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Article Info Abstract
Estuaries and tidal inlets are valuable environments for marine ecosystems and have
Article history: strong socio-economic importance for coastal communities (maritime, fishing,
Received: 3 July 2024 aquaculture, tourism, recreational activities, etc.). Estuaries are connected to the sea by
inlets. Various models of changes in the area of the sedimentary delta of inlets with
Revised: 11 February 2025 different behaviors have been identified. In this paper, an evaluation of the parameters
Accepted: 16 February 2025 affecting sedimentary delta changes and a prediction of changes in the sedimentary delta

area of mixed energy-dominated estuaries (simultaneously dominated by waves and tides)

on a 20-year scale has been carried out on the Makoran coast. This assessment was carried
out using machine learning models such as decision trees, support vector machines,
Keywords: multilayer neural networks, and satellite image analysis. Factors affecting changes in
Tidal inlets, inlets have been evaluated in 5 main groups, including 34 components, 2100 data points
mixed energy inlets, over a pgriod of 20 years. The data evglugted in the research were obtained by analyzing
machine learning satellite images, extracting and classifying data from the European Weather Database
sediment delta, ’ (ECWMF) from the era-intrim data series, and data from the Chabahar and Jad field
satellite images. stations. The results showed that machine learning models, with the appropriate data bank
and selection of appropriate features, can predict and evaluate changes in the sedimentary
delta of the Makoran inlets dominated by mixed energy. Among the three models
evaluated, the decision tree model provided the best performance with an error of less
than 8% for these openings. Among the 34 selected components, the most influential
characteristics affecting these inlets in the long term are global-scale data such as sea level
rise, global warming, and barystatics. In the second order of importance of data, there are
meteorological data, such as the number of rainy days per year and precipitation. The
enhanced Wilmot index and the MAE and MSE indices have selected the decision tree
model as the best model for predicting changes in the delta of the Makoran mixed energy

inlets.
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Step Description

1 |Data Collection: This crucial step affects results significantly, as data quality and quantity matter.

2 |Model Preparation: Filter data using selected methods and then utilize them for random training.

3 |Model Selection: Choose the best-performing model in similar fields.

4 |Model Training: Use random variable values, compare outputs to expected responses, and iterate to improve learning.

Model Evaluation: Compare outputs from learned models with previously set aside validation data.

Parameter Tuning: Adjust hyperparameters like learning rates and initial values to enhance performance.

Model Output: The stage where the value of machine learning becomes evident by providing expected results.
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Mean Tidal Range (m)

Mean Wave Height (m)
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Data Type Collection Source Period Collection Method
. Tang inlet: Chabahar station, Galak and
Meteorological Meidani inlets: Jad station 1999-2019 Annual
Global AVISO International Weather Center for 1980-2020 Annual
all three inlets
Hydrodynamic ECMWF Center, EM.-Interlm dataset for 1999-2020 Monthly
all three inlets
Geomorphological Satellite image analysis: Landsat 7 and 8, | 1999-2014 (Landsat), 2015- Annual
comOTphotoglc Sentinel for all three inlets 2019 (Sentinel) u
Computational Calculated based on critical parameters 1999-2020 Annual
Parameters from study records
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26 Java script
27 Application Programming Interface
28 Modified Normalized Difference Vegetation Index
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Calculation of
Sedimentary Data
Chnages in Tidal

Through satellite
image analysis

Inlets
| Meteorological Jad Meteorological
Data Station
ml Global Data S— aviso

Extraction of Satellite Image

— Morphological —_—

Influential Data — Analysis
| | Hydredynamic —— ECWMF
Computational —— Data Calculation

Database

Formation =——Data Categorization

Comparison with

Data Welghting —— Delta Changes at
the Inlet

Support Vector
Machine Model

Building Machine . s
Learning Models Decision Tree
Multilayer Neural
Network

Prediction of
Changes Using  m—
Maodels

Error Rate
Calculation

Meodel Comparisen
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Category/Codel Description
Hydrodynamic
X0 Wave height
X1 Calm wave height
X2 Storm wave height
X3 Wave direction
X4 Calm wave direction
X5 Storm wave direction
X6 Wave period
X7 Calm wave period
X8 Storm wave period
X9 Water surface pressure
X10 Calm water surface pressure
X11 Storm water surface pressure
X12 Wind speed (U component)
X13 Wind speed (V component)
X14 Tidal range
Synoptic Data
X15 Temperature
X16 Average high temperature
X17 Average low temperature
X18 Absolute maximum temperature
X19 Absolute minimum temperature
X20 Precipitation
X21 Number of stormy days
X22 Number of rainy days (>1mm)
X23 Number of rainy days ((>0.1 mm)
Global
X24 Sea level rise
X25 Global warming
X26 Earth energy imbalance
X217 Barystatic pressure
Satellite Image Analysis
X28 Area with no data available
X29 Dry area
X30 Mudflat area
X31 Water area
Dependent Parameters
Area of water at the inlet
Area of mudflat at the inlet
Effective Parameters
X32 Sedimentation rate
X33 Tidal prism
X34 P/M ratio
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Parameter Unit Satellite Resolution Period
Water/Dry area Square meter Landsat 7 and 8 15-30 (m/pixel) 1999-2019

Muddy area Square meter Landsat 7 and 8 15-30 (m/pixel) 1999-2019

Inlets delta Square meter Landsat 7 and 8 15-30 (m/pixel) 1999-2019
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Tidal inlet Period |Regression equations Correlation coefficient
Meydani 1999-2019 | y =-11318x +2x10’ R2=0.8881
Galek 1999-2019 ¥y =-9206.8x +2x10’ R>=0.4478
Tang 1999-2019 y =-1435x +2x10° R2=0.6128
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Khowr (Bay) | Average Inlet Width Period Average Khowr (Bay) Area
Meydani 1000-1300 m 1999-2019 62966576 m?
Galek 600-800 m 1999-2019 6689731 m?
Tang 200-250 m 1999-2019 6076130 m>
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