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Objective: The main objective of this study is to analyze the temporal and spatial
displacement of a section of the Sefidrud River in Gilan Province, northern Iran. The
research aims to understand how geomorphological changes, driven by hydrological
conditions and anthropogenic activities, have impacted the river’s morphology, resulting in
environmental and socio-economic consequences.

Methods: This study employed remote sensing and Geographic Information System (GIS)
tools and techniques to monitor and evaluate morphological changes in the Sefidrud River
over a 40-year period (1985-2025). Key parameters such as the sinuosity index and river
channel width were used to assess channel shifts. Satellite imagery and schematic profile
analyses were utilized to map erosion and sedimentation patterns across different decades
Results: Findings indicate that between 1985 and 2005, the river channel was primarily
affected by widespread sedimentation due to increased channel area and reduced flow
energy. In contrast, during the 2005-2025 period, this trend reversed, with the active
channel experiencing significant narrowing, intensified lateral erosion, and increased
morphological dynamism. The total river width decreased drastically from approximately
23,467 meters in 1985 to 4,176 meters in 2025—an overall reduction of about 82%. A
consistent decrease in sinuosity across all sections reflected a shift toward a straighter river
path. Additionally, lateral channel migration was predominantly westward, with more
significant changes observed in the upstream and midstream reaches

Conclusions: The study reveals a clear temporal shift from sediment-dominated processes
in the early decades to erosion-dominated dynamics in recent years. These changes
highlight the impact of both natural and human-induced factors on river morphology. The
results underscore the importance of continuous monitoring using remote sensing and GIS
techniques for sustainable river management and planning.
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Introduction

He morphological evolution of river systems represents a critical aspect of fluvial geomorphology with
considerable environmental, hydrological, and socio-economic implications. Rivers are dynamic systems,
continuously reshaping through the interplay of natural processes and anthropogenic influences. Channel
migration, bank erosion, sedimentation, and changes in river planform are driven by variations in flow regime,
sediment load, catchment characteristics, and increasingly, by intensive human interventions such as dam
construction, river training, land use change, and sand-mining activities. These morphodynamic processes
determine not only the structure and function of aquatic and riparian habitats but also impact floodplain
productivity, infrastructure, and local communities.

Among modern tools available for the quantitative assessment of river channel change, remote sensing (RS)
and Geographic Information Systems (GIS) have brought a paradigm shift by enabling objective, multi-temporal,
and spatially extensive analysis of river systems. The Sefidrud River, located in Gilan province, northern Iran, is
of significant economic and ecological importance, providing irrigation, drinking water, and supporting
biodiversity. In recent decades, considerable morphological changes have been observed in its upper reaches,
particularly upstream of Rudbar, attributable to both natural factors and intensified human activities such as dam
operations and catchment development.

This study aims to utilize RS and GIS techniques to investigate the spatiotemporal dynamics and
morphological evolution of a defined reach of the Sefidrud River over the period 1985-2025. Specifically, it
seeks to quantify and analyze patterns of channel migration, width fluctuation, sinuosity variation, and the
processes of erosion and sedimentation, offering insights into driving mechanisms, dominant trends, and their
wider implications.

Materials and Methods
Study Area:

The research focuses on a 19-km section of the Sefidrud River, stretching from upstream of Rudbar within Gilan
province. The study reach was selected due to its pronounced morphological activity, availability of historical
data, and relevance to regional hydrological management.

Data Sources:

Multi-temporal satellite imagery from Landsat (TM, ETM+, OLI) with 30-m spatial resolution were acquired for
the target years: 1985, 1995, 2005, 2015, and 2025 (where the 2025 dataset is extrapolated/anticipated based on
recent imagery and observed trends). High-resolution Google Earth imagery and historical topographic maps
were employed for geo-referencing, cross-validation, and increased spatial accuracy. Ancillary data such as river
cross-sectional measurements, field observations, and secondary hydrological statistics were incorporated to
support morphometric analysis.

