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Fig.1 Schematic Diagram of DOAS and Key
Factors (Platt&Stutz, 2008)
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i (Abad et al2019). 55— 35 d S iis G
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JE A XN O LA, B2t fi /s — 34l
R E 20 B AT kRS R LN L&
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1962) 2 & . MG IR 2 W R B 2T
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nm - [A] K] SO WA IHI F4 o) 8 Bl /B A AR K
i (W 2), XFEFE BRD BARAE S FIH
A BT R P =0 Y K 28 4 WL, SR B
R A i SO2 ) SR B . 76 BRD &
H, e TOMS @ S5 i (Bhartia
and welllemeyer, 2002) K155 A IWILAH A
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BRI 36 o SRIERE LUK B A AR R 3
NS MRS AR AR AL, 19 3 =k Bk 2
{6 o AR A1) SO ¥k FEAE i N (S 4015 B
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A, 2017),
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2012)
Fig 2. Osand*SO; absorption spectrum in UV band.
The black dashed lines label the four wavelengths
(310.8, 311.9, 313.2, and 314.4 nm) used in the SO,
BRD retrieval (Yan et al., 2012).
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it SOE BT A A (Yang 45, 2007). iXFE,
KA TG i 5 5k BN T 5 e SRS R
Mi%. 5 BRD HVERM, ZEVEMRIHE
RUHMA R, B S SR AR R,
TR R RS Y S Ak (SO R O3) I i DA
Hh 2 S S SRR TAR ST R, HL B E AR A
PSS 5 32k s U K RO B T I« %525 2
LA T SO, RS RIS 3, (HIF AN RETE 43
RAE OMI AL J3& 25081 4 30 1% 1% 0
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(Yang %, 2007).



Fig 3. Absorption coefficients of SO, and O; and
their ratio. The positions indicated by the arrows
are the central wavelengths of the algorithm. These
10 central wavelengths are 310.80, 311.85, 312.61,
313.20, 314.40, 317.62, 322.42, 331.34, 345.40,
and 360.15 nm. (Yang et al., 2007)
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Fig 4. Schematic illustration of atmospheric

radiative transfer processes’ ( Zhang et al., 2021)
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Empirical

Multi-angle  Imaging

FREE, EL IR PR i 4R A 1 AN B e B AR AL T o
4% (Diner et al. 2012; Maignan et al. 2009;
Wagquet et al. 2009; Waquet et al. 2007; Elias,
Cairns, and Chowdhary 2004; Cairns et al.
2001), XA AR AL B 5 KT IR A
S 43 B B % (Tanréet al. 2011). 4%
It, Ge %% (20200 it 7 SNOSPR (Spectral
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% i E 4R FHHL (DPC, Directional Polarization
Camera) HIAHT, i 2 S s 77 v b gk —
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al. 2008; Zhang et al. 2014). X 5 % f & )5 %18
B R IO 2 R VR AE 28 (A 4 2 b i 2218 A
A, INTHT FOVFAE — 5 1) 223 W ) N SR 2
S 2R 1) A 0 ZRAE Ear ARELL 2k F MODIS
( Moderate

Spectroradiometer ) [ K5 &% IE (MAIAC,

Resolution Imaging
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2020), fEiFE B2, MODIS ki f AOD i#
ZE Rk ERE R BRI TR R, B AE =
B P0G T S R B . AR, s
WSRAT BT, A R TR s KR
b, TS T TS G S o AN o A
S 5 o TR U SN K U T B i R
#o

TAETG YR S B B A EEAE A
AN b R SR T 2
Ot R8s B QR BUEERG 9, T
NI TiAh, VEE RTT IS G R RO S
T, R IR 2 AR S BN [ 2 e
MBI AMFRIIFSE 5] iR %E, 52
Wi ¥5 G AR AR B2 T8 A FE (Lorente et al.
2016). 47, 1 POMINO (Peking University
Ozone Monitoring Instrument NO) 7% (Liu et
al. 2020; Lin et al. 2015; Lin et al. 2014) & |
25 RIS TREAE 15 e SR S5 368 v PR B e R3S B
LB TR L AT RV 2R R . N RARE T
75 G SRR, BB Bk I B A0 % 18
T e T L0 A Rl 2 (PO R

3 KAIT4r R B2

H T35 G SRR A0 6 KA 5
FREERZ, EVFZRABERRPF, 55K
5 FORL A IRT I 72 A, ok N A A RE R it 15 K
/ST P N ED SV N M ER i 2 T
o FErh, KBRS & B9 ¥ 22
S EER O U G0 A8 A, X KRR
JeTAR B FEAF B E 2520 (Liu et al. 2020) .
PRI, 3 o R R L AR A . RS
(K175 YR PRI S BTN A e (R D
FILLAM 6 (3% 2) W92 T2 00 ¥ R I 7 =X
LLAMRITTE ARS8 GREE. RS 1
T B FRARAR I 7 A A ok, PRl AE TR B TR
FUL DN B g R L, AR LT AR I T
ot 3N S WD R 23 Es N 1]
SCRER, BEAMTT WO AR R E HL b A T
5 PSR R

3.1 M-SR D 2

1984 £ NOAA-9 (National Oceanic and
Atmospheric Administration -9) X % T2 2 [6] i
oAy AL E IR A SBUV/2 Fil AVHRR/2

