it bl g
o F T,

SCAJ https://hgscaj.guilan.ac.ir * &
eographical Studies of Coastal Areas Journal,2025,6(1), Serial 20, 63-77 ,
S/
‘Pr‘?

Studien o

Research Paper

Bathymetry in Abu Musa Island Using Remote Sensing Techniques1

Parvaneh Sobhani?*, Mahyar Majidi Nik?

1. Assistant Professor, Department of Environmental Science, Natural Resources Faculty, Lorestan University, Khorramabad,
Iran.

2. Ph.D. student of oceanography, Researcher of the Department of Environmental Geography Studies, Madde Danesh
Studies Center, Tehran, Iran.

d.) DOI: 10.22124/GSCAJ.2025.26528.1288 Received: 2024/01/19
Accepted: 2022/05/02

Abstract

Bathymetry is particular important for managing and monitoring coastal islands and preparing accurate maps and
information about these shallow areas. In this regard, bathymetry using satellite imagery has provided a broad
perspective in shallow coastal areas due to its high efficiency and low cost. Therefore, in the present study, an
experimental bathymetry study of Abu Musa island was conducted with the aim of obtaining more information
about the phenomena and features of shallow water areas using Sentinel-2 images and the Google Earth Engine
(GEE) web platform. Additionally, pre-processing was also carried out to remove the effects of surface reflection
for accurate bathymetry estimation in two time periods, tidal and non-tidal, in comparison with the ICZM project
data. According to the results, in Abou Musa lIsland, the classification of bathymetric points during tidal
conditions had correlation coefficients and errors of R2 = 0.96 and RMSE = 1.11, and outside the low tide, R2 =
0.74 and RMSE = 2.3. The obtained results indicated that the bathymetric accuracy has decreased due to tidal
effects in this island. This means that due to the shallow water column in the intertidal areas, the relationship
between the logarithm ratio and water depth cannot be properly evaluated, because there is not enough
correlation between the data used to define the logarithm/depth relationship, which results in a decrease in the
correlation coefficient between the green/blue band ratio and water depth in the intertidal area (during the
calibration of the experimental bathymetric technique). Furthermore, the validation results of the measured depth
points and the estimated depth points showed that there is a high correlation between these points. These results
indicated the high accuracy of the Sentinel-2 satellite images and the pre-processing set performed in the
experimental bathymetry process in shallow coastal areas. Therefore, this technique can be used as an efficient
method in the bathymetry process in other target islands and shallow coastal areas.
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Highlight
- Bathymetry using satellite imagery has provided a broad perspective in shallow coastal areas due to its high efficiency
and low cost.

- Experimental bathymetry is an efficient method that can also be utilized in the bathymetric process for other islands and
shallow coastal areas.

Extended Abstract

Introduction

Bathymetry is particularly important for managing and monitoring coastal islands and preparing accurate maps
and information about these shallow areas. In this regard, bathymetry using satellite imagery has provided a
broad perspective in shallow coastal areas due to its high efficiency and low cost. The bathymetry process means
determining the depth and studying the bathymetry of water areas such as coastal areas, islands, oceans, seabeds,

1 This article is derived from a research project titled "Bathymetry in Abu Musz Island Using Remote Sensing
Techniques," which was conducted at the Center for Marine Specialized Studies and Research (Madde Danesh) by the first
author in collaboration with the second author.
2. Corresponding Author: sobhani.pa@Iu.ac.ir
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rivers and lakes. Mapping coastal bed areas allows for monitoring and describing shallow coastal areas and also
serves as a basis for studies to investigate deep-sea habitats and plan for military-naval operations and maritime
transport. In general, the bathymetry process in coastal areas is necessary to obtain more information about
underwater phenomena and features, as well as to carry out activities such as shipping, dredging, pipe and cable
laying, determining coastal hazard points, hydrological studies, preparing bed maps, and obtaining information
about marine habitats for use in military, environmental and engineering affairs. However, due to reasons such as
high costs and lack of necessary equipment, hundreds of thousands of kilometers of the world's sea coasts lack
accurate information on depth changes. On the other hand, extensive exploitation of coastal areas has led to the
increasing development of these areas, severe damage to coastal ecosystems, geological hazards, continuous
erosion, flood problems and the destruction of marine ecosystems. In this regard, the bathymetry of coastal areas
is one of the important issues in the military-naval and environmental fields in islands and coastal areas. Also,
bathymetry in coastal areas plays a significant role in the internal infrastructure of the region, so the development
and development of hydrographic services at the national level can improve the safety of seafarers, protect
human lives, and provide facilities for the protection of the marine environment.

