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Abstract: The downwelling diffuse attenuation coefficient ( K;) plays a critical role in underwater light field. It determines the eu-
photic depth, and affects the distribution characteristics of phytoplankton and primary productivity. Based on in situ data collected
from 4 cruise surveys in Lake Taihu during 2008-2013, both the variations and driving factors of K; were analyzed, and an algo-
rithm to estimate downwelling diffuse attenuation coefficient at 490 nm for a variety of satellites’ data was developed and validated.
The results show that: (1) suspended particular inorganic matter is the decisive factor of K in Lake Taihu;(2) the algorithm of
red-green band ratio is the most suitable for estimating K,(490) in Lake Taihu (N=72, R>=0.72, RMSE=0.89 m™', MAPE =
21.58% ) ; (3) with the simulated remote sensing reflectance of the main sensor bands such as MODIS/EOS, OLCL/Sentinel-3,
GOCI/COMS and MSI/Sentinel-2, the red-green ratio algorithm to estimate K;(490) was established for a variety of remote sens-
ing sensors(N=72,R*>0.7, RMSE<0.9 m™' \MAPE<22.0% ) , and the validation was good as well(N=37,R*>0.7, RMSE<0.9
m™'  MAPE<22.0% ).
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Fig.1 Spatial distribution of sampling sites in Lake Taihu
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Tab.1 Bio-optical properties of water and concentrations of water
parameter collected from 4 cruise surveys in Lake Taihu
FH Chl.a/ SPM/ SPOM/ SPIM/ @, (490)/  a4(490)/  a,(490)/ b, (490)/ K,(490)/
H A (pg/L) (mg/L) (mg/L) (mg/L) m~! m~! m”! m~! m~!
| 0.46~148.30  1.57~94.80 1.00~29.27  0.57~71.10 0.01~1.48 0.08~3.14 0.21~1.17 0.03~1.24 0.73~7.59
21.89+£20.50 33.75+18.34 10.67+4.60  23.07+14.87 0.28+0.24 1.11£0.62 0.49+0.18 0.65+0.33 4.50+1.88
I 10.80~31.00  9.40~44.45  4.90~26.25 4.20~24.80 0.52~1.79 0.21~0.98 0.20~1.48 0.15~0.59 1.58~4.85
17.68+£7.27  22.53+8.59 7.62+4.94  1491+6.37  0.76£0.31 0.56+0.24 0.81+0.42 0.35+0.13 3.23+1.09
Il| 1.75~46.70  10.92~150.60 3.52~41.13  6.92~132.45 0.09~1.69 0.27~3.66 0.14~2.83 0.16~1.31 2.58~7.14
14.35+10.80 44.67+£28.58  7.95+5.74  36.72+£25.60 0.51+£0.34 1.29+0.75 0.86+0.68 0.74:£0.29 4.52+1.30
I\ 6.57~51.26  5.00~127.00 1.00~41.00  0.50~116.00 0.30~1.58 0.25~3.51 0.14~0.57 0.26~1.55 2.24~8.04
20.77+12.90  61.39+36.02 13.98+10.67 47.41+31.81 0.64+0.30 1.57£0.96 0.32+0.10 0.83+0.36 4.51+1.52
A1t 0.46~148.30  1.57~150.60 1.00~41.13  0.50~132.45 0.01~1.79 0.08~3.66 0.14~2.83 0.03~1.55 0.73~8.04
19.51£16.97 39.20+25.81 10.16+6.31  29.04+22.55 0.43+0.33 1.17£0.72 0.59+0.43 0.66+0.33 4.36+1.72

w 1 I ATV 35138 2008 4F 10 H (N=106) 2011 4F 1 H (N=17) 2011 45 A (N=49) #2013 4£ 3 ; (N=26).
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Fig.2 Average remote sensing reflectance spectrum in different ranges

of K,(490) and the SRF of MODIS, OLCI, GOCI and MSI
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Fig.3 Spectral curves of diffuse attenuation coefficient in Lake Taihu(a) ;