(Advanced Very High Resolution Radiometer
12) RETHEE, SBUVI2, M BAT 45 2RI R
A BTGRP E 252 & 340
nm SIS Bl 12N 58 1 nm (1 B U E
AT B 160 2 340 nm HEAT I i SE
. AVHRR/2 {EA A% AVHRR f& &35
WA 5 A TEREBL, B — 8 KA BRI
BT, (HH AT AT A B 1) 2 S R
MEE (Klaes 55, 2018). 1X P AME LS4 NOAA
A BEMA A, KT NOAAD
NOAA-14 FIELLMM . f54:, NOAA F#FI T
X AVHRR AR IR G BT TH 0, Kl iE H i



£ 6 A, AR BRI KL g
71, I SBUVI2 F1 AVHRR/3 HELLHAH T
NOAA-16 % NOAA-19 TV &, i Fr s
XFRORI) B  HES Be AR AR

ERS-2 (European Remote-sensing Satellite
—2) JERKIMAE 1995 4 A5 iR BH [A) 28 i T
B, BRI . SR, ERE
GOME LA L it #4948 3 it (ATSR-2,
Along-Track Scanning.Radiometer -2) Jyliti i
A KA el 7 EE 5Tk (Guyenne
1993). GOME HA HEAMRIRT WA 7 W
DA X T, AN WL X T L 6 70 9
HAE 0.22-195nm AFE, WM EZH RN
RAL ZREME. R, KR, WSS
T e AR, RTINS AT DG R AT 0 RS
RIURL W K5 VE 3E AT SO o W L A R A
ATSR-2 EHA BT W L8k S A B
10 ANIE TE IR g0 B R 7 IR AT 1) 47
(I ANBLIN £ B M LEAVHRR, 8 BT
GFIR) SV RN e /0, M IE R L B SEI 1 s
G5 URE) B0 T3 R R

5 ERS-2 & 4F A #3E f) ADEOS

(Advanced Earth Observing Satellite) T.&-F

G, BERAALED ORI (TOMS) K5
—MRE A WPk 1T (POLDER-1), [FIF
DSIIVNGREE SR W L 7/ Ry NEIRIRIR
TOMS 5 BUV Fil SBUV/2 H A —E AR EME,
WAAE R AR, X2 HT1E 250-380 nm
Z I8, NHRBHYHES: Hartley 1 Huggins 5
SR IR FE TR RSB 0 i 1) S e
R BRI T 5 MESESR . BUV
A SBUVI2 AX 38 1 AEIXAN e i il AL
f8H T A Ebert-Fastie HLE 2%, LASLILHFZI )
HWAMIE. M2 T, TOMS {X AL H#iAE 308
# 380 nm [ 1) — M EE R FETEH,
U R B AR B 2 S L B AR S R Y

& (Dittman et al. 2002), TOMS 7£ 3125 &
380 nm Z[AlfF 6 NEEUFDEIIEIE, A8
B B S B NOLE 2 RN 1 onm
(Heath et al. 1975). 53 [F*F 5 1) POLDER-1
IR R RN B I A P EMARES, €
H#% 9 ANiliE, Hrh 443, 670 Al 865nm i
HAMWMIRWMEE ST, T BTG KR
Mt MR, RSO SRR . AR, BT
PR, ARPISTT V8 AN H I A .
Envisat (Environmental Satellite) &Kk
25 8] SRR IR IE 4 b B R IR 25 B VEFR BT T
B, 2R R ERS R4 TR M4k . Envisat
FEET 10 DRFEARIACE T 2002 SR 45T, 2
RO R IR IMAE 55 2 — . EFREEAIR
J2 I A AR S A (SCIAMACHY,
Scanning Imaging Absorption Spectrometer for
Atmospheric Cartography), J& B & I Al K i
PAAOL 7 2R RO BRE D, I 20 PR D5 o vy
JE RS R AT 70 2 SR, TR TT
RIS RV = R NS IE” 7 = @
(Bovensmann et al. 1999). iZ%f&/&# A% 94
ANTRIG B8 B2 fR G WA R Y, SR AN RIZL M
TG 7> HE 2 354E 0.3nm LR . [FRE, ik
B WG ZLAMRIRE /), T SBL 2 FoR
TR ESIBRIYIN S . 5 ERERT R —
& RIS RS 1T CAATSR,
Advanced Along-Track ‘Scanning Radiometer)
4k ERS-1 Al ERS-2 L) ATSR-1 fil ATSR-2
I R P 0 e AR T U A AR IR
AATSR [l 0.55pm. 0.66pm. 0.87pm.
1.6pm. 3.7pm. 11pm Al 12pm SEE ) 55 Al
KA ERST, BF RS HEEON 1 km.
BET Aura (Earth, gbservation System -
Aura) TEK OMI ARIEEE) 2 H T3S
P ) B AR R A 2 — o AR AR R 4k
GOME #1 SCAIMACHY J& I — 5 Y <



PR A . B 3 AN eI E s (B
AL, —AATWOE), AT FOEREUR A AU
EIXRVER NO2, Oz, SO, FIEURI#I(E B (Levelt
and Coauthors 2018). 5 SCAIMACHY [1%*[H]
g (30>60km?2) FHLL, OMI )7 [ 43
B VBRI, 54N —liE Ay W
WIE RN PR AE 13>@4km2,  H K
i 3G 0 4241300 km, 7T SELAER A 3R 7 —
KWW . 5 3 RAGEIN A BRE H I
SCAIMACHY HHEL,  7E PRI TR 51 5 /N 175 G
VB B RSB S Qe A Bt s R R
434 (Boersma et al. 2008). [Alf, OMI f%
SRR 5 R0 R T SCIAMACHY & T R 4T
(BRI, X A g AR E AR TR
ft 7 — & K935 Bh(Lin, McElroy, and Boersma
2010).

