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EF OMI B IE N i X 337 B NO, B 9 ¥ % ) E 7= o
POMINO V21 R ES5HMmBIE=XTEE

KFA, e, X, Lk, BRER, £k, TEH

L AbRTR2E P KR HIERRE R AR 5N E, Jbat 100871;
2. T 22 BF A G 43 (KNMI), LR 3731GA

B OE: MREEMAAE (NO,) R—MEEARES YA, A ST OMI PAEFNES . i Wil X ) No,
ST QA4ECV . OMNO2 1 POMINO A2 22 A, SR 13 3457 i 9 25 55 10 8 AR AR AN 2 o FR AT
BERTHIIT & (09 POMINO 72 5 HEAT T RGO A, BT 2 v2. 1 30 S X3 K BB S AR W, A< 3 AN R W0
MK, BEJGE ST T QA4ECY . OMNO2 v4 Fl POMINO v2.1 % )2 NO, 3 B AR e B 7E 2015 4E—2020 4E 75 A A 5%
FESAME R, S5 H 7R, POMINO MUAS (9 85X [ B NO,FEe B R 45 R B AR 2 B/ (<10%) . 434
FEFET POMINO v2. 1 4T —BORFERS, 7= i Z RIS X 25 S 200 10%, A8 50 455 e b IX
HI2Z SRR 1K 40%. 34 PSRN, RUETIHLX NO, IR AR FAE T T I T2 30%, K =i X 2k
PN 3T RT3 RAE RS, POMINO v2.1 B9 A 88080 & F A A 7= 38 0 1 11%—44%, R il J2 T
IR ER T E IS YL T 0 NOLEE , MM RAR T RAEES AL A% NO, 5 Gk -1 RGP A, . ARWFSEXF NO, T
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1 5 5

AEMY (NO=NO+NO,) J&= KRB
HEH RSy, HH 2ok A=Y IR E . +
e NEAEFRIE, DIRAER. Tk, s, R
FHEE N NTE (Krotkov 45, 2016; van der A %%, 2017;
Lin, 2012; Beirle %, 2011). A& ALY EXH )2
SR PM, 15 e BB ATIARY 2 —, X RAT5 5
AR A 4 B 25 0 SOE s e, () B 25
02 7% ) FH AR FHAIL A 52 i Jy b £14) R SRS 2 1
(Gu %, 2014, 2013; Kong %, 2019; Lin Al
McElroy, 2011; Shindell 2 2009; Hoek %,

I iEEE: 2021-06-15; FEDZAR: 2021-10-23

2013; Martin, 2008; Walker %5, 2010; Seinfeld
Fl Pandis, 2016) . XF&AMP IS | 28kl
I A R A AR AR R . AR IR R R
SAZEHLE] L TR TE e i K AR AL A B 5
M #F B A LA L (Gu ¥, 2013; Lorente 5,
2017; Kong%, 2019) .

T3 R 1 R R R NO, BRI B AL T i BT
KA MHARA o BT HomE A LI, T2 &
HRENS TR UL 2 ERA Y | B 25 % S M T 4 1) O £
P, HBFSE NO, A R ST5 G ) 25 ] 43 A AT
FES A A2 A AR TR AL (Boersma A%
2004, 2011, 2018). H 45— WA S£IMEEB R

