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ASSESSMENT OF LAND USE AND LAND COVER CHANGE ON
THE HYDROLOGICAL RESPONSE OF SAIDA WATERSHED
USING SWAT MODEL

Abstract: The aim of this research is to analyze the impact of three decades of land use and
land cover (LULC) changes on the hydrological response of Saida watershed located in North-
west of Algeria. To achieve this goal, the Soil and Water Assessment Tool (SWAT) was applied
to simulate the monthly streamflow of Saida watershed during the period 1985-2014. The the-
matic layers of digital elevation model, soil map, LULC maps and weather data were initialized
to set up SWAT model. The model was calibrated during the period 1985-2004 and validated
during 2005-2014 with the SUFI-2 algorithm. The results of model performance statistics in-
dicated a good agreement between the observed and simulated streamflows at Sidi Boubakeur
gauging station, as verified by coefficient of determination (R2) and Nash—Sutcliffe efficiency
(NSE) which are 0.92 and 0.86 during the calibration and 0.68, 0.67 during the validation pe-
riod, respectively. LULC dynamics derived through satellite image classification for the years
1985, 2000 and 2014 revealed a significant land degradation, with barren land increasing by
38.5% and agricultural land decreasing by 31.7%. Consequently, average streamflow increased
significantly from 3.42 m3/sin 1985 to 19 m3/s in 2014 with respect of observed LULC dynam-
ics. The soil type and the groundwater-surface water interaction of Saida watershed have an
important role to the water abundance. The findings will help the management and planning
of water resources to ensure environmental sustainability of Saida watershed.
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Introduction

Water is a vital natural resource, essential for sustaining life and supporting socioeco-
nomic development. In Northwestern Algeria, the scarcity of perennial rivers and aquifers
makes water resources management more challenging especially under increasing climatic
and anthropogenic pressures (Hachemaoui et al., 2022; Mahcer et al., 2024a; Souza et al.,
2016). At the watershed scale, hydrological response is governed by the combined effects of
natural factors such as soil, topography and human induced changes in land use and land
cover (LULC). LULC refers to both natural ecosystem and human land use practices; and
its dynamic have a significant impact for environmental change such as hydrological re-
sponse, vegetation trends and land degradation (Abbas et al., 2022; Mahcer et al., 2024a).

Moreover, in the recent decades, LULC has been significantly modified in many semi-
arid and Mediterranean regions due to climate change and various human drivers such as
urbanization, deforestation, and changing agricultural practices, often leading to increased
erosion, altered flow regimes and reduced ecosystem resilience. In this context, remote
sensing and Geographic Information System (GIS) have become powerful tools for moni-
toring LULC dynamics and supporting land and water management.

Moreover, multi-temporal satellite imagery allows for regular LULC classes mapping
and detection of change patterns, while GIS facilitates the integration of these data with
environmental layers for spatial analysis (Ahmad et al., 2023; Mahcer et al., 2024b). In
addition, the integration of hydrological models which link the meteorological factors with
land-surface processes permits the simulation of complex interactions within a watershed
and evaluation of the hydrological consequences of LULC changes (Abbas et al., 2021).
Among a large range of hydrological models, the Soil Water Assessment Tool (SWAT) is a
useful model to simulate hydrological response under varying LULC and climatic scenarios
(Abdelkebir et al., 2023; Akoko et al., 2021; Neitsch et al., 2011). It is an open source model,
which integrates easily with remote sensing data and GIS platforms. The model divides a
basin into hydrological response units (HRUs) that represent unique combination of land
use, soil and slope; thereby capturing the spatial heterogeneity that controls the hydrolog-
ical reponse. The Saida watershed, located in the Macta basin in North West Algeria, is an
important agricultural area, particularly for cereal production, and plays a key role in re-
gional development. However, the watershed has experienced substantial LULC changes
over the past decades, including land degradation and expansion of barren and built-up
areas, which may threaten agricultural lands, modify hydrological processes and increase
environmental risks.

While several studies have applied SWAT and remote sensing to assess LULC and hy-
drology in semi-arid and Mediterranean environments, comprehensive analyses that ex-
plicitly quantify the impacts of multi-decadal LULC change on the hydrological response of
the Saida watershed remain limited. This lack of site-specific knowledge constrains the de-
sign of effective land and water management strategies in the region.

The present study integrates multi-temporal satellite-derived LULC maps with the
SWAT model to evaluate how three decades of LULC change have affected the hydrological
response of the Saida watershed over the period 1985-2014. The specific objectives are to
Calibrate and validate the SWAT model to simulate the hydrological response of the Saida
watershed using observed hydro-meteorological data for 1985—-2014; and assess the impact
of observed LULC changes between 1985, 2000 and 2014 on key hydrological components,
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with a focus on streamflow and water yield. By clarifying the links between LULC dynamics
and hydrological response, this study provides insights that can support sustainable water-
shed management and adaptation strategies in semi-arid regions of North-West Algeria.

