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Abstract
The cover management factor is one of the main five factors that is used within the universal soil loss equation to reflect the 
effect of cropping and management practices on soil erosion rates. It is determined through tables and equations derived in 
tropical and European conditions, which are not suitable for semi-arid regions with different climate, topography, and soil 
characteristics. Therefore, this study considers al-Arish basin in Sinai Peninsula, Egypt as a semi-arid study area to generate a 
cover management factor’s equation in terms of the Normalized Difference Vegetation Index using hydrological modeling and 
satellite images processing. To verify the proposed equation, it was applied to the Derna catchment in Libya and compared 
with European and tropical ones with respect to the hydrological outputs. Statistical analysis indicates that the proposed 
equation determines the cover management factor more accurately than those developed for tropical or European regions, 
as the correlation coefficient between the cover management factor and the hydrological results was 0.71, while it was about 
0.20 for the European and tropical,  equations, also the degree of agreement between the proposed equation’s results and 
the hydrological simulation was 0.768 while it was 0.001 and 0.02 for the tropical and European equations respectively. By 
utilizing the newly developed equation, the soil erosion can be estimated more accurately for the semi-arid regions, and a 
better understanding of the relation between the vegetation cover and soil erosion can be drawn.

Keywords  Cover management factor · NDVI · Remote sensing · Satellite images · Semi-arid regions · Soil erosion · Basin

Introduction

Soil erosion is one of the main natural environmental phe-
nomena that leads to land degradation. It drifts the top 
layer of the earth and moves it from one place to another by 
the action of water and sometimes winds (Kumawat et al. 
2021). It leads to the collapse of roads, artificial channels, 
and structures and even endangers human lives. In addition, 
it decreases the agriculture productivity, lessens the soil 
fertility, and reduces the levels of the basic plant nutrients 
needed for crops (Majoro et al. 2020). The Food and Agri-
culture Organization (FAO) indicated that the loss of soil 
productivity due to soil erosion affects up to 65 percent of 
the African agricultural lands (Centeri 2022). The amount 
of the soil eroded is usually calculated using the universal 
soil loss equation (USLE) and its revised model (RUSLE).

One of the most important factors in these equations is 
the Cover Management Factor (C-Factor), which indicates 
how land uses and management affect the runoff and soil 
erosion rates. It reflects the human activities via defor-
estation, urbanization, and agricultural practices that can 
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accelerate the rate of soil erosion. The value of the C-Factor 
increases in the case of bare fallow areas, while it decreases 
in case of forests. The importance of the vegetation index 
is represented in dissipating the kinetic energy of the rain-
drops before impacting the soil surface, which reduces the 
amounts of surface runoff and decreases the soil loss rates. 
Thus, vegetation cover and cropping significantly influ-
ence the runoff and erosion rates. For instance, soil loss 
rates decrease exponentially as vegetation cover increases. 
Also, vegetation cover has a role in preserving soil charac-
teristics, as it hinders the movement of water, contributes 
to protecting the soil against rainfall erosivity and surface 
sealing phenomena. Soil loss due to erosion poses a seri-
ous challenge to increasing agricultural productivity, as soil 
erosion leads to a decline in soil fertility at alarming rates. 
Increasing vegetation cover increases soil organic matter and 
stabilizes soil structure. It also protects the soil from direct 
exposure to sunlight and rain, which preserves the soil from 
dryness and erosion.

