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Abstract
In semiarid areas, rainfall is often intense on dry soils with poor vegetation which might lead to high soil erosion susceptibility.
Therefore, an appropriate assessment of the rainfall erosivity is of particular importance due to negative effects caused by top soil
depletion and excessive sediment loading to receiving waters of reservoirs. The present study was conducted on the Wadi K’sob
watershed (1480 km2) in northeast Algeria with an aim to examine the rainfall erosivity. The calculation of such an index is based
on rains exceeding a specific threshold and requires rainfall data with a fine temporal resolution, which, often, are rare or difficult
to acquire. The examination of daily rains occurring before a flood event carrying sediment load showed a spatial variability of
the thresholds of rainfall erosivity. The seasonal values of the thresholds are low and lying between 2mm in summer and 6 mm in
winter, highlighting an erosivity process characteristically high in semi-arid regions. Empirical relationships, established at
seasonal scale, were proposed as an alternative solution to the R-index calculation derived from the Revised Soil Loss
Equation. The determined models allowed us to simulate the erosivity of rainfall events as a function of daily rain. Between
68 and 78% of the variance of rainfall erosivity is explained by the daily rainfall giving rise to an erosive rainfall event. Then, the
spatial mean of the annual erosivity index fluctuated between 228 and 386MJmm ha−1 h−1 year−1 with an interannual average of
302 MJ mm ha−1 h−1 year−1, which if underestimated by 6%, the erosivity index quantified according to the Revised Universal
Soil Loss Equation. Rainfall erosivity is the determining factor in sediment yield with a different degree of binding during the
year. In autumn, 68% of the variance in sediment production is explained by rainfall erosivity, compared with only 42% in spring
due to changes in soil conditions, including the presence of a vegetation cover that protects the soil against rainfall erosivity.
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Introduction

Rainfall erosivity has been studied extensively to under-
stand soil erosion. In semiarid areas, generally with a
sparse vegetation cover during most of the year, rainfall
events are often intense and responsible for high erosion
and sediment delivery (Langbein and Schumm 1958; Scott
2006). Therefore, an appropriate assessment of the rainfall
erosivity is of particular importance due to negative effects

caused by nutrients and organic matter depletion
(Vörösmarty et al. 2003) and excessive sediment loading
to receiving waters to reservoirs (Dutta 2016). In Algeria,
with scarce and irregular water resources, sediment deliv-
ery ranks among the highest in the word (Probst and
Amiotte-Suchet 1992; Megnounif et al. 2003; Achite and
Ouillon 2016). According to Meddi et al. (2016), heavy
rains threaten 14 million ha of arable land, with conse-
quences that affect the water storage. An average of 45
million m3 of siltation is deposited each year at the bottom
of dams, causing an estimated 0.7% reduction in storage
capacity per year (Remini 2008).

Numerous studies investigate the erosivity index (R) pre-
sented in different versions of Universal Soil Loss Equation
(USLE) (Wischmeier and Smith 1958) to assess the aggres-
siveness of rainfall as a causal agent of soil erosion (Fournier
1969). Wischmeier and Smith (1978) have described the ero-
sivity of a rainfall event as the result of an energy quantity (E)
released when raindrops hit the ground and the maximum
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intensity (I30) of a rainfall event for a period of 30 min.
Therefore, a rainfall event is considered an erosive one
when the rainfall is effective in terms of sediment yield
and the following characteristics are verified: (i) the cu-
mulative rainfall exceeds the threshold T = 12.7 mm, with-
out the cumulative rainfall being less than T/2 = 6.35 mm
for 06 h or (ii) the cumulative rainfall exceeds T/2 =
6.35 mm in 15 min. Under these conditions, the evalua-
tion of rainfall erosivity requires rainfall data with a fine
temporal resolution, at half an hour or less intervals.

