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RUSLE-GIS WATER EROSION MAPPING IN BOUHMAMA
(NORTHEASTERN ALGERIA)

Purpose. To evaluate the spatial sensitivity of the Bouhmama watershed, located in the Aurés Mountains of north-
eastern Algeria, to water erosion through the combined use of the Revised Universal Soil Loss Equation (RUSLE),
geographic information systems (GIS), and a qualitative multi-criteria analysis.

Methodology. Rainfall erosivity, soil erodibility, slope length and steepness, vegetation cover, and support-practice
factors were derived from rainfall records, soil and lithological information, a digital elevation model, Landsat 8/9
imagery, and land-use data. In parallel, NDVI, lithology, slope, soil moisture, soil classes, and land use/land cover
were standardized, weighted, and overlaid in a GIS environment to generate a qualitative sensitivity map.

Findings. The RUSLE-based map indicates that low and moderate sensitivity classes dominate the watershed, ac-
counting for 52.0 and 24.2 % of the area, respectively, whereas high and very high sensitivity classes cover 14.7 and
8.3 %. The qualitative approach produced a comparable spatial pattern, with 43.27 % low, 28.56 % moderate, 17.31 %
high, and 10.86 % very high sensitivity. The most erosion-prone zones are located along the northwestern, northeast-
ern, eastern, and outer southeastern mountainous margins, where steep slopes, weakly cohesive materials, sparse
vegetation cover, and concentrated runoff interact.

Originality. The study integrates an empirical erosion model with an expert-based GIS multi-criteria framework
in order to improve the interpretation of erosion sensitivity in a semi-arid mountainous watershed and to capture local
environmental specificities that are not fully represented by the quantitative model alone.

Practical value. The resulting maps provide a spatial basis for prioritizing soil and water conservation measures,
erosion control planning, and sustainable land management in Bouhmama and comparable semi-arid watersheds.
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Introduction. Soil erosion by water is a major form of
land degradation in semi-arid environments because it
removes fertile topsoil, reduces agricultural productivi-
ty, and accelerates sediment delivery to downstream res-
ervoirs [1, 2]. In mountainous watersheds such as Bouh-
mama, erosion intensity is controlled by the interaction
of rainfall aggressiveness, slope steepness, soil erodibil-
ity, vegetation cover, and land management.

Literature review and unresolved aspects. Recent
studies in Algeria and comparable drylands have dem-
onstrated the value of combining RUSLE with GIS for
regional erosion assessment [3, 4]. However, quantita-
tive models alone may underrepresent local environ-
mental heterogeneity, vegetation degradation, grazing
pressure, and terrain organization, which remain im-
portant for interpreting sensitivity patterns at the water-
shed scale [5, 6].

Objective. Accordingly, this study aims to integrate
RUSLE and a GIS-based multi-criteria analysis to map
water erosion sensitivity in the Bouhmama watershed,
compare the outputs of both approaches, and identify
priority zones for soil conservation and sustainable land
management.

© Hassad S., Meghithi O., Boughaba S., Benzaoui A., 2026

Materials and methods. Study area. The Bouh-
mama sub-watershed belongs to the hydrological sys-
tem of the High Plateaus of Constantinois—Chott
Melghir and extends over the commune of Bouh-
mama. It is oriented in a northwest—southeast direc-
tion and drains the southeastern part of the Aures
Mountains. Elevation ranges from 208 m in the low-
lands to 2,326 m at Ras Chélia, the highest peak of the
massif, and 2,143 m at Djebel Bazez. These pro-
nounced topographic contrasts favor runoff concen-
tration and water erosion (Fig. 1).

The sub-watershed is formed by a complex geology
consisting of the following series:

1. Middle Cretaceous Series: The series is charac-
terized by the presence of blue-grey marls and marly-
limestones of the Cenomanian Stage, which are typical
of marine environments as in Northern Algeria.

2. Lower Cretaceous Series (Barremian): The Low-
er Cretaceous Series is composed of red or violet clay,
siliceous sandstone, and dolomite, which are the usual
characteristics of environments of transition or conti-
nental environments.

