International Journal of Engineering and Geosciences, 2026, 11(2), 375-391

International Journal of Engineering and Geosciences

https://dergipark.org.tr/en/pub/ijeg
e-ISSN 2548-0960

Desertification assessment using Sentinel-2A images, spectral and TCT indices in the Admer-
Ezem watershed, upper Oum-Rbaa basin, Morocco

Abdelhak Limame 1!

, Khalid El Hairchi *2°®', Lahcen Ouiaboub 3

1Sidi Mohamed Ben Abdellah University, geography, Morocco, Limameabdelhak@gmail.com
2Sultan Moulay Slimane University, Research team, Territory: Dynamics, Planning and Sustainable Development (TEA2ZD), FPK,

Morocco, *k.elhairchi@usms.ma

3Ibn Tofail University, Laboratory of Territories, Environment and Development, Morocco, lahcen.ouiaboub@uit.ac.ma

Cite this study: Limame, A., El Hairchi, K., & Ouiaboub, L. (2026). Desertification assessment using Sentinel-2A
images, spectral and TCT indices in the Admer-Ezem watershed, upper Oum-Rbaa basin, Morocco.
International Journal of Engineering and Geosciences, 11(2), 375-391.

https://doi.org/10.26833/ijeg. 1690805

Keywords
Sentinel 2A
Spectral Index
TCT
Desertification
Morocco

Research Article

Received:03.05.2025
Revised: 28.09.2025
Accepted:10.10.2025
Published:01.07.2026

AT
E_\ check for

O updates

1. Introduction

Abstract

This paper focuses on a quantitative assessment of desertification in the Admer-Ezem basin,
using Sentinel-2A satellite images and indices to map the degree of basin-wide desertification
in 2023. The methodology is based on the extraction of several spectral indices, such as the
normalized difference vegetation index (NDVI), albedo, topsoil grain size index (TGSI) and the
modified soil adjusted vegetation index (MSAVI), as well as the tasseled cap transformation
(TCT) indices: brightness (TCB), greenness (TCG) and wetness (TCW). Different combinations
of these indices were then created and analyzed using linear regression to identify low
correlation rates. Based on these results, three characteristic zones were selected: TGSI-
Albedo (r = -0.95), TGSI-TCW (r = -0.74) and TCW-TCB (r = -0.73). The resulting map
subdivides the region into five categories of desertification: extreme, severe, moderate, low
and non-desertified. The results show that the forest is undergoing progressive
desertification. In general, and according to the different models used, more than 50% of the
area studied is subject to severe to extreme desertification, while less than 30% of the area is
classified as no-desertified, or slightly affected. Thanks to the high accuracy of the models used
(Area Under the Curve (AUC) from 79 to 83%), this approach proves to be almost optimal for
the quantitative analysis and monitoring of desertification in the Moroccan Middle Atlas.
Finally, this work can help planners identify the most suitable sites for future forest
development.

affected by this phenomenon [10]. Desertification leads

Desertification is a problem that affects over a billion
people globally [1-5]. The United Nations Convention to
Combat Desertification [6] defines this phenomenon as
the progressive land degradation in arid, semi-arid, and
dry sub-humid areas thanks to a conjunction of human
activities, including intensive and extensive agriculture,
and climatic variations, such as high temperatures and
decreased precipitation. These activities lead to
overexploitation of land and exceeding its regeneration
capacity [7- 8]

Desertification affects approximately 39.2% of the
global land surface, or 51.6x10° km? of degraded land
[9]. North Africa alone has an area of 4.86x10° km?*

to serious consequences, such as biodiversity loss,
habitat destruction, endangerment of plant species and a
decrease in soil productivity [11-15]. It also alters the
Earth  surface's  hydrological, ecological, and
biogeochemical processes [16].

In the southern Mediterranean, Morocco is among the
nation’s worst affected by desertification. According to
the Arab Organization for Agricultural Development
(AOAD)[17], more than 64.01% of the land is already
desertified, and 27.43% is threatened by this problem.
This situation results from the combination of several
factors, namely: the aridity of the environment (93% of
the national territory), the irregularity of precipitation
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and the frequency of drought [18- 19], the excessive
exploitation of natural resources (water, soil, forest)
following the increase in demographic pressure which
generates growing food needs for the population and
livestock [20]. Moreover, the deforestation of the
environment which causes a regression of the forest
cover of 17,000 ha/year [21], due to the excessive
harvesting of firewood and energy, overgrazing, clearing
and fires.

