B HAW

2017 4 4 A

% v
{1 T

ACTA OPTICA SINICA

ﬁ%”%?

Vol. 37, No. 4
April, 2017

Lo T 71 0w 1 R AIE B ik R Y
AL BEGN AmEs, ERIC, NEA &
[ MR — RS BT, LR 75 5 2660615
O BUR 5 i e R o

9 ’T—Z’ $ j‘Z
EPI/EMH:%{F. BR 5 TR, LR &
, VLI AL 210023
WE W LIRS e 0 A T 6 S B gt v A U A T LR

5 2661003
6 5 A V22 7 2 ) B i AR AR i R H Hb W I BT B L A A TR R A G i
H 952 451

A=W 22 TA) A I R 6 2R L 3 T A A T U0 TR A AR R A S 4 R R IR AW LA B R R
BA( T ARUAE B 2 AR TR R A OE X R (M E BB R~0.8) 5 YLk 45 4 UL K 960 nm 2 5T 16 A1 1060 nm W i s e {1 5
R A AR A R B EME(R>0.7);

4
hES %S

i AL EACR A R . Mg
TE 45 S ) P8 SR S B T VR S A M A BRI T 2%

ERURGIEZUB AL E oK R VATTEA

1060 nmAb 14 iz 55 248 ) A4y 2 (14 15 0 23t 00 A= ) 8 A0 B A R LA s RO
KR Lk EEG AP LIERHE

= 0433.4
doi:

ﬂ: R‘))(\/R(ﬂ(] *u RIU()[)/R 670 (R67() ’Rl))(\ ’Rll)()f) %ﬁu j\j 670 9607
; S
XHERFRIRAS A
10.3788/A0S201737.0430001

 (R? ~0.9, *HXT'B%ﬁ RPI—’\/27/)

Spectral Characteristics and Estimation Models of

Floating Green Tide Biomass on Sea Surface
Xiao Yanfang', Zhang Jie', Cui Tingwei

"' The First Institute of Oceanography, State Oceanic Administration
Abstract

i1
Xia Shenzhen®, Liu Rongjie', Qin Ping®, Mou Bing

Gong Jialong?,
2
vistrati Qingdao, Shandong 266061
2 College of Information Science & Engineering, Ocean University of China, Qingdao, Shandong 266100, China ;

f g2
* College of Geographic and Oceanographic Sciences, Nanjing University, Nanjing, Jiangsu 210023, China

R =27%)

, China ;
Accurate estimation of the floating green tide biomass has great significance to make the emergency
biomass per unit area of green tide (correlation coefficient R=0.8); strong correlation exits between the biomass

response plan and realize the highly efficient allocation of resources. Relationships among the biomass per unit area of
the floating green tide, spectral characteristics and the most frequently used indices for the green tide detection are
analyzed with the in-situ data of floating green tide biomass and reflectance. Based on the analysis the estimation
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models are established and verified. Results show that the near infrared reflectance is strongly correlated with the
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per unit area and the frequently used indices, the reflectance peak value is located at 960 nm and 1060 nm (R >
remote sensing technology
Key words

0.7); estimation models of the floating green tide with exponent form based on R s/ Rs70 and R 050/ Rs70 (Re70, Roso s
OCIS codes 300.6320; 010.0280; 280.4991

R0 are the reflectance at 670, 960, 1060 nm, respectively) have the highest accuracy (R*=0.9, relative error
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Research results can provide references for the floating green tide estimation on the sea surface by the
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Fig. 1 (a) Reflectance spectra of the floating green tide for different biomass (350-1300 nm) ;

(b) reflectance of the green tide at 800 nm for different biomass

(6.62 kg/m’ ) I I BEAL 14 S5 S5 3 0] S i A= W Ak 14788 A 8% LA e 10 o 7 D B 6 ) ) B T AR A e 2
J7C B o T ] T T v S ) B TR AR A ) RS L s M 1500 g S5, 800 nm B BEAL 1Y Sz A AR EEAS TR B AR A

P 2 Jt 7 g 9 36 e A AN ) S 1 AR AR g i 2 0 1) 0 A IR S B P A 200 @ 2R (0.88 kg/m*) I,
LRI O B K A 55 5 AL 500 g 2RI (2.21 kg/m®) B, 20 HF 4 5t 0 2R AR RS A i i 4 i T 1000 g
(4.41 kg/m*) IF, S 7E 7K T 1 70 A 52 BT i SR AR

