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Abstract
Soil erosion is one of the most critical hazards adversely affecting both environment and economy for all countries in the 
world. Several regions of Morocco suffer from the problem of soil erosion, notably the Rif and the Pre-Rif where the study 
area of this paper is located. The spectacular expansion of soil erosion processes in the Lahdar watershed is a worrying 
indicator of soil degradation. Geographic information systems and remote sensing are an excellent tool for analyzing and 
evaluating the risks of the expansion of soil degradation. The main objective of this paper is to assess spectral angle mapper 
(SAM) method and analyze their properties using geographic information system and image processing techniques in order 
to map the hazards of soil erosion. Land use and land cover dynamics demonstrate the relationship between human-induced 
development and the evolution of soil degradation and biodiversity conservation in a watershed. Therefore, an understanding 
of LULC factors is required for the implementation of environmental policies intended to foster a synergy between humans 
and the sustainability of their environment. The process of categorizing LULC was completed using the SAM technique, 
and the role of LULC in the dynamics of soil degradation was investigated using measurements of landscape fragmentation. 
For this purpose, Landsat 8 Operational Land Imager data (11 bands) with 30-m spatial resolution, 22 August –2017 were 
used, and classifiers for SAM were applied and evaluated. The findings of the study are seven main land cover categories: 
arboriculture (0.08%), cereal (35.05%), water (1.03%), forests (3.76%), residentials (4.61%), matorral-course (4.58%), and 
bare soils (50.89%). It should be noted that the bare soil class occupies half of the watershed area, making it vulnerable to 
the risks of soil degradation. Moreover, the results from this study will aid decision makers in better conservation planning 
of soil and water resources.

Keywords Soil erosion · Spectral angle mapper · Land use land cover · Lahdar watershed · Rif–Pre-Rif·Morocco

Introduction

Humanity is becoming increasingly alarmed by environ-
mental problems. Activities for ecosystem management, 
conservation, and rehabilitation are hampered by its conse-
quences (Ayele et al. 2014; Haregeweyn et al. 2015; Zewdu 
et al. 2016; Tadesse et al. 2017). Land degradation is one of 
the most significant and pervasive environmental concerns 
that the planet Earth has been dealing with for a very long 
time (Ganasri and Ramesh 2016; Rawat et al. 2016). This 
environmental problem has a negative impact on the envi-
ronment and the economy. Information on soil degradation 

risk zones, identifying the areas with high, severe, and low 
risks, is provided by assessment of the yearly soil degrada-
tion rate (Alewell et al. 2019; Pandey et al. 2021). Land 
use/land cover (LULC) is a vital type of information that 
supports various environmental assessments and the man-
agement of soil and water resources. Land cover mapping 
is an application, such as landscape management; it is the 
pattern of environmental monitoring, natural resources, and 
human activities that control different surface areas of the 
earth (Tuner et al. 1994; Shi and Yang 2015; Kathwas and 
Saur 2022).

Land occupancy is a key variable for both regional plan-
ning and environmental research and understanding. In most 
cartographic and monitoring inventories of environmental 
phenomena, such as handling natural hazards, this theme has 
become central. Understanding the dynamics of land use and 
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land cover change is becoming a more crucial topic in the 
study of environmental change, particularly soil degradation, 
to assess and map the existing state of resources and design 
sustainable resource implementing the strategy (Tsegaye 
2019). Due to anthropogenic activities like land use and land 
cover changes (LULCC), which are linked to a more potent 
hydrological cycle characterized by a higher amplitude of 
rainfall and more frequent occurrences of heavy precipita-
tion, the erosion rate is predicted to grow in the twenty-first 
century. At different scales, anthropogenic climate change 
brought on by LULCC and global warming may have both 
direct and indirect effects on soil erosion (Konukçu et al. 
2017; Nojarov 2017; Ozsahin et al. 2018). Soil erosion is 
one of the major environmental and economic phenomena 
in the Mediterranean Basin due to its relief, climate, lithol-
ogy soils, and LULC characteristics (Boardman et al. 1995; 
Martinez-Casasnovas et al. 2003; Zhang and Nearing 2005). 
The impact of LULC and climate change on soil erosion has 
been the subject of numerous studies. Land degradation in 
the form of soil erosion is the foremost problems affecting 
agricultural productivity. Similarly, flooding as the result of 
intensive rainfall affected agricultural land, causing land-
slides, floods and consequently displaced many farmers from 
their resilience (Bekele and Gemi 2020).