Aware being of the seriousness of the desertification
phenomenon, many researchers have studied it in
several Moroccans regions, using different methods and
models. These Regions include the Guercif basin in
eastern Morocco [22], the Souss watershed [7], the
Moulouya basin [20], and the Oued El Maleh watershed
[23], the Draa basin [24], the Middle Moulouya basin
[15], the Upper Oueghra and Central Rif basins [25- 26],
and the Middle Atlas [27].

The authors have all concluded that Morocco is
among the Mediterranean countries most impacted by
these environmental phenomena, which differs
depending on the location. It should be mentioned that
scholars have never delved into desertification in our
study area.

Numerous techniques and models have been used to
assess and evaluate ecosystems hazards like
desertification in order to map and evaluate this risk
[28]. However, the method based on remote sensing
technologies (Sentinel, ASTER, Landsat, Ikonos,
Quickbird and Spot) remains the most effective [27]. This
method has been in use for the past three decades [29,
30].

Remote sensing offers accurate data and statistics,
rapid updating and a large amount of information
[31,24]. Combined with a geographic information system
(GIS), it enables rapid assessment of land characteristics
and their evolution in space and time, thanks to the
availability of multi-temporal and high-resolution
satellite images which helps to Analysis large-scale
environments [15, 32 - 33].

These geo-spatial technologies can be used either to
halt the progression of desertification, or to mitigate its
effects [24, 27-34]. In arid, semi-arid and dry sub-humid
worldwide zones, several spectral indicators have been
developed to monitor and evaluate desertification
degrees [15, 24], such as the Desertification Degree Index
(DDI) approach created by [35]. This model is
established by combining two most inversely correlated
indicators to create a feature space.

However, in several studies, authors have used
different indices depending on the correlation rate. For
example, [36] used the Albedo-NDVI model to assess
desertification, [37] used the Albedo-MSAVI model, [38]
used the Albedo-TGSI model, while the use of TCT indices
by [24, 27] gave good results in Morocco.

In this paper, we will use combinations of the
following spectral and TCT indices: TCW-TCB, TGSI-
Albedo and TGSI-TCW, which showed good inverse
correlations to monitor and assess the degree of
desertification in Admer-Ezem.

Using high-resolution Sentinel 2A images, the study
aims to map the extent of desertification in the upper
Oum-Rbaa basin based on the outcomes of negative
regression analysis and inversion of the TCT, MSAVI,
TGSI, NDVI, and Albedo indices. The models developed
can be extended to other arid or semi-arid zones to
assess the degree of desertification in Morocco.

Study area:

Located at the summit of the large Oum-Rbaa basin,
the Oued Admer-Ezem watershed spans 197.59 km?, as
indicated by the Lambert coordinates: X1 = 430 347.24,
Y1 =281 864.43; X2= 529 704.23, Y2 = 386 110.82. This
area is limited to the north by the Sebou basin, to the west
and south-west by the basin of Amengous-Fellat and to
the east by the Ouiouane watershed (Figure 1).

The climate of the region is sub-humid to semi-arid,
with hot summers and wet, chilly winters. Precipitation
in the Tamchachat station (in Admer-Ezem) is 663.5 mm,
recorded at the only weather station in Tamchachat.
Additionally, the temperatures vary greatly, ranging
from a summer high of 30°C to a winter low of -6°C [39-
40]. The majority of the natural plant cover is quite
varied: Cedar (Cedrus atlantica), holm oak (Quercus
rotandifolia) and Thuya (Tetraclinis articulata) [41-42].
The main economic activities in the study area are
pastoralism and agriculture, which put pressure on
natural resources.

Geologically, the Upper Oum-Rbaa watershed is part
of the central Middle Atlas and is situated in the passage
zone of the North Middle Atlas accident [43]. It displays a
broad range of stratigraphic sedimentary layers from the
Upper Triassic to the Quaternary. The mountainous
expansions of Elkoubate and Ijdrane (Ain Kahla, Mimjad,
etc.) and the domes are framed by the carbonate
formations (limestones and dolomites) of the Middle and
Lower Lias. According to [40], the Triassic outcrops are
located in the passage zone of major accidents that
transverse the basin, such as the Marmal disaster from
north to south and the North Middle Atlas accident from
east to west. At the start of the Jurassic sedimentary
outcrop, dolomites and red clays alternate, indicating the
transition. At the start of the Jurassic sedimentary
outcrop, dolomites and red clays alternate, indicating the
change from the Upper Triassic's mostly continental
sedimentation to a marine one, which is supported by
carbonate deposits in the Liassic [44]. A strong calcar-
dolomitic structure serves as a representation of the
Lower Liassic deposits. According to [44], these deposits
are nearly consistent with those of the Upper Triassic.
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Figure 1. The study area location; A: Moroccan nation, B: Oum_Rbaa basin, C: Admer-Ezem basin