The mean curves of absorption coefficients and backscattering coefficients for different components(b)
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Fig.4 The relationships between K;(490) and four bio-optical parameters of the water:
SPIM(a), SPOM(b), Chl.a(c) and CDOM(d)

2.2 HEF LML K,(490) HEEXIRE

2008— 2013 4E3I[] 4 YR EFAMEKIN IR 155 198 4R S B, Hovh 43 AN S 8 /K T 4 B8 R
SRR BISR K IR JCAERE R (RP<0.97) 4y 109 ANEE 0 nT LA T8 B2 2R BB 70 4 A 455 3 B 5000 i
HLAF AL, o 2/3 RS (N=72) FIFAEALEE S HAy 1/3(N=37) HFHRALGIIE.

55 DTSR , 275 A B T K, (490) BBk | 256 7% 1§ MODIS/EOS ,OLCL/ Sentinel-3 . GOCL/
COMS Fil MSI/Sentinel-2 2515 g BB, AU 72 HIREHERE T 12 4 K, (490) 1 434 400 R 401
X R AE AT T HOEE (9 MR 3 AW ik, 2 2) 0T e S T RWIKIR K,(490) (1938 Ak

Lo AL P B B LB RN BEA AL, R T ORI KA K, (490) 32 TCHLE IR MR i K, i
FHWA L IELLAMNE BRI R REZE R VR AR IEAR Y . AL BB (B 1~ 2) R 4T Ah i
Bt (745,859 nm JEEL) R A HIFIEE K, (490) 38 AL AR RS gE I 2 A o g BEAR RURS BE AR (R <0.6,
RMSE>1.1 m™ ,MAPE>27% ) . I BEHARASERY (BERY 3~5) 205 i — K Ui FH W 2 e B L (B AR
FWE LT (490 nm/620 nm) (ZL W5 (674 nm/490 nm) \ZL4% (674 nm/555 nm) S5 B E , 2005 LT8R I B LU (B AR
LU B BEAS RGO WA AR T R R AT SR I B UM (R = 0.72,RMSE =0.89 m™" , MAPE =21.58% ) , iX J&:[A
R TCHLE 7 ) 2 I K A 8 T 3R ) T BRI R 3,555,674 nm I EBE R LAWK A S B 70 B0

(Y

22 0006 HHIERLEL v NV1T7—6 A i REE dk2e B E R 185%27%G0 (0 mm )

AR =2 AA 45 O017 /00 /99



1479

AR =2 AA 45 2017 /00 /99

TR ABAER L E

h

AT % T2 B0 K KAE

&

®E

¥

b/

H F B A ¥ €0 RPN W GURC Bl 35 Wil Wt B s O B S W S e [l St o G R B[ ™ o 2
£
(06¥)y <
q — IS
(06) vy (06%)? m
[oz] €9 [N 0S°0 (4£9)¥ 0€v+5L10°0 =(06%) 1 Tl Lﬂ
(06%)"9 (((06v)” 8°01-)dx 2g0-T) w
X6z ((06)"9/(06%)™9 €9Z°0-1) (06v) 19—~ Mooivw =(06t)? m
+(06)7 ("9 S00°0+1) =(06+)"Y o 06¥
(061)" 19+ ((60L)""9- (60L) y——— 60 )8L°T =(06%)1q
[61] 26°9¢ o1 £9°0 (60L)"» H
[81-LI'V]  9g'1S 197 9%°0 FH VYO 01 WAL A
[1¥] €0°C¢ 0€'T 0r0 2(029) ™¥ 16°9L9€- (079)™Y T9'86T+ 4y ((555)™ 4/ (06%)™Y) 05 T8+¥9°18- = (067 )"y 6
[ce] 981 98°0 9.0 LE0+((SSS)™ 4/ (L¥9) ™ W)¥S 1+ ((556) Y~ ($£9)™¥) 59 ¥+ ((SSS)™ 4/ (06¥)™¥)00'1- =((06¥)"'Y )] 8
[8c] 01°1¢ or'l 0r0 ((s5$)™4/(06)™ 4 )82 0+ ((5SS)™ 4+ (¥£9)™y¥) 11°0-1€'8 =((06¥)"Y )5 L
[¥z] SeTT 68°0 L0 LLE+(PL9)™Y TT61E+(5SS)™Y 68°€TT- (SvL)™Y 08°€91 =(061)"Y 9 SHER
— 86°1T 68°0 L0 6v°€—((S$$)™4/ (¥£9)™¥)9s 21 =(06¥)"Y S
[oz] 91T L6°0 99°0 8L°€-((067)™Y/ (1£9)™4)18°8 =(06¥)"Y 4
[ec] €6°0€ L'l €60 (8L°¢+((029)™y/(06%)™¥) Ul v€T-)dxe+9100°0 =(06¥)"Y € Rz
[sc] 61°5¢ 67’1 170 L8°T+(658)™Y 1€7Thy =(06v)"Y [4 3
[sz] Se°LT 11 LSO €0+ (SvL) ™Y 66°StE =(06v) Y I EER(ie) m
MK %AV JWHSH N NEACH Y ar Y M
|
nyrey, o3eT ur vlep pei ol wwzmgm UM S][NSOI 1107} pue m::ﬁﬁcmdw AOQ.VV_UM JURIdJJI(] T qBl, m
N o
7 B IO P T 1 i 6 ) (06v )Y [ T2 5
E
=
&
=
3