GOME-2 =& Bk i <. MetOp-A/B/C
(Meteorological operational satéllite -A/B/C)
FH TR ERH AR Gy R
(Munro et-al 2016) , ‘& # %4 GOME Al
SCIAMACHY JT J& 4 9 AR U I A
S SEEEH GOME-2 Rtk 7 difull L2 1)
4k7K T SCAIMACHY, B OMI I EZH
PRNGEE R m bR (W& D. N
TOEE K RN R H s A 4 R
GOME-2 #i#: 1 23 [H] 73 4% _(40>80km?), {H
FLERAUK H 2006 4F 25K A < s A
KA T AL H T & 2 51k (Fioletov et al.
2013). MetOp-A/B/C TR [R5, 7 % =48
AVHRR &858 . R B TR 0 SR
SETAULIN , AT N 308 T K B SR 2 Sy
S BRFURL A 73 A 14 2 ] AT e R it 1
(R FEAL, R X I A TS G A

A T 5 G R ) P (R BF FE$R A8 T (L 22
L ZERS S, PEE ARSI
Bz =5 (FY-3) - 2008 4T 4f BRI K 5

TOU (Total Ozone Unit) S 4533 b i [E 4
— G EBRTRAMN AR, K E i 308.68
nm £ 360.11 nm, LI HEHEN 1 nm. 2008
AR, TOUIFY-3A B RINL: T ARk AE i
(Zhang, Wang, et al. 2020). TOU 547 ¥ il
TSR T BRSNS A 2 B S B o
TR SRR 1 OMI/Aura H 7= i ¥ & 1 dis
UL, BT RIRZE 0 4.3% A 3.1%
(Wang et al.:2012)  FY-352¥1_E ) 55—
MR AR 2 SBUS. 1ZA% AR AE AT =Ml
DA B BRSSO PR A AR AR 2K
FEHLERIESCT , SBUS 7 250-340 nm Jtil [X 35
W, BL 12 AN HCEE I E R R AN S A
RS T ] — 33 14 A I 4 R DR FH R
PR A FE I & — IR AR IR AR AT TR R
ATEHFLMN . FY-3 R PEIEHEE T+
g3 B # 6 HE RRAX (MERSI-1, Medium
Resolution Spectral mager -1), ‘B —E%
AJ WLFILT AN B 20 JEIE RS 1T (Dong et al.
20100, & [ — A SRR AR F IR
ARTORLA M 0 A R
OMPS (Ozone Mapping and Profiler Suite)
e 3k [ [H SRRV BLR) (NOAA) A4
KL 45 T B (Zhu et al. 2016), 2011 444 T
Suomi NPP ( Suomi National Polar-orbiting
Partnership) T - &5 KA VB HA G 22 0000 A
RN B A B 3 DAL v v J2 KA R
JRE R AURE T T AR 0 A o R R I )
OMPS 4k 1 OMI F1 TOMS [ it, H—4
SEe R AN B R BT 5 R R R A i A A
SEVE YRR A B 564 2 300-380 nm 1
Heig X3, @ik Huggins A7 IR AL S A 2
BLK 300-380 nm SELIIRATHAE L KIKE
LR TG 250-310 nm [ [X 3 A A XX
TGS L E, K H IR Hartley 7 1) J5 7]
B RSt (Flynn et al. 2014). R BEEF 4 -



] VIIRS (Visible/Infrared Imager Radiometer
Suite) fRIKARILAL 7 22 A WANLLAMEEL,
BEWKM 0.41 ) 12.5um, 7 WAL 45 Bk
Vi = HEVERIENR AL . R, AR
TR H KRR . R —IRIEIRE &
BE I A BRURL ) e I B 1t 1 R4 i Bl ok
P A, VIIRS A& &30 B4 R R ROEHR
HE D, TP BRIA) R V8 F HE s D 3t 138 0
Wit T AR AR TR RE, 2017 SR
DA HEH T NOAA-20 T2 LIRS FEE 1 WM
U
RE S AEMMEE (DSCOVR, Deep Space
Climate Observatory) 5 B4 7F 55 —Fiks B H £
(LD, i HARE AR 2 B SR AHAL (EPIC,
Earth Polychromatic Imaging Camera)#3 LA M —
ANPRAF G £ 0 22 HLER (Jay et al. 2018). EPIC
HA 10 Mei@E (317 -,7800m), %
ST WG BL o (B4 OMPS R IESS, T
SAFERS UV G TE P HEBR R R S 28 . X ffi43
EPIC A& [mII SO s is ek (filn: R
SRS D FUBURIRRE (BN —OE RO
PR SRR IRAR) BIRES. s, R
EPIC )\ DSCOVR F 58—t ] H 06t HhER Y
R, 7T UAFE 1 2 2 /NI R — 5K
BRIARL R A AR, BN R E o PR ]k
18km.
Sentinel-5P (Sentinel-5 precursor) #7171

S i 2 W I ( TROPOMI, Tropospheric
Monitoring Instrument) - 2017 4E & #1725,
¥ T OMI il SCIAMACHY FIRLI . ‘& FIAS
[F] 2 AEAE T AT LI B 5 4h -/ WL (270-500
nm). JE4LAh (675-775 nm) FlAE I 41 4b
(2305-2385 nm) [ 3 Mgtk [ (Veefkind
and Coauthors 2012), X &M% 8 Al LAF A Xt
V5 G AR BEAT ST A T I R TR ) R
frik 5.5 3.5km, A7y SEHL T RE ) S