2. Materials and Methods
2.1. Data

In this study we are based on multiple and diverse
data resources and software, Multispectral Sentinel-2A
images have been obtained from the Copernicus website
(https://scihub.copernicus.eu ). The images were taken
on August 14, 2023, during the dry season, when there is
less agricultural activity, little precipitation, and low
chlorophyll.

These sentinel-2A images reflect the ground truth,
since the cloud cover was very low. In fact, these sentinel-
2A images are composed of 13 spectral bands at different
resolutions of 10 m, 20 m and 60 m (table. 1). The
wavelengths covered by these 13 bands range widely,
from 440 to 2200 nm. Several software programs were
used for preprocessing, processing, statistical regression
analysis, and presentation of results.

Table 1. Characteristics of Sentinel-2 satellite imagery

Sentinel-2 bands Resolution Central
Wavelengths
(nm)
Band 1: Coastal/aerosols 60m 0.443
Band 2: Visible Blue 10m 0.49
Band 3: Visible Green 10m 0.56
Band 4: Visible Red 10m 0.665
Band 5: Vegetation Red Edge 20m 0.705
Band 6: Vegetation Red Edge 20m 0.74
Band 7: Vegetation Red Edge 20m 0.783
Band 8: Near-Infrared 10m 0.842
Band 8A: Narrow NIR 20m 0.865

Band 9: water vapour 60m 0.945

Band 11: Cirrus 60m 1.1375

Band 11: SWIR 1 20m 1.61

Band 12: WRIR 2 20m 2.19
2.2. Method

Numerous remote sensing approaches and strategies
have been established for mapping, monitoring, and
assessing desertification. In the different zones (arid,
semi-arid and sub-humid) affected by the phenomenon.
In this paper, we rely on the extraction of several spectral
indices such as NDVI, albedo, TGSI and MSAV]I, and TCTs
such as TCB, TCG and TCW. The approach adopted
(Figure 2) is based on several steps, starting with the
acquisition of sentinet-2A satellite images, data pre-
processing where we performed an atmospheric
correction, calculation of spectral indices (NDV], albedo,
TGSI, and MSAVI) and TCTs (TCB, TCG, TCW). Analysis of
linear correlation between indices to select the best
inverse correlation. Development and application of an
indicator to extract the different desertification degrees
in our region. Field surveys and data from the National
Forest Inventory (NFI) are used to validate the
desertification sensitivity map.

A receiver operating characteristic (ROC) approach
was used to evaluate the models' capacity to identify and
validate the areas at risk of desertification.
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Figure 2. Methodologic flowchart
2.3. Satellite image preprocessing

As part of the Copernicus program, the European
Space Agency developed the Sentinel-2 family (24, 2B) of
Earth monitoring satellites; the first two were launched
in 2015 and 2017 [24, 27].The Sentinel-2A satellites
provide high-resolution multispectral images to continue
the collection of data carried out by the Landsat and Spot
missions while improving their quality [15].

This work was able to estimate the level of
desertification within the Admer-Ezem sub-basin using a
single image covering the basin. This cloud-free image
was taken during the dry season (August 14, 2023). This
Table 2. Formula and description of indices

level 1 C image underwent geometric and radiometric
correction to remove all distortions kinds in the images
created by the sensor [15, 27-45] and atmospheric
correction to remove the inaccuracy brought on by
radiation from the atmosphere. The Sen2cor
atmospheric correction toolbox is used to do this
process, which is an algorithm integrated into the
Sentinel Application Platform (SNAP) tool version 5.0
[46].

