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WE., PEEPEEKOS TE (HY-10) #3846 K aKEERIMY (CoCTs).

W R AR (CZD) . 55k

JARAL (UVD) S22 E 8, 2T 2019-06 JF )L 55 fkiafs. diil 2l s il EE Bfrz —. JT4F

oK, Dl OO Y T s T A [R] 75 e 28 B A U |
VA A i T DR 2001 BRI

Yk 7 A9 15

XA, COCTS, CZI, VIRS HHEA RN MR AV %0, H COCTS Xt i A i8R 51

ABFFE LA E VTR, EELL 2019-02-20 [ FE i 4R 7
B, WAL T HY-1C 2 COCTS A CZI%H , IF3RILT [/ —K 1) VIIRS. MODIS Terra & Aqua 1%
UM A28 B U LA, FE S PPl COCTS 55 CZIG A 8 ar %A T Vs Y U0 AU R RE . 25 SR %6 . AR5

DGR LLE ], BRI RATINAT, REA e ik

b 15y Y AT T o — U i i < A
R, JT R T

£ ARE T VIIRS %L

s CZIALREP B LU i, 3 BE DX 73 e Ui 12 ARG P 8 v ol 55 9 v LA, DA 8 B 22 B £ 6L
CZUEHE ARl i T R B OGS 5 B U R TS KX, R B 1 i il A3 AT . HY-1C A2

S R T A0 R AR ST o B | AR R L A RE

AHOTHERBA , AR SSRGS | i

KA IE

SIAEX: ik, X238, TEH, ERE
24(8): 933-944

BiE HY-1D B 15, SR L ML §
+ R AT A T A R S

B, HY-1C A, KREABHHL, W R,
SRR, BRI .2020. 38 — 5 C B X FH BB E M AR BB N 4T B RUEIR,

e 3 ERIb]I)

i, AR

Shen Y F,Liu J Q,Ding J, Jiao J N,Sun S J and Lu Y C. 2020. HY-1C COCTS and CZI observation of marine oil
spills in the South China Sea. Journal of Remote Sensing (Chinese) ,24(8) : 933-944[ DOI : 10.11834/jrs.20209475 ]

1 51 5

T T VR PR B MR ) O H bR 2 —
(Kvenvolden Fil Cooper, 2003; Kessler 5%, 2011;
Leifer 5, 2012; Hu%§, 2018). 3#/EH H A
()20 WL AR I SR R R R A BRI
B T I RS RGN A
2009, 2016, 2019), Ik (Zheng4s, 2001;
Brekke #1 Solberg, 2005; Zhang*ff, 2011; Garcia—
Pineda %, 2013) . Z/fOLTE (Clark 55, 20105
Leifer %4, 2012; Shi%¥, 2018; Hu%¥, 2018; Lu
4%, 2019; Sun Ml Hu, 2019) . # L4 (Salisbury
%, 1993; Niclos %%, 2014; Lu%s, 2016a) 5%

i HEA: 2019-12-24; FIENZR: 2020-05-17

o 8 SR AR A il e, PR e S ) B
22 5, HWEDACRE AN — A OBl b 45,
2019).
i XV A RS S 1) TCRHE 5 EA R AR
FH BRI i int B 8 30 o X6 g T AR oT R ), 5
s 5 YL A WS (Zheng 48, 2001; Brekke Al
Solberg, 2005; Zhang & 2011; Garcia—Pineda
S, 2013) . WMIEHBEAF ZES BRI,
Aot A 3 Y T M 0 )l 55 AR P PP AR 2 RO K
J 5 AEE PREE PR R0 o 1 52 e wf DL 220, M
WAEAE— 2 WA E P . A 5T I 2% 8 2 R
15 BER WA AL B A R R B FL AR T
(Minchew, 2012; Jones fll Holt, 2018), H.Zf%H i

HEEWE: HEARFAES (55 :41771376) ; [ FKH S AR (45 : 2016 YFC1400903)
FE—EEE N W, 1995484, B WA 58 A, WF9E 07 18] v 8 U 5 2R 55 48 )% . E-mail: ShenYaFeng1995@foxmail.com

BIEIEEE

s BEREE, 1979 44 53, B2, DFFE 7 1] i v e U5 5 A4 322 8%, E-mail: Luyc@nju.edu.cn
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b — 2k, B B s 3N T i T
FEI 420 (Brekke 1 Solberg, 2005).