SO, tkAh, TROPOMI )R ZF ML 5
GOME-2 H_L A Wil BA 5 i i ol ] R SR
# GOME-2 EATBURIA M2 H%, thAR
WAL AN e L, {5 TROPOMI Al
GOME-2 20 & RIAE — 5 R M5 Ge <Ak
(1) H AL RFE .

g PR (GF-5) £ HEEX &7
HRBHE L Oirh R 2 ek PR R
) AR, R IR RN T BUR 2 1D s
T 2018 4, GF-5 TR IME Rk
faf EMIZCEnvironment Monitoring Instrument)
THIR T RS R AR BRI EMI & —Fh R
T B A RAGOETEG BRI EIE,
JEREE A 240 nm F] 710 nm, el RN
0.3 fil 0.5nm. iZARIE ALK T OMI A% RESH
AT, PR RSB S Be S U 2Bk A . EMI
FEALR) NO Ml ™ it B AT EL OMI BE AT 17 ]
JrHEE(12km><13kmps AT OMI Al TROPOMI
Z [8)(Zhang 'Liu, et al. 2020). 7£ GF-5 L[
DPC & —1% A Rt &%, BAT 3 Mk
P B (490 nm. 670 nm £l 865 nm) 15 A3E
ki Bt . 5 POLDER [ # FE (i R WL AR
fbh, DPC A &k & I [A) — H AR 9 =AM 9% 77 17
PLIZ 9 NAS AR A 34T W (L et al. 2018), iX
ROREEAN 7 H AR 45 B, 0 KAL)
(IR 1 1 B B AT O 3

2020 4, i R 1 GEO-KOMPSAT-2B

(Geostationary Korea Multi-Purpose Satellite -
2B) &Mk I EPUE TR . ST EM
EE, i LE B TR AT DL SR R0 S X kAT
e IR AR O . #E ) GEMS

( Geostationary Environmental
Spectrometer ) %@%ﬁfﬁ%fﬁ%?%@?iﬁ’]%
R EA SRR, FEAFENRE
Os. MUK S A BT A4 (Kim et al. 2020).
GEMS & 73 B BRI G IE A, Dok o JE

Monitoring



2}y 300 ~ 500 nm. GEMS MLl v] 7 a5 7. K5
X (55 — 45N, 4J¥ 752145F), fEéh
[H_E7%, GEMS A& 2% LI )35 U4 2 1) 73
ek Tkm>8km. HFHE L TEFAH
MR, GEMS AT X5 Gy AR IEAT B /NS
W59 . GOCI-11 /&£ 4k GOCI(Geostationary Ocean
Color Imager) J& X —ANHuBRiE 1K K
BA BAEER KT AR
13 ANlIE, /rAifE 36017900 nm 2 i), %tk
R AN AN AT R 7K 8 B KSR e e g

AT /N I, HEAT 250m f v 23 ) 4
GEMS {1 5 S5 A 37 9 [X Js8 238 S S B 1795 4 <,
A R JEURE I B 328/N I ip R) M0 5 o s S5 LA R
F ¥ kM 7 & b 3% X 301 TEMPO
( Tropospheric Emissions: Monitoring of
Pollution) A2, ERUHAT IR =4 A 5 7 o WM
X3k Sentinel-4. EAITTE BRI BN HN DA
R, XA ERAS RSB AT N A R M

b

OV (T A
O CrmEFI



* 1 SERMRESHFZINIERSINDE T &R (1984-2020)
Table 1 Satellites and Sensors of Aerosol and Trace Gases in UV-Vis bands (1984-2020)