Many researchers have studied the effect of vegetative 
protection and cover management factor on soil erosion and 
soil organic carbon content. Imamoglu and Dengiz (2017) 
integrated the RUSLE with the geographic information sys-
tem (GIS) to estimate the annual soil loss and to explain 
the effect of soil erosion on the soil organic carbon rates in 
the Alaca catchment in black sea region of Turkey. They 
investigated the effect of land use/cover, soil properities, and 
topographical features on soil erosion rates. They concluded 
that the distribution of soil erosion losses was directly cor-
related with the soil carbon losses, also they indicated that 
soil and topographical features affected the potential soil and 
the soil organic rates more than the type of land use/cover. 
Soil loss rates can be reduced by controlling the value of 
the C-Factor, as rainfall erosivity (R), soil erodibility (K), 
slope length (L), and steepness (S) depend on ground nature, 
while support practices (P) depends on contour farming and 
terracing which require considerable financial investment. 
Therefore, decision makers can use the C-Factor to identify 
areas that are most vulnerable to soil erosion, reduce soil 
loss rates, prevent the loss of nutrients, and to preserve soil 
organic carbon (Panagos et al. 2015).

Satellite images have recently been used to detect the 
changes of the vegetation cover, the Normalized Differ-
ence Vegetation Index (NDVI) is a measure to the amount 
of green vegetation using the spectral reflectance difference 
between Red and Near Infrared (NIR). Plant information is 
monitored using multispectral images with more rapid and 
accurate characteristics (Lee et al. 2021). Sun et al. (2018) 
applied the RUSLE model to investigate the soil loss rates 
on the Tibetan Plateau located in south west of China from 
1984 to 2013 and reported that the soil erosion was very 
high. Ayalew et al. (2020) used the NDVI to determine the 
spatiotemporal variations of the C-Factor and detected the 

sensitivity of NDVI to various biophysical variables such 
as soil condition, topographic conditions, and crop growth 
stage. Balouei et al. (2021) detected the changes in land-
use and land-cover in the Doiraj basin in Iran to estimate 
their impacts on soil erosion rates. They used meteorologi-
cal data and remote sensing satellite images and found that 
the average rates of soil erosion in the years 1995, 2006 
and 2015 in tons/hectare/year were 77.04, 91.51 and 108.94, 
respectively. Mu et al. (2022) demonstrated the soil erosion 
dynamics across the Grand Pearl River basin in southern 
China using continuous Landsat satellite image dataset over 
the past 30 years from 1990 to 2020 based on the RUSLE 
model, they estimated the C-Factor based on the NDVI. The 
results showed that the NDVI simulated the vegetation cov-
erage well and displayed a decreasing trend of soil erosion 
over the past 30 years with an annual decreasing rate. Yu 
et al. (2023) investigated the tempo-spatial variabilities of 
vegetation coverage of the Kherlen River Basin in China. 
They applied the autoregressive moving average model and 
the breaks for additive season trend in the basin to analyze 
the temporal variations of NDVI from 2000 to 2020.

Most of the previous studies estimated the C-Factor using 
either guiding tables or equations derived in tropical, and 
European conditions, or imposed the values of the C-Factor 
for bare soil and forests. Karaburun (2010) investigated a 
relation between the C-Factor and NDVI derived from Land-
sat 5 in Buyukcekmece watershed in Istanbul. The C-Factor 
values for forest and bare soil were assumed to be 0 and 1, 
respectively, then a regression analysis was applied between 
the C-Factor and NDVI. The results showed the presence of 
large portions of areas with C-Factor values range between 
0.2 and 0.4. Der Knijff et al. (2000) derived an equation 
to estimate the C-Factor for European climate conditions 
(CVK), while, Colman et al. (2019) introduced equations 
for tropical climate conditions (CrA). Almagro et al. (2019) 
compared results of the two C-Factor approaches of Der 
Knijff and Colman with the literature C-Factor values (CLIT) 
of Guariroba basin, Brazil. Findings showed that the CrA was 
capable to present similar values to CLIT with percent bias 
of − 28%, while the CVK was not performed well and showed 
a percent bias of 328%.