2.4. Derivation of spectral indices

Indices Formulas advantages Authors
NDVI: Normalized = (NIR = R)/(NIR + R) - Responsive to vegetation strength [47], [48],
difference  vegetation and abundance [49]
index - Ability to assess plant health
Albedo = ((0.356 — b2) + (0.130 — b4) - Highlights moisture and soil [15], [50],
+ (0.373 — b8) content [51]
+ (0.085 — bll) - Ideal for vegetation analysis
+ (0.072 — b12) - informs land cover and vegetation
- 0.018))/1.016
changes
- improves classification accuracy
MSAVIE: modified soil | = (2xNIR+1—+( [(2xNIR [5],[52],
adjusted vegetation + 1)) 2 - 8(NIR - Allows vegetation to be [53]
index —RED)))/2 characterized by taking into account
soil humidity.
TGSI: Topsoil Grain Size = (RED — BLUE)/(RED + BLUE - Refers to the classification and [54], [55],
Index + GREEN) measurement of the proportions of [56]
sand, silt and clay in the topsoil.
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TCT TCB =0.3037 » BO2+ 0.2793 * B03 - Identification of changes in [24] - [27] -
Tasseled brightne + 0.4743 = B04 Vegetation' SOil and other [57]
cap §S +0.5585 characteristics resulting from
Transforma * BO8 + 0.5082 * B10 + 0.1863 h .

. uman action.
tion * B12
TCG = —0.2848 = B02 — 0.2435 = B03
greennes — 0.5436 * B04 + 0.7243
S * B08
+ 0.0840 * B11 — 0.1800 * B12
TCW = 0.1509 = B02 + 0.1973 = B03
wetness + 0.3279 * B04 + 0.3406
* B08 — 0.7112
* B11 — 0.4572 = B12

The five indicators' relation was examined using the
Pearson test (Albedo, NDVI, TGSI, MSAVI, TCB, TCG and
TCW) (table 2). With "x" as the independent variable and
"y" as the dependent variable, linear regression analysis
may be carried out using the equation y=ax + b in a
characteristic space. We used albedo, TGSI and TCB as
independent variables and NDVI, MSAVI, TCG and TCW
as dependent variables for the combinations made.

To demonstrate the links between each of the two
variables, we organized a random sampling, 199 points
in the entire study area except irrigated areas, each point
takes five values, the latter representing the pixels values
of each band (NDVI, Albedo, TGSI, MSAVI, TCB, TCG and
TCW).

Based on the correlation rate, three combinations
were used: (i) Albedo-TGSI, (ii) TGSI-TCW, (iii) TCW-
TCB, as they give a better inverse correlation for
calculating the IDD.

3. Results
3.1. TCT, NDVI, Albedo, MSAVI and TGSI

Figure (3) shows the results obtained from four
spectral indices (Albedo, NDVI, MSAVI and TGSI) and the
TCT indices (TCB, TCG and TCW). The highest values of
NDVI and MSAVI and TCG (Figure 3a, d, f) correspond to
the areas of dense vegetation cover particularly at the

level of the mountains of Jbel Taloune, Arayou, Ijdrane, as
well as, to the irrigated fields along the Boufrah and
Admer-Ezem wadi. On the other hand, the small values
(-0.28 and -0.22 respectively) correspond to the bare
soils generally found in the center of the basin and along
the banks of the Ademer-ezem wadi, particularly on the
left bank. For albedo, the values vary between -2.1 and
0.45 (Figure 3b). High albedo values represent areas with
low vegetation and bare and clear soil, while low values
represent dense vegetation, especially at Jbel Taloune,
Aryou, Ijdrane. For the TCB index (Figure 3e), the values
varying between 0.24 and 1.37; and high albedo and TCB
values indicate clear soils with a whitish color. The TGSI
index gives details on the granulometry of the topsoil
[15], this index values range between -0.82 and 0.74, the
highest values, which are precisely in the center of the
basin under study, show a coarse granulometry of the
topsoil and, as a result, a high sand content and more
degraded regions (Figure 3c). Soil moisture is measured
by the TCW indice (Figure 3g), which has values ranging
from -0.30 to 0.07. Wetlands, water bodies, and thick
vegetation are associated with high TCW values, while
barren soils with no vegetation cover are represented by
low values.
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Figure 3. The four obtained indices; A: NDVI, b: Albedo, C: TGSI and D: MSAVI, and the three indices TCT E: Tasselled Cap
brightness; F: Tasselled Cap greenness and G: Tasselled Cap wetness map

