% 43% % 6 H/2023 £ 3 A/REHR

K EHRIK

JET-EMI- 1T L DX S ARt e 15 F 52
KEE", FFE BB, BRBAT, A, AHE" AR

b E R A e S LW R BT ST BE 2 O OR S UM 5 BT B R e S HOR B SRR R, LR AL 2300315

SR ER AR R,

G AR 230026

E FH2Z5WROEIEH AR (DOAS) K3 1 38 F 4 R 8K AR | S22 /5 W SOGTE AL (EMI- 1) 89 SO, A hE ik i
(SCD) , i i 8 5 5 i AL B SCTATRAN #5717 SO, KA 7 (AMF ) (9 A& #8345 | 48 25 45 b B S 3R 45 SO, 1Y T B
FEWE (VCD) o Ph 2021 4F 10 H IR FIMA K B B kil K W58 6 42, 3k F EMI- 180 K3 19 SO, VCD 5 [ 41 [R] 25 7 25
fif TROPOMI By &5 5 — 20, M &k R R 4> 524 0.89.0.90.0.92. M Ah , i 5 1 I it JiE k1l B SO, Fz 3 45 58 5
TROPOMI () W5 0 H50 35 15 45 5% Fo , 25 S e B, EMI- 11 M &5 S 5 TROPOMI — £, #5080 21 it vk SO, B3 5 H 25 1) 74 14
fEf B, 245G BRI T 2022 4F 1 H 14—15 H 7 i i s & = 2 19 SO, HE i &, 45 8 &0, F JH EMI- 11
Bnr S 1 K L X8 SO, VOD A SEdE s, ml a2 3 4 Bk b ke T

EgE  RAOE; EAOWIOEREE; EMI-IT; SO, A ; wimigiE kil

FESES 0433 XEkARER A

1 5 5

TR (SO, B HE E E ok A A HECS B 2R
HEdk , A HE R 5 1 A R A R be 5 AN T B Tk
HEL , 0 B R HERCR A O R TR
SO, ANALRT N 5 1) B 4 i B 15 5552 ) (51 40 7% T I 18
TG ) I8 5% AR AR VIA G, SO, & AL B e
S P EURWE I L K 55 2R BN G AR 5
A= SOLMERA I F w1 JL R 2 LA R % 76 5 i
2, ENFEA— A LR ECERZ B WAk
JUJE L B SO, e BE AR 25 35 i 1 — A 3 224
B, B 5 O & YT G, SO, 1RV BE 1T k25 S,
e A B RO AR, ] S SO, Y5 Y () 3195 45 T4 2
LR LA, 38 1T oA kLg% 15 sh iR AL T A(E 5 .

253 2E RO % R (DOAS) | 20 42 70 4F
R Plate 28 42 H DLk B8R T2 N AE b 3 iR
JT HLER AR R A R R A R M B A A
W, A B R (O,) L A AL A (NO,) LSO, |
(HCHO) &AL (BrO) SR Sk &', 5H
by X0 5 AR Eb AR R 0 LA X S T T s B
B H B A BRE 35 0 B RO Kk X 8k SO, W i Y
— P B, R R AROT B I kO X SO, 1 ik
JEE BT R 0F 5% KL s A B I A S A . AR TE AR AR
fif Ws W SO, J7 I 1 BF 52 B, TOMS (total

DOI: 10.3788/A0S221398

ozone mapping spectrometer) ' | GOME (global ozone
monitoring experiment) "' | SCIAMACHY (scanning
imaging absorption spectrometer for atmospheric
chartography)"” .OMI (ozone monitoring instrument)"” |
TROPOMI (tropospheric monitoring instrument) ' %
YRR E S SO, Y A BRI

BT DOAS 53k ) SO, 1 2 B Ak (VCD)
E B [ A ) 25 8 3 455 4 GOME . OMI, TROPOMI %
ByE "o BT 201845 A 9H KM T M5
(GF-5) LA, L 80 7 & [ v i A 0K i Uik 22 71
WO % AL (CEMT) |, T EMI % ) 45t 40 v] 52 30 2k
i X Bk SO, VOD By S H KL X8 i i SO,
VCD (g 1 36 % AT K W SE . EMI- I AE A5 AR
A, T 2021 4F 9 A 7 H 5 80T = il O TR 0
Fhas , H SO, 1 KR8 138 R 90 IE . AN SCH IR T
DOAS 5 ) 17 EMI- Il #4519 SO, VCD, I DL 4
S I G VN7 | I 30 [ QN 1 s B 17/ I AP O
TROPOMI Y SO, VCD 45 %} R Bk EMI- T #9 2k
W X3 SO, [ B8 1, I 46 K Bl 7 3 2022 4F
LA 14—15 H @k w4 19 SO, HE B E &

