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Abstract

Soil erosion by water is a major problem that the Northern part of Algeria witnesses nowadays; it reduces:
the productivity of agricultural areas due to the loss of lands, and leads to the loss of storage capacity in reser-
voirs, the deterioration of water quality etc. The aim of this study is to evaluate the soil losses due to water ero-
sion, and to identify the sectors which are potentially sensitive to water erosion in the Bouhamdane watershed,
that is located in the northeastern part of Algeria. To this end, the Revised Universal Soil Loss Equation (RUSLE)
was used. The application of this equation takes into account five parameters, namely the rainfall erosivity, to-
pography, soil erodibility, vegetative cover and erosion control practices. The product of these parameters under
GIS using the RUSLE mathematical equation has enabled evaluating an annual average erosion rate for the Bou-
hamdane watershed of 11.18 t-ha 'y '. Based on the estimates of soil loss in each grid cell, a soil erosion risk
map with five risk classes was elaborated. The spatial distribution of risk classes was 16% very low, 41% low,
28% moderate, 12% high and 3% very high. Most areas showing high and very high erosion risk occurred in the
lower Bouhamdane watershed around Hammam Debagh dam. These areas require adequate erosion control prac-
tices to be implemented on a priority basis in order to conserve soil resources and reduce siltation in the reser-
voir.

Key words: Algeria, Bouhamdane Watershed, GIS, Reservoir of Hammam Debagh, RUSLE, siltation, soil erosion

INTRODUCTION water from raindrop, runoff, snowmelt, and irrigation.
The raindrops affect the surface and go in the form of
Water erosion is widespread phenomenon in the  runoff which is the main factor of water erosion. Soil

watersheds. It is the grignotage of the soil surface by ~ erosion by water is a very widespread phenomenon in
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North Africa, especially in the Maghreb countries
(Algeria, Tunisia and Morocco). The specific erosion
rates exceed the tolerance thresholds in many areas in
the northern part of the Maghreb region; DEMMAK
[1982] observed an erosion rate of about 50 t-ha 'y
at the Agrioum River northeastern Algeria. SAIDI
[1991] states in his study that the specific erosion
rates of the Fodda River (Chellif region) passed 20
tha'-y"'. BENBRAHIM et al. [2004] recorded in Mo-
rocco, a soil degradation by water erosion of above 35
tha 'y, at Telata River (Western Rif), Lebene River
(Prerif) and Ourgha River (Prerif).

In Algeria, the regularized volume in the 64 oper-
ating large dams is getting reduced significantly due
to the sediment discharge and its accumulation in res-
ervoirs. According to the latest bathymetric surveys
(2004-2005) conducted by the National Agency of
Dams and Transfers; the loss of storage capacity rep-
resents 13 % of the initial storage capacity.

The Hammam Debagh Dam (Guelma Province) is
amongst the dams seriously affected by siltation. This
reservoir lost about 16 hm’ of storage capacity be-
tween 1988 and 2004. A situation that compelled us
to study water erosion in the watershed feeding the
Hammam Debagh dam.

During the last 30 years the Revised Universal
Soil Loss Equation (RUSLE) [RENARD et al. 1997;
WISCHMEIER, SMITH 1978] was applied widely by
hydrologist for predicting erosion risk in Africa [ADE-
puI et al. 2010; ANGIMA et al. 2003; ANYS 1991;
ANYS et al. 1994; BENKADIJA et al. 2015; BONN 1998;
CHEN et al. 2008; FAGBOHUN et al. 2016; LIGONJA,
SHRESTHA 2013; MATI, VEIHE 2001; MEDDI et al.
2016; SMITH 1999]. In this paper, the RUSLE model
was applied to quantify soil losses and to map erosion
prone areas in the Hammam Debagh watershed.

The thematic layers that represent the implied
factors in the RUSLE equation were developed and
combined in Geographical Information System (GIS)
environment. The results showed a very high annual
degradation rate and identified high degradation areas
that require urgent intervention in the Bouhamdane
watershed.