3. Triassic Series: This series is locally developed
and consists of the following sequence: clay, gypsum,
and irregular limestones or dolomites, especially in low-
lying areas.
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Fig. 1. Geographical location of the study area

4. Upper Cretaceous (Coniacian-Maastrichtian):
This series is characterized by the rhythmic repetition of
dark-colored marls and limestones, as also seen in the
Aures Mountains.

5. Tertiary sequence: Eocene marls and limestones,
oligocene red clays, sandstone fans, and gypsum; Mio-
cene marls, sands, and conglomerates, indicating its
complex evolutional history following the rifting.

6. Quaternary: This sequence is composed of trav-
ertine, red loess, and colluvium, and represents the usu-
al characteristics of phenomena of erosion and sedi-
mentation.

The area is strongly deformed, with folded strata, re-
verse faults, and strike-slip faults related to Late Cretaceous
tectonic activity associated with the breakup of Pangea,
followed by Cenozoic compression and basin inversion.

The analysis was conducted with the help of a set of
spatial data, as well as environmental data, combined
within the GIS environment. These data included the
following: the multispectral data of the Landsat 8/9 sat-
ellites, which was used to obtain the NDVI values as well
as the soil moisture index; the Digital Elevation Model,
which was obtained by digitizing 1:200,000 topographic
maps of the Batna, Zribet EI Oued, Negrine, and
Khenchela regions; lithological data, as well as soil data,
which described the soil types; land use/land cover data,
which were used during the qualitative analysis, as well
as during the construction of the support-practice con-
text; rainfall data, which were used during the estima-
tion of rainfall erosivity.

All these data were integrated within the ArcGIS
10.8 environment to support map algebra, factor stan-
dardization, and weighted-overlay analysis. The result-
ing dataset is consistent with standard GIS-based
frameworks commonly used in soil erosion assessment.

Methodological framework. RUSLE application. The
Revised Universal Soil Loss Equation (RUSLE) is a
quantitative model that is commonly used to compute
annual soil erosion due to rainfall and runoff [7]. Recent
applications of the RUSLE model have incorporated re-
mote sensing and GIS techniques to improve the spatial
precision of soil erosion assessment. More recent stud-
ies integrating GIS, remote sensing, and cloud-based
geospatial processing have further improved the spatial
analysis of erosion-prone areas [5, 8].

Researchers estimate RUSLE factors using climatic
datasets, soil and geological maps, remote sensing imag-

ery, empirical equations, and digital elevation models
(DEM) derived from GIS-based approaches consoli-
dated in recent studies such as [5, 7].

The general form of the RUSLE model is

A=R-K-LS-C-P,

where A = Average annual soil loss (t - ha™' - yr'!);
R = Rainfall erosivity factor; K = Soil erodibility factor
(texture, structure, organic matter); LS = Topographic
factor (slope length & steepness); C = Vegetation cover
factor; P = Conservation practices factor.

In this study, the RUSLE factors were derived from
spatial data available in GIS, such as rainfall erosivity
(R) from precipitation data, soil erodibility (K) from soil
data, topographic factor (LS) from the DEM, cover-
management factor (C) from vegetation cover using
NDVI, and support practices (P) from land cover and
conservation data.

Recent studies, such as [9] have enhanced the esti-
mation of erosion factors by incorporating dynamic soil
properties and vegetation information available in re-
mote sensing data. Recent geospatial applications in
cloud environments and arid land modelling frameworks
have enhanced the detection of erosion-prone areas un-
der contrasting environmental stress conditions [6, 8].

Standardization of assessment criteria. The criteria
selected for the qualitative GIS-based assessment were
standardized and classified in erosion sensitivity classes:
NDVI, soil classification, lithology, slope, land use/
land cover, and soil moisture index.

Vegetation cover (NDVI). Normalized Difference
Vegetation Index (NDVI), based on satellite images
supplied by the Landsat 8—9 satellites, is used as an in-
dicator of the density of vegetation cover in the study
area. The density of vegetation cover is an important cri-
terion in reducing the risk of water erosion, as the dense
cover reduces the effect of raindrop impact, increases
the surface roughness, and reduces the concentration of
overland flow.