Material and methods

Study area

The study area is the Saida watershed, part of one of the largest western basin in Algeria
which is the Macta basin (Fig 1). The geographical extent of the studied watershed lies be-
tween 0.04°W and 0.26°E longitude and to 34.70°N and 35.1°N latitude, covering a drain-
age area of almost 597 km?2 (Fig 1).
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Fig. 1. Location and digital elevation model of Saida watershed

Saida watershed is surrounded by mountains of Tellien Atlas such as Daia in the West
and highlands of Saida (Tifferit) in the South East. The elevation ranges from 460 m to 1191
m above sea level (Table 1). The western and the South-Eastern part of the watershed is
extremely rugged with an average elevation of 1000 m; the central part is covered with hills
with elevation ranges from 80om to 460m altitude at the outlet. The average slope index of
Saida watershed is about 10.92m/km (Table 1). The climate of the studied watershed is
semiarid with maximum and a minimum temperature of about 36°C and 3°C in the month
of July and January, respectively. It receives 330mm of the mean annual rainfall recorded
between (1985-2016). The intense precipitation during the wet season (November - janu-
ary) is peaked in January and low precipitation during the dry season (summer). Saida
wadis is a non perenial stream, it is one of the tributaries of the Macta basin, it extends from
Saida city crossing many towns with a lengh of 35 km to join Taria wadis in Mascara. Saida
wadis discharges yearly a streamflow of about 0.85m3/s. Saida watershed has a good hier-
archical channels of the hydrographic network with high branches but low density. The hy-
drological characteristics of Saida watershed are summarized in Table 1.
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Table 1. Hydrological characteristics of the Saida watershed

Parameters Notation Unit Value
Area A kmz? 597
Perimeter P km 130
Compactness coeffi- Ke / 1.49
cient

Lenght of the main Ip km 35
wadis

Average slope index Im m/km 10.92
Maximum altitude Humax m 1191
Minimum altitude Humin m 460
Drainage Density Dd km- 2.91

Methodology

In this study to assess the impact of LULC on water resources in the Saida watershed, the
SWAT hydrological model was used. The methodology of this study consists of two parts:
1) Streamflow modelling using SWAT model. 2) Effects of past LULC changes on stream-
flow LULC maps were acquired from the reference years 1985, 2000 and 2014. The LULC
maps were generated using an unsupervised classification method which identified various
classes based on the spectral properties of the pixels and they were compared to the simu-
lated streamflow to assess its effects on hydrological response. The proposed methodology
is presented in Figure 2.
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Fig. 2. Flowchart for the proposed methodology using SWAT model
SWAT model

The soil and water assessment tool (SWAT) is a semi-distributed, continuous time step
hydrological model widely used to assess the influence of environmental and ecological al-
terations on hydrological responses at different watershed scales (Abdelkebir et al., 2023;
Akoko et al., 2021). SWAT was developed by the United States Department of Agriculture
(USDA) (Arnold et al., 1998), divides a large basin into several number of small sub-basins
and each sub-basin is further sub-divided into multiple Hydrological Response Units
(HRUs). Each HRU represents unique combination of land use/management/slope/soil
attributes (Neitsch et al., 2011) and it is considered as the building block of SWAT model
which is more sensitive to HRU definition thresholds than to sub-basin discretization (van
Griensven et al., 2012). SWAT model simulates flow from HRUs generation which is routed
to sub-basin and basin outlet through stream networks.
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Data requirements and analysis

SWAT model requires various data types such as: topography, weather and hydrological
data, land use and land cover and soil map. Below is the description of all input datasets.

Topography

The altitude of any point of the earth’s surface at specific resolution is given by the digital
elevation model (DEM). In the study area of Saida watershed, a DEM with spatial resolution
of 30 m was downloaded from the United States Geological Survey (USGS Earth Explorer)
(https://earthexplorer.usgs.gov/). Much information was derived from DEM for model
simulation, such as, slope (Fig 3.a) and stream network which are processed using
QGIS3.34. Accordingly, The Saida watershed is characterized by slopes values ranging
from 0% to 39.4%. the highest values are found in the Eastern Daia mountains, western
Djbel BelHadj and Southern Doui Thabet. While lower values indicate flat to very gently
terrain along Saida wadis boundaries. The largest part of the area is marked by a moderate
slope terrain.

Soil map

Soil data map of the study area were obtained from the Digital Soil Map of the World (DSMW)
database (https://www.fao.org/). Accordingly, the soil map of the Saida watershed consists
of two textural classes (Fig 3.b): loam classified in Calcaric Cambisols (Bk) type soil ,domi-
nates all through the watershed (Bentabet et al., 2019; Zouidi et al., 2019). The loamy-clay soil
of the calcaric fluvisol (J¢) is limited on the Northeastern side of the watershed.