STUDY AREA

The Bouhamdane watershed, sub-basin of the
Seybouse watershed is located north-eastern Algeria
between the longitude 6°47'02"and 7°14'44" E and
between 36°30'28" and the latitude 36°07'49" N, 150
km from the Algerian-Tunisian border (Fig. 1).

The Bouhamdane River starts at Bordj Sabath in
the junction of Sabath and Zenati rivers; it is one of
the main tributaries of the Seybouse River. The water-
shed has an area of 1056 km” and a perimeter of 186
km, which give it an elongated shape (Kc = 1.62). The
minimum altitude in the basin is 299 m, while the
highest point is at the summit of Oum Settas Moun-
tain at 1325 m. The watershed basin has a very rough

Fig. 1. Localization of the study area;
source: own elaboration

heterogeneous relief (Fig. 1) characterized by middle-
-class to steep slopes.

The study area is dominated by a Mediterrancan
climate, with a semiarid Southern part receiving an
average annual rainfall of 497 mm and a sub-humid
northern part where the average annual rainfall is
about 618 mm-y ', while the average annual tempera-
ture recorded in Guelma meteorological station is
17.85°C. Two periods can be distinguished; a relative-
ly cold and rainy period ranging from November to
April with a minimum of 7.2°C recorded in February
and a hot and dry period from May to October with
a maximum degree of 29.7°C recorded in July.

MATERIALS AND METHODS

The soil loss empirical model RUSLE [RENARD
et al. 1997] was used to assess the erosive potential in
the Bouhamdane watershed. The model was previous-
ly proposed by WISCHMEIER and SMITH [1978] in
which soil loss in t-ha -y is determined at a pixel
scale. The map of soil loss is obtained as a product of
five factors: rainfall erosivity factor (R), topography
(LS), soil erodibility (K), cover-management (C) and
support practice (P).

The RUSLE model has been integrated into
a geographic information system (GIS). All thematic
maps of factors affecting water erosion were devel-
oped on an existing database. The superposition of all
physical and anthropogenic factors that control the
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Fig. 2. Chart of the adopted methodology; source: own elaboration

erosion phenomenon was conducted in raster mode
based on the RUSLE mathematical equation:

A=R-LSK-C-P 1)

The flowchart below (Fig. 2) summarizes all the
steps taken to quantify the average annual loss of soil
and to assess the vulnerability of soil towards water
erosion throughout the Bouhamdane watershed.

R FACTOR

To calculate the annual rainfall erosivity factor in
the Bouhamdane watershed, the empirical formula of
HEUSCH [1971] developed in Morocco was chosen.
This formula takes into account the average annual
precipitation and the maximum precipitation in 24
hours on a 20 years return period.

R =143- log(P i )+ 89,7 ()
where: R = rainfall erosivity factor (MJ-mm-ha
h'-y™"), P = average annual precipitation (mm); P, =
maximum precipitation in 24 hours of 20 years return
period (mm).

The meteorological data used in this study to es-
timate the rainfall erosivity factor (R) have been pro-
vided by the National Agency of Hydraulic Resources
(ANRH) in the form of thematic maps. The first is the
map of average annual precipitation in the north of
Algeria established by the Hydrological Department
in 1993 after an observation period extending from
September 1921 until August 1989. Isohyets lines

from the average annual precipitation map of the
ANRH were digitized in GIS then interpolated
throughout the entire watershed using Topo to Raster
interpolation tool (Fig. 3).

According to the average annual precipitation in
the Bouhamdane watershed (Fig. 3), a strong North-
South gradient is observed with a difference of about
300 mm between the highest and lowest precipita-
tions. The GIS interpolation allowed estimating about
575 mm-y ' as an average annual precipitation in the
watershed.

Fig. 3. Map of average annual precipitation
in the Bouhamdane watershed; source: own elaboration
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The spatial distribution of the maximum daily
precipitations of decadal frequency in northern Alge-
ria, which was carried out on the basis of the maxi-
mum daily rainfall records for 38 years, was used to
estimate the maximum daily rainfall of 20-years re-
turn period through the Montana formula [REMI-
NIERAS 1976]:

Pe=amtm €)

where: P = maximum daily precipitation during a re-
turn period T (20 years) and duration of precipitation t
(24 h), air) and b = the Montana coefficients in the
studied region.