The analysis of the NDVI map identified four vege-
tation-density classes: very low, low, medium, and high.
Higher NDVI values are concentrated in the central part
of the valley floor and in some northern and northeast-
ern sectors. Conversely, lower NDVI values are more
common in the peripheral mountainous areas, especial-
ly in the northwestern, eastern, and outer southern parts
of the study area (Fig. 2). This pattern is consistent with
recent research highlighting the effectiveness of remote-
ly sensed vegetation mapping and NDVI-based cover
indicators in erosion risk assessment and land manage-
ment planning [5, 10]. Similar NDVI-based analyses of
long-term vegetation dynamics and forest-cover change
in Algerian watersheds further support the relevance of
this indicator [11, 12].

Lithology. The lithological control of erosion in the
Bouhmama basin is expressed through contrasts in co-
hesion, permeability, weathering behavior, and runoff
generation. Resistant limestone and conglomeratic for-
mations generally show lower sensitivity, whereas friable
marls, clays, gypsum-bearing deposits, and unconsoli-
dated surficial materials are more vulnerable to detach-
ment and transport. This lithological heterogeneity
strongly influences infiltration conditions and the spa-
tial distribution of erosion susceptibility (Fig. 3).
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Fig. 3. Lithological Map

Slope. Slope gradient is one of the main topographic
controls of water erosion because it governs runoff ve-
locity, flow concentration, and the potential for rill and
gully initiation. In the Bouhmama watershed, gentle to
moderate slopes dominate the central sectors, whereas
steep and very steep slopes are concentrated along the
peripheral mountainous margins. These steep sectors
are more susceptible to erosion, particularly where veg-
etation cover is sparse and surface materials are weakly
cohesive (Fig. 4).

Soil moisture index. The soil moisture index map of
the Bouhmama region displays the spatial distribution
of the water content in the soils of the area (Fig. 5).
Three major classes can be identified:

Low to very low moisture content (0.00024—0.056):
This type of moisture content is predominantly found
on the north-west and west-facing slopes, which are
characterized by dry conditions and the absence of veg-
etation development, factors that are likely to increase
the level of splash erosion and runoff.

Moderate moisture content (0.057—0.098): This
type of moisture content is predominantly found in the
center and inner southern parts of the watershed.

High soil-moisture values generally characterize
valley bottoms and protected inner sectors where infil-
tration is greater and vegetation is relatively denser,
whereas low values occur on exposed slopes with lim-
ited cover and stronger runoff response. The soil mois-
ture index was therefore used as an indirect indicator
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Fig. 5. Soil Moisture Index (SM1) Map

of surface wetness conditions and potential erosion
sensitivity when combined with the other environmen-
tal criteria.

Land Use/Land Cover (LULC). The land use map
shows that the regions with high erosion vulnerability
are the regions with bare or sparsely covered grounds,
which are the peripheral slopes of the basin, especially
the southern and southeastern regions with steeper
slopes. On the contrary, the regions with high surface
cover due to the existence of agricultural activities,
steppe vegetation, as well as dense ground cover in the
central zone of the basin and the northern zone, are the
regions that are not as vulnerable to erosion, i.e., they
are not as susceptible to the detachment of the particles
of the ground (Fig. 6).

However, land-use change and vegetation-cover
degradation increase erosion vulnerability by reducing
surface protection and altering natural runoff patterns
[13, 14].

Soil classification. The classification map of the soils
in the Bouhmama watershed area shows significant het-
erogeneity in the soils’ pedology, which directly affects
the soils’ sensitivity to water erosion (Fig. 7).

Five major classes of soils are identified: alluvial
soils, unsaturated soils, calcareous soils, calcareous sub-
strate soils, and rocky outcrops.

Alluvial soils, dominated by the southeast area of the
watershed, are the most sensitive to erosion due to low
cohesion, especially in the absence of vegetation.
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Fig. 7. Soil Classification Map

The unsaturated soils are in the west of the water-
shed area and vary in terms of sensitivity.