Arid and semi-arid areas cover approximately 40% of the 
land surface (Vasquez-Mendez et al. 2011), these regions 
suffer severe rainfall and soil erosion and deterioration of 
soil fertility due to the lack of the vegetative protection 
resulting from the climate variability and extreme occur-
rences such as floods and droughts. Tribak et al. (2009), 
Driss and Brahim (2018), and Zakariae and Abdellatif 
(2021) estimated the C-Factor and investigated the land 
cover changes at Wadi Tlata, Wadi Isly, and Wadi Lahdar in 
Morocco, respectively. They applied the USLE and used GIS 
and Remote sensing applications, and reported a significant 
decrease in cereal areas due to a considerable extension of 
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the eroded soil. Also, Okacha and Salhi (2023) proposed 
novel model to estimate the cover management factor across 
different climatic zones using the Five-Parameter Logistic 
(5PL) function. They compared their results with values of 
the literature-based C-Factor. The findings showed that the 
proposed models were in good agreement with literature C 
values.

Few studies have calculated the C-Factor within semi-arid 
regions, these studies relied on literature guiding tables or 
assumptions, and did not conduct innovative ways to obtain 
C-Factor values. Therefore, this study aims to calculate the 
C-Factor for semi-arid regions using new approach that com-
bines hydrological analysis with remote sensing and GIS to 
get a relationship between the C-Factor and the NDVI for 
semi-arid basins. Wadi al-Arish in Sinai, Egypt, was consid-
ered as a case study representing the semi-arid catchments, 
as it contains all kinds of vegetation covers that may exist 
in the dry basins, such as trees, flooded vegetation, crops, 
built area, bare ground, and range lands, the hydrological 
outputs were used as a reference to compute the C-Factor 
due to the difficulty of obtaining field observations, which 
require hard cadastral surveying in addition to their existence 
in wide and remote areas. To ensure the validity of applying 
the proposed equation in semi-arid basins, it was applied to 
the Derna Valley in Libya. The results were compared with 
those of European and tropical conditions to obtain the most 
optimal equation representing the cover management factor 
for semi-arid basins. This relation will help in better under-
standing the effect of vegetation cover on the soil erosion.

The remainder of the paper is organized as follows: Mate-
rials and methods, Results and discussion, and finally Sum-
mary and conclusions.

Materials and methods

This study can be achieved by applying five stages; the first 
stage is collecting the hydrographic data and the hydrologi-
cal records of Wadi al-Arish, Sinai Peninsula, Egypt. The 
second stage is to download the land cover to determine 
the NDVI values. The third stage is to apply the hydrologi-
cal model to estimate the C-Factor values within the study 
area. The fourth stage is using the ARC-GIS-10.8.2 to gen-
erate a regression equation between the C-Factor and the 
NDVI. The fifth step is to verify the accuracy of applying 
the proposed equation in one of the semi-arid basins, which 
is Derna Valley in Libya, and to compare its outputs with 
the results of the C-Factor’s equations used in European and 
tropical conditions, see Fig. 1.

Study area

Wadi al‑Arish

Description of Wadi al-Arish Wadi al-Arish is the longest 
valley in Sinai Peninsula in Egypt, it occupies about one 
third of its area and extends for 250 km from the middle 
of Sinai to the Mediterranean Sea, covering an area of 
23,300 km2 between 29° 00′ N and 31° 00′ N, and 33° 05′ 
E and 34° 45′ E. It is an arid to semi-arid region which is 
characterized by hot weather of mean annual temperature 
of 22 °C. It is the highest in August at 29 °C and low-
est in January at 13 °C, except for the coastal zone of a 
moderate climate similar to other regions in the eastern 
Mediterranean. Precipitation values decreases from the 
northeast towards the southwest, the greatest amount of 

1. DATA 
COLLECTION

•Wadi al-Arish, Egypt
•Digital Elevation Model

•Rainfall Data

2. SATELLITE IMAGES 
PROCESSING

•Sentinel-2
• Land cover

•Landsat8-9
• NDVI

3. Hydrological 
Modeling

•Cover Management Factor
Wadi al-Arish ( CHydro.Arish )
•Wadi Derna ( CHydro.Derna  )

4. ARC GIS 10.8.2 
Regression Analysis 
•between CHydro.Arish and 

NDVI to get Semi Arid 
Equation (CSA). 