FS BEFE REETaE LERATE] sm hESE XA 1ERRaR EBE=EH SRR JiEEE BNS
2= T[7E 252 F 340 nm X @)% 1% .
Ev =1 . ER 4
NOAA-Q 10841212  1998-02-13 850km ﬁﬁ’; § sBuvjz  SolarBackscatter  oyg ooy o 12 Amid 1om g O OuFFg. HCHO.
NOAA-10 1986-09-17 2001-08-30 4y 810km B30 07:30 Ultraviolet / 2 I\ 160 % 340 nm 2 e 48 NO,. SO,
NOAA-11 1988-09-24 2004-06-16 — 843km Frazm 14:10 PRI SN ) — gy wEpr 3
1 EEZ Ay LOMBEER 2 R =54, BEEE. &
NOAA-12 1991-05-14 2007-08-10 . 8odkm B& 324 05:10 Advanced Very 1 e) Sl 055-0.68pm, 0.725-1.10 =77 el
NOAA-13  1993-08-09 19930821  PUE  gookm 25 14:00 : on  ESESEK MR o) 355.3.93 um 103.11.3 A, WEEE. =
A= 14 AVHRR/2 High ResolUtion o\ 1 or o ae T/ 1lkm  pm, 3. .93 pm, 10. . - iy A e
NOAA-14 1994-12-30 2007-05-23 844km e 09:30 Radiometer / 2.0 TBEEX L XRE®E tm, 115-12.5 tm EBm. KSR, |
509: o S BRAR RS B
Total Ozone 312.5. 317.5, 331.3. 339.9
appin KRiEm MR m 3\ N 2+ 2
TOMS Mapping BRIKBEZLHR ET&50k \ C SR SO 050 HCHO, NO,. SO
Spectrometer 360.0 #0 380 nm, 3 1 nm
A 4435 nm ({#R) , 490.9
2 ADEOS 1996-08-17 1997-06-30 B 797km  FE3A 10:30 - =2 , aRIm s
i B?::g‘;gﬂ;’l‘t%df X LR 563.8nm, 669.9nm (RiF) , KA. EEHE. 1
POLDER-1 the Earth’s . 6.5 km 762.9 nm, 762.7 nm, 863.7 nm . WA K& EEK
Reflectances (4B¥%) , 907.1nm , 1019.6 (BRDF)
nm
240-295 nm  (0.22nm)
. N 290-405 nm  (0.24nm)
SOPFERNE ’ B H.Br, CIO. H
Global Ozone 24'_1355 ;ﬁéﬁ o o (40X 40km? 400-605nm  (0.40nm) , l—rl(():H% 3N(r) (l:\lgz 0230
GOME Monitoring ++; S By 40 x 320 590-790 nm  (0.40nm) SO ﬁhﬁﬂijﬁfﬂgﬁ
Experiment EAHELNE3 km? 292-402nm  (110nm) 2 T
FEEETR ‘ %
e e 402-597 nm  (195nm)
- 597-790 nm  (193nm)
3 ERS-2 1995-4-21 2011-07-06 [3)2 785km %32 = 10:30 oy o
ﬁg A =B%. HERIES.
F—ILiERIER. BE
Along-Track T5Mg 3 REBEES 550 nm , 659 nm, 865nm |, BE. BKEE. JA
ATSR-2 Scanning B, TTHXE6X 1km 1610 nm, 3.70 pm, 10.85 BALUKERE. £5
Radiometer - 2 BELK pm , 12.00 pm S WREENER
HE. KAERE. K
ERE. TEE
T[7E 252 F 340 nm X @) %1% .
. - Os. O3Ef%:. HCHO.
SBUV/2 SﬂT{rS\f:g‘l‘Ztcj’tzter 210 REZSHK 170 km 12 NI 1 nm # BRI, s T\% % 0
S 160 Z 340 nm ESEH. o
345 09:01 — g %
i 2000-9-21 2014-06-00 4y 84%km  PEXR ZHH. HERIEH.
NOAAIE  s002624  2013-0410 glokm  BEZZA 07:03 A S E
4 ' 2005-5-20 - FY gsakm B 32 09:15 SMBEEGR 2K G s
NOAA-19 200996 i HE  g0km A S Advanced Very sz ame G 0.58-0.68 pm, 0.725-1.00 pm,  RE. BKEE. A
P& 3R 06: AVHRR/3 High Resolution \%;ﬁlﬁfyl REe E2T&11km  158-1.64 pm, 3.55-3.93 pm, BALUKMFERE. £75
Radiometer/3 2 % ﬂ%’*‘ o2 103-11.3 pm, 115-125pm ¥, HFREEN AR

S, TSR, B
MEE. TEE




Envisat

Aura

MetOp-A
MetOp-B
MetOp-C

FY-3A
FY-3B
FY-3C

2002-3-1

2004-07-15

2006-10-19
2012-09-17
2018-11-07

2008-05-27
2010-11-04
2013-09-23

2012-04-08

2015-01-05
2020-01-01

KR
A%
i

PN
A%
i

KR
A%
i

X
%
B

SCIAMACH
Y-nidar
774km Rz = 10:00
AATSR
705km Fr3z s 13:45 omi
GOME-2
827km [ 52 23.08:46
827km FE%2 51.09:30
817km B& 324 09:30
AVHRR/3
SBUS
834km F&32 & 09:05
836km T3 5 14:45
836km B3 i 09:07 TOU
MERSI-1

Scanning
Imaging
Absorption
Spectrometer for
Atmospheric
Cartography
(nadir-scanning

component)

Advanced
Along-Track
Scanning
Radiometer

Ozone
Monitoring
Instrument

Global Ozone
Monitoring
Experiment - 2

Advanced Very
High Resolution
Radiometer / 3

Solar Backscatter
Ultraviolet
Sounder

Total Ozone Unit

Medium
Resolution
Spectral Imager
-1

BIRLIREZSE
23

qMF3 REES
K, UhXE6 X
BHEEI

BRLIARBZEHK

BOHEINE 3

REELH, IR

SRR 1.5 K
BELI

MSMBIEER 22X

BEEIR, TAK

BESK 1REE
223

BT RBZEK

BRLIREHRES

BR1REREBE

30'km x 60 km

1km

ETH13x
24 km?

40 x 40 km?
RSN
540 x 80 km?

1.1km

50 km

50 km

ETH250m
g 1.0 km

214-334 nm  ( )
300-412 nm  (0.26nm)
383-628 nm  ( )
595-812nm  (
773-1063nm  (0.54nm)
971-1773nm  (1.48nm)
1934-2044 nm  (0.22nm)
2259-2386 nm  (0.26nm)
310-2380 nm (67 to 137nm)

550 nm, 659 nm, 865 nm, 1610
nm, 3.70 pm, 10.85 pm, 12.00
pm

270-314 nm (0.42nm) , 306-380

nm (0.45nm) , 350-500 nm
(0.63nm)

240-315nm (0.24-0.29 nm),

311-403 nm (0.26 - 0.28 nm),

401-600 nm (0.44 -0.53 nm),

590-790 nm (0.44 - 0.53 nm)
312-790 nm (2.8 nm at 312

nm to 40 nm at 790 nm)

058 - 0.68 pm, 0.725 - 1.00

pm, 1.58 - 1.64 pm, 3.55 - 3.93

pm, 10.3-11.3 pm, 11.5- 125
pm

252.00 nm, 273.62 nm,
283.10 nm, 287.70 nm,
292.29 nm, 297.59 nm,
301.97 nm, 305.87 nm,
312.57 nm, 317.56 nm,
331.26 nm, 339.89 nm,
379.00 nm
308.68 nm, 312.59 nm, 317.61
nm, 322.40 nm, 331.31nm,
360.11 nm
412 nm, 443 nm, 470 nm, 490
nm , 520 nm, 550 nm, 565
nm, 650 nm, 650 nm, 685 nm,
765 nm, 865 nm, 865 nm, 905
nm, 940 nm, 980 nm, 1030
nm, 1640 nm, 2130 nm, 11.50

BrO, CHsBr, CHj, CIO,
CO, COy, H,0, HCHO,
Nz0, NO, NO, O, SO
MUBRAFEES

=58 HERIEE.

