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Fig. 1 Standard false color images of macroalgae in the Yellow Sea during 2019

HY-1C T2 CZI ¥, R: 825 nm, G: 650 nm, B: 560 nm
Data from HY-1C satellite CZI, R: 825 nm, G: 650 nm, B: 560 nm
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Fig.2 Scaled algae index images with changing size of sliding
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a. Red-Green-Blue composite image by bands 4 (R, 825 nm), 3 (G, 650 nm)
and 2 (B, 560 nm) in study area. Floating algal patches in b, ¢, d show sig-
nificant differences in size. The red box in b, ¢ and d indicate the optimal

sliding window size for the region
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a. HY-1C/CZI Red-Green-Blue composite image by bands 4 (R, 825 nm), 3 (G, 650 nm) and 2 (B, 560 nm) acquired on June 8, 2019; b. image of VB-FAH;

c. image of SAI (VB); d. vertical profile of VB-FAH; e. vertical profile of SAI (VB)

33 RFMERHIRR

T 55 i 225 5] 3 % 30 B YR A D' o 1 SR o, 9B THT
PR MR L D ORI L T U A 2 T L
T AT JRE B, 3 0 5 98 T TR 0 v 2R AR IO VR R T,
X LE BT A B R S S L — A B, BRI
Fe I AR OB ORE BE oI T IR O S A LD U B
(650 nm) HAT — & ISRk, B8 g HoAt 40
2, Wb B8 OGO B ZMTAAE, £ 650 nm
W B B2 RO AR o T LAE— 2B X 650 nm B
OF R EMGR AT SALALHE . gt B vp, TRPR BRI A

650 nm P B AN FL A e SRR AL T A A BT R
o, B AR AT YR S W i SAT 5 1k A 2
SR, NTTSE B LG 5 5 E R TIE SRy, &4
R TIZR XN B BETPEMe A — I EBRIRCR, [
T =M TG ERA . AP0 B S BRCR W
Bl 5 o, F 58 g b A7 A 22 B0 Clnilg 1 oF &
N TR B2 7K T 46 ), 23 9 SAL(VB) 1 4331 15 {8 i 15
H; 2T SAI(VB) SR B BIZE2R, 1157 L SAIRED)
{EL, X R HE BHEAT H A BR, A Rbe e T T
B AP R BURT JE



MAEEd 4445

(1) = W RIS HERR

P i

6
120°45" 120°50' E
C
34050
N

201946/ 23 .

GMT 02:52:04
34040
34030

SAI (RED)

{4 2T SAI(RED) HY/N = BETHLAF B 84931 B
Fig. 4 Elimination for confusion signal of cloud spots based on SAI (RED)

BT ik SAI-VB Rl 5, HY-1C BA CZI
B A (I 1) 0 e T IS V7 2 30 1R 03] B IR 235 2R G 141 6 BT
IR FET PR S 8] 4 HE R CZI B B A g R TR
B0 2R, X LML 43 B R B 48 (4n MODIS, GOCI,
VIIRS 45 ) 1M1 & , HL A 5 RS 40 A = 6 10 23 84077 15
B U ARV R R, R TR AR R, R T
25 18] 23 B R 25 S BT AT SR TR A O, A e A A5 A B
F CZU 4 1 & B8 e T BV B 28 LS B s A, iR
T L — 2L TT R AN PEA .

4 REEEVPAG S5 A0 EVE AT

4.1 FEEITMH

F 1A T S0 5 0 s SO0 I 45 1 A e, LI T
THT V57 B S ELAT — i W T B, AT S )28 7 T
B UG HE T T 300k, B FUA T3 4h i) LA 5 ] 22
S, M R R ALE MU ST S A — 2 e, A
2B . N3G 55 2 MR e, k23 TR
Bl 0 25 B o B DB R A, ST R
WD, KF SR FH N T R fie 12 405 SR 0 1 30 12 B2 S % 1
G35 R HEAT A 58 B8 RO BE VT A RS FE VRN
s vk 2019 4F 6 H 8 H CZI %4l 19 4 W 58 IX.
(& 1b), H ikt i85 2% T [W— K19 GF-1/WFV1
Z I BE (16 m 25 [H] 4p HE ) . 4 0l 75 2446 Y

&, [T EEIB A AT B AR | 25 8] 4 B LA B0 B
% A JE N, E P2 GE-1/WFEVI £ 3 B I K Bk
ELHE T X A B R PP AL SRR G B, S S 3 B0k I
AT AR EPE DT (W 430 44 X B A4 A 7 1
A R . N TR 2 R 5 Ak SR s 2
E 7 Bis o

