Iragi National Journal of Earth Science, Vol. 26, No. 1, 2026 (01-16)

Monitoring Changes of Rivers Using Remote Sensing Technique:

Kareem Tarik Jayed **

Articles Review

, Hussein Kareem Shather 2

! Department of Surveying Engineering Technologies, College of Engineering Technical, University of Middle

Technical Baghdad, Baghdad, Iraq.

2 Engineering Technical College, University of Middle Technical Baghdad, Baghdad, Iraq.

Article information

ABSTRACT

Received: 13- Jul -2024
Revised: 14- Sep -2024
Accepted: 23- Nov -2024

Available online: 01- Jan —2026

Keywords:
Deposition,
Erosion,
Morphology,
Remote Sensing,

Correspondence:
Name: Kareem Tarik Jayed
Email:

Kareemxx12xxx@gmail.com

The morphological changes of rivers and lakes continue as a result of
several factors, including natural and human. These changes include
rivers' pathways, deposition of sediment, erosion, and flooding due to
water level fluctuation. It is therefore necessary to understand these
changes, which are the basis for the sustainable management of water
resources. The Remote Sensing (RS) technique is often regarded as very
efficient for monitoring natural events, including the morphological
characteristics of river basins. This study has addressed the worldwide
morphological changes of rivers and lakes. It has monitored them using
modern techniques such as remote sensing techniques and its
effectiveness in assessing these changes. Remote sensing technology is
an advanced tool brought about a significant shift in the field of studying
the morphological changes of rivers and lakes. This technology has
provided the capability to collect and analyze data on a large scale,
offering precise and up-to-date information about morphological
changes not only for aquatic systems but also for landforms and physical
alterations. This technology relies on multiple applications for assessing
morphological changes, including satellite imaging, LiDAR (Light
Detection and Ranging) techniques, and radar systems. The results show
the effectiveness of remote sensing techniques and geographic
information systems in analyzing and monitoring the morphological
changes of rivers, lakes, and the aquatic environment in general, as these
techniques save effort, time, and accuracy compared to traditional
methods and fieldwork. The findings of this research indicate that
remote sensing technology and geographic information systems are
highly effective in monitoring morphological changes in rivers and
lakes. These methods provide precise results in a significantly shorter
timeframe compared to conventional approaches. Additionally, they
offer precise and dependable outcomes capable of encompassing
extensive regions and gathering crucial and varied information such as
terrain heights, water movement, sediment dispersion, and early
identification of geological problems.
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Introduction

Rivers' Morphology (RM) has a decisive role in the planning and upkeep of infrastructure
projects like levees, dams, and bridges. Meander patterns are often presented in straight rivers,
where the meandering of rivers is sinuous in plan, with efficient equilibrium features (Southard,
1984). The meander patterns are characterized by the non-linear geometry of the river plan,
which is influenced by the stability of the riverbanks and the presence of midstream bars, along
with potential obstructions.

Various elements, including water discharge, water velocity, water surface slope, width,
and depth of the riverbed material, determine river morphology (RM). These factors shape the
patterns, forms, and banks of the river. These elements are interconnected and cannot be
considered separately (Rinaldi et al., 2016).

Rivers are natural channels that convey a large amount of water flow from catchment
areas as runoff. This water streams from the mountains, runs through the plains, and eventually
joins the sea or ocean. Rivers play a significant role in the hydrological cycle, and transport a
considerable amount of silt or sediment carried down from the catchment region and eroded
from the riverbed and banks, in addition to water. In alluvial soils, silt plays a crucial role in
river behavior (Kim et al., 2009). Floods in rivers create enormous havoc and misery for human
beings when there is no river control in the early days. River behavior is now well understood
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because of advances in science and technology with RS and GIS, and many river training
methods are applied.

Remote sensing technology is an advanced tool that has brought about a significant shift
in the field of studying the morphological changes of rivers and lakes. These technologies have
provided the capability to collect and analyze data on a large scale, offering precise and up-to-
date information about morphological changes not only for aquatic systems but also for
landforms and physical alterations.

This technology relies on multiple applications for assessing morphological changes,
including satellite imaging, LIDAR (Light Detection and Ranging) techniques, and radar
systems.

