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Abstract

This study aims to characterize the morphology of the Sassandra River using satellite imagery acquired between 2016 and 2024
in order to support population safety in the context of potential flood hazards. The specific objectives are to evaluate riverbed
evolution, analyze morphological changes, and identify the factors driving these transformations. Satellite images were processed
using cartographic and geospatial tools, particularly QGIS 3.36, to assess river dynamics and quantify areas affected by erosion
and sediment deposition. A diachronic analysis was conducted using the Normalized Difference Water Index (NDWI) to identify
wetlands and monitor spatial changes in the river channel. Two four-year periods, 2016-2020 and 2020-2024, were examined to
evaluate patterns of river regression and transgression. The results reveal that the Sassandra River exhibits a meandering channel
pattern associated with an almost flat slope. Between 2016 and 2020, sediment deposition was the dominant process, accounting
for approximately 82% of the observed changes, while erosion represented 18%. In contrast, the 2020-2024 period showed an
increase in erosional activity, with erosion reaching 43% and sediment deposition decreasing to 57%. These findings demonstrate
the continuous evolution of the river channel and highlight the significant influence of climate variability on fluvial processes.
The observed morphological changes may increase the vulnerability of surrounding areas to natural hazards, particularly
flooding. This study provides valuable information for river management, environmental monitoring, and flood risk mitigation
in the Sassandra River basin.
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1. Introduction

Fluvial geomorphology addresses the physical forms and transport terrestrial material toward the sea [1]. Technological
landscape structures created by river processes, which advances in remote sensing now enable the characterization of
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river morphology through satellite imagery. Satellite images
are acquired from space using sensors mounted on satellites
and provide information similar to aerial photographs, while
offering additional topographic data. According to numerous
studies, the dynamic nature of topography is associated with
irregular rainfall patterns, shortened rainy seasons, increasing
temperatures, and the persistence and severity of dry seasons
[1-3]. Cote d’Ivoire, a country crossed by numerous river sys-
tems, is already experiencing the consequences of climate
change and remains vulnerable to natural hazards [4]. Rainy
seasons have become shorter, with delayed onset and earlier
termination, disrupting agricultural calendars and exacerbat-
ing extreme meteorological events such as floods. Beyond
their impact on river systems, these changes also affect relief,
fluvial evolution, and landscape development. The western re-
gion of Cdte d’Ivoire exhibits the most rugged relief in the
country. Approximately one-third of this territory is moun-
tainous [5], characterized by steep slopes and high annual
rainfall exceeding 1,500 mm. Consequently, the region is
highly susceptible to slope-instability processes [6], while riv-
ers and their tributaries may trigger flooding events due to dis-
charge variability. Within the Guémon Region, the Sassandra
River, one of the country’s largest rivers, provides an ideal

setting for investigating fluvial geomorphological processes.
In humid tropical environments, flooding is generally associ-
ated with intense or prolonged rainfall events [7]. However,
the growing occurrence of natural hazards in western Cote
d’Ivoire raises important scientific questions regarding the
temporal evolution of the river channel, the controlling factors
of its dynamics, and the impacts of climate change on both the
river system and nearby populations.

2. Materials and Methodes

2.1. Presentation of Study Area

The Guémon Region is located in western Cote d’Ivoire be-
tween latitudes 5°30'N and 7°N and longitudes 8°30'W and
7°W. It comprises four departments: Dué¢koué, Bangolo, Kou-
ibly, and Facobly. The region covers an area of 7,442 km?,
distributed as follows: 3,035 km? for Duékoué, 2,315 km? for
Bangolo, 1,057 km? for Facobly, and 1,035 km? for Kouibly
(Figure 1). The region is divided into twenty-three sub-prefec-
tures, including five in Duékoué, nine in Bangolo, four in
Kouibly, and five in Facobly [8].
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Figure 1. Geographic location of the Guémon Region.
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2.2. Material