Methodology

In the present study, an experimental bathymetry study of Abu Musa island was conducted with the aim of
obtaining more information about the phenomena and features of shallow water areas using Sentinel 2 imagery
and the Google Earth Engine (GEE) web-based platform. Additionally, pre-processing steps were also carried
out to eliminate the effects of surface reflection for accurate bathymetry estimation during two time periods, tidal
and non-tidal, in comparison with the ICZM project data. For this purpose, Sentinel 2 multispectral images were
used as the best available and free multispectral dataset in GEE. The objective of this satellite is to image the
Earth's surface with high quality and accuracy in two radiation wavelengths (visible and ultraviolet) and to
analyze land surface changes over time. These images have a variable spatial resolution ranging from 10 and 60
meters and include 13 different bands (0.443-190.2 um). Given that blue and green wavelengths have the
greatest penetration in water depth due to reflection between 400 and 600 nm, they are therefore very suitable for
bathymetry estimation. Accordingly, in the present study, the pixel values of Sentinel-2's Band 2 (blue) and
Band 3 (green) (Band 2 = 490 nm and Band 3 = 560 nm) were used to estimate bathymetry. After preparing the
output of the blue-to-green band ratio (B/G) and applying the set of water spectral indices, 1500 points were
randomly sampled for training and testing for classification, and then a linear regression model was applied to it,
from which 1000 samples for training and 500 samples for testing were classified and selected. Consequently,
the numerical values of the corresponding pixels of the selected points was extracted and analyzed from the 4
bands (10 m) of the Sentinel 2 imagery.

Results and discussion

As the results showed, in Abu Musa Island, the classification of bathymetric points during high tide has
correlation coefficients and errors of R2 = 0.96 and RMSE = 1.11, and outside the low tide, R2 = 0.74 and
RMSE = 2.3. The obtained results indicated that the bathymetric accuracy has decreased due to the tidal effects
on this island. This means that due to the shallow water column in the intertidal areas, the relationship between
the logarithm ratio and water depth cannot be properly evaluated, because there is not enough correlation
between the data used to define the logarithm/depth relationship, which results in a decrease in the correlation
coefficient between the green/blue band ratio and water depth in the intertidal area (during the calibration of the
experimental bathymetric technique). Also, the validation results of the measured depth points and the estimated
depth points showed that there is a high correlation between these points.

Conclusion

These results indicated the high accuracy of the Sentinel 2 satellite images and the pre-processing set performed
in the experimental bathymetry process in shallow coastal areas. Therefore, this technique can be used as an
efficient method in the bathymetry process in other target islands and shallow coastal areas. Accordingly, remote
sensing techniques and satellite bathymetry models are suitable methods for estimating depth with high spatial
resolution and wide coverage on the surface of islands and especially shallow coastal areas. In this regard, it is
suggested that other algorithms and automated methods be used in bathymetry surveys. Moreover, available data
from the site, such as nautical charts, can be used to retrieve accurate bathymetry by developing efficient and
effective methods that can be repeated in different environments. Future studies should be conducted to improve
the accuracy of the results, including adding high-quality images from other sources, integrating and improving
bathymetry methods, and optimizing the integration process such as pixel selection and fitting.
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1. Water-leaving reflectance

2, Remote sensing reflectance (Rrs)

3, Below-Surface Remote Sensing Reflectance (rrs)
4. Satellite-Derived Bathymetric (SDB)
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