5. Verification and 
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•C SA
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Fig. 1   Schematic diagram for the study procedures
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the annual rainfall was found at Rafah station (304 mm) 
in the northeast and the annual rainfall average is about 
120 mm along the Mediterranean coast. In the southern 
region, the annual rainfall reaches 20 mm in the coastal 
areas over the Gulfs of Aqaba and Suez and increases to 
70 mm over the mountainous regions. it originates from 
the heights of the Al-Agma mountains and runs in the mid-
dle of the land of the labyrinth, penetrating its mountains, 
then the land of North Sinai, which takes the northeastern 
direction, following the general slope of the earth’s surface 
until it reaches the shore of the Mediterranean Sea in the 
coastal city of al-Arish as shown in Fig. 2a. It is exposed 
to flashflood waters continuously, the most intense was 
in 2010.

Topography and Geology of Wadi al-Arish Limestone 
sedimentary rocks cover the entire drainage basin of Wadi 
al-Arish. The existence of cracks and joints increases the rate 
of water loss from surface runoff. Its southern topography 
is a tough terrain with rugged, sharp, and high-rise granite 
mountains with high elevations reaching more than 1600 m 
above sea level as shown in Fig. 2b. The central part contains 
al-Tih and al-Ajmah plateaus, both deeply indented and dip-
ping towards the north as a wedge-shaped block section with 

its base along the Mediterranean Sea coast to the north and 
its tip surrounded by the Gulfs of Aqaba at the east and of 
Suez at the west (El Afandi et al. 2013).

Wadi Derna

Description of Wadi Derna Derna Valley in Libya was cho-
sen as one of the semi-arid valleys, it is characterized by 
the topographic features and climatic conditions that distin-
guishes semi-arid basins, and contains various categories of 
land covers such as trees, cultivated crops, bare soils, range 
lands, and built areas. It leads down from the Jebel Akhdar 
mountains to the port city of Derna. It is located between 
two circles of 32° 34′ N and 32° 48′ N, and 21° 59′ E and 
22° 38′ E as shown in Fig. 3a. It is 75 km long and drains a 
drainage basin of 575 km2. In September 2023, the rainfall 
from the Storm Daniel led to the collapse of two dams across 
the river, causing catastrophic flooding in the city of Derna, 
which killed about 4000 people. It was one of the deadliest 
dam failures in history.

Derna has a hot, semi-arid climate with strong Medi-
terranean influences where all modest annual rainfall falls 
mainly between October and March, the average annual 

Fig. 2   Description of Wadi al-Arish, Sinai Peninsula, Egypt. a The location, b the DEM
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rainfall is about 275 mm. In winter, the average temperature 
in the city ranges between 9 and 20 °C. Summer season is 
hot and effectively rainless, with the average temperature 
hovering well above 27 °C between June and October. The 
Akhdar Mountains stretch along the coast between Al-Marj 
and Derna. These limestone mountains rise steeply from the 
coast to about 600 m and then stretch about 30 km inland, 
reaching nearly 900 m at their highest points (Ashoor 2022), 
see Fig. 3b.

Data collection of Wadi al‑Arish

Data with different types and different sources was collected. 
Details about data collection are shown in this section:

Digital Elevation Model (DEM): was downloaded with 
spatial resolution of 30 m using satellite images processing 
techniques from website https://​earth​explo​rer.​usgs.​gov/ as 
shown in Fig. 2b.

Rain Gauge Data: was collected from the Egyptian Mete-
orological Authority (EMA). Figure 4a shows the available 
Meteorological stations located in Sinai, the average rainfall 
depth was estimated using the Thiessen polygon method of 
al-Arish, Nakhel and Al-Hasana rainfall stations.