2 ik R

2.1 EMI-T 5 TROPOMI & 755 f&f /v
EMI- 11 A& 4 463 18 , 40 9 b 40 138 38

A BHE . 2022-06-30; fEEHH. 2022-08-01; RABHI: 2022-08-12; MLEEHAZBH: 2022-08-20

EE&WH: FXKARPAEEEFR 74 (61905256)
BIS1E#E . ‘sifuqi@aiofm. ac. cn

0601006-1


https://dx.doi.org/10.3788/AOS221398
mailto:E-mail:sifuqi@aiofm.ac.cn
mailto:E-mail:sifuqi@aiofm.ac.cn

%435 % 6 H/20234%E 3 B/HFEFIR

(234~311 nm) . 5 4h 23 38 (306~401 nm) 7] Ul 13
i (400~552 nm) 5 7] IL 2 3 i (544~714 nm) . A
i SO, BYEE K A EMI- 1A 540 2 58 38, 5008 4k 0
1473 X 211 X 1072 pixel (B [A] 4 X %5 (0] 4 X 6% 48 ) ,

GF-5B A

238 38 16 RE 4 HER K 0. 3~0. 6 nm , K i 25 1] 4 B
HKH13km X 24km . EMI-TT 893/ ok 114°, 7E
fe1 BE 2 705 km, 5 55 B[] Ok 24 Hb s A A 102 30,
FHR A= 1R

UV-2 band
900
&,C
c,?@\oig\ dQé)Oj‘

1 EMI- I 59 RS 3 i Aom 2 18
Fig. 1 Diagram showing the nadir scanning mode of EMI- [

TROPOMI 1 #5 8 T “ W fe 5 7 (SP-5) L &
b, F 20174 10 H 13 H &S T2, Hoad 55 i (] ok 24
M B ] 13230, 25 [8] 23 BE R ] 3K 2] 3. 5km X 5. 5km .
TROPOMI A 8 4~k il B, H 58 40 Il B 19 56335 43 ¢
4 0.5nm, TROPOMI%: H A 14 5 15 4 8138 (19 %k
P, T SE A H R 2Bk E 5, Bl SEEXT 0, NO, .
SO, . HCHO ., — & k% (CO) . H &8 (CH,) . == %5 #y i
i ARSI BT A = 7 ah ok H TROPOMI 9 OFFL
P IR d ] TROPOMI BB 75 SO, 7 i 3k 5 3iF
EMI- I J {4 SO, 45
2.2 DOASTNERIE

DOAS $ AR 3l 3 R 2 S 19 45 AE 0 0 5 r
5 X S MR B AT RO . BT A - R e A, AT
S DOAS [ A % Ny

1%08Z[a;(a)-c_,-l,}Z[q;u)-sm,} (1)
Ao L(2) TR A8 P KA A4 5 B A B TR UG kO iR
BE ST (A) e i L s 00 2% 422 0 21 /9 I 5t
5 5 0 () 28 7R 7 2l W WA T 5 o 37 IR o AR j 1 7 3
e IE s S, = [ oLl F R R B AR 7 0 R e 1
1 L)

1(1)
e /N AR AL A BT A5 3] H AR SRR SCD.
2.3 RiE&iE
it QDOAS #4215 5] SO, 1) SCD , JZ 1

(SCD). D= 2253 AR R (1) i

WK £ 312~326 nm, 2 %4 S EMI- 1T 28 far i I 11
R BA % o AR B WU T A 45 SO, L O, NO, BrO
HCHO, 3£ F] F§ QDOAS ) ring. exe $0BE T ring &4 M ,
FLRM S50 B W4 1. DL 20224F 1 H 15 H 80 (5L
15 :001901) 1Y 5% 34 4E F 4 S i), SO, SCD 1Y [z ¥
ZERWE 2 R .
#£1 SO, DOASHIE S &

Table1 Parametersettings of DOAS fitting for retrieving the SO,

Retrieval parameter Retrieval condition

Polynomial Order 5

SO, absorption cross section 298 K
O3 absorption cross section 223 K, 243 K"
NO, absorption cross section 220K, 298 K"

BrO absorption cross section 223 K

HCHO absorption cross section 298 K

Ring absorption cross section Calculated using QDOAS
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Fig. 2

Spectral fitting results for some orbit on January 15, 2022 from EMI- Il . (a) Measured and reference spectra; (b) SO,

differential optical thickness; (c) ring differential optical thickness; (d) remaining residual of DOAS fitting
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Table 2 Parameter nodes for building the SO, AMF look-up table

Parameter Value

SZA /(*) 0, 10, 20, 30, 35, 40, 45, 50, 55, 60, 65, 70, 72, 74, 76, 78, 80
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VZA /(%) 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70
Albedo 0, 0.05, 0.1, 0.20, 0.30, 0.40, 0.60, 0.80, 1.0

Cloud pressure /hPa

1013, 795, 701, 616, 472, 356, 264, 164, 96
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Fig. 3 Diagram of deducting the stripe effect of some orbit. (a) Before deducting the stripe effect; (b) after deducting the stripe effect
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Retrieval of Sulfur Dioxide in Volcanic Region from EMI- Il

