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Keywords ABSTRACT
Plume, Sentinel-2 Floods play an important role in the flow of rivers, so their investigation and analysis
satellite, Optimum are importance. Studying the dynamics of floods and the water discharged into the sea
index factor, Decision (plume) is very important in the fields of fisheries, sedimentation, transportation and
tree, Babolroud River environment. Babolrud-River originates from the south of Babol city and flows into the
North of Iran Caspian-Sea after traveling about 67 kilometers. In this research, the expansion of the

plume entering from the Babolrud-River to the Caspian Sea during the spring flood of
2018 has been investigated. For this purpose, firstly the images of Sentinel-2 satellite
were taken, then the required pre-processing including geometric and radiometric
correction was applied. According to the spectral behavior of muddy and clear waters,
in the spectral range of wavelengths of 0.4 to 0.78 micrometers, this phenomenon can
be distinguished. As a result, by using this feature and the optimal index factor (OIF),
the best color combination with the largest information was detected. The combination
bands of 3, 4 and 8, with the OIF of 0.19, was defined as the best band combination. In
the next step, NDVI, NDFI, and MNDW!I were applied, and thresholds were applied to
the defined indices for better separation of muddy and clear waters. These thresholds
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Accept Date: 2023/05/20 histograms. Finally, by building the decision tree with all these indicators and applying
the thresholds, the amount of muddy water from the flood entering the Caspian Sea

Available: 2023/07/21 from the Babolrud-River was revealed.
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Extended Abstract
1-Introduction

The plume is formed in the entire rivers and affects the areas near the coast and causes the movement of
sediments of nutrients and pollutants (Mestres et al., 2007). The high content of cohesive sediments causes
turbidity in water (Maciel et al., 2021). The outflows of rivers create plumes, since they have different spectral
effects, they can be identified from the surrounding waters (Hashmi et al., 2016). One of the most important
features of a plume is the difference in the physical, chemical and biological characteristics of the two fluids,
therefore identifying this place as the plume front is important (Soyuf Jahromi et al., 2018). The applications
of remote sensing include investigating sediments and suspended substances in the water of seas and rivers,
investigating the color of water, the amount of chlorophyll, water quality, etc. (Maciel et al., 2021).

2-Methodology

The study area is Babolroud River with the coordinate system of 52° 39, 52° 42" E, 36° 31',36° 34’ N which
iIs located in the south part of the Caspian Sea and the north of Iran (Fig.1).

Fig (1): The study area position

In this article, the plume entering the Caspian Sea from the Babolroud River during the spring flood of 2018
has been investigated. In this regard, after receiving Sentinel-2 satellite images, the methods of calculating
the correlation coefficient, standard deviation, optimal index factor (eq.1), spectral behavior curve (Fig.2),
NDVI, NDFI and MNDW!I indexes (eq. 2, 3, 4) and also thresholding were used. (Sri Sumantyo et al., 2017,
Fazel et al., 2016, Ba-aghideh et al., 2011, Ghosh et al., 2015, Wan et al., 2018).
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Fig (2): Spectral signature of turbid and clear waters
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3- Results and Discussion

According to the spectral behavior of muddy and clear waters, this phenomenon can be distinguished in the
spectral range of wavelengths from 0.5 to 0.78 micrometers (bands 3 to 8). At first, the OIF index was used
to identify optimal combinations, then according to the repeatability of bands 3 and 4 in different
combinations, they were placed at the top of the appropriate bands. To separate water from other phenomena,
the NDVI index, which is the measured difference between visible red (band 4) and near-infrared (band 8)
spectral range, was used. On the other hand, MNDWI and NDFI indexes were also used, which is the
measured difference of the shortwave infrared spectral range (bands 11 and 12) with visible green (band 3)
for MNDWI and visible red (band 4) for NDFI. In the range of near-infrared (NIR) and shortwave infrared
(SWIR), water absorbs all infrared wavelengths, and in the sea area, any phenomenon other than water, will
have a higher reflective value. Therefore, in choosing the threshold on the indicators, this feature was
effective. Finally, a decision tree was created by applying thresholds on NDVI indices (values less than -0.03
and greater than -0.39), MNDWI (values greater than 0.4) and NDFI (values greater than 0.5) and bands 3
and 4 (values greater than 0.10). The result showed in Figure 3.
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Fig (3): The plume of turbid water detected at the estuary of the Babolroud river

4-Conclusions

In this research, by using the Sentinel-2 satellite images, the muddy waters which were entered the Babolroud
River to the Caspian Sea during the flood of 2018 were detected. For this purpose, by using the remote sensing
methods including the OIF indicator, NDVI, MNDW!I, and NDFI indexes, and also the classification by
decision tree, the muddy water entering the sea due to flood was classified with two levels of mud pollution.
The results of this research show that, during the flood, the area of muddy water intrusion to the Caspian Sea
was approximately 9 km2. On the other hand, the results show that this plume has also expanded to the east.
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