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ment) [, GOME-2 (Global Ozone Monitoring
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BRD (band residual difference) %y2 16 DL
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SO, HEmN A,

PCA (principal component analysis) 5 i%
A 5k BRD S92 78 B4 e RS 7 T A 2, e
F B3 o3 M 773, A BBRAR T S 45 B
TSR SO, B MRIE. Li%s P PCA S
%5 BRD Bk S 45 Rk AT 7L, RWIPCA K
VA BN B D07 T 52 25 [ 3 T K R ) G TG
I, Fioletov 25 3] FI| I PCA J J8 &5 53k 47 3 17 3
[X SOy # fir A HER R 1t 5, Talongo %5 P9 DA 46
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WA B I 6 BRD ATPCA SO, S8 45 R ik
17 1 L5t

SR, IR A 5T R o a1 i N 2 1] 43 A1 ] B
X R KW R AT T PCA FTBRD YAl
SR IR 2 SR ) B A, /b A A [ T HE TS X
XTPCA SOq S 7™ i () I8 8] 7 41 5 £ L3 Hh
FERG B B0 UE ANk 7 ¥ G B IS A VA S5 7 T A i
Ft. DR, 2 R3] TR 2K SO9 7 it T i [ Hb X
RTS8 s I ) 2 22 R A 6 22 7F 2 OMI BRD
5 PCA SOy /™ it I [8] 7 81 EL 8, DA S 5 b A
LIRS SCABE DL 25 S B 6 LU A IE, DAVP Ay P o 0%

(34]

= R A S [ X FOE P b e Ab, g
315 S IR R AT 2 AT, e i R 0 4
R, 0TSOk BTt A AR

2 TENNEGREE %

R WA OMI 5 3 /£ NASA ) EOS/Aura
TPRELE, T20044E7H 15 HREFZ, HEEHK
S TR IR B o S H SR R, Bk
FH K B [ 25 T8 1) R I 7 28, S 3l 58 4 -vT A,
JEBB w6 AR B, ATy 270—500 nm,
114° W37 1, 4R 95 29 2600 km, RJEFRITT
] 2 FE R N 13 x 24 km?, 778 i 55 24 M i (] 25
13 : 30, ATSEIBE R A BRE . BT OMIEAE
G oy FEge Ay HEA L SN LL KR H A
R 5 S, HORAMM SO, 7 i B )32 B H
T L R M e L I TS de S AR I,
A B AR RH 3 T R HE RO SR A S 5 TH R
ﬁ [19722,24,26,28,36]_

R 2015 4 2 BT OMI SO, &L 5 I 7 i
(AR A 535, I BE % 4 BRD 592 11 3 8 4% 4h
310.8—314.4 nm ¥ B0 [H N SO A4 W UL 1
e 5k A BT R = A B KT (P = 310.8-
311.9, P2 = 311.9-313.2, P3 = 313.2-314.4), #
OMTO3 B8l O3 B A E P KK LER (lam-
bertian effective reflectivity) {F A %8 5 1% fai 155 7Y
TOMRAD P9 fiydg N, 5 = AN K3 1 T2 KT
SR LA v B 22 S SO A i B RO, B KA
RN SO, FIA 25 5. rf Bl X 5 %47 504 &
7, BRD 8% BB A R0 ER I AR B 1 N 2805 B))
SO, Hej 2.

H A 58 35 B0t i PCA S92 B B 3 e oy
W73, 7853 R OMIAEE I my G W R 1k, i
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5 O3 WU 15RO 2 AL 88 1 75 L Ring RUUM 55 [
R E Ry, 456 AL AU SO FE & L
TR S 2 1 S K AR A, EEEIRIE KA SO,
HAESE. PCABVEA ML 7 2417 OMI SO2
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H s s B H v FE OMI SO I 52 & 7= i
(b b 55 BV

A 3L fEH OMI = 44 SO, PBL (planetary
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boundary layer) # & & £ 35 (F 35 >k V&, http://
mirador. gsfc. nasa. gov), IZEHEXT OMI —4 SO,
PBL F & & 50 #2 RO I AR B2 A7 3 L gk e
AR HEAT YD B R, $RAF 0.25° x 0.25° 4
BRI R SO #E B B, RIS &, X i it AT
HE— P R ER R E ], AR 1) B 2008 4 OMI
BAN R TR S WL 32 21047 7% RA (row anomaly,
2 2% http://www.knmi.nl/omi/research /product/
rowanomaly-background. php) K520, i ) 5
RA B FHERR SO, 445/ T 10 (L H1 X B A1)
K 306 K 3 OMIAT 7 1 52 B B IT; 2) AL R
AREZ A MR TT, s 8T 30% MR IT; 3)
HPUEL S R TIN A ECR . RERZE R, #
BRiEEEIZ R IT; 4) KT 0/ SO, s B R,
T B R M52 OMI SO, & fE AT RAR IR 1
SO FFIKL.