The Inaouene watershed, one of the largest river catch-
ments of Sebou basin in the Northeast of Morocco, is also 
exposed to heavy soil erosion due to its favorable climatic, 
geological, geomorphological and geographical characteris-
tics. Examining the relative significance of climate, LULC, 
and conservation strategies helps to better understand how 
soil erosion is changing over time as a result of land deg-
radation, endangering both agricultural fertility and the 
ecosystem.

Watershed management involves the spatio-temporal 
monitoring of the development and shift in basins, of which 
the mapping of land use/land cover is one of the most impor-
tant methods for territorial management and planning as well 
as for studying and interpreting the environment over time. 
The results of land use/land cover mapping can be taken 
into account by planners, engineers, and decision-makers in 
conservation measures for natural resource development and 
management. Remote sensing was a simple data source for 
thematic mapping of LULC. A wide range of methods were 
developed for this purpose, the most commonly used being 
image classification (Mathur and Foody 2008; Lu and Weng 
2007; Eskandari and Sarab 2022). This article provides a 
recent review of the classification methods used in remote 
sensing. It is possible to distinguish three main classification 
approach groups: pixel-based, object-based, and sub-pixel 
techniques. Pixel-based techniques, by assigning pixels to 
land cover classes, use the reflective characteristics of land 
surface objects to perform a classification. Classifications 
using pixel-based techniques can be achieved through either 

supervised or unsupervised techniques of classification. The 
basic processing units are image objects, or "segments," in 
the object-based classification method, consisting of adja-
cent spectrally similar pixels and not just single pixels. On 
the other side, sub-pixel classification techniques work at 
the pixel level with the goal of splitting the picture pixel into 
fractions of surface material (Small 2004; Plaza et al. 2005, 
2009; Revuelta-Acosta et al. 1882). Significant improve-
ments in classification algorithms have taken place over 
the past several decades (Mathur and Foody 2008; Lu and 
Weng 2007). The pixel-based classification and the object-
based classification are two essential classification strate-
gies. Pixel-based techniques use the reflective characteristics 
of the land surface objects and their spectral signatures to 
classify the land cover classes by assigning pixels (Pierce 
et al. 1998). More recently, the spectral angle mapper (SAM) 
is another pixel-based classification methodology that has 
gained popularity. SAM's popularity for examining the spec-
tral similarity of image spectra to reference spectra is due 
to its simplicity and rapid implementation. It is also a very 
powerful classification method because it suppresses the 
effects of shading to accentuate the reflectance character-
istics of the target (De Carvalho and Meneses 2000; Zare 
Naghadehi et al. 2021).

The aim of this research is to enhance understanding of 
the relative importance of dynamic parameters, especially 
LULC, on soil erosion (soil degradation) and to monitor ero-
sion risk zones using advanced supervised machine-learning 
algorithms such as SAM with Landsat 8 Operational Land 
Imager (OLI) data, to identify areas susceptible to soil deg-
radation. Therefore, these results will help decision makers 
and managers to implement adequate strategies for the con-
servation of natural resources in the study area.

Study area

The ecosystem of the Inaouene River is a delicate and unsta-
ble area in which stream erosion causes significant soil deg-
radation and high sediment output annually. The Inaouene 
watershed is located in northeast of Morocco covering 
an area of 3700  km2, between Pre-Rif mountains and the 
lower atlas (Fig. 1). The semi-arid climate in this area is 
marked by extreme seasonal variations and very consistent 
fluctuations in rainfall (Garouani et al. 2008; Tribak et al. 
2009, 2012; Benzougagh et al. 2022). It has a vertical drop 
of 200–2500 m, a dissected relief with a significant exten-
sion of marl substrates. Impermeable bedrock marls, almost 
loaded with calcareous and sandstone beds, occupying about 
60 percent of the basin’s total area, define the Inaouene River 
drainage. In comparison to the carbonate deposits of Tahla 
and Tazekka tablelands, these tender lithological rocks are 
heavily eroded (Benzougagh et al. 2022).
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Materials and methods

In the current research, the ability to use hyperspectral 
data to distinguish areas susceptible to soil degradation 
and areas protected from it, using the SAM method as 
supervised classification techniques. For this purpose, we 

used several materials as shown in the workflow illustrated 
in Figs. 2 and 3.