AR, I T TG G o2 i AR B K &
JE Y IR TEOME O S 22 % (Hu 5§, 2009;
Jackson FI Alpers, 2010; Sun & 2015, 2016;
Sun Ml Hu, 20165 LuZf, 2016b) . A[a]i i 75 g
FERINF A G A R O S i R A 22 S 34 i B
W (Wettle 25, 2009; Clark %%, 2010; 7% 2 45,
2008; Leifer %, 2012; Shi %, 2018; Lu %%,
2008, 2011, 2012, 2019, 2020), JG2FiE XA
[ei] o it 7 e 2R R Pl L 402k e A A R S
LIMBH (Clark %, 2010; Leifer%, 2012; Hu%%,
2018; ShiZ, 2018; LuZ%, 2013, 2019, 2020;
Sun 2%, 2018a; Sun fl Hu, 2019; [N g 28,
2016, 2019). i 175 G ot2s 0 i 18 8L HeE 115
AT, Ol 55 Th ny FH BB s b (ki ik 45,
2016, 2019).

PEAFFER A, EHYE. Bk S
WACIER R, STE LR 2 2 FF 10 8 i 75 e 2
R, X AE S IR G F 4 A A A (Zhong Al
You, 2011; Clark &, 2010; Leifer ¢, 2012) .
FE 8 75 YL R AR BE R, S TR] B 3R TS e 2
o S AT X PR AL BRI, ST S HOR) - A BETH
B . amAL L% (Zhong F1 You, 2011); [Hi,
HERR I A [R) s i 75 e 28 R0, RO B T 2k
PR WG I, A B TR R4S S v, AT
R R AL 5 RS HAT B0 B K8
g X (B 45, 2016, 2019). HET, FIHDG
2738 TR AR T R U T s T TS Y AN TR 2R AR L
5 EAGE N F BRI, FEENSE
YR LR Y Y ¥ Y T W N ) AR B 35 HIE (Clark
45 2010; Sun %%, 2018a, 2018b; Lu %5, 2016,
2019, 2020; Rl 55, 2019).

o B RO K ol g5 LA (HY-1C) T
2018-09 A5 L H ,  #5 30A 1 R URAL (CZD) |
KK IR (COCTS) . A% AL (UVI) |
A PG AR RS (AIS) —3k54
o (AT 3 AU EAT ) o Zoad 2 40 M7 il ik
5w g E bR B, T 2019-06 B A 5546 1 FH -
TETEFM I, A b E R LT 2 0
VGG, AR SC L [E 2R U 08 I T S Yk VTS
YA, RGEHIHTIER T HY-1C 2R3 fr
X G e i ey, TR E HY-1C Bl 55
AN EE o =

2 BAES5Ik
2.1 HY-1CEX=FiEBREIE

TFPE Kl %5 BAE (HY-1C) #4782 km,
F R BATE 2L H0E B A2 o5 o b 5 B 1 7F 10: 30,
HY-1C B #H T 3G s, Ao F 28t
VPR K O K IR AL (COCTS)  FEE R A A5 1%
(CZ1) FEVE i v W0 i % . COCTS B T i
M TR 43 98 R4 T 1100 m,  F13% 18 55 AT 2900 km;
CZ1 BT fUHbTH 73 B3R A0 T 50 m, 4 IR 56 K T
950 km, HAth EAASHILEK 1. HY-1C A M COCTS
ARSI R 1 IR 2 FRE %, CZIfELHI3 K
VWIS, =2 Tk kiR .. R
MR KR W . HY-1C B e Sy, W
W3 AT £ U W TS Y R . AR WE ST L
2019-02-20 7£ H [ g 15 25 U0 5 )8 i A iz 8 18 1A
Y YA H AR, XL IR I U BB T T R
WL, COCTS 5 CZL R vk s T 3647 T
I, T RAEGRN B R E R % (R,) $dE,
I G T A5 B R E LR, S, 40
o ARSI . FLAkuh . il
VKR S o T IR R R T Y5 Y AN [R] 20 A 3%
WA WARFAE , AT T SO v AR TV O S S e
2P A CZT UG PO S I U s P B ) T 5
FLAkih, 7ECoCTS BME L ih F1&ociRG, HagiR
SHEEE R (Bl1).