Qian Yuanyuan'’, Luo Yuhan', Zhou Haijin', Chang Zhen', Yang Taiping', Xi Liang'?,
Tang Fuying'’, Si Fuqi'
'Key Laboratory of Environmental Optics and Technology, Anhui Institute of Optics and Fine Mechanics, Hefei
Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, Anhut, China;
*University of Science and Technology of China, Hefei 230026, Anhui, China

Abstract

Objective The SO, slant column density (SCD) of environmental trace gases monitoring instrument [[ (EMI- [ ) from
China is firstly retrieved using differential optical absorption spectroscopy (DOAS). The air mass factor (AMF) look-up
table of SO, is established using the SCIATRAN radiative transfer model. The vertical column density (VCD) is obtained
after destriping. With the La Palma volcano at the end of October 2021 as an example, the SO, VCD obtained by retrieval
from EMI- Il data is consistent with that from TROPOspheric monitoring instrument (TROPOMI) with the correlation
coefficients (R) of 0. 89, 0. 90, and 0. 92. In addition, the retrieved SO, VCD in the region of Tonga submarine volcano is
also compared with that from TROPOMI. The EMI-1I results show similar spatial distributions to those of the
TROPOMI results, and the transmission process (from the east to the west) of the SO, plume is monitored. With the wind
field data, this paper calculates the fluxes of SO, generated from the eruption of the Tonga submarine volcano on 14 and 15
January 2022. The results of the paper show that EMI- I can yield reliable SO, VCD in volcanic regions via retrieval and
realize the early warning of global volcanic eruptions.

SO, not only affects human health (e. g. , respiratory diseases) but also is closely related to climate and environment
(e. g., acid rain). Its oxidation may lead to the formation of aerosols and photochemical smog. SO, is an important
indicator of air quality and is closely associated with volcanic eruptions. The SO, VCD can provide a data basis for tracing
the SO, pollution caused by industrial emissions and early warning signals for volcanic eruptions around the world.
Therefore, it is extremely important to obtain the daily global SO, VCD. In this study, we report the SO, VCD results in
volcanic regions from EMI- [ and validate the retrieved results with those from TROPOMI. In addition, the fluxes of SO,
from the eruption of the Tonga submarine volcano are calculated, which may help make clear the dynamics of magma

degassing. We hope that our results can contribute to the development and global validation of the EMI- Il SO, VCD.

Methods The SO, SCD is calculated using the QDOAS software with DOAS method. DOAS retrieves the
concentrations of trace gases depending on their characteristic absorption and the measured optical intensity, which is based
on the Lambert-Beer's law. Then, the corresponding SO, AMF of the EMI- [[ is calculated using the established AMF
look-up table, which is simulated in the SCTATRAN radiative transfer model. The SO, VCD is then obtained from SCD
and AMF. We use spatial filtering following the Fourier transform method to remove obvious stripes caused by the
irradiance calibration error when retrieving the SO, VCD from EMI-[l. The fluxes of SO, from satellite-based
measurements can be calculated using the above method. For the Tonga submarine volcano, the effect of distance can be

ignored for the long lifetime of the stratospheric SO, plume.

Results and Discussions To validate the retrieved SO, VCD results, we compare the SO, VCD from EMI- Il with that
from TROPOMI at the LLa Palma volcano on 27, 29, and 31 October 2021. The SO, VCD from EMI- Il showes similar
spatial distributions to those of the SO, VCD from TROPOMI (Fig. 4) with R of 0.891, 0.901, and 0.915 (Fig. 5),
respectively. In addition, the SO, VCD from EMI- Il is also compared with that from TROPOMI in the region of the
Tonga submarine volcano from 14 to 18 January 2022 (Fig. 6), and the SO, VCD from EMI- Il is found to have similar
spatial distributions to those of the SO, VCD from TROPOMI. The SO, plume transported from Tonga to Australia,
which corresponds to the wind field results from a hybrid single-particle Lagrangian integrated trajectory (HYSPLIT)
model (Fig. 7). However, the SO, VCD from EMI- I is lower than that from TROPOMI in the grid with a high SO,
SCD, which is mainly because the a priori profile of TROPOMI is different from that of EMI- || in the radiative transfer
model. According to the calculated SO, VCD and wind field data, the fluxes of SO, on 14 and 15 January 2022 in the

region of Tonga submarine volcano are 345. 83 and 504. 85 t/s, respectively.

Conclusions In this paper, the SO, VCD is retrieved from EMI- [l and validated in volcanic regions. With the La Palma
volcano and the Tonga submarine volcano as examples, the SO, VCD from EMI- [l presents similar spatial distributions to

those of the SO, VCD from TROPOMI. In addition, the transmission process of SO, plume in a volcanic region can be
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monitored using the retrieved SO, VCD from EMI- [l . The results of this study confirm that EMI- [l can monitor SO, in

volcanic regions and realize the early warning of global volcanic eruptions. This paper is of great importance for the
development and global validation of SO, VCD from EMI- I .

Key words atmospheric optics; differential optical absorption spectroscopy; EMI- I ; SO, vertical column density; Tonga

submarine volcano
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