LULC

The historical LULC maps for the three reference years (1985, 2000 and 2014) were pre-
pared from classified satellite images. However, multi-temporal satellite images from dif-
ferent sensors were used (Table 2) with similar spatial (30m) and spectral characteristics
(spectral bands in visible, infrared, shortwave infrared). The season images selected are
mainly associated with cloud free atmosphere. The image objects were classified using un-
supervised classification based on natural groupings of the spectral properties of the pixels.
Consequently,five classes of LULC were selected for image classification such as agricul-
tural land, built up area, forest cover, barren lands and water bodies (Fig 3¢). The LULC,
Soil maps and DEM were overlaid in GIS environment and incorporated into SWAT data-
base. Moreover, The LULC of each reference year is considered as a scenario, which is in-
tegrated in SWAT to compare how streamflow responds to LULC dynamics.
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Table 2. Characteristics of the satellite images used for LULC map in Saida watershed
Date Type of imagery Satellite Path row
28/10/1985 ™ Landsat4-5 197/36
29/10/2000 ETM+ Landsat-7 197/36
13/11/2014 Oli/TIRS Landsat 8-9 197/36

Consequently, for HRUs generation, the whole study watershed was divided into 28
sub-watersheds, based on stream network, soil types, slope and dominant land use classes
for 1985, 2000 and 2014 LULC, respectively.The size of sub-watersheds are ranged from
1.28 km?2 to 54.51 km2. These sub-watersheds are spatially connected, where the outlet that
controls runoff generation and water yield is located in sub-watershed 12. Many studies
have highlighted that the number of sub-watersheds divided may not improve in model
prediction if the spatial variability of weather parameters are rightly captured (Arnold et
al., 2012; Muleta, 2012; Samal and Gedam, 2021). The model generated different HRUs
due to change in LULC types. The slope data derived from the DEM were also reclassified
to correspond with the SWAT database requirement.

Weather data

SWAT requires daily weather data for streamflow simulation in a watershed such as rainfall,
maximum and minimum temperature, relative humidity, solar radiation and wind speed.
However, SWAT modelling can be helpful even with limited data (Wang et al., 2018). In the
present study, daily rainfall records from rain gauge stations (P) inside the Saida watershed
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(Table 3) during the period (1985- 2014) were used. These data were collected from the Na-
tional Agency for water Resources (ANRH) (https://anrh.dz/). Temperature data (maximum
and minimum) were downloaded from the climate forecasting system analysis (0.5%0.5 de-
gree grid interval) global data set (https://power.larc.nasa.gov/data access-viewer/). The spa-
tial variation of the rainfall in the basin was captured by interpolating the daily rainfall for
each sub-basin in SWAT. The available weather data were converted into the usable format
to be applied in SWAT calibration and uncertainty analysis (SWAT-CUP).

Runoff data

Monthly streamflow data measured at Sidi Boubaker gauging station (S1) were used (Ta-
ble3). The historical observed streamflow records between the year 1985 to 2014 were col-
lected from the National Center of Water Resources (ANRH). These data were used for
model calibration and validation.

Table 3. Characteristics of hydrological gauging in Saida watershed

Rainfall gauging Streamflow gauging

Code Symbol | X Y Z (m) code Symbol | X Y
111103 P1 0.15°E 34.76°N | 1000 111129 S1 0.016°E | 35.08°N
111113 P2 0.12°E 34.90°N | 950

111114 P3 0.18°E 34.88°N | 920

111116 P4 0.11°E 35.02°N | 590

The quality of times-series data and its outliers were checked. Then, weather time se-
ries data were organized and converted into usable format for SWAT calibration.

Performance measures

SWAT streamflow simulation of Saida watershed covers calibration, and validation. The
model performance was computed using the following criteria: Coefficient of determination
(R2), Nash-Sutcliffe efficiency (NSE) and Percent BIAS (PBIAS). The coefficient of deter-
mination (R2) (Eq. (1)) measures the proportional variation in the simulated variable ex-
plained by the measured variable and indicates the linear relationship between the esti-
mated and measured variables. The value of NSE (Eq.(2)) shows the relative magnitude of
the residual variance compared to the observed data (Santhi et al., 2001). it ranges from
(-0 to 1) with 1 representing a perfect agreement between the simulated and measured val-
ues. PBIAS measures the percentage of the overestimation or underestimation of the sim-
ulated variables (Eq. (3). The optimized model parameters were obtained from calibra-
tion/validation and transferred to the model setup with 1985, 2000 and 2014 LULC map
to study the impacts of LULC change on water resources in the study basin.

2
Zi\l: X obsi—X obs)-{X simi =X sim
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\/Z%\Ll(x obsi—X obs) \/ZP:1(X simi =X sim)
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Where: X,,,; and X, ;are observed and simulated variable at specific time i respectively.
X,ps - Average observed variable during the time series period (N).

The model performance is satisfactory if the NSE > 0.5, and R2> 0.5 (Liew et al., 2003;
Santhi et al., 2001). While PBIAS < 25% (Moriasi et al., 2015; Santhi et al., 2001)

Results and discussion

SWAT simulation
Sensitivity Analysis

Sensitivity analysis is an essential preliminary step to model calibration, enabling the iden-
tification of parameters that exert the greatest influence on watershed hydrological re-
sponse. In this study, four parameters exhibited high sensitivity: The Soil Conservation Ser-
vice (SCS) Curve Number for moisture condition (CN2), the Baseflow Alpha Factor (AL-
PHA_BF), Groundwater Delay (GW_DELAY), and the threshold depth of water in the shal-
low aquifer for return flow (GWQMN) (Table 4).