Pl 2 A [e) B3 T AR AR A ik ) 1) 0 AR S

Fig. 2 Distribution conditions of the green tide for different biomass per unitarea
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Fig. 3 Correlation coefficient of the reflectance of floating green tide and the biomass per unit area
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Fig. 4 Correlation coefficient of the first-order derivative of the floating green tide reflectance and the biomass per unit area
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Table 1 Reflective spectral characteristics of the floating green tide and the correlation coefficient

between the characteristics and the biomass per unit area

Spectral characteristic =~ Maximum Minimum R Spectral characteristic =~ Maximum Minimum R

GP 553 nm 550 nm 0.308 SWV 060 0.356 0.092 0.824
GV 0.188 0.091 0.333 NDVI 0.811 0.556 0.796
RP 670 nm 668 nm —0.279 EVI 0.694 0.226 0.740
RV 0.075 0.042 —0.318 RVI 9.565 3.504 0.854
REP 707 nm 699 nm 0.812 FAI 0.423 0.105 0.750
REV 0.015 0.004 0.736 KOSC 2.104 1.178 0.851

SWPys 970 nm 964 nm —0.179 IGAG 10.607 4,209 0.850

SWV50 0.177 0.055 0.824 OSABI 9.111 2.506 0.740

SWP60 1070 nm 1062 nm 0.317
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Fig. 5 Fitted relationship between the spectral characteristic parameters and the biomass per unit area of the floating green tide
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Table 2 Fitted relationship and absolute coefficient between the reflective characteristics of the

floating green tide and the biomass per unit area

Spectral characteristic Fitted relationship R*?
NDVI y:0.016CXp (7.5429N1)V1> 0.803
y=16.102N 11" 0.765
EVI y=0.1719exp (5.7975E 1) 0.871
y=15.394E"* 0.820
y=0.1336exp (0.4654R 1) 0.904
RVI
y=0.0486R " 0.853
vy=0.2464exp (8.9751F z1) 0.878
FAI
y=33.911F k" 0.837
KOSC y:0.0439exp (25359K()s() 0.848
y=0.6668K 55" 0.795
vy=0.0748exp (0.45471;ac) 0.803
IGAG .
y=0.0069I5%" 0.788
()S/\BI y:O.2087cxp (0.43820SABI) 0.875
' y=0.1220 531" 0.845
Ru /R y=0.1861exp[ 1.1957(Ros /Rs70) 0.942
960 670 y=0. . ) )
0.4991(Ros /Rg70 )% 0.949
Ru /R y=0.2144exp[0.596 7 (R 1450 /R 70 ] 0.945
o " vy=0.1935(R 1050 /R 70077 0.912
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Table 3 Test results of the floating green tide biomass estimation model (n=24)

Fitted relationship R*® R vise R/ %
y=0.016exp (7.5429N py) 0.76 1.82 57.7
y=16.102N 5% 0.72 2.06 74.6
y=0.1719exp (5.7975E ;) 0.73 1.71 40.2
y=15.394E " 0.68 2.02 67.8
y=0.1336exp (0.4654R ;) 0.85 1.27 30.0
y=0.0486R%}"* 0.82 1.51 41.4
y=0.2464exp (8.9751F 5 0.72 1.72 34.5
y=233.911F ™ 0.69 1.93 61.4
v=0.0439exp (2.5359K osc) 0.62 2.03 56.2
y=0.6668K 537 0.61 2.12 68.1
y=0.0748exp (0.45471¢ac) 0.72 1.86 41.3
y=0.0069T43%" 0.69 1.92 43.4
v=0.2087 exp(0.43820sa1) 0.69 1.82 35.8
y=0.1220 4" 0.69 1.93 58.7
y=0.1861exp[ 1.1957 (Ros /Rs70) ] 0.91 1.15 28.2
y=0.4991C Ry /Rsz0) %1 0.94 0.86 34.9
y=0.2144exp[ 0.5967 (R 050 /R s70) ] 0.89 1.31 26.9
y=0.1935(R 1060 /R 670 ) =% 0.91 1.01 32.4

R 70 F1 R 1060 / R s70 ¥ 3 110 752 2 2% ) A= 9 b 8 00 B4R Y B AT 550 i MO RS B 4 X R B0 20 0.9 M XHIR Z 4 N
27%.,

2 IR TR 25 9 D 45 A D R At SO0 4% 2 %y BIR ) i AT SR 1 B3 92 56 O 0 BRI % A A B0 L DRk
FIFFT 85090 & PEAT P37 S0 T BR T8 2 A SR AN TR Z 52 I, AR R B 8500 FE A A I . 9 AN p i
T WY G A HE Y L BT R M T I i 2 R KRR IE R A ST IE 2 R TR R I A R A B R
TG LR T MO 2 T AR,

2 % X #t
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