EEWH: HEARBAIES (415 :41775115,42075175) ;55 K5 R LR AR E B 2E0F 58 (45 : 2019QZKK0604)
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BISEERE N AT, B 507 KA DA REM 2R KSR T5 . E-mail: linjt@pku.edu.cn
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org/acmProduct.php/ 40 9% T %%
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Y6 1E AL GOME  (Global Ozone Monitoring Experiment )
9 TR R S IE S )2 NO, 3 B AL IR
F9 TR S T RS B PR UK S L i S S R AR
w515 SCIAMACHY (SCanning Imaging Absorption
spectrometer for Atmospheric CHartographY) , OMI
(Ozone Monitoring Instrument) , GOME-2 (A) LI M
TROPOMI (TROPOspheric Monitoring Instrument )
&, hEES TS LA (GF-5) B EMIE
g TSI NOL R, i H iz LR B 445 1k
BT, JF H AR WA TR o X SR 85 5 4
TEATRN R PR 2P TR b, A — R BRI
XS BN AT JUP- 7 o B M BR R 1T . AN BN SRR AL T
R A(SIIBSCHL TR, BEEHORI AR, R
P18 i R A, RIS 1 5[] 3 3 ok
. AAET TR BRI NO, 1Y S 5 i 4
BT ATREA S . Hoh, OMIZSE — M 50 4h
FIA] WGP B i C A, T AR 2 IR AR
BERBRA S, BT A3 PEARIA ] 13 kmX
24 km (Lin%%, 2014; BoersmaZ%, 2011). HGEY,
FET OMIERIM G . 75 55 N HLIX 7 NO, AT i
5 QA4ECV. OMNO2 (fHihiiAlyv4) #1POMINO
(T hRA Ry v2.0.1, B o v B R Rl B il i st X))
XS A BN T AR, S R 3 X Y
NOx 75 JEHFAIE . ML, SR FZma f it T 2 4in
Fml (Lin%¢, 2015; Liu%, 2019; Boersma %,
2011; Lamsal 2, 2021; Boersma?§, 2018; Shah
4%, 2020; He%¥, 2020; Qin%%, 2020),

BL T 5 AT WG BOGIE BRI X ZE NO,
M AR E DR RS N3 (1) i
22 43 6 2= W % i DOAS  (Differential Optical
Absorption Spectroscopy) H kAT GIEIIS, 5]
HOCHEI NO, ERHE IR s (2) i —E R B 5
R SR I B AT IR R — xR R 8, 153
XFUJE NORHEMREE s (3) 456 KA AR TR
S F BT XA R 19 23 SRR 7 AMF (Air
Mass Factor) , ¥ XTI )2 NO, BHE IR JE Ak b 3 H
FEWE  (Boersma %5, 2011) . 3&F A [E T2 &
i S B 7 2 A A R 22, R
AR B2 AR . SE e B RORAR S AL~ A i s
S 2 ST 2 R E IR 2R U (Boersma 45
2018, 2004, 2011; Lorente 5§, 2017), T AW
FEU T I i X2 N O, T R e (14 S i 15 22
TR A TG TR LS AV R — R Z o

B TEXSEHIX, —J7TE NO, IR E 5555, ot
WAL BAEXTR 2R 51—, )28 NO,
WRE 5 X2 NOWR BE A Y ST i s, (2%
Jad DX L B TRl 55 5 AR B 45 SR TS i X
5 (Dirksen %, 2011; BucselaZs, 2013; Geddes
&%, 2018; Van Geffen %5, 2015)., M, fEHEI5
Yesth X, BIRAT AL S EUG R 2E 5 RN (45
290 5% F110%) , 1% )25 25 35 i K F- AMF (1)
1% 22 51 Mk E 3K B 30%—60% (Boersma %5, 2004,
2018; Lin%%, 2014; Lorente%:, 2017),

TETHE AMF Ry fE i, YRR AR . R
B =B BOINO, JC 56 Bk i b B 1R 2
() 2RV, T AN [ B8 3 X 3k 6 51 48 25 4011 AN [
Ab B Ty A 2 ) 25 51 R (Boersma
45 2011; LinZ¥, 2015; LiuZ¥, 2019; Vasilkov
45, 20215 ZhouZ, 2010). N, Y4wiJLFA
ISTFEP SRR DL AR ok B A
JE A i SR 0N, I — 25 3 T I ik e A #)
) = Z 5L NO, I AMF, M “Fatt” Hh3&
TR B o (HZ R B — RPN R,
R IR B ) 55 T, BERAE B AL
=550 N A BE T U R b S P B B0 A 2
AMF 313, JFR15 5 2 (A 208, k> R a8tk
KA 2 . S IEVORMXT LRI, BERAER
Ve AT LA BH S ARG 1 e 100 63 2 NO, I BT A
W BE ) R R S, R 25 A B T 4 M A NO, 1)
H Br 2 46 5 fE (Lin %, 2015, 2014; Liu %,
2019, 2020). #R7M, AHET OMI A ™ & il H
WEFE, HATA T 3% oML 2 7= 5 & 55t He 20 #r
IR SEAIIRAFTEA ., BB P IER A R
[ B (FIUREE E0y ), k= B B[] A i % L
3 Br (Lin 25, 2014, 2015; Lorente %, 2017;
Lamsal %, 2021; Boersma %%, 2018). % JEF|
U HLIX, 0 v A SO AR T S AR R A T
KA, X NO, 1) T 52 2 18 1 BEA7 76 B 35 5 ),
PR A K B ) RO B X AN ) 77 i B X e A B