Nevertheless, worldwide, such series are often short,
difficult to acquire and time consuming to process as they
require the analysis of records from pluviographs (Bertoni
and Lombardi Neto 1985). In response to such constraints,
alternative solutions are proposed where the R index is
explained by easily accessible rainfall data covering long
periods such as daily rainfall (Richardson et al. 1983;
Choukri et al. 2016; Xie et al. 2016; Beguería et al. 2018;
Bouderbala et al. 2019) or monthly (Renard and Freimund
1994; Terranova and Gariano 2015; Ballabio et al. 2017) or
annual (Heusch 1970; Bonilla and Vidal 2011; Yin et al.
2015; Toubal et al. 2018). Oduro-Afriyie (1996), Silva
(2004) and Fernandez et al. (2019) have associated rainfall
erosivity with other precipitation characteristics such as
Fournier index (FI) (Fournier 1961) or modified Fournier
index (MFI) (Arnoldus 1980), described as:

FI ¼ P2m
Pa

;MFI ¼
∑
12

i¼1
P2i

Pa
ð1Þ

where Pi, Pm and Pa (mm) are the rainfall amount of the ith
month; the monthly rainfall of the wettest month and the
annual precipitation, respectively. While, Choukri et al.
(2016) and Farhan and Alnawaiseh (2018) highlighted
the spatiotemporal variability of the rainfall erosivity using
annual, seasonal and monthly precipitation.

Soil degradation studies show that sediment load
transported by natural streamflow is closely linked to rainfall
erosivity (Hicks et al. 2000; Lal 2001) and that the 12.7 mm
threshold presented by Wischmeier and Smith (1978) is often
excessive (Bollinne 1978; Yin et al. 2017). Denis et al. (2013)
adopted an erosive rainfall threshold of 2.5 mm for a semiarid
region in India. Mannaerts and Gabriels (2000) have used a
threshold of 9 mm to characterise erosive rainfall in Cape
Verde, and Xie et al. (2016) have estimated the threshold at
9.7 mm for China. According to McGregor et al. (1995) and
Xie et al. (2002), a decrease in the erosive rainfall threshold
generates an insignificant increase in the quantification of sed-
iment production.

North of Algeria is a mountainous region characterised
by small and medium basin less than 10,000 km2 with a
strong spatiotemporal variability of erosion intensity in

response to sparse vegetation and irregular and aggressive
climate (Ghenim and Megnounif 2016). In addition to the
climate irregularity, the disparity observed between the
various rainfall erosivity estimates quoted in the literature
review is mainly due to the large panoply of approaches
and models used to estimate such parameter. Furthermore,
most of the models used were elaborated for distant sites
and adapted to local studies, neglecting soil and climate
conditions (Meddi et al. 2016; Hasbaia et al. 2017; Toubal
et al. 2018; Bouderbala et al. 2019).

This study aims to examine the relationship between rain-
fall erosivity and sediment production in theWadi K’sob basin
(1480 m2), which supplies the K’sob dam with an initial ca-
pacity of 29.5 Mm3, commissioned in 1940. The bathymetric
survey, carried out in 2010 by the National Agency for Dams
and Transfers (ANBT), revealed a high rate of dam alluvium
estimated at 67.6%.

The objective of this work is to provide a more accu-
rate overview of the erosive processes that determine sed-
iment yield in the Wadi K’sob watershed, focused on the
importance of rainfall in the erosive process and on iden-
tifying the effective rainfall threshold in relation to sedi-
ment production at seasonal scales. Then, the goal is to
develop a model for the study region to estimate the ero-
sivity index from daily rainfall and examine the spatio-
temporal variability of erosivity in the study area.

Study area presentation and measurement
data

Wadi K’sob, in the northeast of Algeria, drains an area of
1480 km2 located between altitudes 585 and 1888 m
(Fig. 1). The main stream flows over a length of 73 km
and supplies the K’sob dam with an initial capacity of
29.5 Mm3, which was commissioned in 1940. The study
area has a semiarid climate with a continental tendency
with a relatively wet winter and a dry and hot summer.
Most frequent winds come from the northwest, southern
winds , in the form of Si rocco, las t on average
7 days year−1. Average interannual precipitation is
340 mm. Flow is highly irregular and related to precipita-
tion conditions, with an interannual average of 0.9 m3 s−1,
or an interannual yield of 28 h m−3 (Benkadja et al. 2013).
Average annual temperature is 15.7 °C. The minimum
monthly average, 6.3 °C, is reached in January while the
maximum, 27.4 °C, is reached in July.