Methodology:

e Preprocessing: All satellite images were geometrically corrected, registered to UTM Zone 39N
(WGS84), and radiometrically normalized to ensure temporal consistency. Water bodies were extracted
using a combination of Normalized Difference Water Index (NDWI) and manual digitization, validated
against ground truth points.

e  Channel Centerline and Bankline Extraction: For each time slice, the main channel’s centerline and
active banklines were delineated using onscreen digitization and edge-detection approaches in GIS.

e Morphometric Indices:

o Channel Sinuosity was calculated as the ratio of the actual river length (along the channel
centerline) to the straight-line (valley) length between control points (T1-T19, based on the study
segmentation).

o River Width: At each of 19 fixed cross-sections (T1-T19), river width was measured per time
slice. Data were structured in a matrix for temporal and spatial comparison.

o Erosion and Sedimentation Mapping: By overlaying successive years’ channel polygons, zones of
active erosion (bankline retreat) and sedimentation (bar and floodplain accretion) were mapped for
each decade.
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e Channel Migration Analysis:The magnitude and direction of channel shifting were quantified by
measuring the centroidal displacement of channel cross-sections and tracking bar apex/channel thalweg
movement, noting east-west migration.

e Statistical Analysis:Numerical results were summarized using descriptive statistics, longitudinal plots,
and change detection matrices. Analytical outputs were further visualized using time-series graphs, bar
charts, and thematic erosion/sedimentation maps.

Results

The results reveal clear spatiotemporal patterns in channel form and process, reflecting both natural variability
and anthropogenic influences:

1. River Width and Water Surface Area:

The total river width across all cross-sections exhibited a marked and nearly continuous reduction, from
approximately 23,467 meters in 1985 to 4,176 meters in 2025—representing an 82% decrease in active channel
width. All three main sections (upper, middle, lower) displayed narrowing trends, most pronounced in the
upstream reaches. Annual average reduction rates were highest during the first decade and gradually stabilized in
later years.

2. Sinuosity:

Channel sinuosity steadily declined in all segments, indicating significant straightening of the river path.
Initial years were characterized by higher meandering (sinuosity > 1.2 in some sections), but subsequent decades
saw values approaching 1.05-1.10, reflecting loss of natural meander features and reduced lateral migration.

3. Erosion and Sedimentation:
Change detection maps for each decade unveiled an evolving pattern:

e 1985-2005: Sedimentation (accretion, bar formation) was the dominant process, especially in the
middle section. Red zones (indicating deposition) were more extensive, leading to local channel
widening and aggradation.

e 2005-2015: This period marked a transition with more balanced processes—both erosion (bank retreat)
and sedimentation were significant, and “no change” areas (yellow) expanded, reflecting spatial
stabilization.

e 2015-2025: Erosional processes became more dominant, particularly in upstream segments. Bankline
retreat and width reduction outweighed minor depositional events, resulting in further contraction of the
active riverbed and increased flow velocity.

4. Channel Migration:

Across all decades, the channel exhibited a persistent westward shift, especially at midstream sites (T7-T13).
The magnitude of migration was greatest in earlier periods, moderating in the most recent decade. Localized
eastward shifts were infrequent and spatially constrained.

5. Driving Factors:

The observed channel dynamics are closely linked to (a) reduced water and sediment supply following dam
construction and flow regulation, (b) intensive sand-mining and in-channel excavation, © engineering
interventions for bank stabilization, and (d) regional climatic variability affecting discharge and sediment
delivery.

Conclusion

The present study, using spatial analyses and mapping of erosion and sedimentation over four decades (1985-
2015), shows that the Sefidrood River in the studied area has undergone significant and variable morphological
changes, which is clearly visible based on erosion and sedimentation maps in different decades. The results show
that in the first two decades (1995-1985 and 1995-2005), sedimentation was dominant on the riverbed; in such a
way that sedimentation covered a major part of the river course and erosion was limited to scattered and smaller
sections. This pattern indicated a period of reduced flow energy, increased river sediment load, or reduced flow
rate, which led to sediment accumulation and a cross-sectional widening of the bed. It can be assumed that in
these periods, the role of dam construction or periodic droughts and extensive exploitation of sand resources
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played a major role in the transport and deposition of sediments. In the third decade (2005-2015), however, the
pattern of changes has become more balanced and balanced; erosion areas have become more extensive and
continuous than in the past, and at the same time, the share of unchanged areas has also increased. This change in
behavior indicates that the river has entered a transitional period between the dominant dynamics of
sedimentation and the resumption of erosion activities, and indicates that part of the flow energy has been
allocated to the recovery and removal of sediments deposited in previous periods. Also, the increase in stable
areas indicates the relative stabilization of the bed morphology. In recent decades and the final period (2015—
2025), given the continuation of this trend and the overall decrease in bed width in all sections, it can be
concluded that the river is on a path of continuous shrinkage and a tendency towards greater morphodynamic
equilibrium. This process is accompanied by a decrease in flood storage capacity, an increase in flow velocity,
and a decrease in the diversity of bed habitats.

Keywords: Sedimentation, Erosion, River, Morphology, Sefidrud.
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