The transition to maximum precipitation in 24
hours is done by applying Weiss coefficient (Kw) that
ranges from 1.114 to 1.141 South to North.

LS FACTOR

The topographic factor (LS), combines two pa-
rameters, namely the length of the slope (L) and its
inclination (S), which have a significant impact on the
runoff regime and consequently on water erosion. The
volume and speed of runoff increase when the length
and inclination of watershed slope increase.

Many authors such as MOORE, BURCH [1986],
McCooL et al. [1989], MOORE, WILSON [1992],
DESMET, GOVERS [1996], MITASOVA et al. [1996],
HICKEY [2000], have modified the original equation
of topographic factor (LS) established by WISCH-
MEIER and SMITH [1965]. The equation adopted in this
article is the one modified by MITASOVA et al. [1996]
due to its simplicity and efficiency, the principle of
this method is to replace the slope-length by the
upslope contributing area, its application is appropri-
ate when cell resolution varies from 2 to 20 m. The
equation is expressed as follow:

LS = (m+1)- ()" - (2] @
where: LS = topographic factor (—), U = upslope con-
tributing area per unit width (m*>m "), | = length of the
standard USLE plot (22.1 m), a = slope of the stand-
ard USLE plot (9%), p = angle of slope (°), m = expo-
nent related to the ratio of rill to inter-rill erosion, n =
exponent related to the steepness of the slopes.

The values of the constants m and n are respec-
tively between (0.2-0.6) and between (1.0-1.3)
[NETELER, MITASOVA 2004] where the lowest values
promote a process of diffuse erosion while the highest
values promote a process of rill and gully erosion.

MOORE and WILSON [1992] have demonstrated
that for the slopes of less than 100 m high and less
than 14° of inclination; m = 0.6 and n = 1.3 provide
consistent results in the LS factor calculation.

A digital elevation model (DEM) Type SRTM 1
Arc-Second resolution downloaded from the official
website of the USGS (US Geological Survey) was
used. The DEM was firstly pre-processed in GIS

using the fill tool to correct erroneous sinks and
peaks, and then it was used to generate upslope con-
tributing areas by calculating flow directions and ac-
cumulations. To end, the computation of the topo-
graphic factor (LS) in each pixel was performed in the
GIS raster calculator using equation (4).

KFACTOR

The Soil erodibility factor (K factor) characterizes
the soil particles resistance to particles detachment
and transport by water. It depends on the soils intrin-
sic properties and their evolution under the influence
of cultivation techniques [ROOSE, SARRAILH 1990].

Generally, the K factor is determined by the de-
limitation of homogeneous soils from a soil map and
then assigning to each soil type a K value based on
recognized standards. However, in the present study
detailed soil maps of the study area are not available.
To overcome this deficiency, we used the results of
the studies obtained by the National Office of Forest-
ry Studies of 1988 which determined the physical and
chemical properties of 71 soil profiles distributed in
the entire Bouhamdane watershed (Fig. 4). We fo-
cused particularly on the analysis results at the upper
layer (0-30 cm deep) because of water erosion phe-
nomenon occurs mainly in this layer.

Fig. 4. Distribution of soil profiles analyzed
in the Bouhamdane watershed; source: own elaboration
based on the National of Forestry Studies’ data

Based on the soil texture, the main parameter that
influences soil erodibility according to STONE and
HILBORN [2012] and the organic matter contents
(OMC) for each profile, the value of K factor is ob-
tained from the correlation table of STONE and HIL-
BORN [2012]. The values obtained from table ex-
pressed in (tha') are converted into (tha-h-ha:
MJ “mm ") (Tab. 1) using the conversion parameters
of the Universal Soil Loss Equation [FOSTER et al.
1981].
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Table 1. K factor values according to the soil texture and
organic matter

Soil erodibility factor
i t-ha-h-ha'-MJ"-mm"’
General soil Detailed soil texture
texture less than [more than| average
2% OMC [2% OMC| OMC

Fine clay (Cl) 0.0317 | 0.0276 | 0.0288
silty clay (SiCl) 0.0358 | 0.0341 | 0.0341
sandy clay (SaCl) - - -