The study is based on data from five climate stations
located throughout the watershed and one hydrometric
station located at the outlet of the watershed and upstream
of the K’sob dam (Fig. 1). Data are provided by the
National Agency for Hydraulic Resources (ANRH).
Main information (station name, geographical position
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and measurement period) is reported in Table 1. Climate
stations are equipped with pluviograph and hydrographic
stations with a limnimetric ladder and limnigraph. ANRH
protocol used to measure water discharge and sediment
load is the same in all Algerian regions. Water level is
transformed into water discharge using a local abacus up-
dated and checked periodically. For the estimation of the
sediment concentration, a water sample is taken from a 1-

L vial. Sampling frequency is adapted to the flow regime.
It is intensified during high water periods, up to one in-
take per half hour. Apart from floods, a sample is taken
every other day. When flows are very low, a sample is
taken every 2 weeks. At each sampling, the supervisor
reads the water level to deduce the corresponding flow
rate. The suspended solids concentration is estimated in
the laboratory by filter weighing according to a protocol

Table 1 Data and measuring stations for precipitation (P; mm) discharge (Q; m3/s) and concentration (C; g/L)

Station number and name Latitude Longitude Altitude (m) Period Time resolution

Rainfall data

St1 Medjez 35° 53′ 25.78″ 4° 037′ 9.27″ 636 1973–1994 24 h

St2 Bordj Ghdir 35° 54′ 31.36″ 4° 53′ 50.45″ 1054 1973–1994 24 h

St3 Sidi Embarek 36° 06′ 5.153″ 4° 54′ 31.52″ 1021 1973–1994 24 h

St4 Medjana 36° 07′ 44.51″ 4° 40′ 26.17″ 1042 1973–1994 24 h

St5 Bordj Bouarreridj 35° 59′ 24.23″ 4° 45′ 35.26″ 922 2007–2015 15 min

Hydrometric data

St0 Medjez 35° 53′ 25.78″ 4° 037′ 9.27″ 636 1973–1992 Instant Measurement: Q and C

1973–1994 Daily Q

K’sob

Algeria

Climatic station

Gauging station

Drainage network

K’sob Dam

Elevation a.m.s.l (m)

Legend

Fig. 1 Watershed overview
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detailed in the studies by Achite and Ouillon (2007) and
Megnounif et al. (2013).

Methodology

Erosivity estimation

In semiarid regions, soil susceptibility to erosion shows high
intra-annual variability in sediment yield (Achite and Ouillon
2016; Choukri et al. 2016; Farhan and Alnawaiseh 2018;
Megnounif and Ouillon 2018). To this end, the erosive rainfall
threshold characterising Wadi K’sob watershed is sought for
the different seasons. Its determination was based on the ex-
amination of daily precipitation recorded at the four stations
(St1, St2, St3 and St4) during 1973–1992 and where the in-
stantaneous measurement of suspended sediment concentra-
tion and discharge was recorded at the gauging station (St0)
located at the outlet of the watershed (Table 1). The daily rains
recorded at the four stations and occurring until 3 days before
a flood event carrying sediment load were examined. In this
area, rain may occur locally. Thus, the highest daily rain was
considered an erosive rain. After examination of all flood
event within a given season, the minimum erosive rain is
retained as the threshold of rainfall erosivity.

Once the seasonal thresholds were determined, they were
applied to the 15-min rainfall measurements recorded at the
station St5 (2007–2015 period) in order to estimate the seasonal
erosivity. The selection of erosive rainfall events was done sea-
sonally and following the criteria proposed by Wischmeier and
Smith (1978): (i) the cumulative rainfall during a rainfall event
must be greater than the seasonal threshold (T) or if (ii) the
cumulative rainfall during a 15-min rainfall period, i.e. greater
than T/2. Cumulative rainfall of less than T/10 over a period of
6 h separates the event into two rainfall events. The erosivity of a
single rainfall event (REvent) is estimated by the product (E.I30),
the kinetic energy (E) contained within the rainfall event and
(I30, mm h−1) the maximum 30-min intensity during the event.