Image datasets

Landsat 8 Operational Land Imager (OLI)/Thermal Infra-
red Sensor (TIRS) was released on 11 February 2013 and 

Fig. 1  Geographical location of the study area: A at the national scale, B at the regional scale, C “Inaouene watershed” study area

Fig. 2  Flowchart of research 
materials
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features medium-resolution image data and a push-broom 
architecture that enhances signal-to-noise efficiency and 
high signal availability (Li et al. 2014; Skakun et al. 2017). 
In fact, this satellite tests various frequency spans along the 
electromagnetic spectrum, which are called bands. This 
study used Landsat 8 Operational Land Imager (OLI)/Ther-
mal Infrared Sensor (TIRS) data from 2016 These Landsat 
images were obtained from the United States Geological 
Survey (https:// www. usgs. gov/ produ cts/ data- and- tools/ realt 
ime- data/ remote- land- sensi ng- and Landsat; accessed From 
June to August 2016, during the wet season and are cloud-
free. Landsat 8 Operational Land Imager (OLI) offers 11 
bands, including multispectral and panchromatic bands, inte-
grating red, green and blue sensors as bands 4, 3, and 2 to 
get a true color image. Four Landsat 8 satellite images were 
obtained. Such files were then fused together to construct 
a file that was cloud-free. All data were projected to UTM 
(Zone 30) and WGS 84 data. The study area lies within the 
127 Path and 57 Row reference system. The acquired data 
were used for land use/land cover mode classification. The 
Landsat 8 data characteristics and their sources are presented 
in Tables 1 and 2.

Images classifications

The European Space Agency's (ESA) Sentinel Application 
Platform (SNAP) software, which can be downloaded for 
free by anybody at https:// step. esa. int/ main/ downl oad/ snap- 
downl oad/, was used to classify Landsat images. Due to this, 
we were able to analyze the history of land use/land cover in 
the investigated basin through time.

We use also, the ENVI software and for the cartography 
of study results, we used Quantum GIS (QGIS) software.

This classification is not automatic. Here, the detector 
will, thanks to its knowledge of the field itself, establish 
the classes visible on the image through the manual entry 
of training polygons. These polygons will then, during 
the execution of the classification algorithm, analyze the 

Fig. 3  Flowchart of work 
methodology of spectral angle 
mapper

Table 1  Landsat 8 operational land imager (OLI) bands

Band Description Bandwidth (μm) Resolution (m)

1 Coastal/aerosol 0.435–0.451 30
2 Blue 0.452–0.512 30
3 Green 0.533–0.590 30
4 Red 0.636–0.673 30
5 NIR 0.851–0.879 30
6 SWIR-1 1.566–1651 30
7 SWIR-2 2.107–2.294 30
8 Pan 0.503–0.676 15
9 Cirrus 1.363–1.384 30
10 TIR-1 10.60–11.19 100
11 TIR-2 11.50–12.51 100

Table 2  Utilized data from Landsat 8

Sensor Path/raw Resolu-
tion (m)

Date acquisi-
tion

Time acqui-
sition

Landsat 8 
(OLI)

127/57 30 1st June 2016 03:27:01

Landsat 8 
(OLI)

127/57 30 28th June 2016 03:17:51

Landsat 8 
(OLI)

127/57 30 15th July 2016 03:29:31

Landsat 8 
(OLI)

127/57 30 25th August 
2016

03:20:19

https://www.usgs.gov/products/data-and-tools/realtime-data/remote-land-sensing-and
https://www.usgs.gov/products/data-and-tools/realtime-data/remote-land-sensing-and
https://step.esa.int/main/download/snap-download/
https://step.esa.int/main/download/snap-download/
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spectral signatures of each pixel contained in each class, 
and finally classify according to the corresponding class. 
Following this classification, we can realize the accuracy 
of the classification and see if we must readjust the train-
ing polygons through a confusion table called the matrix of 
confusion. This matrix enables the quality of a classification 
to be evaluated by comparing the classified data with the 
reference data.