2.2 VIIRS 5 MODIS ##&

FETHY-1C AL NI i b B AR T 5 s b5 G
Wi 83 [ VIIRS HIMODIS Terra F1 Aqua 7512 15 55,
[ — R A UL 54l T L4 B HY - 1C &2 9 3
IR RE . XF VIIRS I MODIS Terra Fl Aqua 5045
WHEAT AR R A RS IE A B, A i A A O E
R (R B, HEEES REER A 2 b
VNN S i Lo S e S e | KAV 1 R R 2
KRR 5 . MODIS HxfE LAT S0 e i, ey
A E A HE VIIRS B8 Ar i o VIIRS B A5 A
5L BE U8 I 1) st Uk AR VD I i vk TS 4y, {H MODIS
Terra Fl Aqua % (05 R EICHEA R I
WY o FET VIIRS iRm0 0 i X 3, AT LR
i MODIS Terra Al Aqua [V A7 760 &, IF45
i Y55 JR 31 TC I R K B AR AR A SN, TR
L5
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%1 HY-1CE COCTS 5 CZIHEER RiEHR
Table 1 Parameters of HY—1C COCTS and CZI

flides i NS R L (BTHEAR) IRARSEE
1 0.402—0.422 9.10 349 13.94
2 0.433—0.453 8.41 472 14.49
3 0.480—0.500 6.56 467 14.59
4 0.510—0.530 5.46 448 13.86
5 0.555—0.575 4.57 417 13.89
€OCTS
6 0.660—0.680 2.46 309 11.95
7 0.730—0.770 1.61 319 9.72/5.0
8 0.845—0.885 1.09 327 6.93/3.5
9 10.30—11.30 0.20 K(300 K i} NEAT) 200—320 K
10 11.50—12.50 0.20 K(300 K i NEAT) 200—320 K
1 0.42—0.50 8.41 410 14.0 21.0 483
2 0.52—0.60 4.57 300 14.0 21.0 47.0
o 3 0.61—0.69 2.46 248 12.0 18.0 39.0
4 0.76—0.89 1.09 240 4 12 25

T RGN pum , P 25 P S 50 A2 BB R mW - em ™ wm™ - Sr™', COCTS 19 7 .8 I B 5 CZT U B $5 KA 5 B S 1Bl ] 3R

|&cz1
21.50°N [EARERINCR(I
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21.00°N

20.75°N

116.50°E 116.
(a)CZIEZ A B EMZ(R: 650 nm, G: 560 nm, B: 460 nm) (b) COCTS EEEAEMEZ(R: 670 nm, G: 565 nm, B: 443 nm)
(b) True color composite image of COCTS (R: 670 nm,

G: 565 nm, B: 443 nm)

117.00°E 117.25°E

(a) True color composite image of CZI (R: 650 nm,
G: 560 nm, B: 460 nm)

cocts g

20 Fed 2019(02.Q3UTC) -

21.50°N

21.25°N

21.00°N

20.75°N

116.50°E 116.75°E 117.00°E 117.25°E

BT 2019-02-20 H el g Vi AR 0 B B T ol 112 °F 1) Y - 1€ RSB IR 5 MU AR
Fig. 1 HY-1C RGB images on February 20, 2019 covering oil spills close to Dongsha island in the South China Sea

2.3 HiEmALE

JIt ) CZI A COCTS 5498 ¥ 451 2 w5 B = i
— R LIBARSEEE =, B T AR o
TR L2A G Ee AR TE RUFHR A (R . R
B 7= R R R TR T R RO A i R I T
VR 5 PR e R W I 7 SR B AR T 18 R R

(R, EAEAT R B B R URAE B4 B M)
SYRCE MR AL IE, AU ROock (RIMBOE i
LLANP BB KA S N ERAE) RN At By <
WA, SEBUEPEOL S e i R RGIE o g T
Wi, WA SRR BRI, W
Wi I RARALIE TR AT, % T S AR fi
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B B A O AE S, AR R R A IR R R (R
77 b P T T S AR R BN S AT
FHFXF e 3 B 89 [7] — K MODIS F1 VIIRS %4, Wl
3 Seadas FRF, iE— 25 Ab BRAR AT 45 AN Dk B 1 B
FIBUA IE R AR (R (R (1) ). FeRlfeZiE