The parameter E is the total amount of kinetic energy
contained within an event and that may entrain the move-
ment of sediment particles; its calculation is given by the
following equation:

E ¼ ervr ð2Þ
where er is the unit energy (MJ ha−1 mm−1) and vr the depth of
rainfall during a time r. The unit energy was estimated using the
formula applied in the Revised Universal Soil Loss Equation
(RUSLE) (Brown and Foster 1987):

er ¼ 0:29 1−0:72exp −0:05irð Þð Þ ð3Þ
where, ir (mm−1 h−1) is the average rainfall intensity over a time
interval r.

For each of the four stations (St1, St2, St3 and St4,
Table 1), the seasonal erosivity corresponds to the sum of
the erosivity of the REvent = EI30, over a given season:

Rs ¼ ∑
k¼1

m j

EI30ð Þk ð4Þ

where mj is the number of erosive events within the season
under consideration, and EI30 is the rainfall erosivity of a
single event k.

The annual erosivity is the sum of the erosivity of the
four seasons.

Seasonal areal erosivity characterising the Wadi K’sob wa-
tershed was deduced using Thiessen’s polygon method (de
Santos Loureio and Azevedo Coutinho 2001). According to
Bruce and Clark (1966), the areal mean obtained using the
Thiessen method gives reasonable results for a sparse and
unevenly spaced network. While, other methods such as ar-
ithmetic mean or isohyetal method require a relatively dense
and uniformly spaced rain-gauge network.

Erosivity and sediment production

To each effective rainfall events in terms of sediment yield
occurring during the period February 2007 to March 2015
was attributed an REvent and the corresponding daily rain.
Then, empirical relationships using simple regression were
investigated to simulate the erosivity of rainfall events as a
function of daily rain. The relationships between these two
parameters were established at seasonal and annual scales.
The relevance of the model was examined according to the
coefficient of determination. So, the suitable models were
used to predict the erosivity of rainfall events. During the
period 1973–1994, daily rains exceeding the seasonal rainfall
erosivity threshold were introduced in the above models to
estimate the erosivity of rainfall events. Then, seasonal and
annual erosivity may be computed using Eq.4.

At annual and seasonal scales, the rainfall erosivity was
compared with the amount of the suspended sediment yield
supplied to the outlet of the watershed. Sediment yield was
estimated using a sediment rating curve by performing a linear
least-square regression of log-transformed sediment discharge
(Qs, kg s−1) against daily water discharge (Q, m3 s−1). The
model is a power function:

Qs ¼ aQbþ1 ð5Þ
where the parameters a and b are the regression coefficients.

At the gauging station controlling Wadi K’sob, a continu-
ous measure of water level, deduced from a limnigraph, is
converted to discharge using a local abacus resulting on the
availability of continuous measurements of average daily
flows over 1973–1994. Suspended sediment concentration
results come from samples collected manually. In addition to
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some shortcomings observed, it may be suspected that sam-
ples were not taken during a brief increasing of discharge at
night or during holidays. This justifies the use of the rating
curve technique that is widely applied in estimating sediment
yield both for small- and large-sized catchments (Walling
1977; Asselman 2000; Horowitz 2003 Warrick 2015;
Megnounif and Ghenim 2016).

Over the period 1973–1994, the daily sediment discharges
were predicted from the model (Eq. 5) and then used to esti-
mate (YS) seasonal sediment yield (Olías et al. 2006; Louamri
et al. 2013) using the following formula:

Ys ¼ m ∑
n

j¼1
Qsd ¼ m ∑

n

j¼1
a⋅Qbþ1

d ð6Þ

where Qdand Qsd are the daily water discharge and solid dis-
charge, respectively,m is a constant of unit conversion and n is
the number of days par season.