Remote sensors commonly record wavelengths throughout a wide range, including
visible and infrared rays (near, medium, and far), ultraviolet rays, and other categories. The
energy is transformed, recorded as data, and saved for later use (Forestier et al., 2012).

These technologies can facilitate the adaptive development of all fields. At the same time,
remote sensing techniques are necessary to regularly supply information about the condition
and nature of the research area at various levels. Recent innovations have enhanced remote
sensing (RS) technology, enabling it to better address multiple stakeholders' needs in
agricultural applications. These applications include monitoring agricultural land use,
predicting crop productivity and species distribution, and assessing ecosystem services related
to soil and water resources and biodiversity loss. RS offers a range of substantial and effective
solutions and services to enhance and deliver long-term, cost-efficient operational services for
applications in green lands (Weiss et al., 2020).

It is worth mentioning that traditional methods require extensive field efforts, which result
in higher costs and lower accuracy, whereas remote sensing techniques provide the ability to
analyze large areas with higher efficiency.

Previous studies

Previous research on river and gulf morphological changes has explored potential
negative impacts like flooding, air pollution, water supply loss, agricultural land degradation,
and Earth's average surface temperature. Remote sensing and geographic information systems
could be crucial tools.

Ghoshal et al. (2010) focused on the velocities and types of channels and floodplain
change analysis, emphasizing the importance of examining historical records from the latter
half of the 19" century in the Sierra Nevada of northeastern California. The current area held
great importance because of the swift accumulation of sediment in channels and the
transformation of floodplains caused by hydraulic mining operations. The temporal scope of
this investigation, during which accurate topographic data were accessible, was from 1906 to
2006 (Fig. 1).
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Fig. 1. Deposition and erosion polygons showing areas (m?) of sediment reworked by each
flood (Ghoshal et al., 2010).

The piedmont deposits originating from “the Yuba, Bear, and lower Feather Rivers” were
found to contain an estimated 38% of the high-magnitude sediment produced in the northern
Sierra Nevada region. Before mining activities, the rivers in the Sacramento Valley exhibited
distinct features, including high, steep banks and relatively restricted areas of healthy and
nutrient-rich soil.

The Yuba River revealed substantial and prolonged modifications to its channel due to
the unexpected influx of sediment from the Hydraulic Mining System (HMS) and human
interventions aimed at its management (Ghoshal et al., 2010).

Farooq and Siddique (2015) examined the morphology of the river Jamuna in Bangladesh
by means of (GIS) and (RS) methodologies. Vulnerabilities and changes were identified over
five years, including 2010, 2003, 1989, 1980, and 1973 (Fig. 2). Settlement identification and
analysis were conducted using Landsat Enhanced Thematic Mapper Plus, Multispectral
Scanner images, and Thematic Mapper. Topographic maps from 1947 were employed to map
river channels. Image classification was performed using eCognition/Definiens object-based
methods for river mapping, while ArcGIS provided data on river channel dynamics and bank
erosion. The average rates of bank erosion and siltation were significantly elevated. The average
bank erosion and siltation rates were quantified and determined to be exceptionally elevated.
The annual average erosion measured 1235.25 square kilometers, whereas siltation amounted
to 29.82 square kilometers. The highest recorded river displacement was 35,847 m in 2003,
while the lowest was 16,415m in 2010.
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Fig. 2. Map of Jamuna River channel (1973-2010) with associated land cover (Farooq and Siddique, 2015).