The presence of calcareous soils dominates the cen-
tral area of the watershed, which provides relatively sta-
ble soils but with increased erosion risks if the soil is cut
by steeper slopes or drainage.

The rocky outcrops are the least sensitive to erosion
but have the lowest agricultural potential

Qualitative GIS-based approach. Besides the quanti-
tative RUSLE model, a new qualitative approach was
also proposed to take better account of local specificities
in terms of both environmental and socio-ecological as-
pects. The new method is based on expert system tech-
niques, using a multi-criteria analysis tool within a GIS
framework (Fig. 8).

The main parameters affecting soil erosion were
identified and weighted, such as vegetation cover, lithol-
ogy, slope gradient, soil moisture, and land use. These
criteria were then reclassified according to the levels of
vulnerability (low, moderate, high, very high vulnerabil-
ity classes) using expert knowledge and field observa-
tions. Finally, all the criteria were overlaid using a
weighted overlay method, which enables heterogencous
data integration into a single erosion sensitivity map,
through the GIS tool.

The proposed methodology allows both physical and
anthropogenic factors, not always taken into consider-
ation by quantitative models, to be considered. The new
qualitative method is more flexible, as it combines ex-
pert opinion with spatial analysis techniques.

Recent methodological applications in semi-arid and
Mediterranean catchments have shown that erosion as-
sessment becomes more robust when geospatial model-
ling is supported by remote sensing, rainfall-erosivity
analysis, and watershed-scale comparison frameworks
[15, 16]. Other studies have also highlighted the value of
integrating regional modelling approaches, watershed-
scale erosion assessment, and large-scale comparative
analysis in order to improve the spatial reliability of ero-
sion-sensitivity mapping [17, 18]. In the same perspective,
recent applications confirm the usefulness of combining
RUSLE, GIS, sediment-delivery interpretation, and
complementary rainfall-related datasets for watershed
management and land-degradation assessment [19, 20].

Results and discussion. Slope steepness. The slope
map was used to evaluate the influence of terrain gradi-
ent on erosion sensitivity in the Bouhmama watershed
(Fig. 9). The results show that slope steepness is one of
the most important controlling factors of water erosion
in the study area, because it directly affects runoff veloc-
ity, flow concentration, and the capacity of surface water
to detach and transport soil particles.

Four slope classes were identified, with vulnerability
values increasing from 1 to 4.

Gentle slopes (0—5 %) are mainly concentrated in
the central valley and inner southern sectors, covering
20 % of the total area. These zones show the lowest ero-
sion sensitivity because runoff velocity is limited and
infiltration conditions are relatively favorable.

Moderate slopes (5—15 %) cover 39 % of the water-
shed and form a broad transition zone between the cen-
tral low-slope areas and the steeper peripheral sectors.
These areas present moderate erosion sensitivity, par-
ticularly where vegetation cover becomes discontinuous.

Steep slopes (15—35 %) are mainly located along the
eastern, western, and southeastern margins of the wa-
tershed, covering 24 % of the total area. These sectors
are more vulnerable to erosion because the increase in
slope gradient promotes faster runoff and greater soil
detachment.

Very steep slopes (>35 %) occur mainly along the
northwestern and northeastern ridges, with local exten-
sions on the southeastern slopes, covering 15 % of the
total area. These zones represent the highest erosion
sensitivity class in the slope-based analysis. Their high
vulnerability is explained by the combined effect of steep
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Fig. 9. Soil Erosion Classes Based on Slope

terrain, rapid overland flow, limited infiltration, and the
frequent presence of sparse vegetation cover.

Land use/land cover. Land use and vegetation cover
were analyzed to assess their role in controlling erosion
sensitivity in the Bouhmama watershed (Fig. 10). The
results show that vegetation cover acts as a natural pro-
tective factor by reducing raindrop impact, limiting sur-
face runoff, and improving soil stability.

Four land-use classes were identified according to
their protective effect against erosion.

Forest cover (35 %) provides the highest level of pro-
tection against erosion because dense vegetation reduces
runoff velocity and enhances soil cohesion.