TEARDFF H, 158K POMINO 77 & 3 8 &
v2.1, AR SO X R B SR . AR
IR RER s M X, [FIRHEE T HBor4s 5, Jfik
—# 5 QA4ECV fil OMNO2 v4 7= §h 1£ 2015 4 —
2020 4E Y 45 SR Al T e X b . FESL AL b, AT
ORI . R TS T B, Wi T
POMINO j fi R 520 . 3 /> 1A 7™ i 1 5 ] A



SR A5+ =T OMI ALY DX XL JZ NO, #8570 B4 S ™ i POMINO v2.1 S5 FAl ™ w2 0tk 973

FOEA R RES DR B RG22 . R
B2 RN R AT 20 (AR EEEE) X5 T NO,
T 22 MR AR R 22 (19 52 Wi 458 (R AL, Oy it — 28 IA R
AR TR B A A ) 25 57 A AT T
BRI AR .

2 TIEREE
2.1 POMINO R EE %

H 1§ 22 FF 1 POMINO 5= iy 78 35 1 [ K S 2 1
X (20°N—53°N, 80°E—I130°E), H & kdsr
FE DOMINO B3 (R 2l |-, 81 (e 17 X2 AMF
BitE, IR L T AMEve JEATIHE B (B 1)
(Lin %, 2014, 2015; Liu%§, 2019). B EFR
HILIDORT v3.6 %7 5 A% s X6 B — MR ek 1 T 4
SHEHATR, 78 R AR RAE TR RO
200N R b 3R B S R A 1) R VE R, S
T X ZECNNO, i P [A] B i . >R H] GEOS—Chem

v9-02 1y IX B i 2= fb o AL A oK (4 B R
0.25° 1at.x0.3125° lon.) BHIAYZE H LE KR
£ (AOD) . BRHUG I (SSA) . WU AH R %k
DA B 3 0 2 ok SRAE VA I 1 #3000 , IFtE—
A MODIS (1) H -1 AOD %4 LA K 3L T 2007 4F
—2015 4 CALIOP T3 B JE S phy it S5 A P-4
A I T ' B e ) A L ) RS B AT T AR
e Bl K AT R, SR FH MODIS MCD43C2 C6 %%
P FAL (8 X ) S ) 43 AT R %k (BRDF) 374X (4%
][R PEAZ , RBURE AL ) 1 R B0 k7
BRI 25 A, 195 5 km 20 PERA% S L 1Y BRDF
W 280, SR 5 P a2 8] DG e R R (R) 4 (R 75 2
B —A RGO R B 3 A R BUE s X FIF
WCPE T, ETREME T OMLER v3 A Hb 36 iz IR SR B0
(Lucht %% , 2000; Zhou % , 2010; Schaepman—Strub
4, 2006) . Ji4h, ik H T 9K 5) GEOS—-Chem 45
AU GEOS-FP S 4 [A] Ak R £ 10 305 B 0 <0 JE
LEIZSEAE N A A TR T

~EMZEE:
fFH 5NO RIE— IR SH, HT
0,—O0,BEEMOMCLDO2 5 8 35 = I

R ST
MODIS MCD43C2 C6i% H BRDF £ %
LIDORT v3.6 - LIDORT v3.6
SEHNO, T EL BT ERHA el . AMFaa
GEOS-Chem v9-02 7 73 # M4,
WL ANV R AR LR 2R :
GEOS-Chem v9-02 LIDORTV3S L1 AME, AMF
520
SR
GEOS-Chem v9-023% H 441 I
AODMLll: MODIS/Aqua C6.1 3% H ¥
SIERHEEZ: CALIOP
A
FF T ENO R E : | wRENO,
QA4ECV I EH IR E

K1 POMINO v2.1 Fz i s iy i A &

Fig. 1

16 523 NO, Z i, POMINO %4 %6 % F 0,-0,
=R, R OMCLDO2 B3 ki K2 T
JSE R 0,0, RHE MR B, 7 S RAE IR O
S50 R M 3 S B R A ) SR R AR, T T S T
FNE 2 7 35 R0 = 0 B R AE = T 0 = <UE
(Veefkind 45, 2016). ZJ&, POMINO ik f{#i