3 BRD#PCA SO, % & K & iy B 52

3.1 SihE ZHE 5 RIEEIE (MAX-
DOAS) MM EERAVEL 3L

PR THCE T Bl X RS R A 0TI (39.95° N,
116.32° E) ) MAX-DOAS M3 #5 4, % OMI BRD
FIPCA SO9 #F i 2 R I 45 AT S AT 5.
FHRARG PO AL X, SR AL s s
L5k SO 1IN 7 AR 4k S S i6 R A AT — 32 IR SR
B . MAX-DOAS 1% #5 i E B 22 B 22 0 246
FHUBAF 7T Tt 104U iU IR R4 iR
ARG B R KA R G YRR, AT 92 3R 2
A1 a6 T I 23 FE 3547 SO, NOo, O3 & & 15K
I 3% 8 Iy, F A B DN 5, 10°, 15°, 20° F190°,
IR TT RN IE L, JEiE S #FE N 0.6 nm £ 47
MAX-DOAS {3 28 5 11 Hh 171 75 4 <A (1 B2 00 R B¢
FER R, Zad ShR e S AR 2 AR R, SOy & &
IR ZELIN 5%, WIMRZ)41 x 106 molec. /cm?
(1 DU = 2.69 x 106 molec./cm?). %A AWM %L
& Stk 4 i % 142 F T SCTAMACHY SO, & &
S EE RS E A

k20114 1 H £ 20124E 4 F W 18] A Hb 3
MAX-DOAS Wil #5455, Horh 2011411 Hf12 H
T I b S B R k. 5 TR R A

FLECHT, B Je i MAX-DOAS SO, & Wil 45
FAT IR AT, BARIR: 1) IR 0 foum
fH; 2) %4 A B B TS (11:00 % 15:00) FI#L
AT V35 3) T H PS80 & ORRRE 34 &
3ANLA L, DABEAR A I H 5 () BE AL 1% 22

XL g IR SE R oR (B 1), BRD, PCA SO, &
A B MAX-DOAS M I 45 5L #f R 3t SO, £
A1) B 2 ZE R ME, X2 T &R &
JE 3 M X SR ERR Tk HEB AR5 3 (SO2 5
Wl AL R B R 6 Uk ) A2 AR IR ARV A ) 9] DA R
iy 2 300 R 22 B v P P AIG A DR 3R 06 B SO, 1E 1T
Hh AR, B R BRI B B Y
ARLEE A B R O B I B T A5 R 3K 2 PRI R A
SO, &, R & xEME L, BRDf1PCA SO, &
B SOE A ABK T 5 MAX-DOAS SO, st & W il
{8 (BRD i 5% 25.9%, PCA K44 60%). 2R
B 1) SOq Jeh i T 1 JE S I8 32 BRI F 58 A i B
R SR LI B, A 55 P SR AR S o i K RE A IR
Ji, B RE T AR (B B RS SO, F E A
MENTZ LT, it TR SO, B & A
fiAl; 2) OMI L& WL 1) R i &t 25 18] 73 HE %R
13 x 24 km?, TG0 R S5 A R IX 330 LN 1
S, T HIE MAX-DOAS A —ANuili 5 BT ok i
P, BIRREA—H 5 FENH K25 3) ik
MAX-DOAS W5 TR B [ (e AL H 77k B
2259, 490 S e B W VAT AR T SR K A
TAE . IRERIESEJTE. A, BRD SOy & IH#
H= T PCA SO, HHzI T i MAX-DOAS SO.
SEAIE (M2 R BR = 0.85). 1i PCA SO, i
5 5 MAX-DOAS ML 25 J 2 18] 1 4 26 PEAR
F BRD, X RAB R = 0.77, ZV AL B AR 0
BRD B .. X5 PCA FEFIH £ o 77 ik T
EWNAE 5 SO2, O3 M550 & Aa B Y B
BB A L. Rk, BAR PCA B 3%
FAIC 7 SO & i 45 R 5 {H BRD Sk B id
AT AKX SO, HEF 1) M.