JA— LIRS, Bl
mE. BKER. B
BRALUKATEE. &S
SH WRBENER
SR KAAEEE. M

mEE. SEE

Bro, CIO, Hz0 NO, NO,,
Oz, HCHO, S0, 153%

BrO, CH3Br, CIO, H,0,
HCHO, NO, NO, O3,
S0, MSARKFEN
e

=T

=5 TERIEE.
B— AR, BE
BE. BKBE. UF
BRI EE. £
SH. BREERE R
SR, KAEEE. B
mEE. TEEF

Os. O3Ff%. HCHO,
NO,. SO, MI=BRIF
BE%

03. NOz. SOz, HCHO,
VRRAFEE

TREAFERE. £
S8 ZHH WERR
BE, KEPEE. M
ERRIEE. I3 —LE
B, BEERE. TE
BEBCEES




10

11

12

13

SNPP
NOAA-20

DSCOVR

Sentinel-5P

GF-5

GEO-KOM
PSAT-2B

2011-10-28
2017-11-18

2015-02-11

2017-10-13

2018-05-09

2020-02-18

2020-04-11

KR
A%
B

5

o
EaLi::
BAE

L1

PN
A%
i

KR
A%
i

R
Al
BiE

833km
834km

1.5*108
km

824km

705km

35786km

OMPS-nadir
F3 = 13:25
FEe 13:25
VIIRS
/ EPIC
F3 4 13:30 TROPOMI
EMI
F33 4 13:30
DPC
GEMS
/
GOCI-II

Ozone Mapping
and Profiler Suite

Visible/Infrared
Imager
Radiometer Suite

Earth
Polychromatic
Imaging Camera

Tropospheric
Monitoring
Instrument

Environment
Monitoring
Instrument

Directional
Polarization
Camera

Geostationary
Environmental
Monitoring
Spectrometer

Geostationary
Ocean Color
Imager:
Follow-on

BRIRBHEEK

IMBIBER 208

BEERNT A

BEGKLRES
23

5 20 FHU IR
21k

BRLIARBZELHK

BRLIARBZELHK

B2RIREES
23

5000km x 5000km

2500km x 2500km

50 km

#* AVHRR
EEEME
RiBIEZ [E)45)
P A 375
m, HE@iE
4 750m

ET=8km

ETR55

km>3.5km.

E T4 12km
X 13km

ETm35km

5 km

250 m

pm

250-310 nm, 300-380 nm

412 nm, 445 nm, 488 nm, 555
nm, 672 nm, 746 nm, 865 nm,
1240 nm, 1378 nm, 1610 nm,
2250 nm, 3.70 pm, 4.05 pm,
8.55 um, 10.763 pm, 12.013
pm, 0.7 pm, 0.64 pm, 0.865
pm, 1.61 pm, 3.74 pm, 11.45
pm

317 nm, 325 nm, 340 nm, 388
nm, 443 nm, 552 nm, 680 nm,
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545-710 nm

(0.55nm)
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(0.55 nm)

(0.3nm)

(0.3nm)
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WIARMAR, EBAFEE AR ESAE (B
a1: CO. COzv CHa), R LKA, 1R
TR, AR ERERR AN CO
FERA ORI o ZEAMR 2 SRR 53—
ZHRAET ARG A B4R T A 75 22K BH
VERIEIR, IXAERIABRM s AT RE . I, i
WA IMRIA R %X — 34

HALE 1978 4E K41 TIROS-N (Television
and Infra-Red Observation Satellite - N) T2 I
48R T ZLAMED 2% HIRS/2 (High-resolution
Infra-Red Sounder /2), % K< 1 R A S &
BEATIR . ZAL AR 19 NMLSMEER 1
AN BTR3NS E IR D&
R s FR, 1% PR TS — M AVHRR
PR, EHHA I ORLDARIZE A i i e
W 4 AN ROBTE, 7E— 2 PR AL B B KM
R PER I AT RE . Bl S, HIRS/2 FR0 35
PAEHAE NOAA RIITRTE (NOAA-6 &
NOAA-14) L, BT H 1979 £ 2007 4
IELEM M. NOAA RFIBEEER b FFM
K1 A TR 0 00 o B A A R B R SR it T
RUFIERSE . B BT S LSRRI A
F, RABURFIH 9.7um FiUEIR LT 40 i 4T
. AVHRRY2STE FT — FOAS (1 B il L 3%
0T 115 - 12.5 pm JEiE, ASik i Bk i
RIES BN T4 AME RS 52 500
B RIFRIL, KM AL W1 2 i
WS G MR I R R e, AR 204t
FE& TR R R AT ek W 5 T 9% )5 1%
M R