Flow chart of POMINO v2.1 retrieval algorithm

PR A9 5 56 2 BOR TR JZ NOL I AMF, R
ISz gociE el (IPA) W77, 12 H LIDORT 43 4l
TR MEITIEZS T AME (M) F15E 48
= “HEHET WBEAMFE (M), 5 A FHInACE
IR BB AMF (X (1)) (Palmer%, 2001).
M=wM(:l‘l+(l _W)Mdr (1)
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_ fef[lcld _ .feffL-ld

R g+ (1= s
Kb, wikm i, FonGooha =t
TOA &b 52 553 48 53 0 sk b i), o3 A =R =X
(2) P, Hipf Romanth, 1, M1, 5FR
R ITHE 25 3853 FIA 2 48 43 % TOA &b S S84 555 1) BT
MR, RFE/R TOAKR B GG &5, ¥
QA4ECYV j= fih i L2 X 1t /2 NO, R ik B 5 i LT
AR A AMEF AHBR, 5805200 T A E .

WE 3¢ A BAOKs E & A 19 POMINO v2.0.1 587
Bv2.1, B\, BN R TR 16°N—
54°N, T1°E—I139°E. HK, BE 7 —4iR.
(1) POMINO v2.1 B HEBEH QA4ECY ™ i Hh Y HLE
FRESHI TR, MIILZ T, POMINO v2.0.1
T S B DOMINO 7= f 1) OMI & It 15 B35
AMF, ZJ5 5 QA4ECV 7= & G e k47 IR,
JF45 A QA4ECY X i = R MBS, s 1% 3] L2
B NO,TE ELAEW B . AL T DOMINO, QA4ECV i
W ARAE AN T H A R R IT, T AL
i, I AXEICHIE R T M (Van Geffen
25 2015; Lorente 2, 2018; Boersma?%, 2018).
(2) £ POMINO v2.0.1 H, AHXT 5 7 1 2 H B S A
AN, XA B IR AE POMINO v2.1 FR i T IE .
(3) M&IE T i F AOD Fl BRDF R 55556562 50
A A BRAE 5

(2)

2.2 POMINO.QA4ECV #1OMNO2 &£ Xtk

F 1AL T POMINO v2.1, QA4ECV #l OMNO2
vA B AE TN R NO, (9 AMF B FH 31 9 B =X 1
K S iy S 804 (Boersma %%, 2018; Lamsal &,
2021; Vasilkov %, 2017; Boersma %, 2011) .
QA4ECV 1y F2 8 3348 T DAK 48 59 4% i =,
OMNO2 v4f§i i 7 TOMRAD., A WF5RRN, 15
W ZH—BUNATIR T, RIS R R R f i =X i
S i 2h A — 30 (Boersma 5%, 2018; Lorente
4, 2017) . POMINO B3 R 2 A% 0 48 5% Fn i
BL,OIPEERE K, HIR2ZETE /N QA4ECY A
OMNO2 v4 [ R R A T R AR LIk,
TR R, (A2 B RS20, BR2ZEARXS TR,
T3AN, 3B BRI R [ A S 4 R R Ak
AR LIRS NO, B 4E 5B I 280 POMINO
% 1] GEOS=FP F1 GEOS-Chem v9-02 (43 ¥ %y
0.25° lat. X 0.3125° lon.) , QA4ECV K F ECMWF
F TMS-MP (1°lat. x1° lon.) , OMNO2 v4 % Hi
MERRA-2 F1GMI (1° lat.x1.25° lon.) ., POMINO #il
QA4ECV Bk FH T 3% H M BLHUZE FAE R NO, T L
RO B DA G R AR RS AR A X NO,
T EL AT BRI, 1 OMNO2 v4 F1 ] 2004 4F —
2015 4F (1) GMI B 25 Ay T H ¥ S S e
NO,E HERZL .