Results

Erosivity threshold

Erosive rainfall event selection criteria applied to data collect-
ed between February 2007 and March 2015, identified 134
sediment-effective rainfall events from erosive rainfall thresh-
olds: Tautumn = 3 mm, Twinter = 6 mm, Tspring = 2.5 mm and
Tsummer = 2 mm, respectively, for the following seasons: au-
tumn, winter, spring and summer. As a result, these thresholds
were compared with the average seasonal rainfall intensity
calculated by the equation,

I ¼ 4

n
∑
n

i¼1
Pi ð7Þ

where n is the total number of rainfall events per season and Pi
the rainfall depth at 15 min time steps. Seasonal evolution
shows a negative trend (Fig. 2). Soil erosion susceptibility is
minimal in winter, and the average rainfall intensity is low,
yielding minimum sediment contribution since the detach-
ment of soil particles has required a high rainfall erosivity
threshold. In contrast, in summer and in autumn, soils are

more susceptible to erosion and heavy rains result in an im-
portant sediment yield.

Erosivity index

An effective rainfall event in terms of sediment yield is
represented by an REvent and the corresponding daily rain-
fall. Evolution of these two parameters is presented for
the different time scales (Fig. 3). According to the coeffi-
cients of determination, the relationship is significant at
seasonal scales. Indeed, between 68 and 78% of the var-
iance of rainfall erosivity is explained by the daily rainfall
giving rise to an erosive rainfall event.

The obtained seasonal models were projected to the 1973–
1994 period to estimate rainfall erosivity. Interannual precip-
itation and erosivity estimated at precipitation stations
(Medjaz (St1), Bordj Ghdir (St2), Sidi Embarek (St3) and
Medjana (St4)) show an irregular temporal evolution but re-
main generally similar (Fig. 4). Based on spatial scale, the
interannual average of erosivity indices (228, 386, 342 and
255 MJ mm ha−1 h−1 year−1) was similar to interannual rain-
fall averages (224, 374, 305 and 284 mm) estimated for each
station, respectively.

However, at the stations, Medjaz St1 and SidiMebarek St3,
rainfall and erosivity were on an upward trend. As a result,
average rainfall increased by 1.6 and 3.1 mm year−1, respec-
tively, i.e. in relative value of 0.71–1.41%. This increase re-
mains moderate compared with the average annual increase in
erosivity estimated at 6.3 and 10.2 MJ mm ha−1 h−1 year−1,
respectively, a relative increase of 2.8 and 3%. For Bordj
Ghdir St2 and Medjana St4 stations, no significant trend was
observed except for a slight 1.2% for St2 erosivity.

Rainfall erosivity and sediment production

Regression of solid discharge on water discharge, recorded
during the period 1973–1992, takes the form of a power equa-
tion (Fig. 5), where 86% of the variance of solid discharge is
explained by variation of discharge. Seasonal, in summer and
autumn, when the majority of sediment-producing flood
events occur, 92% of the variance in solid discharge is ex-
plained by water discharge, compared with 85 and 82% in
spring and winter (Table 2).

For a multi-year period, sediment yield varies as a function
of rainfall erosivity through a power law with a fairly remark-
able dispersion around the regression curve equation (Fig. 6).
Only 47% of sediment yield variation is explained by rainfall
erosivity. Seasonal-scale representation of power models is
improving significantly. In autumn, 68% of the variance in
sediment yield is explained by rainfall erosivity, compared
with 58% in summer, 53% in winter and only 42% in spring.
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Discussion