The method of the SAM is based on the definition of spec-
tral similarities in the (n-dimensional) structure domain. The 
spectrum difference is defined by the angle (α). An image 
can be divided into any number of classes by measuring the 
angle difference between pixel and reference spectrum.

The angle calculation (α) is based on the trigonometric 
function of the cosine arc, for which for all bands number 
(nb), all angles are determined between the sum of all tar-
get pixel (t) and all reference pixels (r). The equation is 
expressed as follows:

where: α: spectral angle between vectors; nb: number of 
spectral bands; t: target pixel; r: reference pixel.

A pixel is assigned to the group whose range has the low-
est pixel angle. Size of the angle in radiant and the angle is 
measured, not the vector size.

Spectral angle mapper (SAM)

Spectral angle mapper (SAM) is the exclusive spectral 
similarity measure used in remote sensing (Ebodé 2023). 
SAM method is based on an ideal assumption that a single 
pixel of remote sensing image represents one or more cer-
tain ground cover materials, and can be uniquely assigned 
to ground cover classes (Kruse et al. 1993; Zare Naghadehi 
et al. 2021; Mudaliar 2022). It is a whole-pixel technique 
that is primarily used for target detection. SAM, a super-
vised classification approach, uses an n-dimensional angle to 
match pixels to reference spectra. The algorithm calculates 
the angle between two spectra. The reference spectra can 
be moreover laboratory or field spectra, or extracted from 
the image. The spectral similarity between two spectra will 
be determined by calculating the angle between a spectral 
pixel in the image and a reference spectrum. Smaller angles 
represent closer matches to the reference spectrum (Kruse 
et al. 1993; Abdolmaleki et al. 2022). The spectral similarity 
between two spectra is used as the foundation for the SAM 
algorithm. All the spectral bands are used in this process. 
The approach calculates the resemblance between a refer-
ence spectrum and a picture spectrum by measuring the 

(1)� = Cos
−1

⎛
⎜⎜⎜⎝

�∑nb

i=1
tiri

�
�∑nb

I=1
ti2

�
1∕2

�∑nb

i=1
ri2

�
1∕2

⎞
⎟⎟⎟⎠
,

angle θ (in radian). It is possible to generate reference spec-
tral signatures from the image or using field spectra (Fig. 3).

Preprocessing for satellite images includes all opera-
tions carried out on raw data to eliminate geometrical and 
radiometric errors that are present in some satellite images 
(Fig. 3). These flaws are typically caused by technical issues 
with the satellites and atmospheric noise, which is the result 
of interactions between electromagnetic radiation and atmos-
pheric aerosols. Several elements that are present on the day 
of acquisition, such as the weather, fires, and other human 
activities, have an impact on the atmospheric disturbances 
(Ebodé 2023).

SAM is a physics-based classification approach devel-
oped by Kruse et al. (1993). In this approach, all spectral 
bands are used. The approach determines, by calculating 
the angle θ (in radian), the similarity between a reference 
spectrum and an image spectrum (Fig. 4). The generation of 
the reference spectral signatures reference can be performed 
from the image or by using field spectra (De Carvalho and 
Meneses 2000; Schwarz and Staenz 2001; Hunter and Power 
2002; Chikhaoui et al. 2007; Girouard et al. 2004; Mudaliar 
2022). This spectral angle is calculated from the following 
equation (Eq. 2):

where: t⃗  is the vector of the reference (prototype) spectrum, 
r⃗ is the test spectrum vector (pixel).