Land Cover: Sentinel-2 images were used to generate 
different classifications of land-cover such as water, trees, 
flooded vegetation, crops, built area, bare ground, and range 
land (see land-use/land-cover, LULC, in Fig. 4b for Senti-
nel-2). Sentinel-2 provides free imagery with spatial reso-
lution of 10 m available for the globe through Copernicus 

Open Access Hub site, https://​scihub.​coper​nicus.​eu/​dhus/#/​
home.

Methodology

Hydrological study supported by multiple software packages 
were applied as follows:

•	 The Watershed Modeling System (WMS) used morpho-
logical and metrological data to define basin’s character-
istics of Wadi al-Arish.

•	 CHydro.Arish; represents the cover management factor cal-
culated by the hydrological model within the study area 
of Wadi al-Arish, Sinai, Egypt.

•	 HEC-HMS estimated the CHydro.Arish for each type of 
land-cover (Fig. 5a) depending on the Curve Number 
(CN) derived from the soil conservation method.

•	 Arc-GIS is used for post-processing. It presents the cov-
erage data over maps of the basin area based on Inverse 
Distance Weighting (IDW) interpolation method.

•	 Following Jiang et al. (2006), NDVI of Landsat 8–9 with 
30 m spatial resolution, spanning the period of January 
2023 (Fig. 5b) was calculated by computing the spectral 
reflectance difference between near infrared (NIR) band 
and red band. The NDVI values vary between − 1.0 and 
1.0, where higher values indicate green vegetation.

•	 The NDVI of landsat8-9 was drawn against CHydro.Arish 
and an equation between them was generated through 
regression analysis (Fig. 5c).

Fig. 3   Description of Wadi Derna, Libya. a The location of the watershed, b the DEM

https://earthexplorer.usgs.gov/
https://scihub.copernicus.eu/dhus/#/home
https://scihub.copernicus.eu/dhus/#/home
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•	 The Derna basin in Libya was used to verify the pro-
posed equation.

•	 CSA; represents the cover management factor deter-
mined by relating the NDVI-Landsat 8–9 of Wadi 
Derna to the proposed equation.

•	 The C-Factor for semi-arid basins (CSA) values were 
mapped to verify the accuracy of the proposed equa-
tion.

•	 The tropical cover management factor (CTR) and the 
European cover management factor (CEU) were calcu-
lated using Eqs. 1 of Colman et al. (2019) and Eqs. 2 
of Der Knijff et al. (2000), respectively by applying the 
NDVI Landsat 8–9 satellite data of Wadi Derna.

Here α and β are two parameters usually take the values 
of 2 and 1, respectively.

(1)CTR = 0.1
(

−NDVI + 1

2

)

(2)CEU = exp

(

−�
NDVI

� − NDVI

)

.

•	 CHydro.Derna; represents the cover management factor 
simulated by the hydrological model within the verifi-
cation basin of Wadi Derna, Libya.

•	 The values of CSA, CTR, and CEU were calibrated with 
the hydrological values CHydro.Derna using statistical 
parameters. The correlation coefficient (r) is used to 
assess the agreement between the hydrological results 
and the calculated values, the r value close to + 1 indi-
cates a perfect positive fit, while the relative bias in 
percent (RBIAS) measures the average tendency of 
the calculated values to be larger or smaller than their 
reference ones. The optimal value of RBIAS is 0.0. 
Its acceptable range is ± 25%. The Root Mean Square 
Error (RMSE) indicates the average difference between 
the hydrological outputs and the calculated data. Also, 
the Index of agreement (d) is used as a unit to measure 
the degree of error of the inferred values relative to the 
measured ones, which ranges from zero to one, where 
the degree of agreement increases as it approaches 
unity (Willmott 1981).

Fig. 4   Data collection of Wadi al-Arish, Sinai Peninsula, Egypt. a The Thiessen polygon for rainfall stations. b Sentinel-2 LULC, Jan, 2023
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Fig. 5   a Simulation of CHydro.Arish, b NDVI of Landsat8-9, Jan, 2023, c relation between the C-factor and NDVI
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In these equations, Zo represents the values of CHydro.Derna, 
Zo(avg) represents the mean value of CHydro.Derna, and Zs rep-
resents CSA, CTR, or CEU.

