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Abstract: The optical properties of highly turbid coastal water bodies are complicated, so the application of
reflectance products based on different satellites in such kinds of water bodies is desperately needed to be
fully evaluated. Taking the water body of the Yellow River Estuary (YRE) as a typical research object, the
applicability of the water-leaving reflectance products corrected by different atmospheric correction
algorithms for Sentinel-2-MSI (S2-MSI) and Sentinel-3-OLCI (S3-OLCI) image is evaluated based on the
reference of Landsat reflectance products corrected by ACOLITE DSF atmospheric correction algorithm
suitable for YRE. The results show that S2-MSI and S3-OLCI data corrected by the image correction for
atmospheric effects (iCOR) are in good agreement with Landsat reflectance products for highly-extremely
turbid water bodies in YRE, followed by FLAASH (Fast line-of-sight atmospheric analysis of spectral
hypercubes) and Sen2Cor (Sentinel-2 correction) corrected products, while C2RCC (Case-2 regional coast
colour) performs poorly. iCOR, FLAASH and Sen2Cor corrected S2-MSI and S3-OLCI reflectance
products show good results in the green and red bands with the mean absolute relative difference Eyup
lower than 24%, except that in the near-infrared band the E,, .y, is higher than 34% in highly turbid waters.
Among them, the FLAASH and Sen2Cor algorithms have similar results. Compared with that in highly
turbid waters, the E,,.x, is even lower for iCOR, FLAASH and Sen2Cor algorithms in extremely turbid
waters. On the contrary, C2RCC algorithm performs relatively poor in highly turbid waters and even worse
in extremely turbid waters, with overall underestimation of water-leaving reflectance. This research is
significant for it can provide useful reference for choosing atmospheric correction methods in highly turbid

waters and lay the foundation for dynamic monitoring suspended sediment in YRE with high resolution.
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Fig. 1  Quasi-true color satellite images of Yellow River Estuary on October 24, 2017. (a) S2-MSI; (b) L7-ETM+; (c) S3-OLCI
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Table 1 Classification of turbidity degree of water

Type of water Total Suspended Matter/(mg-L™") PuNiR
Highly turbid water 10~100 0.008~0.060
Extremely turbid water 100~ 1000+ 0.060~0.200
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Table 2 The acquisition time, spatial resolution, aerosol optical thickness 75, and sensor types of each image

Image date Acquisition time Spatial resolution /m Tsso Sensor
2017-10-24 10:44 30 0.42 ETM+
2018-04-02 10:42 30 0.60 ETM+
2018-09-09 10:40 30 <0.1 ETM+
2019-02-16 10:35 30 0.09 ETM+
2019-01-23 10:41 30 0.13 OLI
2019-03-12 10:41 30 0.10 OLI
2017-10-24 10:47 10.20.60 0.42 MSI
2018-04-02 10:45 10.20.60 0.60 MSI
2018-09-09 10:45 10.20.60 <0.1 MSI
2019-02-16 10:48 10.20.60 0.09 MSI
2017-10-24 10:02 300 0.42 OLCI
2018-09-09 10:05 300 <0.1 OLCI
2019-01-23 10:41 300 0.13 OLCI
2019-02-16 10:18 300 0.09 OLCI
2019-03-12 10:35 300 0.10 OLCI
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Table 3 List of atmospheric correction algorithms tested for S2-MSI and S3-OLCI

Sentinel satellite and sensor

Atmospheric correction processor Version/Software
S2-MSI S3-OLCI
ACOLITE 20210802/ACOLITE N N
iCOR 3.0.0/SNAP 8.0 N N
C2RCC 2.1/SNAP 8.0 N N
FLAASH - JENVI 5.6 N N
Sen2Cor 2.9.0/Sen2Cor N

i VRN TR AL R HEAT KU IE
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Table 4 Total match-up pixel numbers of S2-MSI/S3-OLCI with Landsat sensors

Type of water Sensor Total number of pixels
MSI 674303
Highly turbid water
OLCI 6699
MSI 382878

Extremely turbid water
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Fig.2  Accuracy evaluation of different atmospheric correction algorithms for S2-MSI in YRE. (a)—(d) Extremely turbid water;

(e)—(h) highly turbid water
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Table 5 Accuracy evaluation of different atmospheric correction algorithms for S2-MSI data in

water with different turbidity

Extremely turbid water Highly turbid water
Algorithm Band

R Erns Eyave/ % Sgi/ % R Erus E\avo/% Sp/ %
Green 0.30 0.079 85.87 -59.37 0.93 0.017 18.77 -14.44
CIRCC Red 0.56 0.115 90.49 -62.39 0.93 0.041 51.16 -37.99
NIR 0.78 0.102 158.82 -88.88 0.05 0.020 102.81 -67.18

Green+Red+NIR 0.31 0.099 112.89 -68.89 0.90 0.029 56.21 -30.01

Green 0.34 0.024 14.22 15.65 0.42 0.027 20.44 15.08

FLAASH Red 0.006 0.017 8.49 293 0.68 0.023 23.64 5.32
NIR 0.65 0.020 15.28 14.63 0.25 0.023 50.36 65.93

Green+Red+NIR 0.81 0.020 12.60 9.77 0.73 0.025 31.16 16.21

Green 0.32 0.033 21.28 23.90 0.64 0.030 21.92 21.62

Sen2Cor Red 0.38 0.021 10.14 10.38 0.75 0.022 21.44 11.17
NIR 0.80 0.032 24.46 27.04 0.29 0.026 55.45 77.21