Table 4. Parameters sensitivity analysis and fitted value in SWAT model after calibration

Ne Parameter name Fitted value Min value Max value
1 R___CN2.mgt -0.151 -0.2 0.2
2 V__ALPHA_BF.gw 0.334 [} 1

3 V__GW_DELAY.gw 73.21 30 450
4 V__GWQMN.gw 1.306 [} 2

The CN2 parameter emerged as the most influential, underscoring the pivotal role of
soil properties and land cover in governing infiltration and surface runoff generation. The
negative fitted coefficient for CN2 (-0.151) is consistent with moderately loamy soils that
enhance infiltration (Abraham et al., 2020), while the presence of calcium carbonates may
delay surface runoff initiation by locally limiting vertical percolation. The calibrated AL-
PHA_BF value of 0.334 suggests moderate baseflow response, suggesting that groundwater
contributes to sustaining baseflow during dry period. While the estimated groundwater de-
lay of 73.21 days reflects a substantial lag time between percolation and groundwater con-
tribution to streamflow, which is compatible with semi-arid basins underlain by compara-
tively deep aquifers (Abbaspour, 2015; Arnold et al., 2012). The calibrated GWQMN value
(1.306 mm) further highlights the importance of shallow aquifer storage in maintaining
baseflow, particularly during low flow seasons.

These parameter sensitivity are in line with previous SWAT applications in Mediterra-
nean and semi-arid environments, where CN2 and groundwater related parameters emerge
as key controls on basin hydrological response (Abdelkebir et al., 2023; Zaibak and Meddi,
2022; Zettam et al., 2017). Collectively, these results validate a hydrological regime of the
Saida watershed marked by the presence of calcium carbonates which increase runoff
through saturation excess. Additionally, the groundwater contributes steadily to stream-
flow of Saida wadis at the outlet but not immediately, and sustain baseflow in the stream
during dry periods.
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SWAT Model Calibration and Validation

The SWAT model was calibrated for the period 1985-2004 and validated for 2005—-2014
using monthly streamflow at Sidi Boubaker gauging station (S1) with the SUFI-2 algorithm
implemented in SWAT-CUP (Figs. 5 and 6). Model performance was evaluated using the
coefficient of determination (R2), Nash—Sutcliffe efficiency (NSE), and percent bias
(PBIAS) (Table 5).

Table 5. Performance of simulated versus observed flow for calibration and validation periods

Statistical parameter R2 NSE PBIAS (%)
Calibration period 1985_2004 0.92 0.76 41
Validation period 2005_2014 0.68 0.67 8.4

During calibration, the model reproduced a large part of the variability in observed
monthly flows with R2 = 0.92, NSE = 0.76, but with a positive PBIAS value of 41%, indicat-
ing a systematic underestimation of total streamflow volume in this period. In the valida-
tion phase, performance metrics decreased to R2 = 0.68 and NSE= 0.67), while PBIAS im-
proved to 8.4%, suggesting a closer match in terms of overall water balance but with re-
duced correlation in the timing and magnitude of monthly flows.

The calibration PBIAS exceeds the recommended bias limits, which is linked to the
complex behavior of calcaric cambisols under semi-arid conditions. However, their loamy
texture justifies a high initial infiltration capacity reflected by lower value of CN2. Further-
more, the calcaric nature of these soils often facilitates surface crusting and the develop-
ment of shallow limit vertical percolation and produce rapid runoff.

Visual comparaison of observed and simulated hydrographs (Fig. 4a) shows that the
model reproduces the general seasonal pattern and several peak events, although, some
high flows in February 2007 and February 2012 are underestimated and certain high flows
after, April 2012 are overestimated. These results affect the concordance between observed
and simulated flows (R2= 0.68) shown in the Scatter plot (Fig 4b) for validation phase.
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Fig. 4. SWAT model flow simulation during validation (2005-2014) at monthly scale: a) Time se-
ries plot; b) Scatter

Consequently, The SWAT model performance can be classified as reasonable in cap-
turing the hydrological rhythm of the Saida watershed but the quantitative results should
be interpreted with caution, especially for the earlier period. Moreover, data scarcity and
climatic variability pose challenges to hydrological simulations in semi-arid area (Ab-
baspour, 2015; Khaleghi and Hosseini, 2024; Ouallali et al., 2020). in addition, the cali-
brated model therefore provides a satisfactory basis for exploring the direction and relative
magnitude of LULC induced changes in hydrological response. but the quantitative results
should be viewed in light of the documented bias and structural uncertainties. Uncertain-
ties also arise from the limited density of rainfall stations (four gauges) and the use of in-
terpolated gridded temperature data, as well as from errors potentially introduced by DEM
processing and land-cover classification. These factors may affect both the timing and mag-
nitude of simulated flows, and they constrain the confidence with which the model can rep-
resent extreme events and small-scale spatial variability within the watershed.

