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Abstract

Monitoring and quantifying suspended sediment concentration (SSC) along rivers provides important information
for reservoir management. Traditional monitoring based on in-situ sampling and measurement of SSC in rivers is
expensive and time-consuming to perform. The objective of this study was to use spectral information provided by
remote sensing from Sentinel-2 images in combination with machine learning to estimate the SSC of a river in the Lam
Pao basin. Three machine-learning regression algorithms (Multiple Linear Regression, Deep Learning, and Support
Vector Machine: SVM) were evaluated and a suitable model was created to estimate the SSC of the river. The results
show that the Support Vector Machine model gave the most balanced results, with the lowest RMSE values and a
high statistical correlation (R*°0.863; RMSE=11.9) for the whole range of SSC (0 to 90 mg/l) measured at this station
during the studied period. The methodology presented in this study can be used as a guideline for the combination of
machine learning with Sentinel-2 images for estimation of the SSC other rivers, although some factors require further

study to improve the accuracy of SSC estimation.

Keywords: Remote sensing, Sentinel-2 data, Suspended Sediment Concentration (SSC), Machine learning
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Figure 1 Location of the gauging station and measuring SSC data in this study

Table1  Table showing suspended sediment data collection points in the study area.
No. Station River Location Longitude Latitude
1 E.65 Lampao Ban Tha Hai, Si That District, Udon Thani Province E103 10 04.1 N16 57 06.0
2 E.67 Lam Phan Chad Ban Tha Ngam, Kham Muang District, Kalasin Province E103 29 48.0 N16 57 09.0
3 E.76A Huai Sang ka Ban Phon, Kham Muang District, Kalasin Province E103 35414 N16 51 38.4
4 E.90 Huai Sangkeb Ban Nong Yang Nuea, Kham Muang District, Kalasin Province E103 38 54.0 N16 46 20.0
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Table 2  Four different case studies of sentinel-2
imagery data and spatial resolution in this
study.

Case Band Spatial Resolution
Band 2, Band 3, Band 4,
1 Band 8 10 m.
Band 5, Band 6, Band 7, Band
2 8A, Band 11, Band 12 20 m.
Band 2, Band 3, Band 4, Band
3 5, Band 6, Band 7, Band 8, 10 m.
Band 8A, Band 11, Band 12
Band 2, Band 3, Band 4, Band
4 5, Band 6, Band 7, Band 8, 20 m.

Band 8A, Band 11, Band 12
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Table 3  Regression results from three machine learning algorithm indicating P<0.05 N=134.
Model Case 1 Case 2 Case 3 Case 4
R’ RMSE R? RMSE R? RMSE R’ RMSE
Generalized Linear Model 0.545 19.2 0.470 23.2 0.592 18.8 0.644 16.5
Deep Learning Model 0.242 26.6 0.227 276 0.570 22.1 0.532 226
Support Vector Machine 0.646 18.8 0.573 20.3 0.863 11.9 0.782 12.3
015
0121 0113 0110 0.110
0.098 0.086
- 010 : 0.079
=
i) 0.049
S 0.05 0.040 0.022
= []
0.00 [ |
BI11 B2 Bo B8A Bi2 B8 B7 B3 BS B4
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Figure 3 The weight coefficients of the spectral band (Case 3) included in SVM.



Vol 39. No 4, July-August 2020

Estimation of Suspended Sediment Concentration in Rivers using
Sentinel-2 Imagery: A Case Study of Lam Pao Basin

451

CASE 1/GLM CASE1/DL CASE1/SVM
80 80 80
) 5 )
0 2 a
o © ] ® [#) ®
f o ® 2o @ H
, = ' 2 S
5w ? % w0 Lo @
s @ E * E &
2 R%=0.545 2 R'=0.242 g R =0.645
= 20 hoas = 20 = = 20 —
> RMSE = 19.2 = RMSE =26.6 @ RMSE = 18.8
0 0 0 &
0 20 40 60 80 o 20 40 60 80 0 20 40 60 80
SSC (mg/l) S8C (mg/l) SSC (mg/l)
CASE 2/ GLM CASE 2 /DL CASE 2/8SVM
80 80 80
E g g
] @ 60 60
7 % 7
;@ N o |z ®
9 40 g 9 40 @ 9 40
< < <
25t R?=0.470 2 =" R*=0.573
£ o ® RMSE =23.2 & RMSE =27.6 g RMSE =203
0 0 0 =
0 20 40 60 80 ] 20 40 60 80 0 20 40 G0 80
$SC (mg/l) SSC (mg/l) SSC (mg/l)
CASE 3/GLM CASE 3/DL CASE 3/SVM
80 80 80
5 ° | 5 g
g E g
60 60 60
%) o) o)
2 © 2 2
w w w
é 40 & 5 40 é 0
2" 2 =]
g g g
2 . 8 R?=0.592 B 2. R?=0.863
g RMSE = 18.8 & ® RMSE = 11.9
0" 0 “ 0 '
0 20 40 60 80 0 20 40 60 80
SSC (mgl) SSC (mg/) SSC (mg/l)
CASE 4/ GLM CASE 4/DL CASE 4/SVM
80 80 80
S S )
£ £ £
g ® ®oo o g« g *e
i % ]
zZ zZ z
Ewo 5w £ w
c & 3 # g
2 . 2 | a2 R =0.782
R = 0.644
2w FIEA 2 RMSE=12.3
. RMSE = 16.5 & D)
0 0 o
0 20 40 60 80 0 20 40 60 80
SSC (mg/l) SSC (mg/l) SSC (mg/h)

Figure 4 Scatter plots of estimated against measured suspended sediment concentration

particulate matter concentration for the validation dataset: Sentinel-2
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