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Remote Sensing Inversion of Diffuse Attenuation Coefficient in Lake Taihu

Based on the GOCI Images
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(1. Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and Application, Nanjing 210023,
China; 2. College of Geographical Science, Nanjing Normal University, Nanjing 210023, China; 3. Jiangsu Provincial Key Laboratory
of Carbon and Nitrogen Cycle Processes and Pollution Control, Nanjing Normal University, Nanjing 210023, China; 4. Satellite
Environment Center, Ministry of Environmental Protection, Beijing 100029, China)

Abstract : Diffuse attenuation coefficient (K, ) is an important parameter in water body optics. The spectral characteristics of K, in
Lake Taihu and its impact factors were analyzed using the in situ measured data from 2006-2009. Then, empirical models and semi-

analysis models were built based on the GOCI data to estimate K, in order to find a suitable retrieval model for GOCI and analyze the

d»
spatial and temporal variations of diffuse attenuation coefficient in Lake Taihu. The result indicates that: () The main impact factor of
diffuse attenuation coefficient at 490 nm is the non-algal particles absorption coefficient, and the combination model with GOCI bands
4,5 and 7, namely the near infrared band, the red band and the green band, has the highest precision for the inversion of K,;(490) ;
@ the range of K, of Lake Taihu distributes between 0 to 15 m ™

of the low value between 0-4 m ™',

m~'. While, occasionally, some values are higher than 15 m

', and that can be divided into three levels generally, i. e. , the range

the range of the medium value between 4-8 m ™, and the range of the high value between 8-15
~'; @ the K, of Lake Taihu distributes with notable spatial and temporal
difference. At the view of spatial distribution, the K, values get higher from the east to the west of Lake Taihu; from the perspective of
time, the K, is relatively high in the morning and then shows a tendency of gradually reduce with the time.

Key words :remote sensing; diffuse attenuation coefficient; retrieval mode; GOCI images; Lake Taihu
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Table 1  Parameters of GOCI sensor
e Bt 1 2 3 4 5 6 7 8
L /nm 412 443 490 555 660 680 745 865
P56/ nm 20 20 20 20 20 10 20 40
ORI ARZE /W m > -nm st 150.0 145.8 115.5 85.2 58.3 46.2 3.0 23.4
MAPE:—Lﬁzlhf_Ow 7 ) i%}%%ﬁ%ﬂgﬁﬁ%ﬁﬂﬁﬁ- .
n = 0. Table 2 Statistics of the empirical models for K inversion
: : W SR
RMSE = [ (Es, - 0,)? (8) I K (490) =a(Ryys) +b
noi= 2 K (490) =a(Rys/Rsss) +b
ZEEEP s %ﬁ){—iﬁa ,ESL- ﬂ:ﬂ OL- ﬁ%”%% i 4\&,@5@ 3 Ky(490) =a(Ry/Rsss) +b
R S AN 2 I (. 4 Ki(490) = a(Rogo/Ryss) +0
VL ey Sz . e 5 K;(490) =a(Rgg/Rsss) +b
1' 4 @ﬁ@%ﬁﬁ?ﬁéﬁ%*ﬁﬂ*@% 6 Kd (490) = U<R745/R555 ) + b
TRAAR 8 T Y 2R BRI 2% S SR S T R 7 K(490) =a(Ryg/Rsss) +b(Roys/Rsss) +c
Rt , AR R A K A 0 R R O AR AR A 8 Ky(490) =a(Rupg/Rsss) +b(Ryus + Rygg) +
NS N . Vo 9  K;(490) =a(Rsss —Rys) +b(Rys/Rsss) +c
AEAFHERDCA P TR, B2 o) oty w0t e o

FE—ERBOCR. BT GOCL B HH, Hnk
AEXT GOCI SR A LA 18 5 U 2R B0 T A%
R AHE 98 2 % 50 AT R, 85 58 A 7
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BRI [ JE 2k B2l A A 15 ARy A A A
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et | i N B R B R R B TR
B, KRR G4 i B R 1 R D
BT ARG M8 B I W R IE A B, RS A
GOCIfBIERER 5., 6., 7 VB /il 550 4 Uk Bety gt &
Pl — 28K B (AL, AR 7 ~ 15 33 AT
TE R A B A AL B 7 Sy 5 S BE HU (S T
2IAh SR B L A 2 A BT A 8 Oy A Rk B
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LEIBE AT AN B2 AT LT AN | S B LAY
AR B 10 SN ITLLAN . Sk BEIE #1321
Hh | BRI B LA R AL AR B 11 sk B T
CIANB B T LT AN | 5 il BB fo 4 5 A5 08
BN 12 Ay ok B LU A RN 2R 0% B | T 40 A B 22
{EA A AT AR 13 Shy i S B LU A R £14%
SR BOMME LA S 2181 | i B LU (A Y 2H G A B
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Table 3 Steps of the QAA algorithm
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Fig. 2 Spectral curves of the diffuse attenuation

coefficient of Lake Taihu
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Table 4  Error statistics of validation results for empirical models