3.2. Linear Regression Analysis according to results of linear regression analysis for the

Finding the best combination that has a very negative three sets. This suggests that as TCW and Albedo rise,
correlation and offers a very clear visual depiction of the TGSI falls, suggesting little to no desertification, and vice
various land cover types is the primary goal of linear versa. TGSI rises as TCW and Albedo fall, suggesting that
correlation [24, 27]. There is a significant negative desertification is affecting the region. Additionally, the
connection between TGSI and Albedo (R=-0.95) (Figure association between TCB and TCW is more negative (R=-
4a) and between TGSI and TCW (R=-0.74) (Figure 4b), 0.73) (Figure 4c). This finding shows that while the TCB
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rises as the desertification process intensifies, the TCW
progressively falls (Figure 6). Three 2D feature spaces
were generated for the whole region (Figure 5) based on

made (Figure 4).

the layers of these seven indices, and they were
compared to the three graphs that had already been
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Figure 5. Scatterplot diagrams of: a) Albedo-TGSI, b) TGSI-TCW and c¢) TCB-TCW combinitions.
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3.3. Results and the desertification degrees index
(DDI) comparison

According to [15, 35-50], the desertification degree
index is the best model for verifying an excellent
mapping with high precision of the fragility to
desertification in arid and semi-arid areas. The
geographical classification of created combinations
serves as the foundation for this approach.

The three feature space models represents the “DDI”,
and (a) is the slope of the fitted straight line in each
combination (Table 3). The Jenks natural break
procedure is then used to classify the determined
desertification degree values into five groups [57-58].

Many researchers have found success with this
approach to categorize the occurrence of desertification
in arid and semi-arid areas [24, 35, 50-59].

Consequently, the following formulae may be used to
determine the DDI (7 and 8 and 9):

DDI(rce-tcw) = a (TCB - TCW) (7)
DDIrest-tew)y = a (TGSI - TCW) (8)
DDI(test-albedo) = a (Albedo - TGSI) 9)

Table 3. (a) Values for the three combinations

The combinations (models) (a) values
(TCB-TCW) -0,85
(TGSI-TCW) -0,62
(TGSI-Albedo) -0,52

The objective of the data clustering technique is to
identify the optimal distribution of values among several
classes [15, 35]. Thus, the five desertification categories
obtained by wusing the “Jenks' natural break”
classification [58], are; extreme, severe, moderate, low
and no-desertification. The table above shows these
several categories jointly with the appropriate DDI
values (Table 3).

Table 4. An overview
desertification categories.

of the DDI wvalues and

Desertification = TCB-TCW TGSI- Albedo  TGSI-TCW

categories

No- DDI = 0,83 DDI = 0,79 DDI = 0,37

desertification

Low 0,83< DDI 0,79< DDI < 0,37< DDI
<0,71 0,55 <0,24

Moderate 0,71< DDI 0,55<DDI < 0,24< DDI
<0,60 0,32 <0,11

Severe 0,60< DDI 0,32<DDI < 0,11< DDI
<0,48 0,09 <-0,02

Extreme DDI<0,48 DDI <0,09 DDI <-0,02

3.4. Desertification Mapping:

Table (4) presents the results of the IDD calculations
according to the three used models: TCB-TCW and TGSI-
Albedo and TGSI-TCW.

According to the results obtained by the TCB-TCW
model (Figure 7a); more than 68% of the Admer-Ezem
basin is affected by desertification, of which 15.64%
(30.94 km?2) is classified as moderate, 18.15% (35.85
km?2) as severe, and 35.01% (69.24 km2) as extreme.
Non-desertified and slightly affected areas represent
12.91% (25.54 km2) and 18.29% (36.17 km2) of the
study area, respectively.
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Figure 7. Maps of the state of desertification in basin of Admer-Ezem 2023; a: TCB-TCW, b: TGSI- Albedo et c: TGSI-TCW

The TGSI-Albedo model (Figure 7b) shows that
74.99% of the Admer-Ezem basin is affected by
desertification, of which 21.74% (43 km?) is moderately
desertified, 23.54% (46.5 km2) for severe
desertification, and 29.71% (58.76 km2) for extreme
desertification. Areas with low desertification and no
desertification represent 18.68% (36.95 km2) and
6.33% (12.53 km?2) of the total area of the Admer-Ezem
basin, respectively. Finally, the TGSI-TCW model (Figure
7c¢) shows that 74.71% of the Admer-Ezem basin is
threatened by moderate to extreme desertification,
including 20.1% (39.76 km2) for moderate
desertification, 22.04% for severe desertification (43.59
km2), and 32.57% (64.45 km2) for extreme
desertification. Areas with low desertification and no
desertification represent 19.42% (38.38 km2) and
5.85% (11.58 km?2) of the study area, respectively. The
results obtained by the three models are almost identical,

