47 2 Vol.47, No.2
2016 3 OCEANOLOGIA ET LIMNOLOGIA SINICA Mar., 2016

TRER K R LT S I8 B i 5 S itk By AR 4 B o R AL EE

1 2 1 1
(1. 116023; 2. 210044)
, 2011 7 9
P733.3 doi: 10.11693/hyhz20150500139
s (2005, 2006, 2007)
Gordon (1975) ,
(Morel et al, 1977; Kirk, 1983; Gordon et al, (2010)
1983, 1988) )
Tao (2013) Hydrolight
(Marshall et al, 1990), ) pn”
) > (D > aph
, 2011 7 9
(Gower, 1980; Gower et al, 1990; R

Gitelson, 1992, 1993; Gower et al, 1999; ,
2000, 2004ab, 2005ab), ,

1
683nm (Morel et
al, 1977; Neville et al, 1977), « ” 1.1
Ahmed (2004), Gilerson 2011 7 9
* ,41406199 , KHYS1301

, E-mail: Iwang@nmemc.org.cn
:2015-05-12, :2015-08-25



304 47

) 6 , HS-6
(S1 S2 S3 S4 S5 So6), 1 ,
: ( CDOM AC-S
) ) ; AC-S
HS-6
2
RI'S(A’)9
L,(2,0")
A =—"—"" (1
& E4(4,07)
Gordon (1988) R(4) a(l)
by(4) :
t A
Ry =L L D@ @)
0 n* a(A)+by (1)
21°39’ 121°40'  E 121°41 f ’ 0.320.33; 0
1 2 57 Q f 2
Fig. 1 Deployment of stations in the Dalian Bay /1o 1t :
n Gordon  (1988) /0 0.0945
1.2 t/n*=0.54,  f1/0n*=0.051 , (2)
GB/T 12763.5-2007 , Ris (1) )
ASD ; [t b
GB/T 12763.5-2007 Rrs(/’t)=§n—2a( D+ ( /1)+Rrs,f(/1) ®)
, Wet lab AC-S , (3) a(l) by
; Rrs,f(i)
HY/T 147.7-2013 s , (3) ,
HOBI Labs HS-6 ; )
) GB/T
12763.6-2007 ) Turner
TD-700 3
1.3 3.1
, 2km, .
’ a(l) = aw(4) + agp(4) C))
23.13—318.47mg/m’ , , aw(d) , Pope
, . (1997)(400—700nm) Kou  (1993)(700—750nm)
AC-S HS-6 : dgep(A)
) , AC-S
, ; ASD 3.2
, AC-S HS-6 Dow(2) bip(4)
; , by(A) = bpw(2) + bup(4) (5)

AC-S , bw(2) Smith  (1981) :



2 305
HS-6 0.016 - Oo
> 6 s e
0.014 "
bbp(}*)
AC-S 2 0.012
1Q
> 0010 ® 420nm —— R’=0.74
b (A)( ) O 442nm - R*=0.62
P 3 O 488nm - R=0.83
by (A) 0.008 ® 550nm —— R*=0.78
g A 620nm - - - - R?=0.72
0.006 @ 700nm------ R?=0.87
by () = by (A1) - b, (1) (6) o 1 2 3 4 5 6 7
~ 8g.p(4) (M)
s bbp (ﬂ“) )
boy(4) 2
Fig.2 Regressed curves of backscattering probability as a
AC-S ) HS-6 function of absorption coefficient
AC-S
HS-6 : . 1)’
by (1) =C-a| — (8)
A
5 ,C D
s AC-S , 2 ) 3
, AC-S , R? 0.6
Agip(A R .
er?) ) £2 EEESEESRKMNEEER
bbp (ﬂ) =A- dgip (1)3 (7) Tab.2 Regressed results of backscattering probability as a
A B function of wavelength
’ C D R
1 R 2
S1 20.23133 1.24806 0.82
’ ’ S2 15.58067 1.18813 0.91
2
» R 0.6 s3 10.48784 1.09999 0.86
S4 9.83401 1.06931 0.69
, S5 11.62492 1.08691 0.62
s S6 13.32728 1.11002 0.65
AC-S o018k o S1— R=082
6 ' o 0 S2--RP=0.91
’ 0.016 O S3- R*=0.86
® 0.69
0.014F 4 S5----R’=0.62
> B_S6------ 0.65
N . L0012 L, N s
*1 RE#ABMESREEBHEEAER 3
Tab.1 Regressed results of backscattering probability as a 0.010F 8 ™. "Sel_ T @eiSsea
function of absorption coefficient | e oSs& L T T
. 0.008
(nm) A B R """'ﬂa.::_"‘\ﬁ?
420 0.00924 0.26941 0.74 0.006 A
442 0.00996 0.22086 0.62 0004200 450 500 550 600 650 700
488 0.01047 0.24939 0.83 A (nm)
550 0.01020 0.28729 0.78
620 0.01057 0.30558 0.72 3
200 0.01052 0.23464 0.87 Fig.3 Regressed curves of backscattering probability as a