34



LULC change analysis

Analysis of LULC dynamics for the years 1985, 2000, and 2014 revealed pronounced
changes in land-use composition (Fig. 5; Table 6). Built-up areas increased progressively
from 96.66 km2 (1985) to 115.31 km2 (2014), indicating mounting urbanization pressures
proximal to Saida city and the migration of the rural populations to the neighboring towns
such as Sidi Amar and Sidi Boubaker.

By
Legend Legend
Classes
W Forest cover
agricultural lands Agricultural lands
n lands Barren lands

. Built up area W Built up area

Agricultural lands
Barren lands
B Built up area

Fig. 5. LULC for the reference years of 1985, 2000 and 2014

The most substantial expansion was observed in barren land, which increased by 58.42
km2, driven by deforestation and agricultural abandonment processes that favour erosion
and land degradation. Contrastingly, agricultural lands decreased considerably from 143.85
km?2 to 98.18 km2, while vegetative cover declined moderately from 224.5 km?2 to 193.1 km?2.

Table 6. Areas classes change from year 1985-2014

LULC Classes Scenario 1985 Scenario 2000 I Scenario 2014
Area (km?2)
Built up land 96.66 100.95 115.31
Barren land 151.54 158.92 209.96
Vegetation cover 224.5 223.66 193.1
Agriculture land 143.85 133.02 98.18

These transitions signify a shift from vegetated and agricultural land toward more bar-
ren and urban surfaces, a pattern widely documented in semi-arid Mediterranean environ-
ments (Belay and Mengistu, 2019; Dinka and Chaka, 2019; Jahanshahi et al., 2025). Such
land cover changes typically alter evapotranspiration regimes and increase runoff volumes.
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The sharp decline in cropland is especially significant since agricultural areas function as
infiltration buffers; their conversion to barren or built-up land increases imperviousness,
reduces soil moisture retention, and intensifies runoff generation (Peng and Wang, 2012).

Impact of LULC on water yield

Using the calibrated SWAT model, water yield, defined here as the sum of surface runoff,
lateral flow, and groundwater contribution to the stream, was simulated for LULC condi-
tions representative of 1985, 2000, and 2014. The results of the water yield simulation un-
der different scenarios of LULC at a monthly scale are given in Figure 6.
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Fig. 6. Monthly average water yield over the years 1985, 2000 and 2014

The simulations indicate an overall increase in monthly water yield over the study period.
The 2014 scenario produced higher simulated flows compared to the 1985 scenario in most
months (Fig.6). For example, the average water yield in January increased from 5.12 m3/s for
the 1985 LULC scenario to 24.11 m3/s for the 2014 LULC scenario, while May values rose from
2.81 m3/s to 19.21 m3/s under the same scenarios.

These differences reflect the expansion of barren and built-up areas while agricultural
and vegetated lands are declined. This lead to more runoff and less evapotranspiration. How-
ever, because the model also incorporates temporal climatic data inputs, the increase in water
yield is due to both land cover changes and interannual variability in precipitation and tem-
perature. Given the positive bias during calibration, the magnitude of the simulated increase
in water yield should be interpreted cautiously, focusing on trends rather than absolute val-
ues.

The model also shows that moderately permeable soils with carbonate layers favor initial
infiltration, but can slow deeper percolation, causing perched water and more runoff during
intense events. This is shown in simulated peaks during events such as February 2007, Janu-
ary 2008, and February 2012 (Figure 6). Groundwater parameters indicate a delayed but per-
sistent contribution to streamflow, which supports sustaining baseflow during dry periods
across all scenarios.Thus, these results highlight the complex trade-off of LULC change in
semi-arid watersheds: immediate gains in water yield are counterbalanced by potential long-
term vulnerabilities related to aquifer depletion and decreased hydrological resilience (Ara-
gaw and Kura, 2024; Hachemaoui et al., 2022).

Overall, the findings indicate that the evolution of barren and urban surfaces tends to in-
crease runoff-driven water yield in the Saida watershed. These outcomes align with previous
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findings from Mediterranean semi-arid catchments, where deforestation and urban develop-
ment result in heightened runoff and peak flow magnitudes (Khaleghi, 2017; Yan et al., 2018).

The results are most robust when used for comparing scenarios and identifying general
trends, rather than for exact planning for water resources or flood risk assessment.