2.2.1. Acquisition of Morphological Data

This study used cartographic and satellite data acquired for
the years 2016, 2020, and 2024. Landsat imagery and Digital
Elevation Model (DEM) raster files were downloaded from
http://earthexplore.usgs.gov the USGS EarthExplorer plat-
form, while Sentinel-2 imagery was obtained from the Coper-
nicus Browser platform http://copernicusbrowser. The images
were produced from color composites with spatial resolutions
ranging from 10 to 30 m and a cloud cover of less than 10%.
The study area extends along the Sassandra River within the
departments of Facobly and Kouibly. All images were ac-
quired during the dry season, between November and March,
to ensure optimal visibility. Previous studies have demon-
strated that using imagery in the Tanda department by [9] from
1986 to 2000 (the same season) significantly reduces seasonal
effects in change-detection analyses.

2.2.2. Cartographic Processing Tools

QGIS 3.36 software was used for image processing through
the Semi-Automatic Classification Plugin (SCP). The soft-
ware was also employed for georeferencing, river-channel

digitization, and the production of slope and topographic maps.

2.3. Methods

2.3.1. Image Preprocessing

Prior to image analysis, preprocessing procedures were car-
ried out to correct atmospheric and radiometric distortions.
These operations were performed in QGIS 3.36 using special-
ized tools to ensure the accuracy and reliability of the data.

2.3.2. Diachronic Analysis Using Satellite Imagery

(i). Hydro- geomorphological Dynamics over a
Defined Period

Hydro-geomorphological dynamics were assessed using sa-
tellite images from 2016, 2020, and 2024. The images were
processed in QGIS 3.36 to identify changes in the river chan-
nel over time. The Normalized Difference Water Index
(NDWI) was applied to extract water bodies and delineate the
river boundaries. The river extents obtained for each year were
compared using overlay analysis. This approach made it pos-
sible to detect areas affected by erosion and sediment deposi-
tion and to quantify the observed changes between the two
study periods (2016-2020 and 2020-2024). The results were
then used to evaluate the evolution of the river morphology
and its hydro-geomorphological dynamics.

(ii). Digitization of River Channels
QGIS 3.36 was used to digitize the Sassandra River from
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satellite imagery. This process made it possible to delineate
the river channel for the years 2016, 2020, and 2024.

(iii). Overlay of River Channels

The digitized river courses from different years were super-
imposed to visualize temporal changes. This overlay analysis
highlighted areas affected by erosion and accretion, thereby
revealing the spatial evolution of the river system.

(iv). Segmentation of the River Reach

Because of its considerable length and visibility on satellite
imagery, the Sassandra River was divided into three sections.
This segmentation enabled a more detailed analysis of geo-
morphological variations along the river corridor.

2.3.3. Calculation of Geomorphological Parameters

(i). Sinosity Index

The sinuosity of the Sassandra River was calculated from
the digitized river traces. This parameter quantifies channel
curvature and determines the degree of meandering. The sin-
uosity index (SI) was computed as:

SI = Channel Length / Valley Length (1)
where channel length represents the actual river length and
valley length corresponds to the straight-line distance between
the river’s endpoints.

(ii). Identification of Impacted Areas

Using the overlay of river-channel traces, areas affected by
erosion and accretion were quantified. This assessment was
conducted by comparing channel-width variations between
2016-2020 and 2020-2024, enabling the identification of
zones subject to geomorphological change.

(iii). Assessment of Bank Retreat of 2016 to 2024

Satellite images from different years were used to evaluate
rates of bank retreat and sediment accumulation along the Sas-
sandra River. Comparisons between channel boundaries
across successive periods allowed changes in shoreline posi-
tion to be quantified over time.

(iv). NDWI Computation of 1985 to 2024

The Normalized Difference Water Index (NDWI) was cal-
culated from satellite imagery to assess water presence within
the study area.