Results and discussion

Hydrological analysis

The Soil Conservation Service–Curve Number (SCS-CN) 
method is applied to estimate the direct surface runoff from 
rainfall, it based on an empirical approach of the relation-
ship between rainfall and ground conditions including soil 
types, moisture content, and land practices. The C-Factor 
was calculated using the CN, which depends on two basic 
factors: the vegetation type and the soil characteristics 
(Trinh et al. 2018). Vegetation type was defined as shown 
in Fig. 4b, while soil type was classified into group C which 
has a low infiltration rates. Table 1 shows that the values of 
CN decrease when the intensity of the land cover increases 
and vice versa, it reaches its lowest value in case of forests 
and dense trees, while its value increases in case of urban 
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areas and barren lands with low intensity of land cover. The 
values of C-Factor is directly proportional to the values of 
CN, as the more surface runoff increases, the more soil ero-
sion increases. Therefore, the values of the C-Factor increase 
in the case of barren lands and urban zones, where there is 
no vegetative protection, while it decreases in case of forests 
with high dense of land cover. The interaction between the 
type of vegetation and the soil characteristics affects the rate 
of soil loss as it helps to increase the ability to absorb water 
by creating pores that facilitate the entry of water deep into 
the soil. This helps provide groundwater and increase the 
percentage of green soil, also it increases the biodiversity, 
which helps to improve land fertility and increase agricul-
tural productivity. So, vegetation cover and soil characteris-
tics are considered the most important factors in preserving 
soil erodibility, and improving its fertility.

HEC-HMS hydrological software was used to compute 
the values of the C-Factor (CHydro.Arish) for each land cover 
and curve number. These values vary between 0 and 1. It is 
observed that the greener the cover, the closer the coefficient 
to zero.

Large areas of semi-arid basins formed from barren 
lands due to the topographic nature, and steep slopes that 
distinguish semi-arid areas, resulting in the increase of flood 
events and the drift of large areas of agricultural lands. Also, 
most of NDVI values range from < 0.05 to 0.25 in barren 
lands and deserts (Ghebrezgabher et al. 2020). Therefore, 
NDVI, vegetation cover, and soil characteristics differ in 
semi-arid areas from those in tropical and European regions 
(Amara et al. 2022). An equation between the NDVI and the 
CHydro.Arish is shown in Fig. 5, to get the C-Factor for semi-
arid basins (CSA).

Verification of the proposed equation

Derna Valley in Libya was chosen as one of the semi-arid 
valleys to ensure the validity of applying the CSA Eq. (7) in 
semi-arid basins, the NDVI of the Landsat8-9 was applied 

(7)
CSA = 0.353e1.669 NDVI, e is the exponential function.

Table 1   Values of CHydro.Arish for land cover and curve number of 
Wadi al-Arish, Sinai, Egypt

Land cover Curve number (CN) CHydro.Arish

Bare ground 85 0.47
Vegetated land 77 0.30
Dense trees/forest 55 0.03
Range land 80 0.35
Built in 90 0.61
Crops 75 0.26

Table 2   Values of CHydro.Derna for land cover and curve number of 
Wadi Derna, Libya

Land cover Curve number (CN) CHydro.Derna

Bare ground 85 0.50
Vegetated land 80 0.35
Dense trees/forest 55 0.031
Range land 82 0.42
Built in 92 0.61
Crops 77 0.30
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to the CSA, CTR, and CEU equations to get C-Factor values 
for the three different equations, then the values of the three 
C-Factors were calibrated with the cover management factor 
determined by the hydrological model (CHydro.Derna). Table 2 
indicates that the hydrological results are close to the out-
puts of Wadi al-Arish in Sinai due to the similarity of the 
land covers and soil characteristics in semi-arid basins which 
are characterized by the dominance of bare soils and range 
lands.