Conclusion

This study used the SWAT model to examine how three decades of LULC change have influ-
enced the hydrological response of the Saida watershed between 1985 and 2014. The model
was calibrated and validated using monthly streamflow data and performance metrics (R2,
NSE, PBIAS) that indicate an acceptable reproduction of overall variability, but also reveal a
notable positive bias during the calibration period. that must be considered when interpreting
absolute flow values. The LULC analysis showed a pronounced shift from agricultural and
vegetated areas toward increased barren and built-up land, which the simulations associate
with higher runoff-dominated water yield and modified seasonal flow patterns. These results
support the view that LULC change is an important driver of hydrological behaviour in this
semi-arid basin; however, the magnitude of simulated changes reflects the combined effects
of land-cover evolution, climatic variability, and model uncertainties. Uncertainties arise
from the limited density of hydro-meteorological observations, the use of interpolated cli-
matic data, and potential classification errors in the multi-sensor LULC maps, as well as from
the structural and parametric limitations of SWAT. Consequently, the findings are most ro-
bust for assessing the direction and relative magnitude of hydrological changes between
LULC scenarios, rather than for providing precise design values. From a management per-
spective, the results highlight the need to consider both land degradation (expansion of bar-
ren areas) and urban growth when planning water resources and soil conservation measures
in the Saida watershed, and they suggest that scenario-based analyses combining LULC and
climate projections would be a useful next step to support long-term adaptation strategies.

Conflicts of Interest: The authors declare no conflict of interest.

Publisher’s Note: Serbian Geographical Society stays neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

© 2026 Serbian Geographical Society, Belgrade, Serbia.

This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution-NonCommercial-NoDerivs 3.0 Serbia.

References

Abbas, S., Ghulam, D., Muhammad, Y., & Latif, Y. (2022). Land-use change impacts on soil
and vegetation attributes in the Kanshi River basin, Potohar Plateau, Pakistan. Land
Degradation and Development, 33(@15), 2649-2662.
https://doi.org/https://doi.org/10.1002/1dr.4252

Abbas, Z., Yang, G., Zhong, Y., & Zhao, Y. (2021). Spatiotemporal change analysis and future
scenario of lulc using the CA-ANN approach: A case study of the greater bay area, China.
Land, 10(6), Article 584. https://doi.org/10.3390/land10060584

Abbaspour, K.C. (2015). SWAT Calibration and Uncertainty Programs - A User Manual. Sci-
ence and Technology, 103, 17—66.

37


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

Abdelkebir, B., Guesri, M., Mokhtari, E., & Engel, B. (2023). Simulation of Rainfall-Runoff
process using SWAT model in Bouhamdane watershed, Algeria. Bulletin of the Ser-
bian Geographical Society, 103(2), 279—292.
https://doi.org/https://doi.org/10.2298/GSGD2302279A

Abdelkebir, B., Mokhtari, E., & Engel, B. (2024). Rainfall-runoff process simulation using
HEC-HMS model: Study case of Rhumel Smedou watershed. Bulletin of the Serbian Ge-
ographical Society, 104(1), 23—40. https://doi.org/10.2298/GSGD2401023A

Abraham, S., Huynh, C., & Vu, H. (2020). Classification of Soils into Hydrologic Groups Using
Machine Learning. Data, 5(1), Article 2. https://doi.org/10.3390/data5010002

Ahmad, M.N.S., & Zhenfeng, Akib, J. (2023). Modelling land use/land cover (LULC) change
dynamics, future prospects, and its environmental impacts based on geospatial data
models and remote sensing data. Environmental Science and Pollution Research, 30,
32985—-33001. https://doi.org/https://doi.org/10.1007/s11356-022-24442-2

Akoko, G., Le, T.H., Gomi, T., & Kato, T. (2021). A review of swat model application in Africa.
Water, 13(9), Article 1313. https://doi.org/10.3390/w13091313

Aragaw, H.M., & Kura, A.L. (2024). Hydrological response to land use/land cover changes in
Ethiopian basins: a review. Huydrological Sciences Journal, 69(7), 986-996.
https://doi.org/https://doi.org/10.1080/02626667.2024.2349272

Arnold, J.G., Moriasi, D.N., Gassman, P. W Abbaspour, K.C., White, M.J., Srinivasan, R., San-
thi, C., Harmel, R.D., van Griensven, A., Van Liew, M., Kannan, N., & Jha, M. (2012).
SWAT: Model use, calibration, and validation. Am. Soc. Agric. Biol. Eng. 4, 1491-1508.
https://doi.org/10.13031/2013.42256

Arnold, J.G., Srinivasan, R., Muttiah, R.S., & Williams, J.R. (1998). Large Area Hydrologic
Modeling and Assessment Part I: Model Development. Journal of the American Water
Resources. https://doi.org/https://doi.org/10.1111/j.1752-1688.1998.tb05961.x

Belay, T., & Mengistu, D. A. (2019). Land use and land cover dynamics and drivers in the
Muga watershed, Upper Blue Nile basin, Ethiopia. Remote Sensing Applications: Society
and Environment, 15, Article 100249. https://doi.org/10.1016/j.rsase.2019.100249

Bentabet, A., Azzaz, H., Emblanch, C., & Benamina, B. (2019). The impact of agricultural de-
velopment on karstic groundwater of the Saida Mountains , Algeria. Mining-Geology-
Petroleum Bulletin, 34(4), 97—105. https://doi.org/10.17794/rgn.2019.4.10