Terra R4 MOPITT (Measurement
Of Pollution In The Troposphere ) 1% J& 2% £ F 21

N

A BO RHALZ 15 Uk CO AR % U CH,
M, Pl CO BB £k 47 4K (Gille et al.
1999). 1ZALEA AA 3 M (8 AMiliE),
G332 FR e S BRI 2.26pm, CO S #R I
(1) 2.33pm LA J CO T B BR LRI 4.62pm.
JRUE A IR AR R 1 = AN B B AR SR AR
e U, (EA 2 2 BB AR T
W FERRAKIR . AT R RE R,
MOPITT fi Fl M el &0k o 1207 VA 4R
025 SR I 45 v o b 2 RN B S Ak i
D RN T 22 4 5 UK DR e 1 H A A A
R, E R DRI U . Terra B2
PEE o3 B BB (MODIS) J&—
A BRI R SBRARI A, BB 36 M
W@, AR B, B A
IR AL 250 K, HOUWI AT SEEl AR R 1-2 IR
MR E R, Hm e S BRRE. o8&
R R SH OB B4R
HHE%%. % Aqua K4, MODIS/Aqua
5 MODIS/Terra JE& 7 & H F\ FF Bk FIE
W, XEFEE T H 2002 ELORKS B
RV, s G 5 R0RE A7) B ) s 00 48 i
TRIFM=ZET 6. 5 Terra ANF, Aqua 5%
(A HE e G 1S CAIRS, Atmospheric
Infra-Red Sounder) HA3A] WL-21 4k & 6 iR
BE71, B 2378 MNAAREEBL, EETEH
N 3.7~ 154 um, JGil WA e 0.5 em?.
AIRS HJZLAh % AT #1508 185 km, A K-
LLAMNBBR 75 8] 43 % 2.3 km, AT R
PR A BRI o

£ T MetOp-A/BIC 51 P2 E4a4
e Ot 1 3 e IR A0 CIASL,  Infrared
Atmospheric Soquip@ éq;g&feromete) (Clerbaux
et al. 2007) 2 —Fh 50 5 1 (1 20 A s O 1 4
o TS EIEE R 3.62 ~ 15.5 pm, Jhik
R T AIRS, KT HERIER T RUN 12
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.
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5, AE LRI 2 23 B ] D G A 0

TR E R ESE,

ST B0 TR AR 4 T 1 R
g, WELER G S IR EE FY-4A
BB T LA R R B AR (GIIRS,

Geostationary

Hﬂﬂﬂ

Hll

Interferometric Infrared

XS [ by b 28— G AEFR 1R HE B DL
ZLAh 1 1 43 75 AR = 4 KR TR B
G5 L) PR R 8 18 SR AN 2R (P WSS, 2019). GIIRS
38 v KT 43077 A 4.44-6.06pm
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GY AR GE /7. GF-5 PRV GibHE%
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Fz 2 SPFRMRESAFIINGERSIWNDEF & RMEKEE (1978-2018)

Table 2 Satellites and Sensors of Aerosol and Trace Gases in Infrared bands (1978-2018)

H
IEFA K 5tATE LR A8 i BEEE RSy k=1 BEAY SR i iEiE E Ve
il
14.95 pm (3cm?) | 14.71 pm
(10 cm?) | 14.49 pm (12
cm?) | 1422 pm (16 cm?) |
13.97 pm (16 cm™?) | 13.64 m
(16 cm?) |, 13.35 pm (16
cm?) | 12.47 pm (16 cm) |
x High-resolution BTa 1111 pm (35cm?) |, 9.71 pm %’%‘E‘% kf—zx;‘ﬁ{%\ ?K
- HIRS/2 Infra Red / 20.4 km (25em?) |, 7.33pm (40  AHEAE. LLE. BEE
i N _ Sounder / 2 cm?) , 652 pm (55cm?) | E
TIROS-N 1978-10-13 1981-02-27 El 850km F3E a2 14:30 457 m (23cml) | 452 pm
NOAA-6 1979-06-27 1987-03-31 % 840km B3z 5 07:30 i (23eml) . 4. 47'm‘ (23
21 cm?) | 445pm (23cm?) |
B 413 pm (28cm?) | 4.00 pm
(35cml) | 3.76 m (100
cm?) |, 0.69 pm (200 cm?)
Advanced Very gggﬁ‘ié S 11 055-0.68 um, 0.725-1.10 =S %’gﬁ;‘%@{\ K
AVHRR High Resolution EEEE Y k'r‘r‘{ pm, 3.55-3.93 um, 105-11.5 ?;%:%: Kﬁﬁ;ﬁ)ﬁé Ej’?i;;%
Radiometer g pm SARALUREHESE
14.95 pm (3cm?) | 14.71 pm
(10cm?) | 14.49 pm (12
cm?) | 14.22 pm (16 cm?) |
13.97 pm (16 cm™?) | 13.64 m
(16 cm?) | 13.35pm (16
cm?) | 12.47 pm (16 cm’) |
NOAA-7 1981-06-23 1986-06-07 * 860km 14:30 asc High-resolution . 1111 pm (35¢em?) | 9.71um  REHEEB. K=EE. K
NOAA-8 1983-03-28 1985-12-29 ) 820km 07:30 desc HIRS/2 Infra Red / (25cm?) | 7.33m (40  EHSE. LR, EEE
NOAA-9 1984-12-12 1998-02-13 M 850km 14:30 asc Sounder / 2 204km oy 652 um (55 cm ) R
NOAA-10 1986-09-17 2001-08-30 2] 810km 07:30 desc 457 m (23cm?) | 452 m
NOAA-11 1988-09-24 2004-06-16 % 843km 14:10 asc : ) C
NOAA-12 19910514  2007-08-10  #  804km 05:10 desc (23em?) , 447 b (23
NOAA-13 1993-08-09 1993-08-21 - 820km 14:00 asc cm?) , 445pm (23cem?)
NOAA-14 1994-12-30 2007-05-23 844km 09:30 desc 413 pm (28cmt) | 4.00 pm
(35cm?) |, 3.76 um (100
cm?) | 0.69 pm (200 cm)
oMBEEX 2 =5 BEEERE. K
Advanced Ve - 3 0.55-0.68 pm, 0.725-1.10 . -
AVHRR/2 High Resolutin?r/1 *Eﬁ%ﬂz T BTR1L pm, 355 -3.93 pm, 10.3 - 11.3 EE}E %\E‘m%?jg%
Radiometer / 2 ABEEX 1 km um, 115-1255 pm KEAFEE. SBRAWL
REBEEIR C ' REEEE
Measurement Of s S 3 4=
Terra 1999-12-18 - ;g 705km  BE3Esm 10:30 MOPITT Pollution In The > > %;’*éf* 22 km 462ym, 233pm, 226pm OO M ;(2;'\5‘ CH