BT N A PR RN B SR IR 4 A DXl I ek
S5, R U0T 8 A5 f5 4 048 050 4R UK B

A =1Ssa1 = Sol/ Sy x 100%, (5)

Y, Sou AL & BT S, W AT H
AR RPN & B OT A . S5 R M, RIL RO
JE AR E Ry X 4, 200 8.34%; femid M IXE 1, 4K
1.03%; A 1K BE 17 be A vy, R ol 2 X B 1 B XA
3(F D)o X1 E] X 33 o (10182 77 58 S 25 M X 4%
Ko, DA B | BRI S 25 0 3, 1M X 3 4

F1 RETFN

Table 1 Accuracy evaluation

X Jokehi NSRRI BRIV %
1 126 907 125 600 1.03
2 104 782 97021 2.37
3 94 963 92 345 2.76
4 68 722 74 452 8.34




SHE XIEREEZE. HY-1C TLA CZI 387 iY 5 7 43 ) S B F 7%

7

119° 120° 121° 122°

< BER

—0.020

0.072 —0.022  0.011

X3 d

| L' SAI(VB),

— P LT
0.064 —0.026  0.042

—0.016

Kl s e F AR A SR 5 E 45 2R
Fig. 5 Results of elimination and correction for misclassifica-

tion of sea surface targets

WA B A 2 /N BE B AR 3 2E, T S0 m
23 (] 43 ¥ 6 1) 38 SRR G AR TR AL, 33X S /N BRE BRI 7 o
FARWES R AT R K. Bk b, ADF5E N H
) SATCVB) B3k K5 B 5 v, Xof o 61 1 900065 7 K €20l 55
TR CZI 3R Aof BUS F 4 850, Rk m] LAE— 2 T
AT 1 55 T
42 EEptEER

SAT AL 1 B 4 1 J2 56 T MODIS %l , A #
8K B L R AL N T E P HY-1C/CZ1 s 1, e B
BETERAE S M 4y H R L e i ek . B 25 )4y
PR LT E) 50 m, LGS G THE . KA TF 5
FETERBLUINE, THHERB SN, (A4
AT BE ORI 2 e (R R IBORS B2, — R AR BE 0] T3
AR L T v e T A 55 Ak S L
T B O ET N B AL . e, A IR S

XAE R T 24 e K/ X3 (1 000 27T x1 000
Bo0), AR Pas M B L AE T E R A R I
(Intel(R) Core(TM ) i9-10 900 CPU @ 2.80 GHz~2.81 GHz
32 GB NAE), 3T MATLAB % 5 52 31114 SAT 42 B34
2, % LR EUE T BB AT R SR Lo 12, Hop
KW SALTHH (SAI(VB), SAI(RED)) [ °F ¥ #E i}
2y 6 s, AMFFT IR T 1 2% 1 Py B8 0 T kAT
THEAL, B () AR 2 I Pl A5 o T R %) 34 DR 1 %
T4 AN B OR U, CZT PR M AN B i 10 000 1%
JCx10 000 18 7T, BH iy 3 58 1 1] A 4% 1 78 20 min LA
W o BT ETE R, S PR A& 0 F e 1
WEEAF B, W g B 2 U SR IBGH R b R, 71T 7 e
FRRARAIR, KA AN B/ T7 X PR IE Rk
JE 3K RE — SRR AN ]k A R R, R AR
55 Ak 7 3t A HP o T B A I ) 0 R R BOKS JE 1] 1k
Bl —A> e AP
43 AHEMESH

27 3 SRRSO TR 3 4 T e L UR Y R A 4 B
< BEAROTTE AR, JF AN A5 W] T SR 28 B G T
o FE T AR 25 (0] 43 B2 50008 52 Y 3 45 e 1 R
WAFAERE R 22 5, X AN 4 1l 25 18] 3 38 A5G,
SRR REEN BT SA X, AR RV, 5
SEEESS R AR HS ROT T A 1%~ 2%, AT DLk
TN I BRI R, 7= A () S A N e I . AR
FIX PG T A ] 43 BE A 5 LSRR TE A KNl ok
F AN Bff 2 PR 5 W, AR B Sk 18 A T IR — R (2019 4F
6 H 8 H) el A 89 GE-1/WFV1 %4 (16 m 23 [A] 43 Bt
) F HY-1C/CZUE IR T R ASH e 20 BT . R B
By A7 KA E A I R, S5 387 i, JF 56 T A0 W] Y
P& O AR R T U TR U S, DL GF-1/WFV U8
45 AR N B R PP AL HY-1C/CZI 32 I 4s 5 09 A1 E
P BRI ANIE 8 PR, TE B 5 25 7 0 & il
Bl R 2 A B AR X (DX 1 A XK 2), (E A T R
S, PRI 2 (B AU B B K 22 5, TR i 8
BE Y T8 A FRAE A2 (8] 20 A B AF AR E R 22 5] Xk
1A KRS Jftty TR BRI 5 20 o i R b o7, P BRSO ¢
A A s /N RST BEHUE A IR 3 2K o0 A5 X8k 2 oh
T RA/IN RS BEHR PR 328 O 3, KI5l R
WAL . XWX 8 CZ1 $ 4 Al GF-1/WFV 1
B U S AR S IR s (8] 8c E A 8F)), X ik
1 &G oT IR (533128 373.72 km? F1342.77 km?,
AEXT I 25 4 9.03% ), T X 3% 2 Y 2 A4 00 I FH 22 ¢