with a slight difference between the surface area of each
category (Table 5; Figure 8). Severe and extreme
desertification areas are most dominant in the Admer-
Ezem basin. The majority of them are located on the
eastern slopes of the N-Tifratine-Arayou Arhoun
mountain range, also on the southern and south-eastern
slopes, mainly areas with steep slopes that suffer from
poor plant cover and successive anthropogenic pressure,
mainly agriculture in Bour and pastoralism on the
northern slopes of Jbel Elkoubate. The areas with low
desertification are located in the areas characterized by
a less dense vegetation cover, and also at the level of the
irrigated perimeters along the Admer-Ezem basin, and its
tributary Oued Boufrah and its tributarie. The desertified
areas, they are located in the peaks of the Aryou, [jdrane,
Ahroun mountains, where the density of the vegetation
cover and the weakness of the slope and the absence of
the anthropogenic impact.

Table 5. Statistical analysis of the extraction of information on desertification by TCB-TCW, TGSI- Albedo and TGSI-TCW.

Desertification categories TCB-TCW TGSI- Albedo TGSI-TCW

Area (km2) % Area (km?) % Area (km2) %
Non-desertification 25,54 12,91 12,53 6,33 11,58 5,85
Low 36,17 18,29 36,95 18,68 38,38 19,42
Moderate 30,94 15,64 43 21,74 39,76 20,1
Severe 35,85 18,15 46,5 23,54 43,59 22,04
Extreme 69,24 35,01 58,76 29,71 64,45 32,57
Total 197,74 100 197,74 100 197,74 100

3.5. Evaluation and comparison of desertification
map accuracy

For a good evaluation of the land susceptibility maps
to desertification, a sampling of 199 points was collected
with the photos and attributes of each point. During
many field excursions conducted in March and July 2024,
the ground truth points were gathered from various
desertification classes (complete vegetation cover,
moderate vegetation cover, sparse vegetation, light soil,
dark soil, and water). In conclusion, the sample's
homogeneity and accessibility were taken into
consideration while choosing the points.

To evaluate the ability of the models to assess the
areas sensitive to desertification risk and validate its

sensitivity, a receiver operating characteristic (ROC)
approach was used (Figure 7). [24, 60, 56 - 61] have
identified five categories for the AUC score: bad (0.5-0.6),
average (0.6-0.7), good (0.7-0.8), very good (0.8-0.9), and
perfect (0.9 1.0).

The following results indicate that the three models
are very adequate to delineate areas at risk of
desertification, with an accuracy of 83% for the TCB -
TCW model, 82% for TGSI -TCW and 78% for the TGSI -
Albedo model (Figure 7).
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4. Discussion:

Desertification poses a major danger to the social
economy and ecology, which is a research area for many
researchers in various arid and semi-arid areas affected
by this phenomenon, particularly in Middle East, Asia
and North Africa, which are characterized by a high risk
of desertification. Several techniques and methods have
been used worldwide for the assessment and mapping of
desertification. These methods vary in complexity from
basic to advanced, which are mainly based on different
indices, such as the studies made by several authors in

Brésil namely the research of [62] on the use of
"RisDes"_Index to analyze the advancement of areas
undergoing desertification using satellite data. The
results obtained from this “RisDes” index showed that
the area of desertified zones increased by 34% between
1991 and 2016 in the region (Cabrob6 DN).

[63] Who analyzed the desertification of grasslands
due to coal mining from remote sensing in Huolinhe
(china), he concluded that the severe desertification area
of grassland is increasing in the past 16 years, and there
is a strong correlation between mining land and the
severe desertification area of grassland. According to the
characteristics of grassland desertification in open-pit
coal mine. Other studies highlight this phenomenon such
as that of [12] on land desertification and its influencing
factors in Kazakhstan, and the investigation of [35] on
the integration of remote sensing techniques for
desertification monitoring in Mexico, which shows that
almost 16.4% of the territory is classified as severe to
extreme. Other results from Iraq support our
conclusions, including the research conducted by [5]
based on the assessment of the degree of desertification
by TCT and spectral indices, in a semi-arid space in Iraq.
The results concluded that this area is very sensitive to
desertification, while almost 45.67% of the general area
is classified as severe to extreme. While the studies
carried out in Africa, especially in Algeria, we cite the
work of [64] who tried to map the land vulnerability to
desertification using a logistic regression analysis in the
Algerian  Djelfa region; they concluded that
approximately 44.57% of the studied area is classified as
very vulnerable to desertification. [65] who monitored
the phenomenon of desertification in northern Algeria
concluded that approximately 75% of steppe rangelands
are desertified or on the verge of desertification, also the
work of [66] on mapping areas potentially subject to
desertification in northeastern Algeria using a logistic
regression model, GIS and remote sensing techniques.
It's concluded that the results obtained show that the
high and very high classes occupied 19.33% and 58.72%
of the total land area respectively.