=

Hh s p



Hh £ s p=

1480 J. Lake Sci.(#7#4),2017,29(6)

0 200810 a 201101 x 201105 = 201303

10 10
@ (b)
7 -
8 8 o _ b 8- on { ;
- . 06%7% D X,Oogs?g °
£ 61 3%%06 £ £ 67 02 ™ %b
2 ° 35-0° a 2
=8 N 000 X a0 o0 o,
NS 4 ° o& A @0 M N 44 QCPA *
b B OO bl
X 6 x Poo & X A OXM
el N=109 2580 N=109
24 Oopa =0.93 21 &% r=0.93
o] ()
Lo P<0.001 ) P<0.001
T T T T T T
0 0.5 1.0 1.5 0 0.5 1.0 1.5 2.0 25
bbp(490)/m'1 a,(490)/m’!
1.5 2.5
_-© R o @
. Phd 2.0 o o -
Oo P o o % e
~ 1.0 LN 03// - ° // o
£ o xof ° E 1.5 ° w4
§ G0 X r's P = 0 &, & *xO
N o %A /x Oé gl' 1.0 B% 8o
2 [ = 1.Uq Q@
2 i Q. %x o N o8 o -
<057 e, N=109 v Ll N=109
3/2 5%, r=0.80 0.5 x r=0.82
S o P<0.001 Q,AAﬁ an P<0.001
tz>
T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
SPIM/(mg/L) SPIM/(mg/L)

Kl 5 K,(490) 5 b,,(490) (a) \a,(490) (b) X% ;SPIM 5 b,,,(490) (¢) \a,(490) (d)XZF
Fig.5 The relationships between K,;(490) and b,,(490) (a) or a,(490) (b) ;
The relationships between SPIM and b, (490) (¢) or a,(490) (d)

bp

I HL, A AT AN K R T AR BP9 (£ %0 CDOM) BSENR. I Bed SR (R 6~ 9) 2224254 ey 85
6 FEIRH S K,(490) A CHERF 1 B (745,555,674 nm) {E 2 A ZB T K, (490) B3 AL AR
BT 7 ~ 9 FE R —FK MR ISR I B LU AE BR Al 5 I AT RE S S WL MUK AR5 5 A8 A A5 2 I BRI | L
8 EEW B ATE A RS AR 6 A1 8 ALK B2 (R*>0.70 ,RMSE<0.90 m™' ,MAPE<23.0% ).