F1 ETFOMIRMFMIIRE NO, EEHIREREEEXTLL
Table 1 Comparison of retrieval algorithms of tropospheric NO, VCDs based on OMI

GRS
LR WSS e 2
POMINO v2.1 QA4ECV OMNO2 v4
iR AHE R LIDORT v3.6 DAK TOMRAD
SHEEMBICHITT AT o — ) i )
' i ! EARTCARAH T AR A5 BRE HRE
Ik 0 30T 7 1 Xl FH MCD43C2 Co B8 15 7
3R IR 440nm 1) BRDF 540 5 78 7 i 5 1 65 F OMLER v3  OMLER v3 J2 #8 3R Eff B 7114 GLER %
~ = EEIRAS Y AElIA -3
A GEOS-FPTA[ALBERLZ H A (0.25°%0.31257) FLMWFOW% FHETORE 1 A2 W%Wkﬁﬂ@ .
MRS L GMTED2010 0 25 S5 T T B (1°x1°) , H JH DEM_ - #dfi (1°x1.25°), Bl DEM_
PRI TR KM B AR E T T8 2KM A BE R A T T R
GEOS-Chem v9-02 1934 H B %R (0.25°%
e s o 0.3125°) ; HFH MODIS/Aqua C6.1 ) H -3 AOD it e e e e e
V=N N ,—L-%g 1 =R WS m, V=N Y
TRIOEEZIC i AU (2007—2015) T caLIop P e IE TR e FAE T
IR SRR AT R A
- KT 0,0, WHCHHHE (475 nm) R 45 NO, 2 jii—  OMCLDO2 =AM RI 2K i GLER #4510
VR R SO TR T R R i OMCDO2N A+
o s ~ o i R . oy TMS-MP % HBSUEHE  GMIAY UM (2004—2015)
Sei NO, B2k GEOS—-Chem v9-02 1% HARAIAHE(0.25°%0.3125°) (1°x1°) TP (1%1.25°)
ECMWF S 4 [Ffbekh(1° MERRA-2 5 [Ffkgek(1°
SRR Rk GEOS-FP X4 Rk ¥4 (0.257%0.3125°) TURIETR( TRIETER

1°)

1.25%)




TR A5 BT OMI IS b X G2 NO, 55 0 HER S8 7= 5 POMINO v2.1 R H 5 H A= e mxt e 975

TV I ' 27 550N RN Ml 36 2 B R A Ab B L
3INAEAERENAFE. QA4ECV FlOMNO2 v4
JLE BT CRE” SRR AR, i
POMINO F75 1 IRAE = S8R NO, 1 B i v i P 3
fE TS OB 2E RO, B4 2.1 945 fr ik .
QA4ECY MY B IE A 5 18 3% I S % 10 45 ) Sk
B T 3T OMI I Y 5 45 -2 S A5 3R
MR B4l OMLER v3, M S8 HEZMEH T
OMCLDO2 ) % ¥ (Veefkind %, 2016; Kleipool
45 2008) . OMNO2 v4 B yEfd 1 T H 47 BF & 10
GLER M 3% 52 5 S8 50405 o S 1 = 2 800F NO, Mk 32
LB R AR IR b 2 O A5 51T B A3 1T 1 Sl
., %55 BRDF Y 3 M AR, Jl i fR S L it
T TOA &b L A B R 22 B, SRR RO S
FZ AR T 1Y 5 A P K T A A58 R T f A Y
CHERLT MR (Vasilkov 5, 2017, 2018;
Lamsal ¢, 2021).

2.3 L2 EEERE LI ASEENIKS

Z M — Rk, B L2 AR ST E0H e JE T RN A
Tk A % B L34 SRS, 25| Bl
0.25°x0.25°, Jfift—2H i 0 L3 B2, 15
FIAWLIBE (Lin%, 2015; Liu%, 2020).

WG sEid ZERESXTNO, K
OSSR R H KR 25, R AT A B R
B, DURTESOE X iR 2E 5 — 3 (Lin 48,
2015) . S M—fetlok, FRATHERR T ok &5 3 55 55
2 G280 £ RS 0.3 %o, DL SZ 3
B5H (row anomaly) M H&IT, I H N T
INZ X A R, R ECT 2R 54 B0
THT 05 (82N T4%T02) B918IC (Lin
45 2015; LiuZg, 2019, 2020).