Fashae and Faniran (2015) examined the physical characteristics of the river channels of
the Ogun River, Nigeria. The collection of data about the morphological parameters of the
channel involved the measurement of the river's bank full cross-sectional qualities as well as
the determination of its longitudinal characteristics. Sonar equipment mounted on a boat was
utilized to measure the maximum depth and width of the river at each of the cross-sections. The
bank full width exhibited a strong positive association of 0.8 for the wetted perimeter and 0.9
cross-sectional area. The study additionally demonstrated a strong positive correlation of 0.9
between the gradient and discharge. The study assessed the extent of variation in the physical
features of the Ogun River, providing a scientific basis for the management and maintenance
of the river (Fig. 3).
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Fig. 3. Migratory sand bars along the Lower River Ogun channel (Fashae and Faniran, 2015).
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Donovan et al. (2019) examined river systems and suggested optimal methodologies for
quantifying boundary alterations, including glacier retreat, erosion, and vegetation expansion.
To avoid spatial autocorrelation, it is recommended to assess planform changes over spatial
intervals bigger than the coherent units of adjustment. Remotely sensed imaging enhanced the
precision of analyzing the movement and breadth changes of the Root River, located in
southeastern Minnesota within the region of North America. Nevertheless, there needed to be
a framework specifically designed to address this dataset's uncertainty issue. The primary factor
contributing to uncertainty in manual riverbank delineations was the inconsistency among users
rather than the image quality or environmental circumstances. The digitations traced the
vegetation boundary that most closely represented the river's width at the bank full stage. The
study also suggested utilizing a spatially variable threshold for error detection to improve data
accuracy. The investigation revealed little to no spatial autocorrelation in the rates at which
channels migrate over distances of 1-4 channel widths (50-200 m). This finding was consistent
with the observed patterns of irregularity in user digitizing (Fig. 4).
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Fig. 4. Correlograms showing spatial autocorrelation to measure channel movement. Lag distance denotes
the length over which autocorrelation was measured. Geary's C values, generally ranging from 0 to 2,
were changed to the standard correlation range of -1 to 1 (Donovan et al., 2019).

Langat et al. (2019) conducted the flow duration curve using geospatial methodologies to
examine the Tana River's current hydromorphological properties in Kenya. The goal was to
obtain a clearer knowledge of human impacts during the last twenty years and the consequences
for future development projects. For 17 years, the results indicated that all extreme peak, low,
and average discharges exhibited significant upward trends. The analysis of hydrological
changes after regulations showed a significant rise of 56% and 40% in high and low flows,
respectively. However, the construction of the dam equipment led to a notable decline of 13%
in the highest level of discharge and a substantial 30% drop in low flows. The primary water
flow has had a 33% increase in the previous decade compared to the present decade (Fig. 5).
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Fig. 5. Flow characteristics of the Garissa gauging station, including the discharge equaled or surpassed
and the proportion of time (%) for the periods 2000-2010 and 2011-2016 (Langat et al., 2019).

Aziz et al. (2020) analyzed the structural characteristics of the Diyala River and the
parameters of its basin using geographic information systems (GIS) and image processing. The
study was able to define watersheds and examine their physical characteristics using GIS
hydrology methods and DEM information collected by the Shuttle Radar Topography Mission
(SRTM). As part of this study focused on geometry, the morphometric aspects of the sub-basins
were also analyzed, such as their area, perimeter, frequency of streams, maximum breadth and
length, drainage density, and stream orders. Five distinct sub-basins were identified, each with
its stream order and drainage density ranging from 0.47 to 0.99 km/km?, as shown in Fig. 6.
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Fig. 6. Stream order of the sub-basins 1, 2, 3, 4, and 5 (Aziz et al., 2020).
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Lietal. (2021) studied a comprehensive analysis of the physical structure and form of the
Yongding River across its 92 km stretch in Beijing, China, during four separate periods
spanning from 1964 to 2018. The changes in the river channel's structure were rebuilt at both
the macro and micro levels using data analysis by Geographic Information System (GIS). The
results indicated a substantial alteration in the morphology of the river. The channel's diameter
had decreased by 31%, and there were discernible changes in the temporal and spatial patterns
(Fig. 7). By evaluating the impact of human actions on climate change over various historical
periods, it was determined that human involvement is the primary governing force.
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Fig. 7. Erosion/deposition area determined by superimposing two channel positions (Li et al., 2021).

Ibitoye (2021) analyzed the morphological features of the Niger River by utilizing
Landsat images captured in 1990, 2002, and 2017. Between 1990 and 2017, the data showed a
27.64% reduction in water bodies and a 9.77% drop in riparian vegetation. Nevertheless, there
was a significant 75.61% increase in sediment yield. The river channel exhibited substantial
spatial variations, with the central axis migrating 1347.3 meters eastward in the upper segment
and westward in the lower section. The study determined that the channel had seen significant
structural alterations, primarily due to erosion and accretion processes, which were well
documented using remote sensing imagery (Fig. 8).
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Fig. 8. Land cover classification over the study period (Ibitoye, 2021).