For Landsat 5:

NDWI=(Band 2 —Band 4) /(Band 2 + Band 4)  (2)

For Sentinel-2:
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NDWI = (Band 3 — Band 8) / (Band 3 + Band 8) (3)

3. Results

These indices were used to quantify variations in soil mois-
ture and surface-water extent.

3.1. Geomorphological Evolution of the Sassandra River

3.1.1. Morphological Evolution of the Rivers Channel

¥ e R R

Figure 2. Superposition of river-channel traces from 2016, 2020, and 2024.

The superimposition of river-channel traces from 2016,
2020, and 2024 highlights significant changes that occurred
over time. On the satellite imagery, the river appears as a dark
meandering band. Detailed observation of the different river
sections reveals variations in channel width and sinuosity be-
tween the study years. These changes provide evidence of the
dynamic nature of the Sassandra River and its continuous ge-
omorphological adjustments (Figure 2).

3.1.2. Analysis of Rivers Channel Sections

We analyzed the stream channel to identify and quantify the
changes that had occurred. This required subdividing the
channel into three sections, simplifying the task.

(i). SECTION 1

To quantify channel modifications, the river reach was sub-
divided into three main sections. Erosion and accretion areas
were calculated for each four-year interval (2016-2020 and
2020-2024) (Figure 3).
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Figure 3. Superposition of river-channel traces for Section 1 (14, 1B,
and 1C).
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1) Section 1A

From 2016 to 2020, the river channel mainly exhibited
downstream progression, characterized by extensive impacted
areas where accretion predominated over erosion (see Figure
4). Between 2020 and 2024, however, channel regression was

observed, although accretion processes remained significant
(Figure 4).

The Table 1 and Figure 5 present the total areas of erosion
and accretiwithing the intervals considered.

Table 1. Fluvial impacts on Section 14 the 2016-2020 et 2020-2024.

Period Total Erosion Area (m?) Total Accretion Area (m?)
2016-2020 166,988.115 414,370.854
2020-2024 76856,762 162299,917
/)
(\‘ o N
P A
Y il
N\
.
/ / 2:“\\
({
)
C
\ 1A
)
z LEGENDE
—— SECTION 1 2024
SECTION 1 2020
I EROSION 2020-2024 S1 A
— 2024S1A
[ ENGRAISSEMENT 2020-2024 S1 A
2020S1A
0 750 1500m
L SEE—

Figure 4. River evolution in Section 14 (2016-2020 and 2020-2024).
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Figure 5. Erosion and accretion areas in Section 1A.
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2) SECTION 1 B accretion clearly dominated along this section. These geomor-
Both erosion and accretion processes occurred during the  phological modifications reflect a progressive regression of
two intervals studied (Figure 6, 7 and table 2). Nevertheless, the river channel.

Table 2. Fluvial impacts on Section 1B the 2016-2020 et 2020-2024.

Period Total Erosion Area (m?) Total Accretion Area (m?)
2016-2020 172,105.802 346,006.591
2020-2024 76,246.180 95,264.000
\ Y N 3
\
. A f

R ) LEGENDE
— Scnow 1 2 — section 1 20
SECTION ' 2016 SECTION 1 2020
200518 I EROSION 2020 2024 51 8
n:o' 18 I ENGRAISSEMENT 2020-2024 518
o —2024518
W EROSION 2016-2020 51 B ~ il i
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Figure 6. River evolution in Section 1B (2016—2020 and 2020-2024.
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Figure 7. Erosion and accretion areas in Section 1B. the 2016-2020 and 2020-2024.

3) SECTION 1 C (1038,141m?) geomorphological process during the first inter-
Throughout both periods, visible changes affected the entire ~ val, whereas erosion slightly exceeded accretion during 2020—
subsection. River-channel regression remained the dominant 2024 see Table 3.
trend Figure 8 and 9). Accretion was the most important
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Table 3. Fluvial impacts on Section 1C the 2016-2020 and 2020-2024.