A, M T E H, 2 TR SO, BE R
E A 5 Hh 3 MAX-DOAS MIIE 1) 22 7% 3 T B 2,
FE PR AT et A 2= KBH OGS LL 2 2255, H4 2= S0,
SEH T E 2, B RN S B Bk T Hh R
FERM BNFATE T 2 LTI SO W EEAE B, M
I RLAZE SO S B SROHE AN FE R T 2 2.
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Fig. 1. (color online) Comparison of monthly averaged BRD, PCA and ground-based MAX-DOAS SO,

columns (number of samples = 14).
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Fig. 2. (color online) Comparison of monthly averaged BRD, PCA and RAMS-CMAQ SO3 columns in 2008.
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Fig. 3. (color online) Comparison of monthly averaged BRD and PCA SOz columns over pristine ocean

region from October 2004 to December 2014, number of samples =123. The black dashed line represents

the Y = 0 line.
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Fig. 4. (color online) Spatial distribution of averaged OMI SO2 columns over China from 2004 to 2014, units: DU,

1 DU = 2.69 x 106 molec./cm?.
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Fig. 7. (color online) SO2 columns processed with BRD and PCA algorithms over Reunion volcanic eruption

on 7 April 2007.
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Fig. 8. (color online) Scatterplots of SO2 columns processed with BRD and PCA over Reunion volcanic

eruption on 7 April 2007, number of samples = 1557.
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Fig. 9. (color online) SO2 and O3 absorption spectrum
in UV band [37). The black dashed lines label the four
wavelengths (310.8, 311.9, 313.2, and 314.4 nm) used
in the BRD algorithm.
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Fig. 10. (color online) Dependence of SOz weighting
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Fig. 11. (color online) Dependence of SO2 AMF on solar zenith angle (SZA), view zenith angle (VZA), O3

column and surface albedo (r) under cloud free condition.
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Abstract

Remote sensing technology provides an unprecedented tool for the continuous and real-time monitoring of atmo-
spheric SOz from volcanic eruption and anthropogenic emission. The Global Ozone Monitoring Experiment (GOME),
SCanning Imaging Absorption spectroMeter for Atmospheric CHartographY (SCIAMACHY), and Ozone Monitoring
Instrument (OMI) have high SO monitoring capability. The OMI, which was launched on the EOS/Aura platform in
July 2004, has the same hyperspectral measurements as the GOME and SCIAMACHY, but offers the improved spatial
resolution at nadir (13 x 24 km?) and daily global coverage for short-lifetime SO2. For OMI operational SO» planetary
boundary layer (PBL) retrieval, the previous band residual difference (BRD) algorithm has been replaced by principal
component analysis (PCA) algorithm, which effectively reduces the systematic biases in SO2 column retrievals. However,
there are few studies on the evaluations and validations of PCA SOs retrievals over China, and the long-term comparisons
with BRD SO2 retrievals also need to be conducted. In this study, the accuracies of PCA and BRD SOs retrievals are
validated by using ground-based multi axis differential optical absorption spectroscopy (MAX-DOAS) located in Beijing,
and regional atmospheric modeling system, community multi-scale air quality (RAMS-CMAQ) modeling system model
which can simulate the vertical distribution of atmospheric SOs. Moreover, BRD and PCA SO retrievals from oceanic
area, eastern China and Reunion volcanic eruption are compared to find the long-term trend and spatiotemporal dif-
ferences between SOz columns. Finally, the uncertainty of SOz retrieval, caused by measurement errors, band selection
and input parameter errors in radiative transfer model, are analysed to understand the limitations of BRD and PCA
algorithms.

Results show that both PCA and BRD SO; retrievals over Beijing are lower than ground-based MAX-DOAS mea-

surements of SO3. PCA and BRD SO; retrievals over eastern China are lower than the simulated SO columns from
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RAMS-CMAQ in winter 2008, but in July and August BRD SOz columns are higher than RAMS-CMAQ simulations.
The values of SOz columns from BRD over China are more consistent with those from ground-based MAX-DOAS and
RAMS-CMAQ model than from PCA. Although PCA algorithm effectively reduces the noise in SOz column retrieval,
SO2 columns from PCA over China are lower than those from BRD. For oceanic area where SOz amount is nearly zero,
the standard deviation of PCA results is lower than that of BRD, but the absolute value of averaged PCA SOz column
is larger than that of BRD. In the case of Reunion volcanic eruption with SOz columns larger than 25 DU, the BRD SO
columns are lower than PCA retrievals. Meanwhile, with the increase of SOz column, the difference between BRD and
PCA SOq retrievals increases. Detailed uncertainty analysis shows the influences of measurement errors, band selection
and inputs of radiative transfer model on the retrieval results.

This study is important for developing the retrieval algorithm, and can also improve the application of OMI SO2

products.
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