QA4ECV 1 OMNO2 v4 i SR I EEN “F
G G S | = R Sy T A O PR N e N
WE T = B R R B TR, TR S R
BRI . POMINO B33 g M 3R AE T A0 e %o 4
RS A S 52, TS B0 = R S B0k A
TARBRM TR, X EWE, TR %I,
POMINO B 2 8 55 - BUOR 2800 L T IK T QA4ECY
HOMNO2 v4 1) =S 8. (W T =08, A
KAL) o T A BEHR R EEE R o
IR (BE =80 BRI EZ —, FrRAXT

AU I AR TT O B R AR SR . FRATT IR
3BT TSR T 2O NO,SRAELS 14 520w L B <
JEEFRAET7 AT RE I B R GE SRR TR 22 AT

3 POMINO /= 5 B 45

3.1 POMINO v2.0.1F1v2.1 IRE

LA 2017-07—2017-12 J i, %34 T POMINO
PR A R . B 2 B8 T POMINO v2.0.1 Al
POMINO v2.1 7E 2017-07—12 By 25 (Bl 43 A5 (4P
0.25°%0.25% ), LA K6 N 1) 48 X6 25 S5 R0 AE X 25
o ZHEBET V2B B T —BURRE

w7 G (K2 (a). (b) ), v2.0.1 5412
B35 5 v2 0 M ZEAR K, 38 A T e JE i X
S 247 e FE 245 0k 1%10" molec. em™ A2 AT, TE I T 4
e HECH X (55 W . 7 AR TR HE R £ B
B AR HB, v2.0.1 [ ¥R B A Eb v2.1 -3 & i 24 2x
FESSAR 1 S AN 30 T v 24
5%10" molec. em™, A2 (d) ®[F1, 7ENO,H#JF
AR AR %) 7 7K 1 58 T 7 e IX L2 R 8 YA AR VA ) 3
ArHBIX, A RRAS B B AR 22 Sk, oA
ToH R, TR EARTR, BT ABOIX AR, v2.0.1
R FEAEAT 8 T v2.1, A 22 i -10%—40% .
MR TF A XM S, v2.0.1 Hv2.1 5 5.1%.

R G (B2 (e). (D). (g)), PIAMA
)2 5 EEARBAEEIL R (1100 E—122° K,
30°N—42°N) LA IX . 7 5T HLIX
v2.0.1 9 e B (E LE v2.1 fi 0—15%10" molec. em™,
TEWTVTUS M IX , v2.0.1 8 [ v2. 1 fRAR £ . 7E 1l
P IR AR, DL A IR R DL
T B0 s I IX, v2.0.1 B R 1
e, Z5&EEaeiETH 37%10" molec. em™, A
X S0 5, v2.0.1 A9 NO, BE 3k L v2.1 &
6.1%.

MILTF WA RRASS A 1 2 56 550 B AT RAE
i (&3), BRMAER LG ITCAES 3, Hi
H R RIE T 8 W8GR . v2. 177 A 12
M4 AR B IR (244277 F1175454) 43 5] L
v2.0.1 (219686 F1166122) £ %) 11% 1 6%, i fF
B A X NO, T B RE e BE A AR X 25 5
I3 2R 8% FN 9% , KT Re A — EUHT NO, Y A X
F#5.

10" molec. em™,



976 National Remote Sensing Bulletin i & 54k 2022, 26(5)

50°N 7

50°N 50°N

45°N L0 45°N 45°N

40°N | 40°N 40°N -

35°N - 35°N A EETEN B

30°N 30°N L 30°N pgsing b7 o e L %
; 7, 25N |, e N

25°N 25°N ; oN | “ :

) S T . K 4 "’ﬁ' . 3 iR 5 e »."-“ A
AR ool o6 ok w2 oo, 8 e it el o ot o o e By 0 it oty oo o
SR AN RN A AT RO AN E RO AN A NG IR CRCNAC (NN CR Nk EOACE RSN PR AN A A
0 25 50 7.5 10.0 12.515.0 17.5 20.0 0 25 50 75100125150 17.5 20.0 4 2 0 2 4 40 20 0 20 40

