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Abstract In this study, the aerosol optical depth (AOD) products of the FY-4A satellite are evaluated base on the satellite data,
gridded distribution of near surface PM, s mass concentration in China is retrieved using the improved PMRS method. The results
show that the FY-4A satellite retrieved AOD and AERONET observations agree well at various sites, although there exist certain
underestimates or overestimates. The correlation ranges from 0.54 to 0.87. FMF is divided by the criterion of 0.4. When FMF>0.4,
the fitting results are closer to the observations of AERONET than that when FMF<:0.4; however, when FMF<:0.4, the AOD
stability of satellite retrievals is better than that when FMF >0.4. By introducing the size of AOD, the estimation algorithm for VE; is
improved when FMF>0.4. Using the improved PMRS method, hourly retrievals of China near-surface PM, 5 are better correlated
with the surface observation. Among all the results, the correlations between retrievals and observations are higher than 0.7 at
Urumgqi, Shijiazhuang and Xuzhou. However, there are overestimates or underestimates in the retrievals and the errors are determined
by various factors. Regarding the spatial distribution, the national average of near-surface PM, 5 of satellite retrievals has a good
correspondence with the results of near-surface observations in 2019. The monthly variation trends of the two are basically the same,
which can basically reflect the spatial distribution of the near-surface PM, 5 in China. Specifically, in autumn and winter, satellite
retrievals over the areas around Beijing-Tianjin-Hebei, the Fen-Wei Plain and other high-pollution areas all correspond well with

ground observations.

* G K R IR H (2019YFC0214602) . 5K [ S8R 2% 5L 4 01 H (41875181) . HE SR LR R G Wkl 55 X fl 5 R & Jg & 1
(YBGIXM(2019)02-02) , _b-fa) [ ZRAA R ST SR (SDZ2020613 ) o
YEB A VL3, EE RIS R RS TAE . E-mail: Jiangqi89@163.com
SEEVES: W, EENFVDIMBUR TAE. E-mail: nmgxrk@163.com


https://doi.org/10.11676/qxxb2021.024

L 4. FIAHFY-4A TGS B XT A [ i PM, s ¥ BE 0945 53 AR 56 93 B 493

Key words FY-4A, Satellite inversion, FMF, AOD, PM,;

 E X FY-4A TE MR ROGS )L (AOD) 7™ 5 BEAT KL 30, JEAR Y T8 A8 SCULI B2k}, 38 F 80 J5 19 PMRS 77 2%, J 375 3
r ] ST b THT PM, 5 JOG o2 VR B A A0 Fi o 25 3R B, FY-4A TR I8 R [ 3 5 AOD 5 b 3 Wil X ( AERONET ) Wil 25 SR Wy 45 4%
W, (BEAE—E RRAT BUS A AR, MG R BUXA] R 0.54—0.87. KE 410K F L (FMF) LA 0.4 9 47 %1 43, FMF> 0.4 B}, 014 4%
5 FMF<0.4 A 5§ 1 T AERONET WL 45 3% ; {H FMF<<0.4 i, T0 2 8 () AOD £ & ¥t F FMF> 0.4 A . 3l 33 5] A AOD By K
/N, BRHE FMF > 0.4 B 4] 200741 R BRI O L (VEp) B AN B3, I 38 20 B0 J5 19 PMRS J7 25 %) v [ 50 4 16 PM, 5 YR 3 1547328 )
SV, JHE S V45 SRR TRDUR I 45 A DGR, Horh, S8 R SE L A ZE AR NI S A AR OC R A S T 0.7, (AEUE LA A7 TE & A
BRAL, IREG R B TR R E . 2 H o, TR R Ay E 2019 48 30T 30 16 PM, 5 Wk BT H 349 {8 55 30T 1 10 WL A4 25 2R A B
BN R OG R, 35 78 AR R B AR — 3, BEARHT DL S e r [ ST TR AR R Y A R] A, RE IR R AR pU B A X
B U OV D A G G R A X34 5 v SO X 358