AT MT AR A B R S 5 AL S B R (G L RE b B R R o AN by, B ST VB TE U R B 2 A T B
HYLIT0T AR 10 ) B T 20T (multiband quasi-analytical algorithm, QAA ) S5 i /K AR IR & F1 5 1) 5T &
B EEA 2 MRS 3] K, (490) B 11 FEAAY 10 BYSERT_EBEAT T4k, B FH b, (490) FlT 709 nm Ab %5 18
I R(709) RAFHYZMEC R AFH] 490 nm Ab S IRIBCRECRLES 10 HUH R B RER 12 DL b, (490) F1 670 nm AbFE
HRBE L R(670) ML SC R N IERE S T 490 nm Ak 1 WCRIS R BT R0 253K 3 2L M AU B
AR (R*<0.65, RMSE>1.1 m™" ,MAPE>25.0% ) ,i% £ 5 J& i T X S 53k R (I 2 00 45 TS T b 2245 1
SR P i 11 2EoK A (A5 1A O 2 B Y R B T AR iR 25 (@ (490) 1l 5 R*<0.6,RMSE>0.6 m ™,
MAPE>25.0% ;b,(490) fli%. R*<0.7,RMSE>0.2 m™" , MAPE>25.0% ) , %1% 22 fit 4% 13 45 %2 S 3 i K, (490)
R E sy Y R R g RN

25 TR 2L B A (BT 5) I BRAL A AT 6 .8 45 3 AR EIRE F T Rk K, (490) 18 BG4
Z PSR R, BB AR B o S 4%, 1 HLAR A 8 ] AT W AR R R SR IS AR R
PR 2 PR 9 1 D I B (490 nm) , BRI, AR 42 L F PO BG WITA K AR K, (490) PR B IRAG B a4l B (B
(674 nm/555 nm) FERUAH XA B B R /D LRI AT % BE AR, (] B 50 A7, BRI U, B2 40 2t U8 B LU A (674 nm/
555 nm) BETRUAE 9 KKK K,(490) TR RS SRR, ok | 3 B LB TR AE — @ PR 1 AT LT R R 8 A &
B2 TR AT A A T R

22 0006 HHIERLEL v NV1T7—6 A i REE dk2e B E R 185%27%G0 (0 mm )

AR =2 AA 45 O017 /00 /99



Hh s pe

o A ERA T AT E R KRG R RSk 1481
23 DEAEBNGERBRHMRESHEERIE

T TGS R R ST 45 TR 2T i BE LU B (674 nm/555 nm) ST AR K, (490) 150K
R LR AT, iR VR b TR AR 3 mh. (RO, iy T 0k B B N3 i 17 bR 4010 25 57, AN [ AL Rk
RTE LT L0 B A 1380 SRR S A 36 T 22 57 5 TR G, 5 L1 X R TR A% TR ipl B 1A e K, (490)) Ak S50 ASE 78 A5 5
B I ER e O R A T @ BOR BT, S5 G 5 IR I B R SR I BUR |, 43 I iE % MODIS/
EOS HL 1 678,551 nm ¢, GOCL/COMS 10K 680,555 nm i B¢, OLCL/ Sentinel-3 1.0 467375
560 nm L, LA MSI/Sentinel-2 HUL I 665,560 B BEVE R K, (490) fli BB AR B | 3% TR 45 12
BIFBOBIRSU R R EHTRE THERIRE(FR 3). WTUE M, AR T ELEA K, (490) 13 24k R
KSR (8 6a,N=72,R*>0.7, RMSE<0.9 m™' , MAPE<22.0% ) , 31 HL.BF 45 44 (18 6b,N=37,R*>
0.7,RMSE<0.9 m™' ,MAPE<22.0% ) . BB BAH 5 SME ILANER AR TE 1 12 FHT (& 6) , BRI A B
WAL B RGBS, G5 R AR T LU T 250 TR AR RS B 1 7K R K, (490) 8 il Ak 55

3 AFEMEIEAS K, (490) 3 A T A Br 5 B 2R 5

Tab.3 Parameters of algorithm to estimate K;(490) for different satellite sensors

TR A B /nm  GEUE B/ /nm a R? RMSE/m™" MAPE/%
MODIS/EOS 678 551 12.86 -3.82 0.74 0.86 19.25
GOCL/CMOS 680 555 13.32 -4.06 0.75 0.84 19.13

OLCL/Sentinel-3  673.75 560 12.74 -3.53 0.72 0.88 21.78
MSL/Sentinel-2 665 560 13.23 -4.51 0.74 0.86 21.05

o MODIS/EOS

GOCI/COMS  © OLCI/Sentinel-3

MSI/Sentinel-2

MK (490)/m™!