In Morocco, mainly in arid and semi-arid areas,
numerous studies have been conducted on the
quantitative assessment of the degree of desertification
using several methods such as: the MEDALUS method
and methods based on the use of several typical spectral
indices, namely NDVI, albedo, MSAVI, TGSI, and TCT.
Among these studies is the work of [15], which, based on
the assessment of desertification in the Moulouya region,
concluded that 61% of the basin is exposed to extreme
and severe desertification risk.

While [24] in their paper, which concerns the
quantitative assessment of desertification in the middle
Draa Valley, found that 26.92% and 32.85% of the land
falls respectively into the severe and extreme categories
of the general area. In addition, the results of [27] in a
region neighboring our area on the modeling of the
desertification phenomenon using Sentinel 2A images
and TCT indices, it concluded that almost 40% of the
forest area is classified as being in severe to intense
desertification. Other researchers are using the
MEDALUS approach to assess the land sensitivity to
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desertification, such as; the outcomes of [7] in the Souss
watershed, which suffers from aridity and anthropogenic
pressure, it also concluded that almost 47% of the
general area is sensitive to desertification. Moreover, the
study of [23] in the Oued El Maleh watershed, the
researchers concluded that 35% of the watershed is very
sensitive to desertification. In addition, the [25] result’s
on the upper Oueghra in the northern Morocco
concluded that the areas with very high sensitivity to
desertification represent approximately 26.85% of the
the basin studied. As for [67] in their research on the
Middle Moulouya basin concluded that approximately
35.47% of this basin is exposed to a high risk to
desertification. For [26] in their examination on the
Ouergha watershed in northern Morocco concluded that
more than half of the basin has an average sensitivity of
land to degradation.

The results of TCB-TCW analysis show a strong
negative correlation (R=-0.73), this is consistent with the
results of [5, 24 -68] who concluded that TCW can be
closely related to soil management and vegetation cover.

While the TGSI-Albedo model perfectly reveals the
extreme contrast between the top soil layer and land
surface albedo. The results of TGSI-Albedo analysis show
a strong negative correlation (R= -0.95), this rate is
almost similar with the results of [69] who concluded
that TGSI could be strongly related to selection as an
indicator of reaction to surface conditions of plant
biomass. In addition, the TGSI-TCW model undoubtedly
highlights the clear difference between the upper soil
layer and dry soils. Subsequently, the results obtained
from the TGSI-TCW model show a strong negative
correlation (R = -0.74). In the absence of any study on
desertification at the scale of Admer-Ezem, we carried
out a comparison between the results of the three models
and the reality based on field visits as well as the use of
high-resolution satellite images using the ROC technique
(table. 6). This task seems necessary to confirm the
results of the desertification state in the studied area, the
correlation results were very precise (AUC (rce-Tcw) =
83%; AUC (tcsi Tcw) = 82%; AUC (16s1-Albedo) =78%).

Table 6. Summary and description table of the different degrees of desertification in the Admer-Eem basin

Field image

Description

2
<
S
@
S
o
=

Severe

-

Located at the tops of the highest mountains: Taloun,
T-N tifratine and Ijdrane, Ain Kahla dome where the
forest is very dense, these areas are characterized by
the definitive absence of degradation factors. And also,
a very resistant substrate and a very low slope.

These areas mainly refer to a moderate density
dominated by a mixture of cover that includes holm
oak and some junipers. These areas are used in
pastoralism and firewood needs.

Located on the southern and southeastern slopes of
the east are dominated by this type of scrubland, these
areas are very sensitive to the phenomenon of
desertification, they require intervention to balance
the environment and human activities.