Moderately |clay loam (ClLo) 0.0435 | 0.0370 | 0.0394

fine silty clay loam 0.0464 | 0.0394 | 0.0423
(SiClILo)
sandy clay loam - 0.0264 | 0.0264
(SaClLo)

Medium loam (Lo) 0.0446 | 0.0341 | 0.0394
silty loam (SiLo) 0.0540 | 0.0488 | 0.0499
silt (Si) - _ _

Moderately |sandy loam (SaLo) | 0.0182 | 0.0159 | 0.0170

coarse

Coarse loamy sand (LoSa) | 0.0065 | 0.0053 | 0.0053
sand (Sa) 0.0041 | 0.0012 | 0.0023

Source: own elaboration.

The spatialization of soil erodibility factor
throughout the Bouhamdane watershed was conduct-
ed according to the principle of ordinary kriging, us-
ing the values of the K factor attributed to the 71 pro-
files.

C FACTOR

The C factor of vegetation cover and management
is the soil erosion ratio under a well-defined cover
comparing to erosion of bare soil. It shows the influ-
ence of vegetation cover and cultivation techniques on
water erosion. This factor varies from 1 on bare soil to
0.003 under a dense forest [WISCHMEIER, SMITH
1978].

In this study, C factor values were estimated for
the different types of soil covers based on the land-use
map prepared by the National Research Office for
Rural Development (BNEDR) in 2008. This map was
updated with recent 30-m resolution Landsat 8 OLI
images (Fig. 5).

Agricultural lands (crops, crops associated with
the course and olive growing) cover a very important
area of 68 535 ha or 65% of the watershed area. The
courses cover a total area of 6 812 ha or 6.5% of the
total area. Bushes and forested bushes occupy an area
of 14 570 ha or about 14%, while forests cover an
area of 8 890 ha corresponding to 8.5% of the water-
shed area. The rest is occupied by unproductive lands
(rocky, bare lands, water bodies and urbanized lands).

For the class of forests land-use and reforested ar-
eas, factor C was estimated based on the studies of
WISCHMEIER and SMITH [1978], depending on the
following factors: tree height, plant canopy density
and the rate of shrub recovery.

Fig. 5. Land-use map of the Bouhamdane watershed;
source: own elaboration

For the other classes of land use, the experimental
results found by CORMARY and MASSON [1964] in
Tunisia and ROOSE [1977] in West Africa have been
used as classes for similar land uses.

The Table 2 gives the C factor values given to
land use classes in the Bouhamdane watershed.

Table 2. C factor values chosen for the Bouhamdane water-
shed

Land cover C factor
Dense forest 0.17
Open forest 0.19
Forested bushes 0.13
Dense bushes 0.10
Open bushes 0.20
Olive groves 0.29
Crops 0.55
Pasture lands 0.40
Crops and Pasture 0.45
Reforested areas 0.18
Rocky outcrops 0.75
Bare lands 1.00
Water body 0.00
Agglomeration 0.00

Source: own elaboration.
P FACTOR

The P factor reflects the used cultivation tech-
niques (land management modes such as; plowing
mode and crops direction) and soil conservation
measures (slopes re-vegetation), which reduces the
volume and speed of the streaming water and pro-
motes infiltration by changing the soil structural state
which reduces the erosive impact.

The P factor of erosion control practices was de-
termined in the Bouhamdane watershed, based on the
studies of WISCHMEIER and SMITH [1965; 1978] in
which the values of P factor vary depending on com-
binations of slopes classes and the existing agricultur-
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al practices. These practices were identified in the
study area using the land management map, visual
interpretation of aerial photographs and field observa-
tions.

The main cultural practices that exist in the study
area are the polyculture system based on mountain
arboriculture associated with a wide range of annual
crops. Plowing in the opposite direction of the slope
and some fodder plantations (strip cropping parallel to
contour lines) are seen in lands of medium and steep
slopes.

RESULTS AND DISCUSSION
R FACTOR

According to the distribution trends of rainfall
erosivity factor (R) in the Bouhamdane watershed
(Fig. 6), it is evident that R values increase from the
semi-arid climate of the south to the northern part
dominated by a sub-humid climate.