Troposphere
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MetOp-B
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2006-10-19
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o & S 33 A
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F32 A3 13:30
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P=Z &5, 08:46
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P& 3z 2 09:30
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nm, 412 nm, 443 nm, 488 nm,
531 nm, 551 nm, 667 nm, 678
nm, 748 nm, 870 nm, 905 nm,
936 nm, 940 nm, 1375nm,
3.750 pm, 3.959 pm, 3.959
pm, 4.050 pm, 4.515 pm,
4515 pm, 6.715 pm, 7.325
pm, 8.550 pm, 9.730 pm,
11.030 pm, 12.020 pm, 13.335
pm, 13.635 pm, 13.935 pm,
14.235 pm
oL ¥: 0.41-0.44 pm (30
nm) , 0.58-0.68 pm (100
nm) , 0.71-0.92 pm (210
nm) , 0.49-0.94 um
4T4h: 3.74-4.61 pm (2.0
cm?) | 6.20-8.22 um (1.0
cm?) |, 8.80-15.4m (0.5
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645 nm, 858 nm, 469 nm, 555
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531 nm, 551 nm, 667 nm, 678
nm, 748 nm, 870 nm, 905 nm,
936 nm, 940 nm, 1375nm,
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11.11-15.38 pm (0.059 cm™?) |
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3.28-5.26 m (0.059 cm™)
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Abstract:

As an important environmental problem, air pollution directly affects'daily life and-physical health
of public. With'the gradual maturity of polluted gas and particulate matter observation technology,
the monitoring of air pollutants near the surface based on satellite platforms has developed rapidly.
The aim of this study is to clarify the collaborative observation’s history for aerosols and gases,
and then provide reference for future satellite platform design.

In this study, the popular remote sensing methods for trace gases and atmospheric particulates that
are concerned about atmospheric environment are firstly described and discuss the applicable
scenarios, advantages and disadvantages of each method. Next;satellite platforms for
collaborative observations of trace gases and aerosols are reviewed. According to the
characteristics of remote sensing principle for the trace gases, the satellite platform is divided into

ultraviolet and infrared bands, and the development course of sensors and satellite platforms are



discussed and analyzed. Finally, we discuss the issues to be solved urgently by satellite platforms
and remote sensing algorithms aiming to monitor air pollutants near the ground, as well as
possible future development directions.

For various trace gases, the good universal remote sensing methods are differential absorption
spectrometry method and optimal estimation algorithm, which can make full use of the absorption
spectrum lines to achieve inversion of gases. Although the differential absorption spectroscopy
method is very effective for the monitoring of trace gases, the optimized estimation algorithm can
further extract the layered information of trace gases from the hyperspectral information, which is
helpful for obtaining a more detailed vertical distribution of trace gases in-the-atmaspheric column.
Because the band.tesidual method and linear fitting method have;strong:pertinence to specific
pollutant gases (such as sulfur dioxide), these simplified algorithms also have great advantages
and application value. The core issue of the aerosol inversion algorithm is the signal decoupling of
ground and atmosphere. Adding the information from spectrum, angle, polarization and time
series can effectively increase the decoupling capabilities. The algorithms derived from these
principles include Dark Target algorithm, Deep Blue algorithm, Empirical Orthogonal Function
algorithm, Polarization algorithm and Time series algorithm. Since the launch of NOAA-9
carrying SBUV/2 and AVHRR/2 in 1984, the collaborative detection of polluted gases and
particulate matter has begun. :Subsequently, Europe, the United States, South Korea and China
have launched satellites carryingiadvanced sensors, from the polar orbit-te,geostationary orbit, and
in the future, FY-4A'of China, Geo-kompsat-2b of South Korea,:Sentinel-4 of Europe and TEMPO
of the United States can be forming a global geostationary satellite constellation with high spatial
resolution and hourly monitoring capability to achieve collaborative monitoring of polluted gases
and particulate matter.

Based on the summary of trace gas and atmospheric aerosol inversion algorithms, the
development history of satellite platforms and sensors is combed from the perspective of
cooperative observation of gas and particulate matter, discussing the advantages of cooperative
observation of sensors in the ultraviolet, visible and infrared bands, looking forward to the high
temporal and spatial resolutiomair pollution monitoring capabilities of, the’geostationary satellite
constellation in the future and the contribution of Chinese satellites.
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