Cultivated areas (30 %) provide moderate protec-
tion. Their erosion sensitivity depends on crop cover
density and soil-management practices, but they are
generally less vulnerable than sparsely vegetated areas.

Steppe rangelands (20 %) provide weak protection
against erosion because vegetation cover is more discon-
tinuous, which allows greater runoff concentration and
soil detachment.

Bare areas (15 %) represent the most vulnerable
class, especially in the peripheral parts of the watershed
where slopes are steeper and vegetation is absent or very
sparse. These zones are therefore the most exposed to
runoff-induced soil loss.

This classification highlights the clear contrast be-
tween protected central areas with denser vegetation and
more vulnerable peripheral sectors where reduced cover
increases erosion sensitivity.

6°400°E 6°500°E 7°00°E

.L't‘?‘ﬂ 0N
I
|
|
35°200°N

i
Legend

L —
[ J e ———
land cover of Bouhmama watershad

35°10'0°N
t
|
k
£
35°100°N

oo

6°400"E 6°500°E 7°00°E

Fig. 10. Soil Erosion Classes Based on Land Use

Erodibility of geological materials. The erodibility of
soils and surface materials in the Bouhmama watershed
varies according to their physical and lithological prop-
erties. Based on their resistance to detachment and
transport, four classes were identified.

Class 1 (Very resistant) includes cohesive and com-
pact formations such as hard limestones and conglom-
erates, mainly distributed in the southern and south-
eastern parts of the watershed. These materials are the
least susceptible to erosion because of their high resis-
tance to runoff action.

Class 2 (Moderately resistant) includes schists and
marly limestones, mainly located in the central part of
the basin. These materials are relatively stable under
normal conditions, but their sensitivity increases where
slopes become steeper or vegetation cover is reduced.

Class 3 (Highly susceptible) includes friable marls
and gypsum-bearing materials, mainly found in the
northwestern and southeastern sectors. These forma-
tions are more easily detached and transported by run-
off, which makes them particularly sensitive to erosion.

Class 4 (Very vulnerable) includes loose clayey mate-
rials, generally located near streams, valley sides, and
unstable slopes. These materials represent the highest
erodibility class because of their weak cohesion and high
sensitivity to runoff-induced detachment.

This classification shows that the spatial distribution
of erodible materials strongly contributes to the contrast
between relatively stable central sectors and highly vul-
nerable peripheral zones in the Bouhmama watershed.

Rainfall and precipitation. The rainfall-erosivity
sensitivity map of the Bouhmama watershed shows a
heterogeneous spatial pattern based on the reclassifi-
cation of rainfall-related erosion sensitivity (Fig. 11).
The results indicate that the effect of precipitation on
erosion is not uniform across the watershed, but be-
comes stronger where rainfall aggressiveness is com-
bined with steep slopes, reduced vegetation cover, and
concentrated runoff.

Class 1 (Low sensitivity) is mainly located in the cen-
tral valley floor and some inner southern sectors. These
areas are characterized by lower rainfall-erosivity influ-
ence and less concentrated surface runoff, which reduc-
es erosion sensitivity.

Class 2 (Moderate sensitivity) forms a transitional
belt around the central low-sensitivity zones. These ar-
eas show intermediate erosion sensitivity because rain-
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Fig. 11. Soil Erosion Classes Based on Rainfall Erosivity
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fall impact is moderated by variable topography and
partial vegetation protection.

Class 3 (High sensitivity) is mainly distributed along
the northern, northeastern, and eastern margins of the
watershed. In these sectors, stronger rainfall impact
combined with steeper terrain promotes more active
runoff and favors the development of rills and localized
incision.

Class 4 (Very high sensitivity) occurs mainly in the
northwestern and some outer southeastern parts of the
watershed. These zones represent the highest rainfall-
related erosion sensitivity because they combine more
aggressive rainfall conditions with steep slopes, sparse
vegetation cover, and greater runoff concentration.

Overall, the rainfall-erosivity analysis confirms that
the most vulnerable zones are concentrated in the periph-
eral mountainous sectors, whereas the central and inner
parts of the watershed remain relatively less sensitive.