10 4 10 112
LS e o
91 @ B 94 ® it
8 8 8 /o/
- 7. —.E 7] S_?;/
£ £ o 2
S 6 S 6 I
$ s5- < 5 8 fo® 0 “
g M4 oot
g ! % 5%
= 37 @ 3 B g% 4
- 2 24 g %
| o 1 op” fg =
— }/ T )/ L':D
T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 § 910 0 1 2 3 45 6 7 8 9 10

SEK (490)/m’!

Kl 6 K, (490) S 4555 I - BRI (a) s SERAE4E (b)

Fig.6 Red-green ratio algorithm for estimating K,(490) using simulated satellite

sensors using in-sttu R, in Lake Taihu: calibration(a) ; validation(b)

2 0006 HHIARLEL Yy N1T7—6 A M RE

DA S0 54 A Rt 3 3ok 43 7 A0 SO /KA 8 S I R B0 K, () 52 4lK K b ORL ) R i )
JoHR S e S B B S ) 2RO A RERRAE I ELRIZK MK R O B 8RN 43 A 3 232 Te AL R i i
BRSO A LR R Y IR Y) (2R B2, CDOM B2 I/, B2 TSk ny K, (490) il 5
TEIRYY e RT3 B )i B LU (RS BE A vmn 38 PR i, ELHTE — g AR B B AT DAYsl/ b KA TE Y 5% 1) RO PR 455
FR T R, e LD S B LB BIVE ) K, (490) IR B AR (BIASHILER 3) .

K,(490) = a[R_(Red)/R_ (Green)] + b (5)
PSR S RORG B 1, SRS SR SR WIS T MR, ol M BK A TR B SEIURHIAKAAR K, (490) 19 T
A SRS, R R KA K BOFAN 5 A4 BB S SR ALERBORE. 5350, Rk TARR: K, (490) fili AR AL 5

L)

il i B E F F 185%27G0 (0 mirm )

AR =2 AA 45 2017 /00 /99



1482 J. Lake Sci. (#ia#H3) ,2017,29(6)

B B2 BN K (8 TR B | ( MODIS/EOS . GOCL/COMS ,OLCL/Sentinel 3 F1 MSIL/Sentinel 2 4) , 3148 7% Hilf 23
A3 A

Hft BB RAR A LN S FRIFAAHFRELF TS B —R A F R P (ht
tp://lake.geodata.cn) FAERKIE LA R E 8 RFRB KREZT SRFEFIMERE TG FH TE

4 &k

[ 1] Gordon HR, Brown OB, Jacobs MM. Computed relationships between the inherent and apparent optical properties of a flat
homogeneous ocean. Applied Optics, 1975, 14(2) ; 417-427. DOI;10.1364/A0.14.000417.

[ 2] Gordon HR. Dependence of the diffuse reflectance of natural waters on the sun angle. Limnology and Oceanography, 1989,
34(8) . 1484-1489. DOI:10.4319/10.1989.34.8.1484.

[ 3] Baker KS, Smith RC. Quasi-inherent characteristics of the diffuse attenuation coefficient for irradiance. Proceedings of
SPIE, 1980, 2 60-63. DOI;10.1117/12.958264.

[ 4] LeeZP, Du KP, Armone R. A model for the diffuse attenuation coefficient of downwelling irradiance. Journal of Geophysi-
cal Research; Oceans, 2005, 110( C2) : 93-106. DOI.10.1029/2004JC002275.

[ 5] Mobely CD. Light and water; radiative transfer in natural waters. New York; Academic Press, 1994.

[ 6 ] Kirk J. Monte Carlo study of the nature of the underwater light field in, and the relationships between optical properties of ,
turbid yellow waters. Marine and Freshwater Research, 1981, 32(4): 517-532. DOI;10.1071/MF9810517.

[ 7] Majozi NP, Salama MS, Bernard S et al. Remote sensing of euphotic depth in shallow tropical inland waters of Lake Na-
ivasha using MERIS data. Remote Sensing of Environment, 2014, 148(148) . 178-189. DOI;10.1016/j.1se.2014.03.025.