XA FY-4A, DR, d0RT I, SIBEBOGHFIEE, PM, s

FEZENSES  P405 P412.27

1 5 5

PR e JRE 1Y) 28 T R T Ak AR A R AT
PrHERCE B AN (34, 2018) o DAsE AIRERD
23375 Y 7 H G E AR M@ RRE (Pope T, et al, 2009)
KK PR 55 (Han, et al, 2017; Wang, et al, 2018) .
4R (PM, 5) AT LAWK & A 88 F Y L, 78
KA TE BB R, HoOnT DL BE 2 5 %, X R
G TR 2, S 5P B G R

Hh ] i B R, T SRR A A, R R
2343 AT PR E T b I LN st e LA 3R B4 T A U G
O3 AR o T AR R TR B ] AR TR Y S AR
R B R A5 94 W5 (Bellouin, et al, 2005; Colarco,
et al, 2010) , a1 12 By 1 W 0 mT LA O B S0 ) 1)
DA R T AN B P 3 B IR, DRI T 7 e 2 ] 43 A
AR BT R e S = < A D AR =115 = S W 2
JE 1 DA S ARk RT LGE ' 2R IR R L 2 A B AR AR
T SRR . o, 8 i 8 BT BB K
KRG JE B (Aerosol optical depth, AOD)
AT DL A 4 T b sz e 2 23 KSR IS 1 T DG AR AIE
G, B RARIEMTE R IE T EES R
— o [AlI, AOD [ AH SCHUE 28 AT LA h 5 i i) 3K
B, Xue %5 (2014) 38 & B% & {4 ] Moderate-Reso-
lution Imaging Spectroradiometer (MODIS)/Terra
FI MODIS/Aqua £ 4 % 5 R 1 B[R] S i B ik, 7=
AT PPN X IR R]F 4119 AOD %idiifE . AERONET
(Aerosol Robotic Network ) Hb 3 Wi 5 ] L4 A3t 4
13 300 A KL 3 B9 AOD Hds o I [ 7 38 KK
VS I Ot 2 JEE B B A R e, Hor, B AR

FTE(FY-3) M & W5 IR TR (FY-4A) BT
i 22 30 8 WO AE R, w8 SO R RO
RRPE

T By W) b R ASOG Rk S R TS ek
BER G R JE A A | Hb 3 28 JE% SF T G M AT
PM, s W HE B SCBE N 22 o FI ] AOD J 73 4 KL 19
MR HRZ, HYFEE— 289 R R Y (Kahn, et
al, 2010), #l a0 Z #5115 B (Koelemeijer, et
al, 2006; Li, et al, 2017; Ma, et al, 2016) 1 JH &~
JTIZ AR 2O T AR B R) A N LR AL RS G R ALk
(Wang J, et al, 2010) £ —EfEE 4 T AOD 5
A U 1 AR O, HR: B T RS S B0 2 o FH ke ok
BN S DL TR E T IE AN BT IE R MY
= 75 %5 (Engel-Cox, et al, 2006; Hutchison, et
al, 2008; Wang Z F, et al, 2010) . Physical PM,
remote sensing(PMRS) 75 % (Zhang, et al, 2015) J&
FET YR RS T vk, EEE S R B T
T SRR Ml TR DU 288, R[] 75 ek T Y
Wk T 228 SR 5 sk v A B L B B PML, VR B, B
25 3 HE AR R RV S R, T LA R SRS R L
Al 55 55 o [R] I, 5 T AL I VL I b TR R )
M9 22 3 TR B0 T3 R T R, JC vk 4 1T e B 40 Ak
VB 7S sh A AR AR A H AR Ak SRR AR, T A R AL
TRAEAR T T R TAE 0T LABR AN — A A2 -