VIIRS

20 Fed 20
21.50°N §

%

21.25°N 21.25°N |

21.00°N 21.00°N

20.75°N 20.75°N

116.50°E 116.75°E 117.00°E 117.25°E
(a) VIIRS LR (4,65 WU & (R: 671 nm,
G: 551 nm, B: 443nm)
(a) True color composite image of VIIRS
(R: 671 nm, G: 551 nm, B: 443 nm)

116.50°E 116.75°E 117.00°E 117.25°E
(b) MODIS Terra B (06 % E{%
(R: 645 nm, G: 555 nm, B: 443 nm)
(b) True color composite image of MODIS (c) True color composite image of MODIS
Terra (R: 645 nm, G: 555 nm, B: 443 nm) Aqua (R: 645 nm, G: 555 nm, B: 443 nm)

R, OB 22 R AR - SR R A
selE (BR HR) XTHEENR, HEEL
Xt RO S S 5k B EAT A, DR i A PR AR AR s 22
Pt P NP NI i I N D R VA I RSN U
S TR AEREFER.

21.50°N 20 Fed 26 = 45[JTC)

21.25°N [

21.00°N

20.75°N

9

116.50°E 116.75°E 117.00°E 117.25°E
(¢) MODIS Aqua H A& EIE
(R: 645 nm, G: 555 nm, B: 443 nm)

B2 2019-02-20 H [l g ¥ AR 0 & B T el 38 556 19 VIIRS 55 MODIS Yoy i g i3 iU 1R
Fig. 2 VIIRS and MODIS RGB images on February 20, 2019 covering oil spills close to Dongsha island in the South China Sea

R, = (L, — L)IF,Cos (6,) (1)

Kb, R MEGFIKERBRE (TLEHN), LAEIT
BEESEE (mWeem™?epum™-Sr"), Lk B A HCH 8
LR, FORRBHAGTRE R, 6,k KRN .
24 FHEMESHT

R WERRPTAL HY - 1C D't 2% 28 7 X 1R 3 s v 19 31
M5 XARE T, AT KRARE JIr ok B9 A B &
PESZWR , ABFIORAE LIB 804 T . COCTS
I CZI L1B YRS FE B . AR T B K5
BE L W yhARSEE . REAETR/R SR . B
5 B R B 5 RS I R S FE AR o o Ao
WS HFZRAMTIER (X(2)—(4)) (Hu
&5, 2013)

5i = (Ll - Ll_mean)/Ll_mean (2)
Y =(/N) Y8, 3)
I'=(N) Y| L = Ly )

A, L 9T [R] — DX S8R I AT (R O0 1Y 327 5
SEIE S A — MBI TR T M 5 BT S A 22
{EIE DRSS FI(E; NI KA GocE, vt
Al — XA 1S OC S A 349 {8 TP A BOTH)

T e 5 P I R S E 2R R . WA S
y (BT LS WA SRS BTl R B AN B E M2 IR, T
U5 A0 LA ok 8 2 B AL 194 22 S D) ] LR G 7S
IR, — R AR IR B, 53 A —FR 0 il
5 JE AR A LAk ok B A A DL IR A R T Y
RN o