The assignment of a pixel to a specified pattern is focused 
on the angle metric, i.e., the angle between the reference 
continuum vector and the angle θ between each vector in 
the picture. The smaller the angle, the greater the similarity 
between the spectrum of the evaluated pixel and the refer-
ence. The pixel will therefore be allocated to the spectral 
pole unit with which it has the least angular disparity. Such 

(2)� = arccos

(
t⃗.r⃗∕

‖‖‖t⃗
‖‖‖.‖‖r⃗‖‖

)

Fig. 4  Spectral angle in a two-dimensional space between the refer-
ence and image spectrum
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a calculation is not very prone to light changes, the increase 
or decrease of which does not influence the orientation of 
the vector but its magnitude. A wrong-angle option may 
lead to a minimum number of classes, which is unnecessary 
uncertainty, and a maximum number of unclassified pixels. 
SAM’s approach has advantages and disadvantages:

a. For the advantage, we can cite:
b. Comprehensible for the user because it is easy approach 

and fast.
c. Relative robust against illumination difference (topog-

raphy, light source, sensor, etc.).
d. Comparability of image and spectra with lab spectra.
e. For the disadvantage, we can cite:
f. Tolerance to illumination is following by insensitivity 

to detect other physiological changes.
g. Similar spectra, which only significantly differ in their 

albedo (e.g., needle leaf and broad leaf forests), are 
wrongly classified.

Results

Accuracy assessment

To display the overall accuracy of a classification or map, 
the term "accuracy" for thematic maps is used in remote 
sensing results. Accuracy can be considered high when a 
generated chart or description provides an accurate depiction 
of the ground cover. The calculation is based on the category 
mark evolution of a specific location on the thematic map 
and ground information (Foody 2002).

Method of validation of results

Validation is a crucial tool for evaluating a remote sens-
ing product's efficiency and measurement at another site 
with similar criteria as ground cover and time acquisition. 
Several methods for validating and assessing the caliber of 
classification results are presented in earlier works. Among 
these most recent, we are particularly interested in quan-
titative approaches based both on the calculation of the 
coefficient Kappa and on already-existing records, such as 
aerial photographs or topography data. In general, ground 
sampling requires testing of coarse resolution products. A 
sampling strategy should be developed to fulfill the need to 
obtain more samples from the base, and the remote pixels 
should be classified based on the variety of points of interest 
(Ding et al. 2016). The assessment performance relies on 
the algorithmic training technique. It is important to analyze 
certain available metrics, such as overall accuracy, kappa 
coefficient, and the accuracy of the producer and consumer. 
The Cohen coefficient Kappa (1960) makes use of every 

component of the confusion matrix. Both commission and 
omission errors are taken into account. Reliability is the 
most common method used for evaluation, as it is easy to 
understand and practical in action (Shahriar et al. 2017).

The approach used in this analysis is the designation of 
the SAM for mapping the Oued Inaouene watershed ground 
cover groups: seven classes were mapped (Table3).

It is noted that the bare soil class occupies half (50.89%) 
of the watershed, which makes it vulnerable to the risks of 
soil degradation. Validation of the results was done using 
images from Google Earth and field missions. The results 
of this work can be used for the implementation of a socio-
economic-environmental policy and decision-making by the 
competent authorities to plan, in an optimal way, manage-
ment decisions to protect watershed resources (Tables 4 and 
5).

The confusion matrix is constructed by crossing the refer-
ence data and the data acquired by classification. Total pre-
cision (the number of well-ranked pixels)/(the total number 
of individuals) can be calculated using this matrix. Surplus 
errors (pixel proportion not in the right class), precision 
for the customer (percentage of pixels being in the correct 
class), deficiency errors (reference pixel added to another 
class during the classification), and accuracy for the director 
(reference pixel added to the same class during the classi-
fication). Classification confusion supervised by the SAM 
algorithm is given in Table 4 for ground truth (pixels) and 
Table 5 for ground truth (percent), with an overall accuracy 
of 76.8624% and a Kappa coefficient of 0.6909.

The Matorral Course class is found to have a low percent-
age of well-graded pixels (30.03%) due to confusion with 
the Arboriculture and Forests class. It can be said that in 
terms of vegetation cover, the Oued Inaouene watershed is 
not well protected since more than 70% of its area is bare 
or loosely vegetated land or seasonal formations, with lit-
tle protection. Against the impact of rain and showers the 
area which remains well protected by natural vegetation, is 
modest and represents only 30% of the catchment area. The 

Table 3  Percentage of each land cover class according to SAM 
approach

Class SAM  (km2) SAM (%)

Arboriculture 256.05 7.61
Cereal 1455.06 43.23
Water 34.70 1.03
Forests 127.03 3.77
Habitations 155.57 4.62
Matorral-Parcours 154.69 4.60
Bare soil 1183.12 35.15
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results of this study in terms of land use, are validated by 
Google Earth and field missions (Fig. 5).