NDVI-based sensitivity. Fig. 12 shows the spatial dis-
tribution of NDVI-based soil erosion sensitivity in the
Bouhmama watershed. Low sensitivity is mainly con-
centrated in the northwestern and upper central sectors,
where vegetation cover is denser and more continuous.
In contrast, high and very high sensitivity dominate the
eastern, southeastern, and peripheral zones, where veg-
etation cover is sparse or discontinuous and the soil sur-
face is less protected. The moderate class occupies a
large part of the watershed and corresponds to areas
where vegetation provides only partial protection against
runoff and raindrop impact.

From a geomorphological and ecohydrological per-
spective, this distribution confirms the inverse relation-
ship between vegetation cover and erosion sensitivity in
the study area. Higher NDVI values generally indicate
denser vegetation cover, which reduces raindrop impact,
slows overland flow, enhances infiltration, and improves
soil cohesion through root reinforcement. Conversely,
lower NDVI values reflect weak vegetation protection
and greater exposure of the soil surface to runoff and
erosion processes.

The map should be interpreted as an NDVI-based
sensitivity layer rather than a direct soil-loss map. Al-
though vegetation cover is a key factor in reducing ero-
sion sensitivity, actual soil loss in the Bouhmama wa-
tershed also depends on the combined influence of
rainfall erosivity, slope length and steepness, soil erod-
ibility, lithology, drainage organization, and land man-
agement. Therefore, the NDVI layer mainly reflects the
protective role of vegetation cover and helps identify
areas where sparse or degraded vegetation may increase
vulnerability to erosion. In this study, the highest
NDVI-based sensitivity is concentrated in the eastern,
southeastern, and peripheral sectors, where reduced
vegetation covers the soil surface more exposed to run-
off and detachment.

RUSLE-based erosion sensitivity map. The hydrolog-
ical erosion sensitivity map of the Bouhmama water-
shed, which resulted from the analysis carried out with
the RUSLE model and GIS technology, shows that low
vulnerability areas dominate (52 %) and are essentially
located in the center and some inner southern parts of
the watershed, where the slopes are gentle and moderate
and where the vegetation is relatively stable. Moderate
sensitivity areas cover 24.2 % of the watershed and are
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essentially located in the belts surrounding the afore-
mentioned areas (Fig. 13).

The highly sensitive zones (14.7 %) and very highly
sensitive zones (8.3 %) are in the peripheral mountain-
ous and dissected zones, especially towards the north-
western, north-eastern, eastern, and outer south-eastern
margins. Here, the steeper slopes, low vegetation cover,
weakly cohesive materials, and high surface runoff are
the factors which promote hydrological erosion.

Qualitative GIS-based erosion sensitivity map. The
map of the erosion sensitivity of the Bouhmama water-
shed shows four different classes.

The low sensitivity class, which covers 43.27 % of the
area, is mainly centered on the central valley floor, as
well as some of the inner southern sectors, with gentle
slopes, efficient infiltration, and good vegetation cover,
which overall limits the erosion process.

The moderate sensitivity class, which covers 28.56 %
of the area, is centered on the transitional zones around
the central low sensitivity class, which may become
more sensitive in the event of ecological disturbance.

The high sensitivity class, which covers 17.31 % of
the area, is centered on the peripheral slopes, especially
with concentrated runoff, discontinuous vegetation,
and limited soil resistance.

Lastly, the very high sensitivity class, which covers
10.86 % of the area, is centered on the ridges as well as the
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steep slopes of the north-western, north-eastern, as well
as some of the south-eastern margins of the study area.

Comparison between RUSLE and the qualitative
GIS-based approach. The comparison between the
quantitative RUSLE model and the qualitative GIS-
based approach highlights both the convergence and the
complementarity of the two methods. The RUSLE
model identified a predominance of low-sensitivity
zones, representing 52 % of the watershed, and clearly
delineated the main critical areas located along the steep
peripheral sectors and parts of the hydrographic net-
work. These results confirm the usefulness of the quan-
titative approach for estimating the general spatial pat-
tern of erosion sensitivity across the watershed.

