fh IR 5315 Ye ) L 467 L 3R
SRR NS RE , WE R AR TG Mo T PM, B VR
R A5 A 853 I 25 a3 A AT B 1 28 AT TE Al AT
WATIR A RFSY . 3T T2 3 Y PM, Al B 5T
Zead HIVER P & R, B2 BUS T AT LAY B
PN BN N Ll S B 5 Ny 7 o L L o (O E
AOD 7= fify KAl S A R0 45 7 T 2538 PM, VR A 5311
DT . 4R, KAPM,, IS B F T4 9% 2
PAMIFFE A, AR 5 7 0] KT W

(1) PM, iy TL AL 28 SR AL SR 9 & 2 U AR K
Ry, HOC T HAG AL R E R A s 2
AR b DEEBEEARNERE, BN S
B (=S ma s ) . &R R
(Himawari-8/-9) TR 7E PM, BRI Ak A 5% I
HAEMKMEHE, PEIHRT s e, =H
P AL DA 1436 3G N 2R 2000 4> A2 A7 5 HBTAI G
B 1 /N TR 2 T A, L A R Ak SR I 1k PML,
T 5T B S 2 —  (Huang 55, 2019; Xu 5%,
2019) . X EEHR AR 204k RO i AOD-PM, ¢ 3R 2
B AL T R B S FE . RIS, B KA
HoRM ERE, B, PLE IO T A AR R
WL ARG B, #5238 TC AL B Bk 4 1%
JE& A ] S PM, 1B 7 1) B A WS (Peng 4,
2015), K H 5y 3 B TR B A b i s I 54
GhE4, M PM, B = ZE ST R

(2) H AR A AOD Ul X T A 5 T T A
W KA PM, e A A . Harfii
4 Fp AOD B @l & Jr ik, #RRE K R R Hb 4 R
AOD (275 () B 355, [AIAT L BB AR AOD R B L
RS BERE o (AR R AR A AN
A IEXMELL G — AR AOD 77 i AN E 1, 34
A E TR M X (Van Donkelaar 45
2011; Wang %, 2019b); JH{E LTI JETE AOD
W JE PM, Y, ER AT 5 TRV e 8 P ViR 7
] ARk, HRAREEE AL 5 48RSt =
] 56 ZUEATAAR M, HEmPEA R (Ma%E, 2016).,
ARAE AOD Fl PM, i 2K AR il -5 S 4D J7 18T A AF 5 v
e (RS} 25 S R) B 2 [B) AR Ak, &R il 3B AR

() VA B e EE Y, Ol KR PML 19 I T 5 i
HERA I A 7 B S

(3) PM, b2 140 A B F 43 B 45 4 B
TR E L E T, Ha A AR bk S oY —
ANEER LRI (Lelieveld %, 2015), fb2EfL
R RS PM, 20 4015 B L T T J Al B % il T
W2 YT PM, 25015 BRI ) (Van
Donkelaar %5, 2019). {Hf&, Hum PM,  ZH 43 Wi k)
AR SEE, Anfn] v AR 195 38 B Ak 40 v Xof i T 32 1)
(AR, 2B P, T2 B A 1 o b B S i i 2
— W5

(4) AOD-PM, 1) 56 Z H A7 B [a] Fn s 0] a2
FAR Ak, BRI X LS X B A 2% i ) 2s AR Ak
(Hidy 5%, 2012). K, 2855184 et siAln
i [R] B 25 TR BEAR B, R S PRl DAL ) e A
RIFZS G, RIEARRSeH R R L, [T E R[]
YEJE 2 A 4R | AOD-PM, (15 27481k, 5
Ah, BLERF AT AER B & R [ N Ah PM, SR 1
W 5% #45 (Gupta Fil Christopher, 2009; Brokamp
0 2018; de Hoogh &: 0 2018; Park &, 2020),
{HEXF AOD-PM, , ¢ & (P 3L BRI B 25 53 o Pk 2%
BB R, HRTEX MR Em D, £k
Hh AR I 25 4 PML 40 B O R B I Ak 249 R R A
P ERE A () Py B2 SR A 2 AR G Rt — 25
WFSE o A e & JR [R] Ao 3T — 35 A ML 25 2 A
BOR R — AR R SRR
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Abstract: Fine particulate matter (PM, ) is a dynamic and complex mixture of particle matter with an aerodynamic diameter equal or less
than 2.5 pm that can seriously affect the air quality and public health. High spatial and temporal resolution PM,  data is a basic requirement
for public health risk assessment and epidemiological research. Compared with ground-based datasets, satellite remote sensing provides
continuous, wide space coverage and low-cost observation, and the PM, ; mass concentrations retrieval based on the satellite aerosol optical
depth (AOD) has become a popular topic. This paper systematically scrutinizes the research on the near-surface PM,; concentration
retrieved based on satellite AOD products. The basic method of estimating the PM,  concentration based on satellite AOD products is
introduced, and the main satellite AOD products used for PM, sretrieval and their accuracy are described in detail. The existing PM,
estimation methods and their pros and cons are also discussed. Finally, the problems identified in PM,; retrieval research and the
development direction of PM, ; retrieval research are presented in the future.

The scale factor method and the physical mechanism and statistical models can accurately estimate the PM, 5 concentrations at different
degrees in different periods, but the scale factor method and the physical mechanism model are less used than the statistical model because
of their limitations. Statistical models have been widely used and improved due to their unique descriptive ability of temporal or
spatiotemporal heterogeneity and strong nonlinear description ability. However, the current PM,; retrieve research has three main
limitations: 1. the non-random missing problem of satellite AOD causes missing PM, 5 data; 2. inaccuracy of retrieval models, and 3. Poor
chemical composition estimation of PM, ;. Therefore, to accurately reveal the spatial and temporal trends of near-ground PM, 5 and improve
the accuracy of the near-ground PM, ; calculated from satellite AOD products, we predict several future research directions. First, the AOD
products of new high-spatial-resolution (such as FY-4 and GF-5) and high-temporal-resolution (HIMAWARI-8/-9) satellites could greatly
promote the research on PM, s estimation, which is of great significance to the reconstruction of PM, ; concentrations with high spatial-
temporal resolutions. Second, with the development of atmospheric detection technology, satellite-based, airborne, and ground-based lidar
can obtain vertical distribution information, and the particle matter sensor carried on UAVs can achieve the vertical monitoring of PM, s,
which can be combined with optical remote sensing satellite and ground monitoring data to achieve three-dimensional PM, 5 concentration
retrieval. Finally, PM,; chemical component information is particularly important for analyzing the cause of pollution and exposure
characteristics, and its space — time change trend research is an important development direction. However, the ground PM, ; component
observation network is still imperfect, and overcoming the dependence on ground station network in satellite remote sensing estimation and
achieving the high-precision retrieval of chemical composition need further study.

This study is helpful in further understanding the principles, advantages, and disadvantages of different PM, 5 estimation methods,
providing inspiration for the new development direction of near-surface PM, 5 concentrations retrieval based on satellite AOD products, and
improving the accuracy and spatial-temporal resolution of near-surface PM, 5 concentrations retrieval.

Key words: PM, ,, satellite remote sensing, AOD, estimation methods
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