Rainfall efficiency for sediment yield

Rainfall intensity analysis based on the sediment-producing
floods carried by Wadi K’sob allowed to distinguish different
thresholds of erosive rainfall for each season. Thresholds iden-
tified were in accordance with the nature of the soils in the
study region and the semiarid climate with continental
influences that prevails in the high plateaus of northern
Algeria. The low threshold confirms the high susceptibility
of soils to erosion and corroborates the findings of Denis
et al. (2013) in semiarid regions in India. During summer
and autumn, a low threshold is sufficient because the suscep-
tibility of the soil to erosion is high and the rains are intense.
While during winter or spring, a higher threshold is necessary
because soils are less favourable to erosion and rains are less
intense. Seasonal thresholds identified for Wadi K’sob range
from 2 to 6 mm. However, although they were low compared
with annual thresholds proposed in the literature (e.g. Bollinne
1978; McGregor et al. 1995; Mannaerts and Gabriels 2000;
Xie et al. 2016; Yin et al. 2017) or the 12.7 threshold
established by Wischmeier and Smith (1978), the thresholds
identified for Wadi k’sob allow a correct estimation of the
rainfall erosivity. Between 42 and 68% of the variance of
seasonal sediment production is explained by the seasonal
average erosivity (Fig. 6). These percentages were considered
very significant since sediment production is influenced by

several parameters, other than rainfall erosivity, such as rain-
fall event duration and frequency, temperature variation, land
use, cropping practices and human activities (e.g. Walling and
Fang 2003; Syvitski et al. 2005; Zhang and Nearing 2005;
Walling 2006; Megnounif et al. 2013). Highest percentages
correspond to the summer and autumn seasons, when rainfall
erosivity is high on dry soils with low vegetation cover (Scott
2006). In spring, only 42% of the variance in sediment pro-
duction is explained by rainfall erosivity. Indeed, during this
time of year, soil is often wet and covered with vegetation,
which protects it from eroding rains (Langbein and Schumm
1958; Seeger et al. 2004). On the other hand, these percent-
ages indicate that in this region, rainfall eruption is the deter-
mining factor in sediment production as reported in several
studies conducted on sediment production in semiarid cli-
mates (e.g. Langbein and Schumm 1958; Scott 2006).

Erosivity estimation models validation

From February 2007 to March 2015, the rainfall record at
15-min intervals was used to calculate the annual R-
RUSLE erosivity using the approach established in the
RUSLE (Renard et al. 1997).

Deduced results were compared with the annual erosiv-
ity (R-Model) estimated by both this study and other
models in the literature and commonly used. This compar-
ison is introduced as a criterion for assessing the quality of
the models to be used to estimate the annual erosivity of
rainfall. To this purpose, a simple linear regression is
established between the R-RUSLE and R-model points as
shown in Fig. 7. A ‘good’ model is one that gives a straight
line with a slope close to 1 and an affix close to 0. For
example, the closer the coefficient of determination is to
1, the more points where the R-Model estimate is in good
agreement with the R-RUSLE estimate. When the coeffi-
cient of determination is close to 1, the slope of the regres-
sion line indicates whether the model underestimates or
overestimates the R-RUSLE erosivity.

Based on these criteria, the model proposed in this study
has the highest performance to approach the R-RUSLE ero-
sivity estimates with an average underestimation of around
6%. However, the models established by Ávila and Ávila
(2015) and Elangovan and Seetharaman (2011) underestimate
R-RUSLE erosivity by 33 to 78%, respectively. Models pro-
posed by Sanchez-Moreno et al. (2014), Mannaerts and
Gabriels (2000) and Lee and Lin (2015) overestimate R-
RUSLE erosivity between 49 and 138%.

Rainfall and annual erosivity spatiotemporal
variability

On an interannual scale, erosivity and rainfall show sim-
ilar fluctuations. Seasonal differences were identified in
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Fig. 5 Regression on solid discharge as a function of water discharge
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Table 2 Seasonal Qs-Qmodels, number of observations ‘No. Obs’ and
coefficient of determination (R2) (1973–1992)

Season No. Obs R2 Models

Autumn 580 0.92 Qs = 8.066 Q1.435

Winter 341 0.85 Qs = 3.779 Q1.361

Spring 478 0.82 Qs = 3.655 Q1.364

Summer 247 0.92 Qs = 9.485 Q1.373
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erosivity density estimated by the rainfall erosivity quo-
tient (Panagos et al. 2016; Ballabio et al. 2017). The
highest densities were recorded during the summer and
spring seasons, at the four stations, St1, St2, St3 and
St4, when they ranged from 89 to 98%, as indicated in
Table 3. In autumn and winter, they fluctuate between 87
and 94% and 66 and 74%, respectively. Overall, erosivity
density remains high and appears to be closely related to
annual rainfall intensity, as shown in Fig. 2. In terms of
spatial variability, erosivity index is mainly associated
with rainfall abundance, as illustrated in Fig. 8. Table 3
indicates that erosivity density remains almost spatially
similar in rainfall.