function of wavelength



306 47
33 , 2) ),
b 5 2
(Mobley, 1994), Ao 683nm , ; R
of 10.6nm, (Full Width at Half ;
Maximum, FWHM)  25nm, ,
2
Ry p(1)=FLH- exp{—4 In(2) -(’1 _2283 j } 9)
, FLH , ) ,
(10) ’
Ag =4 ’
FLH:Rrs,F - |:Rrs,R + AR /IF (Rrs,L _Rrs,R ):| (10) )
R~
PRI 4.1
P e , 683nm
s Rrs,F Rrs,L Rrs,R
AP AL AR 683 3
665 746nm
FLH ’
’ , 708nm;
FLH = E-¢(Chl)" (11) ’
,E F , ¢(Chl)
4 , b b
, R*  0.87 ’
, FLH,
0.0022 , ,
FLH=5.27363x10*c(Chl)***** °
0.0020 RP=0.87 ,
0.0018 |-
g 0.0016 |- * >
L
w °
0.0014 |-
0.0012 | ,
00010 1 Il 1 Il 1 Il 1 ]
0 50 100 150 200 250 300 350 4.2
¢ (Chl) (mg/m®)
4

Fig.4 Regressed curves of fluorescence line height as a
function of chlorophyll concentration



2 307
0.008 . . . . — 3 T T T T 3
S1:¢(Chl)=23.13mg/m? - S2:¢(Chl)=47.59mg/m’ a
0.006 |- /
0.006
= £ 0004
< 0.004 -
g e
0.002 0.002
0.000 0.000 L -+ 0
600 63| 660 690 720 750 600 630 660 690 720 750
A (nm) A (nm)
T T T T 3 T T T T 5
0.008 £ S3:¢(Chl)=123.66mg/m’ - - 0.010 | S4:c(Chl)=249.81mg/m®
0.008
—~ 0.006 ~ _ ~
' = !
e = & 0006 =
4 I3 Q
® 0.004 G X ©
0.004
0.002 B 0.002
7 A N
____________ 7{»,_,,;,_--,___,,
0.000 L < L = L 0 0.000
600 630 660 690 720 750 600
0.012 0.014
0.010 0.012
.01
0.008 0.010
~ 0.008 .
& 0.006 £
& 0.006 =
0.004 ©
0.004
0.002 0.002
0.000 ! =+ ! = ! 0 0.000
600 630 660 690 720 750 600
A (nm)
5 S1,S2,S3,S4,S5 S6 ( ; ;

s

>

Fig. 5 Spectra curves at Stations S1, S2, S3, S4, S5 and S6 (black: measured spectrum; red: simulated spectrum; green: simulated spectrum
caused by elastic scattering; purple: total absorption spectrum; blue: chlorophyll fluorescence; pink: total backscattering spectrum)

F3 RARK. RIS R SR KRRt 45
Tab.3 The statistical results of valley wavelength in total
absorption spectra, peak wavelength in simulated spectra and

measured spectra

>

S1 S2 S3 S4 S5 S6
695 700 705 708 708 708
694 700 705 707 708 708
685 690 704 705 708 708
688 691 703 703 703 705

667nm(

675nm



308

47

x4 BEEEESINEE R ERESENRITE
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REFLECTANCE SPECTRA SIMULATION AND FORMATION
MECHANISM IN THE RED BAND OF RED TIDE WATERS

WANG Lin', QIU Zhong-Feng®, CHEN Yan-Long', MENG Qing-Hui'
(1. Marine Monitoring Center, National Marine Environmental Monitoring Center, Dalian 116023, China;
2. School of Marine Sciences, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract

researchers. Based on measurement data in the Dalian Bay taken when red tide occurred on July 9, 2011, we simulated

Red-shift of fluorescence peak appears in red band of red tide waters, which has drawn wide attention of

remote sensing reflectance spectra using total absorption coefficient, backscattering coefficient, and chlorophyll
fluorescence in forward radiation transmission model. The results show a significant reflection peak in red band regardless
of chlorophyll fluorescence, and the peak has the red-shift due to the increase of chlorophyll concentration. By adding
chlorophyll fluorescence, simulated spectrum reflection peak position and height presented a certain degree of change in
red band, and the consistency of the measured spectrum was enhanced. Comparing simulated spectrum with the measured,
it can be determined that reflection peak is jointly controlled by absorption, scattering, and chlorophyll fluorescence in red
band. In addition, “fluorescence red shift” as referred previously in literature is caused by phytoplankton strong absorption
and nothing to do with chlorophyll fluorescence. Therefore, the term of “reflection peak red-shift” is more accurate and
scientific.

Key words red tide; reflectance spectra; absorption coefficient;

backscattering coefficient; chlorophyll

fluorescence