The qualitative GIS-based approach, based on multi-
criteria analysis and the weighting of physical and bio-
logical parameters, produced a slightly lower proportion
of low-sensitivity areas (43.27 %) and a more detailed
representation of high and very high sensitivity zones,
which accounted for 17.31 and 10.86 % of the watershed,
respectively. This approach made it possible to better
identify localized vulnerability hotspots by integrating
factors such as vegetation degradation, grazing pressure,
land-use effects, and local terrain organization, which
are not fully captured by the RUSLE model alone.

The joint interpretation of both approaches shows
that the most stable zones are concentrated in the cen-
tral part of the watershed and in some inner southern
sectors, where slopes are gentle to moderate and vegeta-
tion cover is relatively dense. In contrast, the northwest-
ern, northeastern, eastern, and outer southeastern mar-
gins represent the main erosion hotspots because they
combine steep slopes, weakly cohesive surface materi-
als, sparse vegetation cover, and concentrated runoff.

The main contribution of this study lies in the com-
bined use of a quantitative RUSLE model and a qualita-
tive GIS-based approach to improve the spatial inter-
pretation of erosion sensitivity in the Bouhmama water-
shed. This integrated framework provides a more reli-
able basis for identifying priority intervention areas and
supports more effective soil conservation and watershed
management strategies.

Conclusion. The study of the sensitivity of water ero-
sion in the Bouhmama watershed emphasized the need
to use both a quantitative approach, as proposed by the
RUSLE model combined with GIS, and a qualitative
approach based on the application of the multi-criteria
analysis method, taking into consideration the expert’s
knowledge.

The study results show that the zones of low vulner-
ability, both according to the quantitative approach
(52 % according to the RUSLE model) and the qualita-
tive approach (43.27 %), are mainly concentrated in the
central area of the watershed and, to some extent, in the
inner areas of the southern zone, where gentle and mod-
erate slopes, as well as the vegetation cover, provide
greater stability.

On the other hand, the zones of high and very high
sensitivity are concentrated in the mountainous zones,
especially in the north-western, north-eastern, eastern,
and outer south-eastern areas of the watershed, where
the slopes are higher, the geological formations are less
cohesive, the vegetation cover is less stable, and the run-
off concentration is higher.

The comparison of these two approaches shows that
they complement each other: the RUSLE method offers
a solid and replicable empirical basis, which is useful for
spatial quantification and comparison, while the quali-
tative method enriches the analysis by considering the
local specificities of land use and anthropogenic pres-
sures. The combination of these two approaches offers a
detailed analysis of the sensitivity of the area to erosion,
thus providing a reliable decision-support tool for the
management of this semi-arid mountainous area.
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KaprorpadyBanns 4yTJIMBOCTi 10 BOJHOI
epo3sii 3a nonomoroiw cucreMd RUSLE-T'IC
y byxmami (miBHiYHO-CXinHuii AJDKUP)
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Meta. O1[iHUTH TPOCTOPOBY YYTIUBICTh BOIO30ip-
Horo OaceitHy byxmaMa, po3TaiioBaHOro B ropax Ay-
pec y MiBHiYHO-CXiTHOMY AJDKMPi, 10 BOZHOI epo3ii 3a
JIOTTIOMOT0I0  KOMIJIEKCHOTO 3acTocyBaHHSI Momaudi-
KOBaHOrO YHIBEpPCAJIbHOI'O PiBHSIHHSI BTpaT I'PYHTIB
(RUSLE), reoindopmaniiitaux cucreM (I'IC) Ta sikic-
HOro 0araToKpUTEpiaIbHOTO aHaIi3y.