Discussion

Areas susceptible to soil erosion

The SAM is a physics-based classification system known 
as the SAM that uses an n-D angle to map pixels to refer-
ence spectra (Mudaliar 2022). The algorithm calculates 
the angle between two spectra. The distance between the 
bands is measured to determine the similarity between 
two spectra. This approach, when performed on calibrated 
reflectance data, is relatively insensitive to light and light 
reflection. The spectra of the extremities can be directly 
extracted by the average spectra of the ROI of the image. 
SAM then calculates the angle or angle distribution of 
each pixel vector in n-D space and indicates which pixels 
represent good mappings to each endmember. Pixels fur-
thest away than a specified maximum angle threshold are 
not classified. SAM classification implied reflectance data. 

The study of land use and land cover is another key factor 
in assessing the risk of erosion in a watershed. Climate, 
soil, slope, land use/land cover (LULC), and soil manage-
ment are all factors that influence erosivity (Khadse et al. 
2015; Benzougagh et al. 2022; Bou-imajjane et al. 2022). 

Table 4  Matrix confusion for 
ground truth (pixels) by SAM 
method

Ground truth (pixels)

Class Mator-
ral-Par-
cours

Bare soil Arboriculture Forests Habitations Waters Cereal Total

Unclassified 168 33,082 15 3618 0 5983 473 43,339
Matorral-Parcours 1729 75 167 2351 0 319 0 4641
Bare soil 0 245,138 0 298 26 46 6430 251,938
Arboriculture 2220 450 582 2992 1 2184 0 8429
Forests 1562 19 165 16,851 0 226 0 18,823
Habitations 4 18,424 0 0 2189 3811 1 24,429
Waters 0 0 0 0 0 86,692 0 86,692
Cereal 74 86,563 40 397 11 1937 14,520 103,542
Total 5757 383,751 969 26,507 2227 101,198 21,424 541,833

Table 5  Matrix confusion for 
ground truth (percent) by SAM 
method

Ground truth (%)

Class Matorral-
Parcours

Bare soil Arboriculture Forests Habitations Waters Cereal Total

Unclassified 2.92 8.62 1.55 13.65 0.00 5.91 2.21 8.00
Matorral-Parcours 30.03 0.02 17.23 8.87 0.00 0.32 0.00 0.86
Bare soil 0.00 63.88 0.00 1.12 1.17 0.05 30.01 46.50
Arboriculture 38.56 0.12 60.06 11.29 0.04 2.16 0.00 1.56
Forests 27.13 0.00 17.03 63.57 0.00 0.22 0.00 3.47
Habitations 0.07 4.80 0.00 0.00 98.29 3.77 0.00 4.51
Waters 0.00 0.00 0.00 0.00 0.00 85.67 0.00 16.00
Cereal 1.29 22.56 4.13 1.50 0.49 1.91 67.77 19.11
Total 100 100 100 100 99.99 100.01 99.99 100.01

Fig. 5  Land cover/land use map of the Oued Inaouene watershed
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Land use and land cover relate to man's utilitarian land 
operations, whereas land cover refers to natural vegeta-
tion, forest cover, and water bodies, among other things 
(Benzougagh et al. 2022; Das et al. 2022). In the present 
work, the land use/land cover classification and identifica-
tion were based on the spectral reflectance proprieties, by 
SAM technique. Seven categories of land use/land cover 
are cartographies.

According to the Inaouene watershed land use/land 
cover categorization, seven different classes were identi-
fied, along with their corresponding areas. A substantial 
portion of the basin is under the cereal field (43.23%), 
followed by the bare soil field (35.15%), which makes the 
study area vulnerable to the risks of soil degradation, fol-
lowed by the arboriculture field (7.61%), the built-up area 
(4.62%), the matorral-Parcours (4.60%), the forest cover 
(3.77%) and the water (1.03%).