Green+Red+NIR 0.88 0.025 15.15 15.88 0.79 0.026 32.72 23.04

Green 0.0007 0.009 6.03 -3.40 0.85 0.015 10.76 -10.01
(COR Red 0.55 0.008 3.65 0.76 0.92 0.018 15.68 -14.35

NIR 0.84 0.020 15.53 16.73 0.52 0.009 35.11 1.88
Green+Red+NIR 0.84 0.014 8.42 3.74 0.93 0.014 20.12 -10.65

%FF S3-OLCI (& 3), fEM 7% /K & 1, iCOR Al FLAASH 532 384K b R 81 U I 50R , %R 2
BT C2RCC HEF /), o iCOR BE MR s A T FLAASH 5% . C2RCC HIETE SR BUR AT, fE4L i
AN B RZEOR, RV, HERAAEIRAG IS . TEmVEM/K A, iCOR 1 FLAASH SRS 1E 45 5
TR AN BOR ZE IR, Eyaro KT 30%. 11 C2RCC S5 7E i i K A (1R 2 Egygs~ Enparo T S P TR
VI KA 2 RN o

H& 6 A%, %f T S3-OLCI, iCOR M1 FLAASH S AE AR B2 VA K AR (1) 8 R ORI T v oK Af, 3
iCOR SHE RGBSR T- FLAASH 532 ; C2RCC HVEMIAH I, 78 T K A4 1R I FH 208 SR B A AW VA ek 7K Ak o
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Fig.3  Accuracy evaluation of different atmospheric correction algorithms for S3-OLCI in YRE. (a) —(d) Extremely turbid water;
(e)—(h) highly turbid water
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Table 6 Accuracy evaluation of different atmospheric correction algorithms for S3-OLCI data in

water with different turbidity

Extremely turbid water Highly turbid water
Algorithm Band N N

R Ews  Evaw/%  Syl/% R Ewvs  Evar/%  Sy/%
Green 0.03 0.026 17.93 -12.06 0.33 0.015 8.85 -4.44
CORCC Red 0.09 0.059 34.69 -29.18 0.77 0.024 20.65 -17.23
NIR 0.008 0.061 59.92 -48.18 0.62 0.007 31.23 -8.19
Green + Red + NIR 0.42 0.052 38.07 -29.51 0.91 0.017 20.17 -10.62

Green 0.13 0.026 16.96 18.42 0.62 0.017 11.94 12.69

FLAASH Red 0.32 0.011 4.79 3.39 0.84 0.011 8.33 5.15
NIR 0.64 0.017 13.97 -2.39 0.58 0.012 34.98 32.82

Green + Red + NIR 0.81 0.019 11.89 6.20 0.96 0.014 18.38 11.06

Green 0.49 0.019 13.33 14.04 0.40 0.009 6.04 3.35

) Red 0.51 0.010 4.57 3.32 0.85 0.010 6.61 -1.76
ICOR NIR 0.74 0.015 12.62 -4.18 0.49 0.011 46.45 -0.24

Green + Red + NIR 0.87 0.015 10.12 4.37 0.96 0.010 19.62 0.58

ST 5 5 B X BT I 7 ¥ e R VA UK AR, 2 IE S2-MIST AT S3-OLCI #5592 , iCOR S92 5 7K
R 5 5% 7R B — B s, HERON FLAASH AT Sen2Cor 595, C2RCC B R BUAR R0 2 . B4k
I, iCOR\FLAASH H1 Sen2Cor 532 B 7E 1 VE I K AR T Z1AMBC BT 30 B 23 EEAH AT R 22 By a8 34% A1,
TES% LLIE B Eyugo 3370 T 24% , FoHh Sen2Cor B 45 R %44 5 FLAASH i A#H L. iCOR.FLAASH Al
Sen2Cor i il 5 /K AR VE IR BE RGN, 1R ZEH/IN 5 1 C2RCC 553 I it 5 /K A VA S FE S 386 m , R 250k, HL
BARAFAEARAG B K S RIS
3.2 A[EfEREESAY ACOLITE DSF &%= @ttt

M ETM+.MSI.OLCI 4 1E £  £L AT 21 A1 B 1R B8 7K SR 5 22 2 i) o3 A [ (1 4) AT RUE H, S2-MSTY
L7-ETM+ ) 2% [8] 3 A5 B AL, 110 S3-OLCI 5 L7-ETM+ [ 25 8] 43 Aii 4716 — 5& i 25« 15 S 9% BRI 40 3 B
ACOLITE DSF 5:4% 1E 1) S3-OLCT A 7Y /7 2L S2-MST A L7-ETM+ 5 5 (1 B /K S S %6 . 7RI 4T 4h i
B, S3-OLCITE R 5 X ¥ p, Ml , HAFAED =l

1 P& 5 AT 411, ACOLITE DSF 53548 1F ) S2-MST 5 L7-ETM+ 1 85 /K S 5 5B — 8, 76 G4 BOR419%
BY s By KT 6%, 75T LT AN BT ZEAT TGN Eyaen 20559 25% . S3-OLCI R 85 7K J52 3 2 15 10 B 5 L7-
ETM+8 5, Eyao 298 13% , 1EGER BRI LA BER ZE RS Eyaro 789298 26% F151%
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Fig.4 The spatial distribution of water-leaving reflectance p,, derived by ACOLITE DSF algorithm for S2-MSI, L7-ETM+ and S3-
OLClI in green, red and near-infrared bands. (a)—(c) S2-MSI; (d)—(f) L7-ETM+; (g) — (@) S3-OLCI
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