[ 8] MaR, Tang J, Dai J et al. Absorption and scattering properties of water body in Taihu Lake, China: absorption. Interna-
tional Journal of Remote Sensing, 2006, 27(19) . 4277-4304. DOI;10.1080/01431160600851835.

[ 9] Stramska M, Zuzewicz A. Influence of the parametrization of water optical properties on the modelled sea surface tempera-
ture in the Baltic Sea. Oceanologia, 2013, 55(1) : 53-76. DOI.10.5697/0c.55-1.053.

[10] Wu Y, Tang CC, Sathyendranath S et al. The impact of bio-optical heating on the properties of the upper ocean: A sensi-
tivity study using a 3-D circulation model for the Labrador Sea. Deep Sea Research Part II; Topical Studies in Oceanogra-
phy, 2007, 54(23) : 2630-2642. DOI;10.1016/}.dsr2.2007.08.019.

[11] Loiselle SA, Bracchini L, Cézar A et al. Variability in photobleaching yields and their related impacts on optical conditions
in subtropical lakes. Journal of Photochemisiry and Photobiology B: Biology, 2009, 95(2) . 129-137. DOI.10.1016/].
jphotobiol.2009.02.002.

[12] Mecclain CR, Arrigo K, Tai KS et al. Observations and simulations of physical and biological processes at ocean weather sta-
tion P, 1951-1980. Journal of Geophysical Research: Oceans, 1996, 101( C2) . 3697-3713. DOI.10.1029/95JC03052.

[13] Bergamino N, Horion S, Stenuite S et al. Spatio-temporal dynamics of phytoplankton and primary production in Lake Tan-
ganyika using a MODIS based bio-optical time series. Remote Sensing of Environment, 2010, 114(4) . 772-780. DOI. 10.
1016/].rse.2009.11.013.

[14] Lee Z, Lance VP, Shang S et al. An assessment of optical properties and primary production derived from remote sensing
in the Southern Ocean (SO GasEx). Journal of Geophysical Research: Oceans, 2011, 116 (C4). 111-121. DOI; 10.
1029/2010JC006747.

[15] Austin R, Petzold TJ. The determination of the diffuse attenuation coefficient of sea water using the Coastal Zone Color
Scanner//Oceanography from space. Boston: Springer, 1981 239-256. DOI.10.1007/978-1-4613-3315-9_29.

[16] Morel A, Huot Y, Gentili B et al. Examining the consistency of products derived from various ocean color sensors in open
ocean (Case 1) waters in the perspective of a multi-sensor approach. Remote Sensing of Environment, 2007, 111(1) : 69-
88. DOI:10.1016/j.rse.2007.03.012.

[17] Lee ZP, Darecki M, Carder KL et al. Diffuse attenuation coefficient of downwelling irradiance: An evaluation of remote
sensing methods. Journal of Geophysical Research: Oceans, 2005, 110( C2) : 93-106. DOI.10.1029/2004JC002573.

[18] 1Lee Z, Hu C, Shang S et al. Penetration of UV-visible solar radiation in the global oceans: Insights from ocean color re-
mote sensing. Journal of Geophysical Research: Oceans, 2013, 118(9) . 4241-4255. DOI.10.1002/jgrc.20308.

[19] Doron M, Babin M, Mangin A et al. Estimation of light penetration, and horizontal and vertical visibility in oceanic and

HEWMIZ2PRE 2 0006 EHVARLEL aNV1T—( A e k2 B B R 18290 v ) A8 =2 AA 4+ 2°017/00 /99



Hh s pe

b/

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

UESENES LR £ S ERUET SR Sk 1483

coastal waters from surface reflectance. Journal of Geophysical Research: Oceans, 2007, 112(C6); 137-154. DOI. 10.
1029/2006JC004007.

Wang M, Son S, Hardinf LW. Retrieval of diffuse attenuation coefficient in the Chesapeake Bay and turbid ocean regions
for satellite ocean color applications. Journal of Geophysical Research: Oceans, 2009, 114 ( C10) . 244-254. DOI. 10.
1029/2009JC005286.

