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Abstract

This study aims to evaluate the statistical relationship between water turbidity and surface reflectance
derived from satellite imagery and to analyze the temporal variability of turbidity in the Kok River using time-
series Sentinel-2 satellite data acquired between 1 January 2023 to 31 March 2025, processed on the Google
Earth Engine (GEE) platform. The rank correlation analysis between field turbidity (NTU) and NDSSI showed a
strong inverse relationship, with Spearman’s rank correlation and Kendall’s rank correlation coefficients of —0.83
and -0.64, respectively, indicating an association between NDSSI values and the ordinal variation of turbidity in
the Kok River. Temporal analysis revealed a seasonal pattern in turbidity, with low to moderate levels during the
dry season and a rapid increase during the rainy season. The maximum turbidity observed in the dataset was
6,150 NTU, while the minimum NDSSI value detected was —0.52, occurring at different times. Anomaly analysis
indicated that turbidity tended to increase during the rainy season. Turbidity values exceeding 720 NTU were
classified as positive anomalies, whereas NDSSI values lower than —0.13 were classified as negative anomalies.
However, anomaly detection for NDSSI was limited to periods with available satellite imagery, as some months
during the main monsoon season did not meet the image selection criteria. Overall, the results suggest that time-
series NDSSI derived from satellite imagery may be useful for examining turbidity variation trends and identifying

anomalous turbidity conditions in the Kok River, Chiang Rai Province.
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Figure 1 Map showing the study area in the Kok River at latitude 19.918564° N and longitude 99.821838° E
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Figure 2 Conceptual framework and methodological workflow of the study
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Tfinnwssuamnali Table 1

Table 1 Temporal Distribution of Sentinel-2 Satellite Images

Year Month Number of Scenes Image Dates
January 4 4,9, 14, 24
February 3 3, 8,13
March 1 15
April 2 19, 29
2023
May 2 4,19
June - -
July - -
August - -
September - -
October 1 26
November 3 5, 25, 30
December 3 15, 20, 30
January 3 4,9, 19
February 6 3, 8, 13, 18, 23, 28
March 5 4,9, 14, 24, 29
April 3 13, 23, 28
2024 May 1 s
June - -
July . _
August - -
September - -

October 3 15, 25, 30
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Year Month Number of Scenes Image Dates
November 3 4,19, 24
December 3 4, 24, 29
January 5 3,13, 18, 23, 28
2025 February 5 2,7,12,17, 22, 27
March 4 4,14, 24, 29

(c)

Figure 3 Results of Sentinel-2 Images Acquisition
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Normalized Difference Suspended Sediment Index : NDSSI

Figure 4 NDSSI Analysis Results for the Kok River
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Table 2 Results of the Statistical Correlation Analysis

Descriptives

Including Outlier Excluding Outlier

(N = 61) (N = 60)

Nephelometric Turbidity Units : NTU

Average 148.71 91.85
Median 67.90 66.95
Mode 30.90 30.90
Standard deviation 452.33 86.90
Min - Max 20.50 - 3,560.00 20.50 - 564.00
Normalized Difference Suspended Sediment Index : NDSSI
Average 0.10
Median 0.09
Mode (-0.21)
Standard deviation 0.23
Min - Max (-0.52) - 1
Correlation between NTU and NDSSI
Pearson’s Correlation (-0.46)* (-0.65)*
Spearman’s Correlation (-0.84)* (-0.83)*
Kendall’s (-0.66)* (-0.64)*
Coefficient of Determination (R2) 0.21* 0.42*
Note : * p < 0.001
(a) (b)
10{ @ M=t 101 o o0
il s
051 § Kendall = -0.66 05{ gf Kendall = -0.64

0.01

NDSSI

-0.51

NDSSI = -0.0002 x NTU + 0.1381

NDSSI = -0.0016 x NTU + 0.2632

Rz= 0.21 ﬁ RZ = 0.42
Q 0.0
H
]
-0.51
0 1000 2000 3000 0 100 200 300 400 500
Turbidity (NTU) Turbidity (NTU)
Including Outlier Excluding Outlier

Figure 5 Results of the Linear Relationship Analysis between NDSSI and Turbidity
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Figure 6 Temporal Distribution of Turbidity (NTU) Data
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Figure 7 Temporal Distribution of NDSSI Value
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Figure 8 Representative Sentinel-2 images corresponding to selected temporal points (a—g) in the NDSSI and

turbidity (NTU) time-series.
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Figure 9 Density and Violin Plots of Turbidity (NTU) Data
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Figure 11 Anomaly Analysis of Turbidity (NTU) Data
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