%101 molec.cm x10'* molec.cm™ x10's molec.cm™ %

(a) 20174E7 J POMINO v2.1  (b) 20174E7  POMINO  (c) 20174E7 A POMINO v2.0.1  (d) 20174E7 H POMINO v2.0.1
SR NO, T AR 2SR v2.0.1 WFAZ NO, TE AR IREE 5 POMINO v2.1 fU4ax 22 5% 5 POMINO v2.1 YA 22 5

pixiil 5[] 53Aii
(a) Spatial distribution of (b) Spatial distribution of (¢) Absolute difference (d) Relative difference between
tropospheric NO, VCDs of tropospheric NO, VCDs of between POMINO v2.0.1 and POMINO v2.0.1 and POMINO
POMINO v2.1 in July 2017 POMINO v2.0.1 in July 2017 POMINO v2.1 in July 2017 v2.1 in July 2017
50°N 75 = 50°N 3 = ﬁﬁ =
45°N 45°N ¢ aa
40°N 40°N S
35°N 35°N
30°N b 30°N
25°N 25°N
P 5. “ i . as ; i o
e e R R R S Ty e e S by % S
%Qo?ﬁ,‘)o?’qﬁo g‘)o?\’@o\g‘)o\\Qa\\‘.vo\q,%o\q“)o q,%o q,‘)o ng g‘)o \QQO\'Q‘;’\\QO\\‘JO\'LQO\'L? $0°%‘>°6900 g‘:o%gﬁe\g‘;o\\ﬁ’\\‘:c\100\'1,‘30 q,%c $‘J°Q’q@%‘JOQ\’QQO%‘J‘)%\QO%‘?%LQO%L‘J6
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 20 -10 0 10 20 -100-75 -50 =25 0 25 50 75 100
%10' molec.cm™ x10" molec.cm™ x10" molec.cm™ %

(e) 2017 4F 12 F POMINO (f) 20174F 12 1 POMINO  (g) 20174F 12§ POMINO+v2.0.1  (h) 20174F 12 1 POMINO
V2R NO, E AR v2.0. 10 X2 NO, TE AT MR S 5 POMINO v2.1 92X 25 5% v2.0.1 5 POMINO v2.1 B AH%T
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Fig. 2 Spatial distribution of tropospheric NO, VCDs and differences between POMINO v2.0.1 and POMINO v2.1 in July and
December 2017 (Sampled based on POMINO v2.1 valid pixels)

3.2 POMINO v2.0.151v2.1 £ RHIREE W Lhv2. 1 MERIENSHA, USRS
BT AR Sk, gy A SR ARA R T SORKE TR

TIMBBIEREG, R T R0T OpfRAgc) TR IIHRERAZI (SRR

HUXE7 (26 10— B P I NO, 2 0

50°N F 50°N 50°N
45°N 45°N 45°N 45°N
40°N | 40°N 40°N 40°N
35°N foiv 3 35°N 3 E® - 35°N E 35°N
30°N By 30°N B A LB 30°N gt n Fip ool 30°N
s { e . E e .
25°N | 25N b ) Al ' 25N Erpstbind Jragdd 25°N
RTYEIY PR Sy s ZOONfoi; R N e
N q,‘)e?/apo 950?{@0\@)0\\00\\‘:0\')Do\q,‘)o FORCACN g‘)o \QQo\Q‘)O\\Bo\\‘;\'LBO\qﬁo PNCERCN 9‘)0 ORI RN \qfs PR 5 \QQO\Q‘;\\QO\\‘JO\']DO\')‘;
0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.0 0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.0 4 =2 0 5 4 40 -20 0 20 40
x10" molec.cm™ %10 molec.cm™ %10 molec.cm™ %

(a) 20174F7 J POMINO v2.1 %} (b) 20174E7 7 POMINO v2.0.1  (¢) 201747 POMINO v2.0.1 - (d) 2017 47 F] POMINO v2.0.1

L) NOLTE FAEH B ZS [0 AlT . XHLJE NO,TE EREARIZZS 7045 5 POMINO v2.1 fYZEX$ 2257 5 POMINO v2.1 YA 2253
(a) Spatial distribution of (b) Spatial distribution of (¢) Absolute difference (d) Relative difference between
tropospheric NO, VCDs of tropospheric NO, VCDs of between POMINO v2.0.1 and ~ POMINO v2.0.1 and POMINO
POMINO v2.1 in July 2017 POMINO v2.0.1 in July 2017 POMINO v2.1 in July 2017 v2.1 in July 2017