F factor

Fig. 6. R factor (MJ-mm-ha™"h"-y™") distribution map
in the Bouhamdane watershed; source: own study

Overall, the Bouhamdane watershed has relative-
ly moderate annual rainfall aggressiveness with an
average of 198 MJ-mm-ha "-h "y, While the average
annual values of R factor range from 160 to 240
MJ'-mm-ha“h ™y

Figure 7 shows that over one third of the Bou-
hamdane watershed area is characterized by a high
degree of rainfall aggressiveness. While nearly half of
the area surface is characterized by moderate aggres-
siveness.

LS FACTOR

Using the empirical formula of MITASOVA et al.
[1996] have come to the estimation of topographic
factor between 0 and 41.79 (Fig. 8). This difference is
explained by the relief heterogeneity in our study area.

30 1

25 ]

20 4

15 4

Area, %

10

<175 175t0 150 190 t0 205

Rainfall erosivity classes

20510 220 >220

Fig. 7. Distribution of rainfall erosivity classes;
source: own study

LS factor

Fig. 8. LS factor distribution map in the Bouhamdane
watershed; source: own study

On average, the Bouhamdane watershed has an
LS factor value of 5.76. Larger values are located in
northeastern parts of the watershed where high and
very high slopes dominate.

K FACTOR

On the Bouhamdane watershed, the K factor of
soil erodibility (Fig. 9) has an average value of 0.023
t-ha-h-ha “MJ \mm™', which is relatively high. The
values of this factor vary from 0.0016 to 0.0342
thahha "MJ "mm™'; low values located in the
northwest of the watershed are explained by the
coarse soils that promote the infiltration to the detri-
ment of runoff.

According to the classification of soils resistance
to erosion by BOLLINNE and ROSSEAU [1978] which is
based on the K factor, nearly three-quarters of the
studied watershed area is sensitive to erosion, while
less than a quarter of the total area is classified as ero-
sion-resistant soils (Tab. 3). This high erodibility is
due to the loamy silty clay texture dominating the
Bouhamdane watershed.
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K factor

Fig. 9. K factor (t-ha-h-ha”-MJ"'mm™) distribution map in
the Bouhamdane watershed; source: own study

Table 3. Classification of soil resistance at the Bouhamdane
watershed according to BOLLINNE and ROSSEAU

s Area
Erodibility Erodibility Classification
m ha %
<0.10 <0.0059 |VeLYIeSISW@NLIO g 534311 g7
erosion
0.0059 to . .
0.10 to 0.25 00147 resistant to erosion |13,940.13| 13.20
0.0147 to |medium resistance
0.25t0 0.35 00206 |to erosion 7,308.22] 6.92
0.0206 to . .
0.35t0 0.45 0.0264 sensitive to erosion |10,180.79| 9.64
> 0.45 >0.0264 |VEY semsitiveto s 436550 61.97
erosion

Source: own study.
C FACTOR

Cover-management factor C was evaluated in all
over the Bouhamdane watershed (Fig. 10) based on
the researches of WISCHMEIER and SMITH [1978],
CORMARY and MASSON [1964] and ROOSE [1977].
The values of this factor range from 1 on bare soil to
0.17 on a ground protected by a dense forest cover
with a shrub recovery rate estimated at 25% according
to field surveys. The C factor average value which is
relatively high and estimated at 0.42 is explained by
the presence of a vast agricultural area.

The bar-graph below (Fig. 11) shows that about
a quarter of the watershed area has a low to very low
vegetation cover factor. This area is usually home to
forests and Shrubs that are spread everywhere. Over
70% of moderate C factor area is occupied by agricul-
tural land (crop and associated cultures), while less
than 5% of Bouhamdane watershed area is character-
ized by a high to very high C factor. Generally this
land is unproductive.