The annual spatial average of erosivity in Wadi K’sob wa-
tershed varies between 228 and 386 MJ mm ha−1 h−1 year−1.
The interannual average is 302 MJ mm ha−1 h−1 year−1. In the
same basin, the Yu and Rosewell (1996) model, adopted by
Benkadja et al. (2015), gives interannual estimates 24 to 45%
lower than those established in this study, as indicated in
Table 4. In comparison with the interannual erosivity estimates
for northern Maghreb, estimates carried out in this study were
within the range proposed for northern Algeria by Meddi et al.
(2016) and remain moderate compared with those for Wadi
Mina in Algeria (Benchettouh et al. 2017) and Boulabbouz in
Tunisia (Kefi and Yoshino 2010). Meanwhile, Table 4 indicates
that research conducted in other Maghreb countries provides
relatively low estimates for rainfall erosivity.

Conclusion

The study was conducted in Wadi K’sob basin
(1480 km2) in northeast Algeria. This region has a semi-
arid climate with continental influence. A model was
developed to estimate the erosivity index based on daily
rainfall. The integration of distinct erosive rainfall thresh-
olds for each season into the model allowed consider-
ation of intra-annual variability in rainfall and changes
in soil conditions.

Erosive rainfall thresholds were established based on sed-
iment yield. During summer and autumn seasons, rainfall is
often heavy and soil particulates are more susceptible to de-
tachment. During this time of year, erosive rainfall is low. On
the other hand, winter rains are less intense and require a
higher threshold to cause the particles to detach from the soil.
A model for estimating the erosivity index as a function of
daily rainfall was developed.

The study reveals a spatiotemporal similarity between
the erosivity index and rainfall. The relationship is close
during the summer and autumn seasons when the rains
are intense. Similarly, the study shows that rainfall ero-
sivity is the determining factor in sediment production
with a different degree of binding during the year. In
autumn, 68% of the variance in sediment production is
explained by rainfall erosivity, compared with only 42%
in spring due to changes in soil conditions, including the
presence of a vegetation cover that protects the soil from
rainfall erosivity.
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Fig. 8 Erosivity spatial variation based on annual rainfall

Table 3 Spatial and seasonal distribution of rainfall erosivity density
(%)

St1 St2 St3 St4
Medjaz Bordj Ghdir Sidi Embarek Medjana

Autumn 89.65 87.91 91.94 94.32

Winter 72.13 73.62 72.12 66.67

Spring 92.28 91.91 95.24 98.45

Summer 91.97 92.88 98.22 89.59

Table 4 Sample estimation of rainfall erosivity index in Maghreb
countries

Country Study area R (MJ mm
ha−1 h−1 year−1)

Author

Algeria Northern Algeria 200–1000 Meddi et al. (2016)
Oued Mina 370–773 Benchettouh et al.

(2017)
Bv Bouhamdane 160–240 Bouguerra et al.

(2017)
Sebaa Chioukh’s

mounts
62–87 Meghraoui et al.

(2017)
Centre Bv Aurès 47–192 Hassen et al. (2017)
Bv K’sob 125–292 Benkadja et al.

(2015)
Morocco Bv Kalaya 95–100 Issa et al. (2016)

Bv Ourika 55–100 Meliho et al. (2016)
BV de Tahaddart 33–46 Tahiri et al. (2014)

Tunisia BVOued El Sourrag 33–38 Medhioub et al.
(2017)

Bv Lebna 73–95 Gaubi et al. (2017)
Bv Boulabbouz 396 Kefi and Yoshino

(2010)
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