Birhane, E., Ashfare, H., Fenta, A.A., A, H.H., Gebremedhin, M.A., Wahed, H.G., & Solomon, N.
(2019). Land use land cover changes along topographic gradients in Hugumburda national
forest priority area, Northern Ethiopia. Remote Sensing Applications: Society and Envi-
ronment, 13(68), 61—68. https://doi.org/https://doi.org/10.1016/j.rsase.2018.10.017

Cherif, K., Yahia, N., Bilal, B.B., Bilal, B.B., 2023. Erosion potential model-based ANN-MLP for
the spatiotemporal modeling of soil erosion in wadi Saida watershed. Modeling Earth Sys-
tems and Environment, 9, 3095—3117. https://doi.org/10.1007/s40808-022-01657-3

Dinka, M.O., Chaka, D.D., 2019. Analysis of land use/land cover change in Adei watershed,
Central Highlands of Ethiopia. Journal of Water and Land Development, 41, 146—153.
https://doi.org/10.2478/jwld-2019-0038

Gassman, P.W., Reyes, M.R., Green, C.H., & Arnold, J.G. (2007). The Soil and Water Assess-
ment Tool: Historical Development, Applications, and Future Research Directions.
American Society of Agricultural and Biological Engineers, 50, 1211—1250.
https://doi.org/doi: 10.13031/2013.23637

Hachemaoui, A., Elouissi, A., Benzater, B., & Fellah, S. (2022). Assessment of the hydrological
impact of land use/cover changes in a semi-arid basin using the SWAT model (case of

38



the Oued Saida basin in western Algeria). Modeling Earth Systems and Environment, 8,
5611-5624. https://doi.org/10.1007/s40808-022-01422-6

Jahanshahi, A., Booij, M.J., Patil, S.D., & Gupta, H. (2025). Impact of land use land cover
change on catchment hydrological response in 576 Iranian catchments. Journal of Arid
Environments, 231, Article 105463. https://doi.org/10.1016/j.jaridenv.2025.105463

Khaleghi, M.R. (2017). The influence of deforestation and anthropogenic activities on runoff
generation. Journal of Forest Science, 63, 245—253. https://doi.org/10.17221/130/2016-
JFS

Khaleghi, M.R., & Hosseini, S.H. (2024). Using SWAT and SWAT-CUP for hydrological sim-
ulation and uncertainty analysis of the arid and semiarid watersheds (Case study: Zoshk
Watershed, Shandiz, Iran).  Applied Water  Science, 14, 1-11.
https://doi.org/10.1007/s13201-024-02327-8

Liew, V., M. W., Arnold G., J., & Garbrecht, J.D. (2003). Hydrologic simulation on agricul-
tural watersheds: Choosing between two models. Trans. ASAE, 46, 1539-1551.

Mabhcer, I., Baahmed, D., Hanene, C., Chemirik, K., & Nedjai, R. (2024a). Mapping Environ-
mental Impacts in North-Western Algeria through Multivariate Spatio-Temporal Analy-
sis Using Remote Sensing and Geographic Information System. Ecologial Engineering
Environmental Technology, 25(5), 42—60.
http://dx.doi.org/10.12912/27197050/184320

Mahcer, 1., Baahmed, D., Oudin, L., Hanene, C., & Chemirik, K. (2024b). Multidimensional
analysis of NDVI dynamics in response to climate and land use/land cover change in
Northwest Algeria. Journal of Hydrology and Hydromechanics, 72(4), 399—412.

Moriasi, D.N., Arnold, J.G., Van Liew, M.W., Bingner, R.L., Harmel, R.D., & Veith, T.L.
(2007). Model evaluation guidelines for systematic quantification of accuracy in water-
shed simulations. Journal of the ASABE, 50, 885-900.
https://doi.org/10.13031/2013.23153

Moriasi, D.N., Gitau, M.W., Pai, N., & Daggupati, P. (2015). Hydrologic and Water Quality
Models: Performance Measures and Evaluation Criteria. Transactions of the ASABE,
58(6), 1763-1785. https://doi.org/10.13031/trans.58.10715

Muleta, M.K. (2012). Model Performance Sensitivity to Objective Function during Automated
Calibrations.  Journal of Hydrologic  Engineering, 17(6),  756—767.
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000497

Nagraj S, P., & Nataraja, M. (2020). Effect of land use land cover changes on runoff using
hydrological model: a case study in Hiranyakeshi watershed. Modeling Earth Systems
and Environment, 6, 2345—2357. https://doi.org/10.1007/s40808-020-00808-8

Neitsch, S.L., Arnold, J.G., Kiniry, J.R., & Williams, J.R. (2011). Soil and water assessment
tool theoretical documentation version 2009. Texas Water Resources Institute.