AMEFAMHR WS FHIEIZLDEE LR
(FY-4A) MOt 2% 18 B, 46 B IO R
A ki T Lt (Fine mode fraction, FMF) ¢, 45 & Hi il
S B Ak, JE F o B PMRS 5 ik, A% 8 ] A%
b b R PM, 5 0T 5 Wk B, I 6 O Bff s Ak 2E AT OF



494

fiti, LAS D R ACRR S5 M 3000 0 i 41 2 (3L T A ) ) e
X

2 BAEAT Ik

21 # B

SCHR R TR R RS A O RO R R
JE(550 nm) . KAk F HL S 5E45k A T Xz Y
SARE T EEEEERN 28 E AR GRS
( AGRI) M0 H5 4 B4 AH 53056 7 i, He s ) 49 3o
4 km, BFEIZr$E5% R 1 h, 77 60 (% 8.2 W, Zhang P
4:(2019) Ml Zhang X Y % (2020) . PM, s ¥ B T Hi
T U 00 50 H ke [ b ) B W 3k I 35 (htep://
www.cneme.cn/) o 3CHH A5 B R & 0 R
ARG R R AR G UL s B, Seh R A
SR G0 Sl g b TR ORI A 45 SR R L PM, IR L
T 5 4 1) e 0 R 3 IR S B RO St — A R
0.25°x0.25° ) % H i

BEAb, SCrp ol Y R BH - R 2 B 331 (CE318) W
R R 7T 4 BRI S 08 ) AERONET
19 2.0 %% X5, B T AERONET I & i BL b %4
550 nm AYNEIAE, fif AT AT 1K etk .
2.2 PMRS FXRIE

1% 15 b 7 38 A0 W I 3 K 7 B A (RH) =a( 11—
RH/100) ", 78 & A0k T HRARBUE G B (VE =41
BT AEARAR B AR T 122 R ) )5, Zead 28 XU
S, AT R I b R PM, e R R A 2, AR
B M BRI Zhang 45 (2015) .

FMF x VE[ Xpl',dry
PBLH x f, (RH)

A, RH O KA X BE, pray i T 400K %5 5,
PBLH 3R /5 KL ¥ 13 ¢ )2 5 £ (Planetary boundary
layer height, PBLH), FMF Il AOD 43 5l & /= S
JRERE 0 R AR LR S O SR

T 32 W 5T XA v R R, IR R KT
RS a M b BIE R Liv % (2008) X K bifi 15 5
B RF 7T 45 F, Horp a=0.97, h=0.23 ., 3CH R 5%
PEAE Corary) M 1.6 g/em?, 35 UG PR AT 25 53 B 76
TR A TR AR FRA
BOERE (), AR ok AR 2.5 wm (9 BAE R 25 S
S EAA), ZE NS RIS EA X,
dy, 75 AN [ b X0 I & s A 25 5, A B 5E ok

PM2_5 = AODX(

Acta Meteorologica Sinica K%  2021,79(3)

Gao %5 (2007) Xt 5t py il £l d,=2.18 pum. i Hb
X 5 d,=2.09 um, Hand % (2002) X} 3%
Texas WL 25 d,=2.04 um Al McMurry % (2002)
Xt 36 AtlantaW{H d,=2.07 pm AIH(E d,=2.1 pm
VR AR W R A%

F T e = 7 ] S LA A R O R Y
LR, A 5T R 2 VR TR BIR A 2 5 B 45
HEATEAR . TR LB 5 4F (2008) o
2.3 PMRS REHEZER

PMRS [ B, VE J& R A, 245
PR 0 05 . Zhang 45 (2015) B 5T N A VE, il
FMF f#7E—E W AHCOC R, M 8 1~ AERONET
(LI 356 5, AR FMF #8577 —%& VE, Bl &
(RFZERBEBRAR), HilG MM BEiaigz,
o 2 A B 1) PM, 5 V& 8 Rk 1O 00 1 O 3R
(RN 0.5, S T Rl HAG 5 VE(E . #2
T P, g Y B3 S 98 235 1 A v B, O R R i A
(35 38 R, ACBFSE %) Zhang 25 (2015) 857 (9 4H ¢
PUA FE PEAT OCEE, — T T, 35 U BIF 5l A R
KENA W X B8 24 4~ AERONETH &, %5 — )7 i,
A A X 240 R 4 FIURL SR 4 0 K] 43, B SE T R E R
[7) P 00 A TR, e X 40 R 40 Ay SR A 7R ek £ B
45 JL 5 W R B B B AT 43 0, 38 5] A AOD
{8, X 74357 AOD<0.1 f1AOD>0.1
P Al SRR