Period Total Erosion Area (m?) Total Accretion Area (m?)
2016-2020 184,500.706 426,684.618
20202024 51,415.864 50,377.723

N

LEGENDE
SECTION 1 2020
~ SECTION 1 2016
W EROSION 2016-2020 51 C
I ENGRAISSEMENT 2016-2020 51 C
~=201651C
2020 51 C

LEGENDE
= SECTION 1 2024
SECTION 1 2020
I EROSION 2020-2024 51 C
I ENGRAISSEMENT 2020-2024 51 C
—202451C
202051 C

(ii). SECTION 2

The second reach obtained from the segmentation of the

Figure 8. River evolution in Section 1C (20162020 and 2020-2024).
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Figure 9. Erosion and accretion areas in Section 1C the 2016-2020 and 2020-2024.
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original image was subdivided into three sections, namely
2A, 2B, and 2C. The analysis focused primarily on the extent
of eroded and accreted areas, assessed at four-year intervals
to capture their spatial and temporal dynamics (Figure 10).
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Figure 10. Superposition of river-channel traces for Section 2 (24, 2B et 2C) in the Kanébly.

1) SECTION 2 A shifted, exhibiting a trend of erosion followed by accretion

Between 2016 and 2020, the river channel underwent nota- (Figures 11 and 12). Collectively, these changes indicate a re-
ble morphological changes, with accretion processes dominat-  treat of the river channel. The quantitative values associated
ing over extensive areas, as shown in Figures 11 and 12. How-  with these changes are presented in Table 4.

ever, during the 2020-2024 period, the channel dynamics
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Figure 11. Erosion and accretion areas in Section 24 de 2016-2020 and 2020-2024.
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Figure 12. River evolution in Section 24 (2016-2020 and 2020-2024).

Table 4. Fluvial impacts on Section 24 the 2016-2020 and 2020-2024.

Period Total Erosion Area (m?) Total Accretion Area (m?)
2016-2020 118,084.283 884,099.049
2020-2024 108,943.987 956,53.528
2) SECTION 2 B were present, erosion was the dominant process, with eroded

A widespread regression of the river channel was observed  surfaces significantly exceeding accreted areas (Figures 13
across the entire study reach, indicating a marked decrease in ~ and 14, Table 5). These results reflect an overall contraction
water extent over both time intervals. While areas of accretion of the channel and a decline in water-covered areas.
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Figure 13. Erosion and accretion areas in Section 2B the 2016-2020 and 2020-2024.
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Figure 14. River evolution in Section 2B (2016-2020 and 2020-2024).

Table 5. Fluvial impacts on Section 2B the 2016-2020 and 2020-2024.

Period Total Erosion Area (m?) Total Accretion Area (m?)
2016-2020 235,137.815 169,239.,8
2020-2024 894,97.374 730,35.889

3) SECTION 2 C

Between 2016 and 2020 (Figure 16), the river channel ex-
perienced substantial morphological adjustments, with ac-
creted areas largely exceeding eroded areas. These changes
indicate an overall regression of the channel. During the

450000
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50000
0 L
2016-2020
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subsequent period, 2020-2024 (Figure 16), channel dynamics
were mainly characterized by erosion and, to a lesser extent,
accretion (Figure 15, Table 6). The observed patterns reflect
ongoing geomorphological changes and continued channel re-
treat.

2020-2024

m TOTALACCRETION AREA (m2)

Figure 15. Erosion and accretion areas in Section 2C the 2016-2020 and 2020-2024.
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Figure 16. River evolution in Section 2C (2016-2020 and 2020-2024).
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Table 6. Fluvial impacts on Section 2C the 2016-2020 and 2020-2024.