MAEEd 4445

36°

35°

34° 1

33°

36° 4

35°

34°

33° 4

36° A

35° §

340

33° 4

(45 %1 R 25477 km® F1 143.46 km?, FH %) I8 2= K
S T B AR I, CZI B $2
B 5. ¥

77.59%), % Wt &

120° 121° 122° 123°E

HY-1C Lgcm
70195426

120 121° 122°  123°E

HY-1C PECZI
201946 H23H

120° 121° 122°  123°E

HY-1C PECZI
20194E7H 11H
v g

36° 4

35° 4

34° 1

33° 4

36° ~

35°

34°

33° 4

36° 4

35°

34°

33° 4

120°  121°  122° 123°E
HHY-1CLECZI
20194E6 A 8 H

5 Y| 3¢

f N

35°

T FH=3 335.5 km?

120° 121° 122° 123°E
. HY-1CHECZI

20194£7H2H

g 35°

120° 121° 122° 123°E
HY-1C L& CZI

k' 20194E7H20H

35°

34° 1

33° 4

36° ~

340

33° 4

36° 4

34°

33° 4

120° 121° 122° 123°E

HY-1C L ECZI
20194E6H 11H

120° 121° 122° 123°E
HY-1CPAECZI

20194E7HSH

T FR=2 672.8 km?

120° 122° 123°E
HY-1C P ARCZI

20194E8H 16 H

121°

B0 [ s B
Bl6 F:T HY-1C 2 CZIEUR R 2019 4F ¥ Hi 07 2039
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A refined imagery algorithm to extract green tide in the Yellow Sea from
HY-1C satellite CZI measurements

Liu Jinchao', Liu Jiangiang?®, Ding Jing®®, Lu Yingcheng'

(1. International Institute for Earth System Science, Nanjing University, Nanjing 210023, China; 2. National Satellite Ocean Application Service,
Beijing 100081, China; 3. Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 511458, China)

Abstract: As China’s first operational ocean color sensor, the coastal zone imager (CZI) carried by Haiyang-1C
(HY-1C) satellite is playing an increasingly significant role in offshore ocean environmental monitoring. After the
launch of HY-1D satellite, the combination of CZI sensors can provide two observations in three days for coastal
zone through dual-satellite system. CZI sensors have demonstrated prominent application advantages for monitor-
ing marine floating algae, oil spill and so on. Since the high spatial resolution optical data contains abundant inform-
ation about the marine environment, it also brings some distraction to the identification and extraction of specific
ocean targets. In this work, a novel CZI algorithm was developed based on cooperation of scaled algae index (SAI)
and virtual baseline floating macroalgae height (VB-FAH) to extract floating green tide information in the Yellow
Sea from HY-1C satellite CZI measurements. VB-FAH method can be used to enhance the difference between float-
ing algae and sea water, especially for satellite’ s sensors with no short-wave infrared bands. After that, the al-
gorithm efficiently rejects the complex interference information in the ocean high spatial resolution optical data by
SAI sliding window. The algorithm has high accuracy and time efficiency in the extraction of floating green tide
from CZI measurements. Moreover, the study carried out an uncertainty analysis for the area of algae-containing
pixels between HY-1C satellite CZI data with 50 m spatial resolution and GF-1 satellite WFV1 data with 16 m spa-
tial resolution. The result indicates that the uncertainty in the inversion results of CZI data mainly comes from the
over estimation of small patches of floating algae. The study also pointed out that the uncertainty of optical
data for floating algae monitoring is not only from the difference of spatial resolution between two sensors, but also
related to the spatial variability of the morphological size of floating algae. Exploring the morphological spatial

variability of floating algae will help improve the accuracy of optical data inversion results and clarify the uncertainty.

Key words: HY-1C satellite; coastal zone imager; green tide; scaled algae index; virtual baseline floating macroalgae
height
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