2.5 BARHERTFME

VR TET i Y 95 AR s G i B RRAE 0] DLy
SRS TR JEE B IS . A R 28 AL 5 v B A T vk FLAL P
TR (Lu %, 2013, 2019; Shi %%,
2018) . FEJG2E DA, T 5 b 2 ()R
HHREECR S Z TR, A E 2y
A R SGaAm W AR AE (Sun 4, 20165 Sun A Hu,
2019) o AN vk 975 e 28 R A o B 2 SR A5 DA
T, B AZ ) T TV T T SR SRR R 1 3[R
(Hu %, 2009; Jackson Fll Alpers, 2010; Lu %,
2016b; Sun%, 2015; BKhNi 48, 2016, 2019).
TR U TP TS e A TR B S B R ATV Y TR DY
B 22 SEOPAL, B AL A B RS R BH
JEHY 7 ] 5 AL AR I m e/ (6,) 7 (Hu
450 2009; Lu%s, 2016b; WenZE, 2018), JHAJ
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DLt KR T (6,) . TDEXTM (6). KIHYS
TEZBIRFR IR (@) WL, WX
Cos (0,,) = Cos (6,)Cos () — Sin (8,)Sin (8)Cos (¢)
(%)
0, HEARAE T TLAEDG = BIER EiDE 5 i o
55, He b Vi TV TRD 5 T U T TEDRE DY S5 B IS X e
5 R 0w B AT 12°—13° (Hu %%, 20093
Wen %5, 2018); %5 J& i i 5 T HE DL S 53 22 S 1) it
TG G RO L BR AN 8] 3 7 o TR SR G RS 1Y
IEXF X (0,<12°), Sy AU 2 /915 5 45
SRIECRE S (L) » FULARTHG M BUNE S
T A [] JE 32 €5, 7ot JBE X A5 S g B2 Mg 5% e D) 2 95
TESRIE GRS S b, BRI i 28 AL 9 v it 75
HRRE I O SRR SE BYRRIE o TEMEE B 1Y i
FAIXA (120<6,<13°), i i1 10 -5 9 10 VA 1 )
ORI RERAR (Loy-ar=Lox-seanan) » THEARS)
S0, AEEFL AR BN AE IR . RSOt
SRR HEIX (6,>13°), T i1 T M D' S S 38/
TR KR A% (Hu %, 2009; Jackson Fl
Alpers, 2010; Lu%%, 2016b; Wen4s, 2018),
S AN T) i it 75 G 2 2 1) D' IR AT RR iE -5 IO R AIE 2
TGP A FAF kI, AR5 g2 Rl
CIRDLEETHE Sl

WL
SO

Len_oit™> Lo _seawater Len o= LoN_seawater Lo oit < LoN _seawater
ISR | [ RSCRIERSS | [ RS e
FUAk— G | [T GG RHESR| | AR RHER

K3 AR[EIK BB HDG 2&F T IS S A0 il 22 v

Fig.3 Signal composition of various spilled oils under different

sunglint reflection

3 RV BTSRRI )

31 BARHEEEAIEE

MR DR SRAEA M SR, S AL AR IR U
2019-02-20 ™ [ 5 1 A< V0 5 s T G T X R 1Y 6,
AR AT LIRSS . R 4R, A BGHRY

55 W O KSR ¥ AT DL 2% . COCTS, CZI. VIIRS,
MODIS Terra F1 Aqua 1% 8% E 14 19 6, (5 4 8 K T
13°, 3 2 BH J6i i 5 76 17 A BH % B S 3 4k xf
FEIX (Loy 1< Loy samaer) 1 TH 2 TG ST 2R (1) 5%
M) ] DL 220 (3K I AN R 25 17 3t 1 /K 2% T A DG
S AT A2 ) o Sl T0RL 1 SRR £ A 4 3ih
AR5, W 322k ¥ TS G N A B I
W5 BLTHRRAE 22 5% 0 3L T Cox—Munk A5 B HE S (Y
i TV TED TV I VA TED R PR ' RO (Loy, 3K
Lo sae) 25RO SERFAE, 35 FHFHLZAS 18] 53 B 1Y
TESE 1 S (COCTS, VIIRS, MODIS Terra
M Aqua), HARA S840 T 28 [\ A FE e i T
B EE ;s (AAEARBESE b, 5 R i ' R 5
(o ROEE BN BT I AR R, B—FF Ak CZL G2 i ik
R AL T 55 E T LXK, LT LA 22 W 36 T VA 1
BT R ARAF 5 1 TR

(b) COCTS

(¢) VIIRS

(e) MODIS Aqua
K4 AR TG IR R R 6, )

Fig. 4 Variation of 6, in different optical remote sensing

images
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1) £5 o i B, S HEAT T IR R AR GE
i, AR, R E M . BT R PR G R 5
BIPEAG T T, Vs T TG R SR STk vl DL 2200
TR IGAEEAE T AE S DTk E R A 5 R
7K o £F%F COCTS, CZI, VIIRS. MODIS Terra fil
Aqua TG EMG, 43 0 dE 47 5 R A 2 A,
COCTS FI CZI il RAE B A& 1 iR . CZIRETH
BT DX L AR T 5 T I, X T o AS ] 94 ik 5 e 25 A
FEF S K 4 0 AT 638 R, SRS 10 %
(K5 (a) )o HFHRITIRAIEH, 7ECOCTS Ef4
A R LA AR T, U)X S RN T S
KA R (K5 (b) ). VIIRS, MODIS
Terra Fl Aqua ARG, HA VIIRS El45E H
R b s 3 A, 7E VIIRS RIS i BB o vty 1) 32 3
JEFEL, I 2 T MODIS B4 rb s ji B A 7
TE VIIRS B F e £ AT S iK1 4 10 5%
(K5 (¢) ), XFMODIS EME It 45 i 5 VIIRS M
[ B SRAE G (KS (D) FIES (e) ). %

