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Abstract

Considering the importance and status of monitoring the quality
characteristics of water resources, it seems necessary to use
technologies such as remote sensing that increase the speed and
accuracy of water quality monitoring information. Turbidity is one of
the key water quality characteristics which is one of the main sources
of sediment in water bodies and directly affects issues such as sediment
transport, aquatic life, and management of lakes and reservoirs. This
makes water turbidity monitoring an important concern in the field of
water resources management. Traditional and laboratory methods of
monitoring are accurate but time-consuming and expensive. The use
of scientific capabilities such as remote sensing can therefore be
beneficial. In this research experimental methods and models
developed based on neural network algorithms are used to estimate
opacity parameter zoning maps. The main goal of this study is to
investigate and compare different band combinations to estimate the
turbidity parameter using the spectral data of Sentinel-2 and Landsat-
8 satellite images. Considering the importance of the mentioned
quality parameter and also the location of the study area, ground
measurement of these parameters was a challenge; As a result, it is
necessary and practical to use neural network and remote sensing
capabilities for modeling. According to the investigations carried out
in this study it can be concluded that due to the spectral data of
Sentinel-2 and Landsat-8 satellite images, the zoning maps of water
turbidity parameter can be estimated with good accuracy. Four
different forms of band combinations (single bands, band ratio,
spectral derivative ratio and normal difference index) have been used
for which the detection coefficient value were 0.86, 0.83, 0.83 and 0.89
and the RMSE error were 3.26, 3.52, 3.43 and 2.79, respectively.
Accordingly, each of the compounds is considered independently as
the model input in the modeling process. The results showed that the
band combination of the normalized difference index estimates much
better results. However, considering the fact that the single band
combinations also had good results with little difference from the
normal difference index combinations’ derivative model and since it
could reduce calculations, single band combinations can be used as
best band combinations to estimate the water turbidity parameter in
this study area.
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Table 2- Number of Sentinel-2/Landsat-8 images used in four seasons from 2018 to 2021
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Year Winter Spring Summer Autumn
2018 2 8 4 5
2019 5 4 - 3
2020 3 4 6 2
2021 2 - 1 2
Total 12 16 11 12

Table 3- Turbidity ground data for modeling using spectral data from this research; S.D is standard
deviation, C.V. is coefficient of variation, and N is the number of observations
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Satellite Parameter Units Min Max SD C.V. (%) N
Sentinel-2 Turbidity NTU 0.000 37.40 8.536 59.81 76
Landsat-8 Turbidity NTU 0.000 77.70 11.53 71.31 83
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Table 4- The results of the training and validation phase of different band combinations in Sentinel-2
satellite images
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Band Combinations| R-Squared MBE RMSE [NTU] MAE |R-Squared MBE RMSE[NTU] MAE
Training Result Validation Result
Ratio 0.83 0.44 3.52 2.81 0.81 1.79 4.06 3.35
Single Band ‘ 0.86 0.36 3.26 2.52 ‘ 0.85 0.83 3.36 2.73
Spectral Derivative ‘ 0.83 0.26 3.43 2.60 ‘ 0.82 -1.33 3.89 2.90
Normalized difference
0.89 0.30 2.79 2.14 0.86 0.69 3.33 2.64

index

Table 5- The results of the training and validation phase of different band combinations in Landst-8 satellite
images
A-Cuwild gl lgalo p1gbal ilitho (gl S 5 (2haw )i g (90 5 gl -0 Jga>

Band Combinations| R-Squared MBE RMSE [NTU] MAE |R-Squared MBE RMSE [NTU] MAE
Training Result Validation Result
Ratio 0.83 2.33 4.96 3.84 0.79 0.55 4.81 3.20
Single Band ‘ 0.87 0.67 3.74 2.98 ‘ 0.86 0.08 3.89 2.63
Spectral Derivative ‘ 0.86 0.67 3.94 2.45 ‘ 0.82 0.28 4.37 2.93
Normalized  difference
index 0.87 0.35 3.72 2.67 0.84 0.38 4.29 281
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Fig. 3- Validation of models derived from band combinations of spectral data of Sentinel-2 images
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Fig. 4- Validation of models derived from band combinations of spectral data of Landsat-8 images
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Fig. 5- Zoning maps of turbidity derived from developed models based on Sentinel-2 spectral data
Y-S b 031> 1 S BANI0DID drwgd (S0 1 bl Finine L y9uS ol b 1 adiny (sWauid -0 JSW

IF oY oyl oF 85kowd cppaomd Jlw oyl pl O galio Cilisios
Volume 18, No. 4, Winter 2023 (IR-WRR)
VY



(spring) L (summer)

(autumn) | (winter)

\ T
0 5 10 15 20 25

Fig. 6- Zoning maps of turbidity derived from developed models based on Landsat-8 spectral data.
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MPP: Matching Pixel by Pixel

TSD: Total Dissolved Solids

OLI: Operational Land Imager

C2RCC: Case-2 Regional Coast Colour

WASI: Water Color Simulator

OC3: 3-band Ocean Color Algorithm

RRS: Reflectance Remote Sensing

8) apig: Pigment Absorption

9) aget: Absorption of Detritus

10) acpom: Colored Dissolved Organic
Absorption

11) bypart: Typical Sediment Scatter

12) bwit: Scattering of White Particles

13) R?: R-squared

14) RMSE: Root Mean Square Error

15) MAE: Mean Absolute Error

16) MBE: Mean Bias Error
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