Figure 6 shows the output of the Arc-GIS in which the 
values of the C-Factors are simulated over the basin area 
of Wadi Derna noting that the Inverse Distance Weight-
ing (IDW) interpolation method was utilized to predict the 

unknown values for any geographic raster data. It is notice-
able from the maps that the results of the C-Factor deduced 
from CSA Eq. (7) are the closest to the C-Factor determined 
by the hydrological model (CHydro.Derna).

Fig. 6   Distribution of the four types of the C-Factor over Derna valley: a CHydro.Derna, b CSA, c CEU, d CTR

Table 3   Accuracy checks using statistical parameters

C-Factor Statistical parameter

r RBIAS% RMSE d

CSA 0.702 0.50 0.049 0.768
CTR 0.165 − 36.60 0.373 0.001
CEU 0.163 39.80 0.409 0.02
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Calibration and evaluation

Some of the well-known statistical parameters were used 
to check which of the three C-factors (CSA, CTR, CEU) is the 
nearest to the CHydro.Derna factor. Results in Table 3 show a 
directly correlation between the hydrological reference out-
put (CHydro.Derna), and the cover management values calcu-
lated from CSA equation than the other two C-Factors (CTR 
and CEU). The parameter (r) values equal to 0.702 for the 
CSA, and 0.2 for both the CTR and the CEU, which indicates 
a better correlation between CSA and CHydro.Derna and means 
that the increase in CSA is associated with the increase in 
CHydro.Derna. Much better values of the RBIAS of CSA of 
0.50% (close to zero), and the RMSE has a small value of 
0.049, which reflects the low error rate between the data, 
also the values of the statistical criteria (d) show a satisfac-
tory agreement of CSA than CEU and the CTR. Comparing 
these values with the values of r, d, RBIAS, and RMSE in 
cases of CTR and CEU, shows that CSA equation is better be 
used to estimate the C-Factor in semi-arid basins.

By comparing the frequencies of 800 samples distributed 
within the catchment area between the hydrologically calcu-
lated C-Factor values (CHydro.Derna) and those calculated from 

the CSA, CEU, and the CTR equations. Figure 7 shows that the 
frequencies of the CSA values are the closest to the hydrolog-
ical outputs, where the CSA values are centered around 0.40 
and 0.42, in which the values of CTR and CEU range from 
0.03 to 0.05, and from 0.77 to 0.83, respectively. While, the 
mean value of CHydro.Derna is 0.41. Also, Fig. 8 shows that 
the mean values of CSA, CTR and CEU are 0.416, 0.045 and 
0.809, respectively. This proves that CSA equation estimates 
the value of C-Factor more accurately than Eqs. (1) and (2), 
the values below and above the ranges are the outliers.

Many trials were conducted varying the values of α and 
β in Eq. (2) to improve their results of CEU compared with 
CHydro.Derna values, but it was found that the best values of α 
and β are 2 and 1, respectively.

Findings of this study were compared to the aforemen-
tioned literatures, performed in semi-arid regions includ-
ing; Tribak et al. (2009), Driss and Brahim (2018), Zaka-
riae and Abdellatif (2021), and Okacha and Salhi (2023). 
The results showed a noticeable convergence between this 
study and literatures in most types of plant covers, such 
as crops, where literatures showed values ranged between 
0.25 and 0.358. This study gave values equal to 0.26 and 
0.30 for Wadi al-Arish and Derna, respectively. It also 

Fig. 7   Frequencies of CHydro.Derna to CSA, CTR and CEU
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showed good results in vegetated lands, literatures showed 
results ranged from 0.26 to 0.59, while this study showed 
values of 0.30 and 0.35 for Wadi al-Arish and Wadi Derna, 
respectively. In forests, literatures ranged between 0.06 
and 0.11, results gave values of 0.03 and 0.031 for Wadi 
al-Arish and Wadi Derna. However, results of the bare 
soil showed less agreement with Driss and Brahim (2018), 
Zakariae and Abdellatif (2021), and Okacha and Salhi 
(2023), but gave satisfactory results with Tribak et al. 
(2009), where literatures gave values of 0.55, 0.75, 0.75, 
and 0.70 for Tribak et al. (2009), Driss and Brahim (2018), 
Zakariae and Abdellatif (2021), and Okacha and Salhi 