Period Total Erosion Area (m?) Total Accretion Area (m?)
2016-2020 237,74.681 404,295.209
2020-2024 744,71.354 667,17.609

3C) to facilitate a more detailed analysis. Particular emphasis
(iii). SECTION 3 was placed on the measurement of eroded and accreted areas,
with changes evaluated over four-year intervals in order to
characterize the morphological evolution of the channel (Fig-
ure 17).

The third reach, derived from the segmentation of the orig-
inal image, was divided into three subsections (3A, 3B, and

N

A

LEGENDE

SECTION 3 2024

SECTION 3 2020
~— SECTION 3 2016

tranche S3 1

Figure 17. Superposition of river-channel traces for Section 3 (section 34, 3B et 3C) in the Piébly and Sinikosson.
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1) SECTION 3A

Between 2016 and 2020, substantial variations were ob-
served in the river channel (Figures 18 and 19), with accretion
emerging as the dominant process across parts of Section 3A.

Period

2016-2020
2020-2024

During the subsequent period (2020-2024), channel dynamics
were mainly characterized by erosion, followed by localized
accretion. The quantitative assessment of these fluvial
changes is presented in Table 7.

Table 7. Fluvial impacts on Section 34 the 2016-2020 and 2020-2024.

400000

350000

300000

250000

200000

150000

100000

50000

Total Erosion Area (m?)

138,260.322
529,16.16

2016-2020

m TOTALEROSION AREA (m2)
Figure 181. Erosion and accretion areas in Section 34 the 2016-2020 and 2020-2024.
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Figure 19. River evolution in Section 34 (2016-2020 and 2020-2024).
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2) SECTION 3 B

From 2016 to 2020, accretion was the dominant process in
Section 3B, with a total accreted area of 354,409.669 m?, sig-
nificantly exceeding the eroded area 0f 93,951.1774 m? (Table
8; Figure 20). These changes are clearly illustrated by the

comparative river-channel analysis shown in Figure 21. How-
ever, between 2020 and 2024, the channel dynamics shifted,
with erosion becoming the prevailing process, although local-
ized accretion was also observed (Table 8).

Table 8. Fluvial impacts on Section 3B the 2016-2020 and 2020-2024.

Period Total Erosion Area (m?) Total Accretion Area (m?)
2016-2020 939,51.774 354,409.669
2020-2024 412,648.058 538,32.119
450000
400000
350000
300000
250000
200000
150000
100000
0
2016-2020 2020-2024
i TOTALEROSION AREA (m2) w TOTAL ACCRETION AREA (m2)
Figure 20. Erosion and accretion areas in Section 3B the 2016-2020 and 2020-2024.
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Figure 21. River evolution in Section 3B (2016-2020 and 2020-2024).
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3) SECTION 3 C

Between 2016 and 2020, the river channel exhibited areas
affected by both erosion and accretion, with the latter repre-
senting the dominant geomorphological process (Figure 23).

adjustments continued, with accretion and erosion occurring
at nearly equal rates of areal change (Table 9). These results
suggest a relative balance between erosional and depositional
processes within Section 3C during the latter interval.

During the subsequent period (2020-2024), channel
Table 9. Fluvial impacts on Section 3C the 2016-2020 and 2020-2024.
Period Total Erosion Area (m?)) Total Accretion Area (m?)
2016-2020 138,55.235 324,124.092
2020-2024 522,33.422 544,04.062
350000
300000
250000
200000
150000
100000
50000
= N
2016-2020 2020-2024

m TOTALEROSIONAREA(m2) w TOTALACCRETION AREA (m2)
Figure 22. Erosion and accretion areas in Section 3C the 2016-2020 and 2020-2024.
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Figure 23. River evolution in Section 3C (2016-2020 and 2020-2024 and 2016-2020 and 2020-2024.