Zhang et al. (2022) investigated the reported variations in water levels and modifications
in the principal river channel that links Wuzhou and Zhaoqging, China, over the past few
decades. Throughout a continuous 27-year period from 1987 to 2013, the quantities of
suspended sediment ejected consistently surpassed the quantities imported. The observed
phenomena could be attributed to a significant decrease in the concentration of suspended silt
particles. Consequently, a notable occurrence of riverbed erosion took place, transforming the
riverbed into a primarily silt-based reservoir. Between 2004 and 2014, a noticeable decrease in
the average elevation of the riverbed was noticed, amounting to a magnitude of 2.21 meters.

Hossain et al. (2023) examined the possibility of morphological alterations in land use,
erosion-sedimentation patterns, coastal dynamics, and sediment accumulation on Sonadia
Island in Southeast Bangladesh. To assess the phenomenon of unusually high sediment
accumulation, the researchers employed various methodologies, including the analysis of
toposheets, historical maps, multiple satellite pictures, and on-site fieldwork observations. The
findings of the inquiry indicated that the coastline of the island experienced frequent and rapid
alterations. In 1779, the island had an area coverage of 1.65 km?, which subsequently expanded
by a factor of 21 to reach 36 km2 in 2021. The study conducted between 1972 and 2021
examined the alterations in land use and land cover on Sonadia Island as seen in Figs. 9 and 10.
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Fig. 9. Analyzed erosion and sedimentation trends of Sonadia Island from 1972 to 2021 by employing a
Voronoi diagram (Hossain et al., 2023).

Vu et al. (2024) investigated the significant morphological changes in the Viethamese
Mekong Delta and their impacts on local economic and social conditions. Utilizing satellite
data from 1988 to 2020 and population density and (LU/LC) maps from 2002, 2008, and 2015,
the study provided a comprehensive analysis of these changes. The islets in the delta showed a
trend of accretion, with an increase in area by 13.3 km2. This accretion led to a narrowing of
the river width over the years.
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Fig.10. Morphological change maps of Sonadia Island’s study area (a) 1972, (b) 1980, (c) 1990, (d) 2000,
(e) 2010, and (f) 2021(Hossain et al., 2023).

River Meandering

Meandering rivers are highly dynamic sedimentary processes on Earth. River bends,
particularly those with high sediment discharge, can move several meters annually (Constantine
et al., 2014). Predicting how meanders develop over time has significant engineering and
geological ramifications, such as managing agricultural land, reducing infrastructure loss,
designing bridges, and distributing heterogeneities in porous sediments and rocks. The
meandering process is characterized by erosion occurring on the outer bank and deposition
occurring on the inner bank. An uneven distribution of flow velocity and shear stress in curved
segments of the channel produces this (Sylvester et al., 2019).

Riverbank Erosion

Riverbank erosion has a significant detrimental influence on the river's ecosystem and
floodplain. Riverbank erosion is an important issue with long-term effects on human life and
the river ecosystem. Riparian land loss, capital expenditure damage, sediment generation and
deposition downstream are among the most significant repercussions (Das et al., 2014).

The river bank side slope affects the erosion process, where a steep slope is taken as a
trigger of erosion, the steep slope will increase the number and speed of runoff, causing erosion
to accelerate owing to more carried and dissolved materials (Kumsa and Assen, 2022). There
are many effective erosion control solutions to keep soil from washing away on a side slope;
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these include riprap, baffles, barriers, terraces, plants, and erosion control wattles. The soil type
can be considered to specify the maximum slope to prevent soil erosion (Ali et al., 2012).

Sediment Transport

Sediment serves as the fundamental component for fluvial processes. Sediment transport
initiates the process of soil erosion. Hence, the implementation of erosion control measures is
crucial for the stabilization of river networks. The sediment load of rivers originates from the
hilly region due to slope erosion, rill erosion, gully erosion, and erosion of the channel bed and
banks.