Metonuka. IlokasHUKM epo3iiiHOI aKTUBHOCTI
onafiB, epo3iiiHOi Bpa3JMBOCTI I'PYHTY, JOBXWHU Ta
KPYTU3HU CXWJIiB, POCIMHHOTO ITIOKPWBY, a TaKOX
(akTopm, TOB’sI13aHi 3 METOZAMU BEIACHHS CilTbCHKOTO
TOCTIOIapCTBa, Oy OTPHMMAaHi Ha OCHOBI JTaHUX MPO
KUIBKIiCTb OmnafiB, iH(popMallii 1og0 IPYHTOBUX i JIiTO-
JIOTIYHUX 0COOJMUBOCTEM, MG POBOI MoAei peabedy,
3HiIMKIiB cynmyTHUKa Landsat 8/9 i naHuX mpo 3eMJIeKo-
puctyBaHHs. [lapanenbHo i3 uuM nokazHuku NDVI,
JIITOJIOTIYHI AaHi, TaHi PO KPYTU3HY CXUJiB, BOJOTICTh
IPYHTY, KJIaCU I'PYHTIB i 3eMJIEKOPUCTYBaHHSI/3eMJIe-
TMOKPUTTS Oynu cTaHAapTU30BaHi, IpoaHaii3oBaHi
i1 interposani B cepenoBuii I'IC mist cTBOpeHHS SIKic-
HOI KapTu YyTJIUBOCTI.

Pesyabratu. Kapta, ckinageHa Ha OCHOBI Mopesi
RUSLE, noxkasye, 1110 Ha TepUTOpii BOA030ipHOTO Oa-
CeliHy MepeBaXaroTh KJIACU HU3bKOI I MOMIpHOI 4yT-
JIMBOCTI, 110 3aiiMatoTh BixnosimHo 52,0 ta 24,2 % mio-
1111, TOMi SIK KJIJACU BUCOKOI i1 Ty>Ke BUCOKOI YYTIIMBOCTI
oxorunooTh 14,7 ta 8,3 %. AxicHuii miaxin gaB Mmomi-
OHY ITpOCTOPOBY KapTHHY: 43,27 % — HU3bKa, 28,56 % —
nomipHa, 17,31 % — Bucoka ta 10,86 % — my>e BUCOKa
yyTauBicTb. HaliOinblll CXMIBHI 10 epo3ii 30HU po3Ta-
1IOBaHi B3[A0BX IiBHIYHO-3aXiZHUX, MiBHIYHO-CXi-
HUX, CXiITHUX 1 30BHIIIHIX MiBAEHHO-CXiAHUX TiPCbKUX
KpaiB, Je TOEIHYIOThCS KPYTi CXWJIM, CIab0MOB’ sI3aHi
Martepiaau (TTOPOIN), PIIKICHUI POCTUHHMI TTOKPUB
i KOHLIEHTPOBAHUM CTiK.

HaykoBa HoBU3HA. Y TaHOMY NOCTiI>KEHHI MTOENHA-
Ha eMITipuyHa MOJeNb epo3il 3 eKCIEepPTHO Oararo-
KpuTepiaibHOIO cucteMoro Ha ocHOBi ['IC 3 MeToto mmo-
KpalllUTH iHTepIIpeTalilo YyTJIMBOCTI 10 €po3ii B HarMiB-
MyCTeJIbHOMY TipChbKOMY BOJ0300pi Ta BpaxyBaTH Mic-
1IeBi €KOJIOTiYHi 0COOIMBOCTI, 1110 HE MOXYTb OYTH IO~
BHICTIO BimoOpaskeHi JuIlie 3a TOMOMOIOI0 KiJbKiCHOI
MOJIEJTi.

IIpakTuHa 3HaUMMicTh. OTpUMaHi KapTU CIYTYIOTh
TIPOCTOPOBOIO OCHOBOIO UISI BU3HAUCHHS IIPiOPUTET-
HOCTI 3aXO[iB i3 OXOPOHU IPYHTIB i BOIHUX peCypcCiB,
IJIaHyBaHHS OOPOTHLOU 3 €pO3i€l0 Ta CTAJIOTO yIpaB-
JIIHHS 3eMeJIbHUMU pecypcamu B byxmaMi i aHaIoriy-
HUX HaMiBMYyCTeJIbHUX BOAO30ipHUX OaceiiHax.

KmouoBi cioBa: nanienycmenvnuii 600036ipHuii 6a-
celiH, enaue onadie, deepadayis 3emend, NIGHIMHO-CXI0-
Huil Anorcup
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