3.1.3. Assessment of River Stability (2016-2024)

The cumulative erosion and accretion areas enabled the
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estimation of the overall geomorphological impact and river-
channel stability. Between 2016 and 2020, accretion ac-
counted for approximately 82% of the total impacted area,
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while erosion represented 18%. This interval was therefore accounted for 57%. Although the difference between the two
characterized by channel regression accompanied by exten-  processes was less pronounced than during the previous inter-
sive sediment accumulation. Between 2020 and 2024, erosion val, accretion remained dominant. (see Table 10, Table 11 and

represented 43% of the total impacted area, whereas accretion  Figure 24).

Table 10. Summary table of impact over the 2016-2020 interval.

years Sections Eroded area Accreted area
166,988.12 414,370.85
1 172,105.8 346,006.59
184,500.71 426,684.62
118,084.28 884,099.05
2016-2020 2 235,137.82 169,239,8
237,74.681 404,295.21
138,260.32 361,466.79
3 939,51.774 354,409.67
13855,235 324124,092
total (m?) 114,665,8.73 520,785,4.87
Total impacted area (m?) 635,451,3.6
% EROSION rate 18
% ACCRETION rate 82
IMPACT RATE 2016-2020 IMPACT RATE 2020- 2024

® % EROSION -

% EROSION
RATE
RATE
% ACCRETION
0,
RATE m % ACCRETION
RATE

Figure 24. Assessment of erosion and accretion impact rates the 2016-2020 and the 2020-2024.

Table 11. Summary table of impact over the 2020-2024 interval).

Years SECTIONS Eroded area Accreted area
768,56.762 162,299.92
1 762,46.18 95,264
2020-2024 514,15.864 503,77.723
108,943.99 956,53.528
? 894,97.374 730,35.889
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Years SECTIONS

Total (m?)

Total impacted area (m?)
% EROSION rate

% ACCRETION rate

3.2. Geomorphological Characteristics River

3.2.1. NDWI Water Index Years 1985 and 2024

The processing of Landsat-5 (1985) and Sentinel-2 (2024)
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imagery using specific spectral bands within QGIS 3.36 al-
lowed the calculation of NDWI values and the identification
of water bodies and flood-prone areas. The comparison of
both years revealed spatial changes in surface-water distribu-
tion, reflecting climatic and environmental changes over time

(Figure 25).
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Figure 25. NDWI maps of the Comoé Estuary for 1985 and 2024.

3.2.2. Sinuosity Index

The lengths of the river sections and the straight-line

distances between endpoints were measured from the 2024

river trace. Sinuosity indices were subsequently calculated.
(Figure 26, Table 12).
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Figure 26. River-channel traces used for sinuosity analysis 2016, 2020, 2024.
Table 12. Detection of the river morphology.
Section Channel Length (m) Straight Distance (m) Sinuosity Index
Section 1 61,413.57 16,503.09 3.72
Section 2 57,064.31 19,132.01 2.98
Section 3 31,945.57 13,992.53 2.28

These values indicate a strongly meandering river system,
as all sinuosity indices are greater than 1.5.

3.2.3. Rainfall Variability the 1985 and 2020

Rainfall records obtained from Access Climate indicate rel-
atively stable precipitation during the dry season between
1985 and 2016. However, rainfall totals increased signifi-
cantly in 2020, reaching 319.58 mm. This increase may reflect
changing climatic conditions affecting hydrological dynamics

within the study area. The following Table 13 reports rainfall
values during drought periods.

3.2.4. Slope Analysis

Based on Digital Elevation Model processing, the Sassan-
dra River was found to exhibit an essentially zero slope
throughout the study reach. Such conditions favor sediment
deposition and the development of meandering channel pat-
terns (Figure 27).

Table 13. Estimation of rainfallnusing virtual stations.

DEPARTEMENTS years November December January February March TOTAL (mm)
KOUIBLY 1984-1985 13,71 18,46 27,95 26,89 85,96 172,97
KOUIBLY 2015-2016 60,12 3,16 4,22 2,11 109,69 179,3
KOUIBLY 2019-2020 137,64 14,77 0 17,4 149,77 319,58
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Figure 27. Combined altitude and slope map.