s 2R R? MAPE/ % RMSE
1 Ky(490) =308. 59R;,5 +0. 3556 0.419 46.4 2.124
2 K, (490) =8. 6787(Ryy3/Rss5) +0.0285 0. 04 71. 4 2.969
3 K (490) =4. 8432 ( Ryg0/Rsss ) +1.4442 0.01 68.7 2.916
4 K, (490) =20.594(Rggy/Rsss) —11.35 0. 449 78.6 5.11
5 K, (490) =16. 939 (Rego/Rsss) —7.329 0.413 80. 6 5.166
6 Ky (490) =21. 781 (Ryy5/Rss5) —2.9624 0. 685 39.2 1.825
7 K, (490) =4. 988 (Ry90/Rsss) +21.791(Ryy5/Rsss) —6. 476 0. 696 39.3 1.756
8 K, (490) = —1.224(Ryp/Rsss ) +73.662( Ryys + Rsss) +1.752 0.127 62.8 2.658
9 K (490) = -63.323(Rys5 — Ryys) +20.402(Rpu5/Rss55) —0. 895 0.702 38. 1 1.933
10 K, (490) = —28.517(Ryy5 + Rsss) +23.825(Ryys/Rsss ) —2. 157 0. 699 38.6 1. 948
11 K (490) = -399.422(Rss5 — Ryys) +168.061 (Ryys + Rsss ) +5. 699 0.676 35.9 1. 839
12 K, (490) =13.303 (Ry9p/Rsss ) —236.723 (Rsss — Ryys) +1.368 0.252 54.2 2.559
13 K (490) =8.787(Ry90/Rsss) —46.816(Ryy5 + Rsss ) +25. 153 (Ryy5/Rsss) —7. 894 0.727 38.5 1. 856
14 K, (490) =8.312(Rygg/Rsss) —93. 4(Rsss — Roys) +19.763 (Ryys/Ryss ) —5. 769 0.728 37.8 1.832
15 K, (490) =436. 581Ry,5 +290. 84 Ry, —448. 66Rs55 +6. 970 0.737 28.6 1. 495
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Table 5  Error statistics of validation results for semi-analytical models

H'5 BT MAPE/ % RMSE
1 QAA-P I3 T Al 61.6 2.168
2 Doron-2f 3 B A5 784 41.5 2.959
3 SEN TOPs-2J- 43 B A5 34.5 1.559

o BT AR R AT 55 A i O ) B SRR, — o TR
AT LA R DX A T M 1 2 S (L S JORS JEE
AR KR B AR T 1A f B i BRI QAA
R 2 36 [ Y2 ) SO 5 S A % L 4
(& 4) 1] LI Y, a (490) Fh F2 T8 {7 728 4k X 8] 452
78 IR DX S Y 2 R, AL TR T T R A R
BB DI, b, (490) 114 S5 18 25 5 S 7 o i 1 3k
ISR LG, FA DRI R SO 45 ARG
[ER R

S3HTEET Doron J5 i S A G 2F 5 1 56 UE 25

9
8 m i
7L mAE
o 6 F
£
= 5r
2 4t
RN
2
41T l
0
1 3 5 7 9 11131517 19 2123 25 27 29 31 33 35

R(EI5) ,a(490) Y i v A 35 i 1A 4 102 =
X, TCih AR AR A L, b, (490 ) B 2T 45
B BT s (LR S A B

2R LR, A GaE R 0 RO T RR
BRZE X FEAHEIT 2 o B AR R S T BOR A B
() F2 2 A
2.3 GOCI QR 5B

FR e L3R B 5 2 %LMW%WWBWﬁk@
1B R A B A AT T GOCL F2 181
K KA 2 %m%ﬁ&@(maﬁﬁ%mﬁﬁﬁ
2013 455 H 14 H | 2014 48 H 5 H 12014 4 10
H24 H.
2.3.1 GOCI GRS IEL R 50t

AMFFE R F B R & Y 6S 15580 5k
1T GOCI SR KL IE, I 2 #5647 AH N Hb AT 7] 25
S PSR KA IE S5 AR A RS FE 3R ik

1.8
1.6

14}
12 L

6t||i“lhlmlhh uh“ll“l |

1357 91113151719 2123 252729 3133 35
-..".

br(490)m™
E

e o
oC

(==
o I

B4 ETF QAA REK IOPs RiRL RS ZMEN tLE
Fig. 4 Comparison between retrieval of IOPs by QAA model and in situ observed 10Ps
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Table 6  Error statistics of 6S atmospheric correction

results for GOCI on 14" May, 2013

AR MAPE/ % RMSE
09:00 18.28 0. 006 7
10:00 9.33 0.0019
11.00 13.47 0.002 6
12.00 12.30 0.002 5
13.00 22.16 0.004 5
14:00 79. 05 0.0147
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Table 7 Accuracy verification of K,(490) inversion

results based on GOCI images

A% H W MAPE/ % RMSE
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Fig. 7 Spatial distribution of diffuse attenuation coefficient of Lake Taihu on 5" August, 2014
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