Located in the middle of the basin and on the northern
slope of T-N-Tifratine also at the level of the eastern
slopes of Jbel elkoubate, these areas are characterized
by the dominance of degraded scrubland and
degraded pastures, human activity is very intense, and
the human-environment balance is very broken.
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Located in the central part of the basin and in the
eastern slopes of the N-Tifratine, Taloun, Ahroun
mountain range overlooking the Admer-Ezem valley.
It affects the entire basin at different scales and
reflects the lack of vegetation cover and poor land
management. (These areas are characterized by the
presence of different forms of erosion).

4.1. Desertification factors:

Among the causes of the increasing severity of the
desertification phenomenon, they are summarized in
natural causes linked to climatic conditions. Indeed, the
succession of drought is the main characteristic of the
Ademr-Ezem basin. The analysis of climatic data shows

that the basin experienced a climate characterized by a
large intra-annual and intra-monthly variability.
According to the results of the standardized precipitation
index (SPI), carried out from data from the Tamchachat
station figure (9), the basin has experienced a succession
of years of drought.
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Figure 9. SPI during the period 1975-2020 in the station of Tamchachat.

High temperatures are another characteristic of the
area that can reach 39 °C in July and August, which
contributes to the increase in evapotranspiration that
can reach 95 mm during the dry months (July and
August). These climatic conditions contribute largely to
the evolution of the desertification phenomenon (Figure
8).

As for the second factor, it is assimilated to all human
activities characterized by overexploitation of land. Since
independence, the basin has experienced a
sedentarization of the local population along the wadis,
which already knew a nomadic pastoral life, to integrate

pastoralism and irrigated agriculture as an economic
source of survival. This population has also experienced
significant demographic growth, since the population of
different douars composed of the study area increased
from 1247 habitants in 1982 to 1259 in 1994, to 2826
inhabitants in 2004, to 3088 inhabitants in 2014 with a
growth rate of 1.6%. This demographic evolution exerts
great pressure on natural resources (vegetation cover
and soil). The overexploitation of these resources
manifests itself in several forms, namely the excessive
collection of firewood, overgrazing and plowing of steep
slopes (Figure 9).
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4.2. Limitations and difficulties

Assessing desertification using a combination of TCT
spectral indices, GIS, and remote sensing is a useful tool
for evaluating environmental risks, but it has several
drawbacks. Spectral indices such as NDVI, MSAVI,
Albedo... mainly reflect the condition of the soil or
vegetation, but do not directly reflect the complexity of
degradation processes such as erosion, salinization, or
loss of fertility. Furthermore, these indicators are
sensitive to seasonality and atmospheric conditions, and
can be a source of misunderstanding, for example
between areas that are actually degraded and light-
colored soils. The used satellite images suffer from
significant limitations, such as the low spatial resolution
of Sentinel-2A data (10 to 30 m), which makes it
impossible to detect local microprocessors or fine
degradations.  Their temporal resolution and the
frequent occurrence of nuages are other limitations [70-
72]. In addition, there are uncertainties associated with
radiometric  adjustments, scale variances, and
heterogeneity of the data included in the SIG. On a
methodological level, the analysis of indicators and the
development of models frequently rely on subjective or
empirical decisions, which may affect the reliability of the
findings.

5. Conclusion:

In this study, we developed three models (TGSI-
Albedo, TGSI-TCW, TCW-TCB) to assess the
desertification risk in the Admer-Ezem basin using
Sentinel-2A images.

It was noted that the three models, TCW-TCB and
TGSI-Albedo and TGSI-TCW, presented a good result in
assessing the degree of desertification with an overall
accuracy of AUC = 83.1% and 789% and 82.7%
respectively.

The results obtained from the use of the three models
show that non-desertified areas represent 5% to 15% of
the basin, low-risk areas between 18% and 19.5%,
medium-risk environments between 15% and 22%,
severe-risk areas between 18% and 23.5%, while
extreme-risk areas represent 29% to 35% of the study
area. Validation of the results of the three models (TGSI -
Albedo, TGSI -TCW, TCB -TCW) gives good scores

ranging from 78% to 83%, with a preference for the last
model.

The results obtained represent a useful tool for
different stakeholders. Engineers, planners and
authorities to effectively combat desertification. Based
on the results, the methodology adopted in this article
remains sufficiently effective to extend desertification
risk maps to other similar Moroccan mountainous
regions and can be transferable to other arid and semi-
arid regions, particularly in North Africa, the Middle East
and Asia. This model can assist planners in determining
the best locations for future forest development.
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