TETAL 5 BT OMI I b X X2 NO, =540 BER B ™ i POMINO v2.1 B 5 A= J s Xt btk 977

i s, S\ ‘
I o g Sa
| 5o kf !
a2 A 2] b, = 4
20°N % JJ 20°N -

SRR R ek ke s

50°N 3 s50°N [
45°N 45°N §
40°N 40°N
35°N ragr Y 35°N

§7

LY, 5 25N |y ~ :
20°N s L)}“j 0oN LA X e i
R R o SR ke Gy

0 5 10 15 20 25 30 35 40
x10'" molec.cm™

(f) 2017412 H POMINO

. -
0 5 10 15 20 25 30 35 40
x10'" molec.cm™

(e) 20174F 12 H POMINO
V2.1 XL NO, T ELAE
ZE ) 3 A
(e) Spatial distribution of
tropospheric NO, VCDs of tropospheric NO, VCDs of
POMINO v2.1 in December POMINO v2.0.1 in December
2017 2017

ZE ) g3 A
(f) Spatial distribution of

(g) 2017412 A POMINO
v2.0.1 X3 )2 NO, T H AR v2.0.1 5 POMINO v2.1 4%

between POMINO v2.0.1 and
POMINO v2.1 in December

-20 -10 0 10 20 -100-75 =50 =25 0 25 50 75 100
x10'" molec.cm™ %

(h) 20174 12 A POMINO
v2.0.1 5 POMINO v2.1 By AR
25t 25
(g) Absolute difference (h) Relative difference between
POMINO v2.0.1 and POMINO
v2.1 in December 2017

2017

&5 . 6S(2022)2306 5

K3 20174F7 HA112 H POMINO v2.0.1 5 POMINO v2.1 % 70 )2 NO, 36 B AR FE 23 18] 43 A L H 22 5 (G F4% A P= i SR IT R FE)
Fig. 3 Spatial distribution of tropospheric NO, VCDs and differences between POMINO v2.0.1 and POMINO v2.1 in July and
December 2017 (sampled based on each product’s valid pixels)
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High—-resolution Tropospheric NO, Retrieval over Asia based on OMI
POMINO v2.1 and quantitative comparison with other products
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Abstract: Nitrogen dioxide (NO,) is both an important primary trace gaseous pollutant and a precursor to ozone and fine particulate matter
production. There exist three widely used and publically available tropospheric NO, Vertical Column Density (VCD) products based on
OMI over East Asia, including QA4ECV from KNMI, OMNO2 from NASA and POMINO from Peking University. The spatiotemporal
characteristics of tropospheric NO, VCDs in each product have been extensively studied. However, quantitative knowledge of the
differences between the three products is still inadequate.

This research firstly updates the POMINO product developed by our group to version 2.1, including bug fixes and algorithm
improvement, and expanding the spatial domain to East Asia, much of Southeast Asia and most of South Asia. Compared with QA4ECV and
OMNO2 v4, POMINO v2.1 takes into account the anisotropy of surface reflectance and complex radiative effects of aerosols in the process
of tropospheric NO, AMF calculation. Then we quantitatively compare the NO, data of QA4ECV, OMNO2 v4 and POMINO v2.1 in 2015—

2020 based on either POMINO v2.1 or each product’s valid pixels.

Results show that updates of POMINO do not significantly affect the retrieved NO, VCDs (within 10% averaged over the spatial
domain, dependent on seasons). When valid satellite pixels of three products are sampled consistently based on cloud radiation fraction of
POMINO v2.1, the relative differences between the three products are about 10% averaged over Asia, although the maximum difference can
reach 40% or more in severely polluted areas like Beijing-Tianjin-Hebei. A sensitivity test based on POMINO algorithm shows that
tropospheric NO, VCDs with implicit aerosol correction (as QA4ECV and OMNO?2 v4) in December 2017 are lower than those with explicit
correction by about 26.4% over Beijing-Tianjin-Hebei, and more than 11% over the whole North China Plain. As far as the long-term trend
is concerned, all the three products show a nearly 30% decrease of annual mean tropospheric NO2 VCDs in Beijing-Tianjin-Hebei in 2015—
2020, in contrast to relatively small VCD changes over the Yangtze River Delta. When valid satellite pixels are sampled based on each
product’ s own cloud screening, POMINO v2.1 provides much more valid pixels in polluted situations by 11%—44% and reduces the
sampling bias, as a result of its explicit representation of acrosol optical effects in the NO, and prerequisite cloud retrieval process.

This research provides a basis for using and interpreting the three products, including their differences, effects of sampling and impacts
of aerosol representation. Our results offer insight for better understanding of the pollution of nitrogen oxides and influences of current
emission reductions.
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