Sand-bed rivers convey a comparatively substantial quantity of sediment as suspended
load. On the contrary, gravel-bed rivers typically exhibit the opposite trend, with bed-load
accounting for 10 to 50 percent of the total burden (Peckham, 2003).

Rive Banks Riprap

Riprap is a commonly used method for protecting riverbanks (Fig. 12). Various
techniques exist for designing riprap effectively, but they typically involve using medium-sized
chunks dropped into place. However, enhanced protection against erosion may be attained by
strategically positioning individual stones in one or more layers instead of haphazardly
depositing them (Jafarnejad et al., 2019).

Fig. 12. Riprap with blocks of 4 to 4.5 t individually laid by a machine atop a geotextile functioning as a
filter (Jafarnejad et al., 2019).

Impacts of climate and land use/land cover change on river
hydromorphology

Fig. 13 shows the interrelationships between the various components. Land cover changes
impact the atmosphere's energy balance, influencing rainfall and temperature patterns.
Similarly, weather patterns impact LULC, which affects both watershed hydrology and river
morphology through an exact feedback mechanism. Climate change and hydrology
unidirectionally impact river morphology. To achieve effective and sustainable land and water
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resource management, it is crucial to comprehend the hydro-morphological reactions of
watersheds to climate and land use/land cover change (LULC), especially in tropical nations
that experience alternating wet and dry seasons. While there has been substantial research on
the impact of LULC and CC on basin hydrology, less attention has been given to morphological
and hydrological feedback in tropical settings (Watershed, 2020).

Climate
change

Hydrology

|

Morphology

Fig. 13. LULC, CC, hydrology, and morphological interactions. Arrows indicate the direction of causality
(Watershed, 2020).

Results and discussion

The results of this study, through the analysis of previous studies, have shown that the use
of modern remote sensing technology and geographic information systems has made it possible
to accurately determine the morphological changes in water bodies such as rivers and lakes over
specific periods. It is also found that Landsat data have been widely used in the study and
analysis of water bodies, and the best tool was the remote sensing technique, especially when
analyzing long-term time series with high spatial resolution, because the Landsat satellite
provides the longest continuous time series of any environmental satellite program, making it
an effective and primary tool in studies spanning long periods. Consequently, all newer remote
sensing technology has yet to reach the same level of usage as the Landsat satellite.

The results show that this technology represents a revolution in monitoring and analyzing
the morphological changes of water bodies, as it has been able to provide accurate, detailed,
and rapid data compared to traditional methods. Using satellite images and analyzing them with
geographic information systems allows for the assessment and monitoring of changes in river
courses and lake boundaries, as well as identifying areas of erosion and deposition over long
and consistent time periods.

The utilization of these technologies yields precise, rapid, and dependable outcomes. This
technology can cover large areas and capture important data such as land elevations, water flow
patterns, and sediment distribution. Additionally, it aids in the prompt identification of
morphological issues, facilitating swift intervention. Therefore, this technology greatly
enhanced water resource planning and management, thereby improving the efficiency of
decision-makers and individuals involved in the management of rivers and lakes.

13
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Conclusion
The following points can be concluded from the current review:

1. The effectiveness of the remote sensing (RS) technique and geographic information system
(GIS) in assessing and monitoring morphological changes in aquatic environments such as
lakes and rivers.

2. These capabilities contribute to providing accurate and comprehensive data that have aided
in the development of sustainable water resource management.

3. It is essential to monitor the morphological changes in rivers and lakes to reduce the
occurrence of floods.

4. The use of remote sensing technologies, such as Landsat-8 satellite images and Google Earth
Pro, in monitoring the morphological changes of water areas, detecting violations along the
banks of rivers and lakes.

5. More data must be obtained from GIS and RS for buildings with a unified database among
the concerned departments for updating it continuously, accurately, and systematically due
to the social, economic, and urban changes. Developing appropriate solutions to problems
before they occur accurately and thoughtfully.

Effective water resource management requires the use of modern remote sensing
technologies and advanced data analysis tools. By expanding the use of these technologies,
developing integrated analytical tools, and enhancing training programs, the ability to
monitor and analyze morphological changes in rivers and lakes will be improved, leading
to more sustainable water resource management.
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