MFLAE Y OCIERRE R Z A AL (AR
ARALIR ) FL AR I A 5 S O R A
(Shi%f, 2018; LuZf, 2019, 2020), FE R
TR T 2L AN B DR Lr Nk B, AR CZL B = 4
WL B, AT 2T 40 ik B mT LG A2 LAk T 25 50
TR CZI MG i ZL ARG i s ik v
TS AOGTE RO, T B S ek AR AR
T RIS R, o HE Ry FLA 0 5
Tia) S AR A R T B R A S O B W ISR AR 25 5
Ao FE COCTS 5 VIIRS i b, i1 B iz 5 2R Al (5]
SRR GG E AT, iR R SRR
SOl K TS T IS FFAE . 7E MODIS Terra
Il Aqua BHEIERE D, IS5 75 50RO R
W TG A ALK 43, 3l A D DR ZE T 0 R
(1) MODIS Terra Fi1 Aqua T 0L IO X e, 2 A sz B
RE A X5 (6, M3 T A A5 5 2 K 5
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HY-1C COCTS and CZI observation of marine oil spills in the South
China Sea

SHEN Yafeng',LIU Jiangiang®®,DING Jing*’,JIAO Junnan',SUN Shaojie',LU Yingcheng'

1. International Institute for Earth System Science, Nanjing University, Nanjing 210046, China;
2. National Satellite Ocean Application Center, Beijing 100081, China;
3. Key Laboratory of Space Ocean Remote Sensing and Applications, Ministry of Natural Resources, Beijing 100081, China;
4. College of Marine Science, Sun Yat-sen University, Zhuhai 510275, China

Abstract: An ocean color satellite of China (Haiyang-1C, HY-1C) was launched on September 7, 2018, equipped with several optical
sensors, such as the Chinese Ocean Color and Temperature Scanner (COCTS), Coastal Zone Imager (CZI), and ultraviolet imager. These
instruments were tested in orbit for 6 months and used in ocean and coastal zone environmental monitoring in June 2019. The optical remote
sensing of oil spills is a key research direction in marine environmental monitoring. Significant progress has been made in recent years,
demonstrating its ability to detect, classify, and estimate the volumes of various oil spills. In this paper, the marine oil spill incident near
Dongsha Island in the South China Sea on February 20, 2019 was used as a case study. COCTS and CZI captured the oil spill, and the oil
spill area was scanned using the Visible Infrared Imager Radiometer Suite (VIIRS) and Moderate Resolution Imaging Spectroradiometer
(MODIS Terra & Aqua) on the same day. The angles (between the viewing direction and the direction of mirror reflection, 6,,) of COCTS,
CZI, VIIRS, and MODIS Terra and Aqua images were extremely small, indicating that sunglint reflectance in these images can be ignored.
Therefore, the light absorption and backscattering characteristics of oil spills and surrounding oil-free seawater account for the differences
among the images. In other words, these light signals can only weakly detect marine oil spills compared with strong sunglint reflection.
However, if backscattering can be distinguished, it can be useful in the identification of various types of weathered oil. COCTS, CZI, and
VIIRS capture marine oil spills with high radiometric resolutions and signal-to-noise ratios. Moreover, oil spills form oil emulsions and non-
emulsified oil slicks, which can be distinguished by CZI due to its high spatial resolution (~50 m). Uncertainty analysis of COCTS and CZI
shows that the difference between an oil spill and the oil-free seawater of COCTS or CZI is obvious, implying that CZI can be used in
estimating the volumes of oil spills. In the near future, the same sensors in the HY-1D satellite will be available, and a network observation
system of the HY-1C/D satellite will provide global images daily. This resource will likely play an important role in future ocean color
remote sensing.

Key words: remote sensing, HY-1C, COCTS, CZI, oil spills, optical remote sensing
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