(2023), respectively, while it appeared with values of 0.47 
and 0.50 in Wadi al-Arish and Wadi Derna, respectively. It 
is noted that the values of the C-Factor for the bare soil are 
the highest in comparison with other land cover types, that 
is due to the lack of vegetative protection and the increase 
in surface runoff, which exposes them to a greater risk of 
soil erosion. In contrast, in case of forests, which had the 
lowest values among all vegetation cover types, due to 
dense land cover that increase resistance to runoff flow and 
the time of the water trip, giving more opportunity time for 
water to seep into the soil reducing runoff and decreasing 
the expected soil loss rates. See Table 4.

Fig. 8   Comparing CHydro.Derna to CSA, CTR and CEU

Table 4   Comparison of 
estimated C-Factor with 
literatures in semi-arid regions

Land cover type Literatures C-Factor Estimated C-Factor

Tribak 
et al. 
(2009)

Driss and 
Brahim 
(2018)

Zakariae and 
Abdellatif 
(2021)

Okacha and 
Salhi (2023)

Wadi 
al-Arish 
CHydro.Arish

Wadi Derna 
CHydro.Derna

Crops 0.28 0.25 0.25 0.358 0.26 0.30
Forests 0.08 0.08 0.11 0.06 0.03 0.031
Bare soil 0.55 0.75 0.75 0.70 0.47 0.50
Vegetated land 0.35 0.28 0.26 0.59 0.30 0.35
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Summary and conclusions

Accurate estimation of soil erosion is one of the most essen-
tial tasks for researchers and civil engineers. The cover man-
agement factor (C-Factor) is a main parameter in the uni-
versal soil loss equation, it estimates the soil loss rates and 
the soil’s ability to reduce the water’s impulsive force. This 
factor is determined either using guiding tables or empirical 
equations derived from tropical and European conditions. 
However, these values are not suitable for semi-arid regions 
that have a different topography, nature, and climatic condi-
tions. It is difficult to obtain the C-Factor as it needs long 
term monitoring soil erosion plots under natural rainfall. 
Therefore, this study combines the hydrological analysis as 
an alternative for obtaining the C-Factor in terms of NDVI 
derived from remote sensing approaches. The validity of 
the C-Factor depends on the accuracy of the NDVI values, 
which changes continuously in semi-arid areas due to the cli-
mate variability and extreme occurrences resulting from the 
lack of the vegetative protection. Therefore, morphological 
changes should be monitored by satellite images. However, 
it is always an important goal to get accurate satellite images 
with sufficient high resolution. Sentinel-2 satellite data of 
Wadi al-Arish in Sinai Peninsula in Egypt was used to simu-
late the land covers, and a regression equation was generated 
between the NDVI of landsat8-9 satellite product and the 
C-Factor inferred from hydrological modeling (CHydro.Arish) 
to get a semi-arid equation named CSA. Moreover, the accu-
racy of the proposed equation was verified by applying the 
NDVI of landsat8-9 of Wadi Derna to the CSA, CTR, and CEU 
equations developed in semi-arid, tropical, and European 
climates, respectively. Then, statistical analysis was used to 
calibrate the CHydro.Derna values generated by the hydrologi-
cal model at Wadi Derna against the CSA, the CEU, and the 
CTR. The results showed that determining the C-Factor for 
semi-arid regions using the proposed CSA equation is more 
accurate than determining it using tropical or European ones. 
Therefore, this study recommends using the derived semi-
arid Eq. (7) to calculate the C-Factor in terms of the NDVI 
index in semi-arid catchments.
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