Mueller JL. SeaWiFS algorithm for the diffuse attenuation coefficient, K(490) , using water-leaving radiances at 490 and
555 nm, Chapter 3 of SeaWiFS Postlaunch Calibration and Validation Analyses, Part 3. NASA TM-2000-206892, Vol. 11.
Greenbelt M D: NASA GSFC, 24-27.

Cui Tingwei, Zhang Jie, Ma Yi et al. Remote sensing retrieval model for the diffuse attenuation coefficient K;(490) of Bo-
hai Sea. Journal of Remote Sensing, 2009, 13(3) ; 411-422. [ #3E45, kA, S3EE. WG R KR A B K,
(490) 32 RS AR R, 38 RF 4, 2009, 13(3) : 411-422.]

Krater S, Brockmann C, Moore G. Using MERIS full resolution data to monitor coastal waters—A case study from
Himmerfjirden, a fjord-like bay in the northwestern Baltic Sea. Remote Sensing of Environment, 2008, 112(5) . 2284-
2300. DOI;10.1016/].rse.2007.10.006.

Le Chengfeng, Lee Yunmei, Zha Yong et al. Optical properties and rem ote sensing retrieval model of diffuse attenuation
coefficient of Taihu Lake water body. Chinese Journal of Applied Ecology, 2009, 20(2) ; 337-343. [ /Rl , =iy, &
BAAE. R/ A1 S R Ul R B e 2 AR v R O R S R Y. o A 2SR, 2009, 20(2) ¢ 337-343.]

Zhang Y, Liu X, Yin Y et al. A simple optical model to estimate diffuse attenuation coefficient of photosynthetically active
radiation in an extremely turbid lake from surface reflectance. Optics Express, 2012, 20 ( 18) . 20482-20493. DOI. 10.
1364/0E.20.020482.

Qiu Z, Wu T, Su Y. Retrieval of diffuse attenuation coefficient in the China seas from surface reflectance. Optics Express,
2013, 21(13) . 15287-15297. DOI.10.1364/0E.21.015287.

Xi H, Zhang Y. Total suspended matter observation in the Pearl River estuary from in situ and MERIS data. Environmental
Monitoring & Assessment, 2011, 177(1-4) : 563-574. DOI:10.1007/s10661-010-1657-3.

Wang Xiaomei, Tang Junwu, Ding Jing et al. The retrieval algorithms of diffuse attenuation and transparency for the Case-
Il waters of the Huanghai Sea and the East China Sea. Acta Oceanologica Sinica, 2005, 27(5) : 38-45. [ et FE4:
W, THAE B0, R0 2K T8 Sl R S B B R AR AT, MRS, 2005, 27(5) : 38-45.]

Wang Sumin, Dou Hongshen eds. Chinese lakes. Beijing: Science Press, 1998. [j:l'l\& , S g R, JbRT.
Bh2f L, 1998.]

Duan H, Feng L., Ma R et al. Variability of particulate organic carbon in inland waters observed from MODIS Aqua image-
ry. Environmental Research Letters, 2014, 9(8) : 084011. DOI.10.1088/1748-9326/9/8/084011.

Ma R, Jiang G, Duan H et al. Effective upwelling irradiance depths in turbid waters: A spectral analysis of origins and
fate. Optics Express, 2011, 19(8) . 7127-7138. DOI.10.1364/0E.19.007127.

Ma R, Duan H, Lv C et al. Unusual links between inherent and apparent optical properties in shallow lakes, the case of
Taihu Lake. Hydrobiologia, 2011, 667(1) : 149-158. DOI.10.1007/510750-011-0646-z.