4. Discussion

The spatio-temporal analysis of the Sassandra River using
Sentinel-2 imagery demonstrated substantial geomorphologi-
cal changes along the river course between 2016 and 2024.
The overlay of river-channel traces made it possible to quan-
tify erosion and accretion processes and to identify the domi-
nant trends affecting channel evolution. This methodological
approach has previously been used successfully in studies of
river dynamics in West Africa [10].

During the 2016-2020 period, channel evolution was

marked by extensive accretion, representing approximately 82%

of the impacted area according to the authors' interpretation.
Sediment accumulation contributed to bank stabilization but
may also reduce channel capacity and aquatic biodiversity.
Conversely, between 2020 and 2024, erosion became more
pronounced and accounted for approximately 57% of the ob-
served impacts, indicating renewed channel adjustment. Over-
all, the Sassandra River experienced a progressive narrowing
of its active channel due to alternating phases of sediment ac-
cumulation and bank erosion. These geomorphological
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modifications have direct consequences for local populations
through their effects on fishing activities, biodiversity conser-
vation, and water availability [11].

NDWI analysis further revealed changes in water distri-
bution and flood-prone zones between 1985 and 2024, illus-
trating the influence of climate variability on river behavior.
Previous studies have shown that long-term climatic disturb-
ances can significantly alter aquatic ecosystems and river
morphology. Given [12, 13], the high sinuosity values ob-
tained (mean sinuosity index = 2.95), the Sassandra River
can be classified as a meandering river. Consequently, set-
tlements located close to the river may face increasing flood
hazards under conditions of intense rainfall, particularly
when overflow occurs from the minor channel into the flood-
plain.

5. Conclusion

This study investigated the fluvial geomorphology of the
Sassandra River within the departments of Facobly and
Kouibly using satellite imagery acquired during the dry
season. The main objective was to understand the evolution
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of the river channel through the identification and analysis
of morphological changes occurring between 2016 and
2024. The results revealed significant geomorphological
processes, particularly erosion and accretion, along the
river course. Climate variability appears to be one of the
principal factors responsible for the observed changes in
the fluvial system.

The assessment of river stability showed that accretion was
the dominant process between 2016 and 2020, accounting for
more than 82% of the observed impacts, whereas erosion rep-
resented approximately 18%. In contrast, the period 2020—
2024 was characterized by an increase in erosion, which
reached approximately 43%, while accretion decreased to
about 57%.

The study also identified the main factors controlling river
morphology. These include:

1) A mean sinuosity index of approximately 2.95, indicat-

ing a highly meandering river pattern.

2) Rainfall variations ranging from approximately 173 mm

in 1985 to 320 mm in 2020 during the dry season.

3) An almost zero channel slope throughout the study reach.

Overall, the findings indicate that the meandering Sassan-
dra River experienced substantial channel adjustments during
the 20162024 period. Geographic Information System (GIS)
techniques proved effective for characterizing the spatio-tem-
poral dynamics of the river and monitoring geomorphological
changes. Future studies should focus on:

1) Seasonal variations in channel morphology;

2) Identification of areas most vulnerable to erosion;

3) Assessment of climate-change impacts on river dynam-

ics;

4) Evaluation of additional hydrological parameters such as

flow velocity, discharge variability, and sediment load.

Considering the increasing erosion risk and the potential oc-
currence of floods, water-management measures such as hy-
draulic structures, flood-control systems, or properly designed
drainage channels should be considered in order to reduce
flood hazards and improve the resilience of riverside commu-
nities.

Abbreviations
DEM Digital Elevation Model
SCP Semi-Automatic Classification Plugin
SI Sinuosity Index
NDWI Normalized Difference Water Index
GIS Geographic Information System
LANDSAT Land Satellite
QGIS Quantum Geographic Information System
GIS Geographic Information System
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