Op de Hipt, F., Diekkriiger, B., Steup, G., Yira, Y., Hoffmann, T., Rode, M., & Nischen, K.
(2019). Modeling the effect of land use and climate change on water resources and soil
erosion in a tropical West African catch-ment (Dano, Burkina Faso) using SHETRAN.
Science of The Total Environment, 653, 431—445. https://doi.org/10.1016/J.SCI-
TOTENV.2018.10.351

Ouallali, A., Briak, H., Aassoumi, H., Beroho, M., Bouhsane, N., & Moukhchane, M. (2020).
Hydrological foretelling uncertainty evaluation of water balance components and sedi-
ments yield using a multi-variable optimization approach in an external Rif’'s catchment.
Morocco. Alexandria Engineering Journal, 59, 775—789.
https://doi.org/https://doi.org/10.1016/j.a€j.2020.02.017

39



Peng, T., & Wang, S-j. (2012). Effects of land use, land cover and rainfall regimes on the sur-
face runoff and soil loss on karst slopes in southwest China. Catena, 90, 53—62.
https://doi.org/10.1016/j.catena.2011.11.001

Perovié, V., Jaksi¢, D., Jaramaz, D., Kokovi¢, N., Cakmak, D., Mitrovi¢, M., & Pavlovié, P.,
2018. Spatio-temporal analysis of land use/land cover change and its effects on soil ero-
sion (Case study in the Oplenac wine-producing area, Serbia). Environmental Monitor-
ing and Assessment, 190, Article 675. https://doi.org/https://doi.org/10.1007/s10661-
018-7025-4

Samal, D.R., & Gedam, S. (2021). Assessing the impacts of land use and land cover change on
water resources in the Upper Bhima river basin, India. Environmental Challenges, 5,
Article 100251. https://doi.org/10.1016/j.enve.2021.100251

Santhi, C., Arnold, J.G., Williams, J.R., W. A. Dugas, R., Srinivasan, L.M., & Hauck, L.M.
(2001). Validation of the SWAT Model on a Large River Basin with Point and Nonpoint
Sources. Journal of the American Water Resources Association, 37, 1169—1188.
https://doi.org/https://doi.org/10.1111/j.1752-1688.2001.tb03630.x

Souza, J.O.P., Correa, A.C.B., & Brierley, G.J. (2016). An approach to assess the impact of
landscape connectivity and effective catchment area upon bedload sediment flux in Saco
Creek Watershed, Semiarid Brazil. Catena, 138, 13—29. https://doi.org/10.1016/J.CA-
TENA.2015.11.006

Teklay, A., Dile, Y.T., Setegn, S.G., Demissie, S.S., & Asfaw, D.H. (2019). Evaluation of static
and dynamic land use data for watershed hydrologic process simulation: A case study in
Gummara watershed, Ethiopia. Catena, 172, 65-75. https://doi.org/10.1016/J.CA-
TENA.2018.08.013

Tesfaw, B.A., Dzwairo, B., & Sahlu, D. (2023). Assessments of the impacts of land use/land
cover change on water resources: Tana Sub-Basin, Ethiopia. Jornal of Water and Cli-
mate Change, 14, 421—441. https://doi.org/10.2166 /wcc.2023.303

van Griensven, A., Ndomba, P., Yalew, S., & Kilonzo, F. (2012). Critical review of SWAT ap-
plications in the upper Nile basin countries. Hydrology and Earth System Sciences, 16,
3371—3381. https://doi.org/https://doi.org/10.5194/hess-16-3371-2012

Wang, Q., Liu, R., Men, C., Guo, L., & Miao, Y. (2018). Effects of dynamic land use inputs on
improvement of SWAT model performance and uncertainty analysis of outputs. Journal
of Hydrology, 563, 874—886. https://doi.org/10.1016/J.JHYDROL.2018.06.063

Yan, R., Zhang, X., Yan, S., Zhang, J., & Chen, H. (2018). Spatial patterns of hydrological re-
sponses toland use/cover change in a catchment on the Loess Plateau, China. Ecological
Indicators, 92, 151—160. https://doi.org/10.1016/j.ecolind.2017.04.013

Yang, Y.W., Jiang, R., Xie, J., Zhao, Y., Yan, D., & Yang, S. (2019). Soil and Water Assessment
Tool (SWAT) Model: A Systemic Review. Journal of Coastal Research, 93(1) 22-30.
https://doi.org/https://doi.org/10.2112/S193-004.1

Zaibak, I., & Meddi, M. (2022). Simulating streamflow in the Cheliff basin of west northern
Algeria using the SWAT model. Journal of Earth System Science, 131, Article 25.
https://doi.org/https://doi.org/10.1007/s12040-021-01777-X

Zettam, A., Taleb, A., Sauvage, S., Boithias, L., Belaidi, N., & Sinchez-Pérez, J.M. (2017). Mod-
elling hydrology and sediment transport in a semi-arid and anthropized catchment using
the swat model: The case of the Tafna River (Northwest Algeria). Water, 9(3), Article 216.
https://doi.org/10.3390/w9030216

Zouidi, M., Borsali, A.H., Allam, A., & Gros, R. (2019). Quality Estimation of the Western Al-
geria Forest Soils. Malaysian Journal of Soil Science, 23, 57-98.

40