The present study shows that unprotected areas are the 
most vulnerable to water erosion risk, namely the cereals 
areas (43.23%), bare soils (35.15%) and matorral-Parcours 
(4.60%), which represents a total of about 82.98% of the 
watershed area. Furthermore, an increase has been clearly 
observed in terms of soil loss triggered by erosion due to 
both natural and anthropogenic factors in several areas of the 
Inaouene watershed, especially in the right bank of Inaouene 
river with its dominance of marl formations and in some 
places on the left bank (Fig. 6).

In generally, we have found that the results obtained by 
this approach (ASM) represent fairly accurately the reality 
in the field. faithfully represent the reality on the ground. 
Indeed, the analysis of the distribution of the states of soil 
degradation allowed us to conclude that the class of very 
degraded soils are fairly well defined by both approaches. 
conclude that the class of very degraded soils is fairly well 
defined by SAM approaches. The results demonstrated that 

Fig. 6  The different types of land degradation on the two banks of the Inaouene river (a, f, e: on the right bank); (b–d: on the left bank)
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SAM was able to identify areas vulnerable to soil degrada-
tion from protected areas.

Conclusion

Remote sensing is used to study diverse earth science appli-
cations, especially environmental problems such as land 
degradation and soil erosion mapping. Remote sensing has 
a great interest in reducing the cost of field mapping, access-
ing the difficulty of reaching certain areas, and identifying 
areas susceptible of land degradation.

Accurate land use/land cover maps of earth's surface fea-
tures are likely to be helpful for decision-making in many 
scenarios, as 80% of human decisions involve a spatial com-
ponent. Land cover is one of the spatial data and issues. Dif-
ferent satellite images could produce different results. Maps 
with differing degrees of accuracy can also be produced by 
using a variety of classification approaches. Therefore, it 
is crucial to evaluate the precision of the information and 
procedures used to create and anticipate land cover maps.

The present study aims to evaluate the inter-sensor con-
sistency for operational land imager (OLI) and enhance 
understanding of the relative importance of dynamic param-
eters, especially LULCC, on land degradation (soil erosion) 
and to monitor erosion risk zones using SAM approach. It 
is an image analysis technique that is used to identify and 
map the spectral characteristics of objects in an image. It 
does this by comparing the spectral characteristics of each 
pixel in the image to a reference spectrum. The reference 
spectrum can be a single spectrum or a set of spectra, and it 
is used to identify the materials or substances that are pre-
sent in the image. The SAM algorithm works by calculating 
the spectral angle between the spectrum of each pixel and 
the reference spectrum. The spectral angle is a measure of 
the similarity between the two spectra, with smaller angles 
indicating a closer match. The resulting spectral angle map 
is a grayscale image in which pixels with smaller spectral 
angles are darker and pixels with larger spectral angles are 
lighter. SAM is often used in remote sensing applications to 
identify and map the materials and features on the Earth's 
surface. It is particularly useful for identifying land degrada-
tion, vegetation, and other substances that have distinctive 
spectral signatures. It can also be used to classify images 
based on the materials or substances that are present, and 
to detect changes in the spectral characteristics of an area 
over time.

The evaluation of the models in this study area imple-
mented during, showed that Landsat 8 Operational Land 
Imager (OLI)/Thermal Infrared Sensor (TIRS), digital image 
processing correlated with observations and field measure-
ments is an effective way of distinguishing between differ-
ent land use forms in the Oued Inaouene watershed. The 

classification maps provided by the satellite imagery of the 
SAM classifiers and Landsat 8 Operational Land Imager 
(OLI) in the Inaouene river watershed identified seven main 
land cover classes: arboriculture, cereals, waters, forests, 
habitations, matorral-Parcours and bare soils, with a preci-
sion of 76% and a Kappa coefficient of 0.70. The present 
study shows that unprotected areas are the most vulnerable 
to water erosion risk, namely the cereals areas, bare soils and 
matorral-Parcours, which represents a total of about 82.98% 
of the watershed area, especially in the right bank where 
marl formations are dominant.

One of the main methods for urban planning and land 
management is the ground cover chart. It provides the quan-
titative information necessary for a good description of the 
territory. The results obtained could constitute a basic docu-
ment for any proposed development, enable decision makers 
to better target priority areas, and better plan their interven-
tion strategies for any development in the watershed.
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