Shi K, Zhang Y, Liu X et al. Remote sensing of diffuse attenuation coefficient of photosynthetically active radiation in Lake
Taihu using MERIS data. Remote Sensing of Environment, 2014, 140(44) . 365-377. DOI:10.1016/j.rse.2013.09.013.
Ma Ronghua, Duan Hongtao, Tang Junwu et al eds. Remote sensing of lake environment. Beijing: Science Press, 2010.
[ Thoede, Bt , FEERAF. KRR, Junt. R, 2010. ]

Tang Junwu, Tian Guoliang, Wang Xiaoyong et al. The methods of water spectra measurement and analysis [ : Above-Wa-
ter Method. Journal of Remote Sensing, 2004, 8(1): 37-44. [ FE R, HEK, F/NFE. AKAEEIEMNE S50 T .
KT UL B . 3B, 2004, 8(1) : 37-44.]

Xue K, Zhang Y, Duan H et al. A remote sensing approach to estimate vertical profile classes of phytoplankton in a eu-
trophic lake. Remote Sensing, 2015, 7(11) ; 14403-14427. DOI:10.3390/1s71114403.

Zhang Yunlin, Qin Boqiang, Chen Minwei et al. Regression analysis of beam attenuation coefficient under water in Lake
Taihu. Oceanologia et Limnologia Sinica, 2004, 35(3) ; 209-213. [ ikiz bk, A58, A REE. KBIKAESCFE R
B RHE XS HL. Wi ST, 2004, 35(3) : 209-213. ]

Sun Deyong, Lee Yunmei, Wang Qiao et al. Study on remote sensing estimation of suspended matter concentration based

A 00NE A RLEL ANVT1T— 6 A FSRE ke B E R 1Q8%Y29%A0( v ) A8 =2 AA 4+

"WM17/00/99



1484 J. Lake Sci. (#7a#+3) ,2017,29(6)

on in situ hyperspectral data in Lake Tai waters. Journal of Infrared and Millimeter Waves, 2009, 28(2) : 124-128. [ #Milk
5, s, TR TS0t i KK AR T Py B A B 5. 2O S KB, 2009, 28(2)
124-128.]

[39] Tang Junwu, Ding Jing, Tian Jiwei et al. Neural network models for the retrieval of chlorophyll, total suspended matter,
and gelbstoff concentrations of case-1I waters in Yellow Sea and East China Sea. Chinese High Technology Letters, 2005, 15
(3): 83-88. [JEZI, T, M. WA KR = 2R I R A M2 P 2R s R IR, 2005, 15
(3):83-83.]

[40] Cao Zhigang, Duan Hongtao, Cui Haishan et al. Remote estimation of suspended matters concentrations using VIIRS in
Lake Hongze, China. Infrared and Millimeter Waves, 2016, 35(4) . 462-469. [ Wik, Btk , #6115, £T VIIRS
BOR U PRI v BEAG R T IE. AN S KP4, 2016, 35(4) : 462-469.]

[41] Hu Lianbo, Zhang Tinglu. A method to derive the diffuse attenuation coefficient K;(490) in the East China Sea. Ocean
Technology, 2012, 31(4) . 60-63. [ B, SRR — Bl AR P A K RIS T e R AR K4(490) YR R R AEE53
A, 2012, 31(4) : 60-63.]

[42] Lee Suju, Wu Qian, Wang Xuejun et al. Correlations between reflectance spectra and contents of chlorophyll-a in Chaohu
Lake. J Lake Sci, 14(3) ; 228-234. DOI; 10.18307/2002.0306. [ Z5%K 3, 24, T 4244 SN I % & &
HRADCHERHER SRR, BHAREY:, 2002, 14(3) : 228-234. ]

[43] Koponen S, Pulliainen J, Kallio K et al. Lake water quality classification with airborne hyperspectral spectrometer and sim-
ulated MERIS data. Remote Sensing of Environment, 2002, 79(1) : 51-59. DOI.10.1016/50034-4257(01)00238-3.

[44] Stramska M, Stramski D. Variability of particulate organic carbon concentration in the north polar Atlantic based on ocean
color observations with Sea-viewing Wide Field-of-view Sensor ( SeaWiFS). Journal of Geophysical Research: Oceans,

2005, 110( C10) ; 423-436. DOI:10.1029/2004JC002762.

HEWMIZ2PRE 2 0006 EHVARLEL aNV1T—( A e k2 B B R 18290 v ) A8 =2 AA 4+ 2°017/00 /99



