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Fig. 1 Study area for 4 Symphony tanker collision event
a. “ZZMA AR FE R AR AT R 0 TS S f R RS b5 H 1 H 13 I 18 0TS X IR IN HY-1D CZI =l WL 45 3R, AT 52 X Il P9 i o Bk I
s e.5 H 25 H 10 I 41 53-BF5E X BN HY-1 C CZI AL B LI 25 4, BF 58 X 308 € 6 W1 2 36k 35 d, e 23500 %0 002 1 ¢ b o @2 X8R, d A g
TR XU X, e T ML 58] 22 W S s e WD Ak ) 65 1A ¥4
a. Collision point of A Symphony tanker and maximum coverage of oil spill pollution; b. the HY-1D CZI image at 13:18 on 1 May, and oil spill traces were first

discovered in the study area; c. the HY-1C CZI image at 10:41 on 25 May, and no apparent oil spill was observed in the study area; d and e correspond to the

white dashed areas in ¢ and b, respectively; d is a low-wind zone on the sea surface; e shows 4 Symphony tanker and the obvious oil spill traces
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Fig.3 Flow chart for quantitative oil spill monitoring of multi-source remote sensing data
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Fig. 4 Oil spill response characteristics of optical remote sensing under different sunglint conditions
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al, bl, c1. Quasi-synchronous Sentinel-2 (S2A) MSI (R: 655 nm, G: 560 nm, B: 492 nm), HJ-2 (R: 660 nm, G: 560 nm, B: 470 nm) and HY-1C (R: 650 nm,

G: 560 nm, B: 460 nm) optical true-color composite data from May 21; a2, b2, ¢2. differences in reflectance characteristics of oil films for different sensors;

a3, b3, c3. optical identification and classification of oil spill

A, B 8 IR T 22 YR 1 SRR A 38 Wi SR e il
22 d A B AR O T RS Ak A (R U R, T
TR T T RS AR B35 55 [ 1 55 B das v 160 AR, 2352 31T
BRI R R 5 ), MR G2 8 B E B Al et
A AR E AR S A mmE A, SA1H
FE G2 18 B AR e o W 2 R LAk T S 7L AR i,
SAR PG H BT 17 A9 i1 85 X 358, b as7, hy <58 Wil S % il
O OMCRT T . 5 2-13 H X Rk gk W 2 i
T T, G2 5 A5 I B 1 8 TE T TR S FE 100 km?
DL 5 s Rr 2 971, 78 5 A 17-18 H Wi 3] 1Y
i A5 G TR S B R AR, B H e R T AR o AR R

734 ko 45 R, AR 1 T 2R R s g &= D
FREET 22 d, S2E R ARG TN E 11 SRS iR oo 25 1 A
2368.7 km?, F 2L Ak s AR T A S A 1 019.3 km?,
07 L 43%. FEAS Y T TS e S, FLAR TR A9 4R o
TR L 2 v 2 B I O 174 ek v BT RO A A R,
S5 e T i 7 XUk 2o R R X R 1 £
43 EHHGTEMNELGEE

T T 2 YA I S O 2 B R AR PR ) — A
FEESE s m BT AN [ i 75 Yo 28, 3l
T A ALK TR T R B DT B R Ve T A Ak RS o
T 21405 Tk 21 A1 i B A 3L AR il i T AR R



O BCEAR: k T 2 UR R SR P < S AR R i T e 115

121°00' E e s 121°00' E

»

AL I
GF-1
2021/05/02
10:55 UTCH8 =—————

a2 b2 c2 d2

155tk gz [ e SAR SEfEL
Kl 5 ZURIE IR By 6" 5 SAR Ui i 15 45 AE
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Fig. 6 Oil spill response characteristics of Landsat 8 optical and thermal infrared data
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Fig. 7 Identification and classification of oil spill based on multi-remote sensing data
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c. Identification and classification of oil spill; d. the estimation of emulsified normalized oil concentration
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Multi-remote sensing of spilled oils from A Symphony tanker
collision in the Yellow Sea

Zhao Wei"?, Wang Lifeng®, Niu Shengli"?, Lii Hang’, Song Shuxian’,

Jiao Junnan®, Song Qingjun'?, Lu Yingcheng’

(1. National Satellite Ocean Application Service, Beijing 100081, China; 2. Key Laboratory of Space Ocean Remote Sensing and Applica-
tion, Ministry of Natural Resources, Beijing 100081, China; 3. International Institute for Earth System Science, Nanjing University, Nanjing
210023, China)

Abstract: Oil spill is one of the critical target of marine environmental monitoring. Synthetic Aperture Radar
(SAR), thermal infrared remote sensing, and optical remote sensing for monitoring of marine oil spills have been
elucidated, and it is crucial for marine environmental protection to utilize the features and advantages of multi-
source remote sensing to achieve accurate monitoring and quantitative assessment of marine oil spills. On April 27,
2021, the collision between the Panamanian vessel Sea Justice and the Liberian oil tanker 4 Symphony resulted in
an estimated 9400 t of cargo oil seeping into the yellow sea. Here, we used multi-source satellite remote sensing
data to monitor and analyze the coverage of oil spill and the distribution of emulsified oil in this accident. Based on
the response mechanism and characteristics of oil spill multi-source remote sensing, the processing of multi-source
data is optimized to realize the identification of oil spills and the classification of multiple oil types. The findings
indicate that from May 1 to May 22, 2021, the cumulative pixel area of oil spills from 4 Symphony tanker was 2 368.7
km’, of which the emulsified oil pixel area was 1 019.3 km?, accounting for 43.0%. The maximum daily oil spill
pixel area reached 734 km’. The results of multi-remote sensing monitoring validated each other, and optical re-
mote sensing is more capable of identifying different oil types, in which the emulsified oil represents the key of pol-
lution hazards. It improves the accuracy of monitoring and assessment of marine oil spills, and provides reliable

technical and methodological references for the hazard assessment and refined monitoring of oil pollution events.

Key words: marine oil spill; oil emulsion; multi- remote sensing; 4 Symphony tanker; optical remote sensing; thermal in-

frared remote sensing
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