X BEHLIE I AERONET 24 A4 X 38 14
SR T 32t SR | T JE ) A IR B AR R 3 A1
a1 B s v = = 3 W T N i B LA R R 7 N A
WM E — 25, EETLA AN 428, 4000
S LKL RN AR (Vb 2R g ) TR A A RLR T (U
A )TV TR DL R AR (5 B SR EREY 24 A4S0k
SURL 3 4 A 359 3 B0 R BLig 7R e R R AR R
v 74 (K 1a, 1455 Dunhuang ([ 200 ) |
Mingin( # E K %) ) . Zhangye( H H 3K & ) .
Jaipur(EJ ) | Gual Pahari(EJJE ) . Amity(ElJE)
F Kanpur (E[1EE) ), 3% 4345 38 B0 Sk H AR 28 8 - 06
{1 B R 4ihr T /9 2—10 4%, H " Dunhuang ¥4
MU KL T (>1 um) (Hussein, et al, 2004) (5 BOkL
TARFR IR 80%. Ak F-ACFRE AT 4 4~ (& 1b,
£3 4% Hongkong (H [E 75 ¥ ) . Kaiping(H [E JFF) |
Maeson(Z&[E ) UL K Yufa(Hr B 6€) ), Hik 4376 4¢



L 4. FIAHFY-4A TGS B XT A [ i PM, s ¥ BE 0945 53 AR 56 93 B 495

0.30 A
()
== Dunhuang
0.25 + Mingin
= Zhangye
Jaipur
Gual_Pahari
& 0.20 — Amity
\g_ e Kanpur
E
S
T 0.15 4
=
3
=
S 0.10
0.05 4
04 .
T T T
¢ 0.1 2 40 1.0 2 46 10.0
Radius (um)
(©)
= Hetauda
0.25 4 Lanzhou
Beijing
= Hefei
Bareilly
020 = Beijing CAMS
NE == Lumbini
= Bhola
E
2 0.15 -
N
=
3
S
S 0.10 -
0.05 - /X!\
0 B T
° 0.1

2 4 6 lIO 2 4 6 10‘0

Radius (um)

0.30
(b)
Hong Kong
0.25 Kaiping
m— Maeson
— Yufa
o 0.20
=)
=
E
ES
T 0.15 1
=
3
S
S 0101
0.05 1
04
T T T T T T ML |
¢ 0.1 2 40 1.0 2 46 10.0
Radius (um)
0.30
(d) .
Xinglong
m— Taiwan
0.25 = Dongsha_Island
Nainital
m— Muztagh
& 0.20 A
g
E
S
Z 0.154
=
Z
S
S 0.104
0.05 1
¢ 0.1 2 40 1.0 2 40100

Radius (um)

11 AERONET EIUK) 24 AR 3k 1 v DU IR 1) 7 H AR B S A
Ca HUREF, b. QBT o A, d. 14

Fig. 1

Average volume spectrum distributions of four types of aerosol particles at 24 different sites of AERONET

(a. dust, b. haze, c. mixed and d. clean)
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Fig. 8 Average spatial distributions of Himawari-8 satellite AOD (colour) from January to June (a)
and from July to December (b) 2019 (Blank means no value)
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Fig. 9 Monthly averages of near-surface PM, 5 mass concentration (colour, unit: png/m*) of the FY-4A satellite retrievals
from January to December 2019 (a—1) (Blank is no value)
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platform from January to December 2019 (a—1)
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