C factor

Fig. 10. C factor distribution map in the Bouhamdane
watershed; source: own study

50 -
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35 4
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oL [ 1]

0to 0.15
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B

0.70to 1

0.15t0 0.30 0.30 to 0.50

Cover-management classes

0.50to 0.70

Fig. 11. Distribution of cover-management classes;
source: own study

P FACTOR

The last factor (P) of the Revised Universal Soil
Loss Equation in Bouhamdane watershed as shown in
(Fig. 12) vary from 0.1 to 1 depending on the cultiva-
tion method and on slope classes. The average value
of P factor is relatively high (0.93) at the Bou-
hamdane watershed, this value is explained by the
lack of support practices in 80% of the total area
where the P factor is 1. In the rest (20%), low P val-
ues (<0.60) were found spread over the upper water-
shed associated with mild reliefs where plowing in the
opposite direction of the slope and strip-cropping are
practiced. While higher values (0.60-0.90) occurred
in the center and lower watershed area with moderate
to steep slopes mainly protected by arboriculture and
contouring technics.

RUSLE

In this study, all the factors that typically influ-
ence the erosive phenomenon were estimated. The
intersection of these factors in raster mode under GIS
has allowed us establishing a soil losses map through-
out the Bouhamdane watershed (Fig. 13).
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P factor

Fig. 12. P factor distribution map in the Bouhamdane
watershed; source: own study

Soil loss rates Water erosion risk

Fig. 13. Soil loss rates (t-ha -y ") and erosion risk map
in the Bouhamdane watershed; source: own study

The erosion rate varies from one site to another; it
is significant (over 20 tha'y') in areas near the
dam. These areas characterized with the most eroded
soils with steep slopes are seriously threatened by the
erosion phenomenon.

The average soil loss of the watershed has been
evaluated at 11.18 tha'y'. This value exceeds the
average limit of tolerance towards soil erosion which
is 7 tha 'y according to SADIKI et al. [2009]. How-
ever, about 40.15% of the total area is marked by wa-
ter erosion rate of less than 7 tha 'y ' comparing to
14.33 % of the lands that show a very significant soil
loss (more than or equal to 20 t-ha '-y'). These lands
lose in average more than 1 mm of their thickness
annually.

Erosion risk map (Fig. 13) shows that the risk
does not appear homogenously in Bouhamdane wa-
tershed. It is considered as low to moderate on 89 760
ha that makes 85% of the total watershed area which

occurred in mild reliefs (LS) with moderate to high
vegetation cover (C). In the rest 15% of the water-
shed, erosion risk appears more problematic and
ranked from high to very high risk classes (Fig. 14)
mainly found in the lower Bouhamdane watershed
(northeastern part) around the reservoir of Hammam
Debagh, showing high rainfall erosivity values (R >
200), high soil erodibility values (K > 0.0176) and
very steep reliefs (LS > 14) combined with moderate
vegetation cover factor values (C > 0.30) related to
the agricultural activities in this regions.

Fig. 14. Distribution of erosion risk classes
in the Bouhamdane watershed; source: own study

VALIDATION

This section is an attempt to validate the sediment
yields obtained by the empirical model of soil loss
RUSLE against measured sediment yields.

A bathymetry survey was conducted in March
2004 by the National Agency of Dams and Transfers
on Hammam Debagh dam. Siltation of the reservoir
from the dam impoundment (December 1988) was
evaluated at 15.653 hm® (Fig. 15) which corresponds
to a loss of about 7.826% of its original capacity, i.e.
an average annual loss of about 1025 000 m*y'. If
a density of 1.5 of settled sludges is considered, the
average erosion rate is accordingly 14.56 tha -y .

The height, m

Reservoir capacity, hm*

Fig. 15. Height-capacity curves of Hammam Debagh Dam;
source: own study

According to the instantaneous measures of the
combinations (liquid flows — sediment concentrations)
performed by the ANRH over a period of 16 years
(1988-2004), sediment loads discharged by the draw-
ing-off technique during floods were evaluated in hy-
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drometric station Medjez Amar located 6 km down-
stream Hammam Debagh dam. The relationship that
could be established between the liquid flows and
concentrations has allowed estimating an average an-
nual specific degradation of 1.52 t-ha "y .

Taking into account the results obtained from the
bathymetry survey and the quantification of solid sed-
iments transport by the statistical method, the average
sediment yield in Bouhamdane watershed is estimated
at 16.08 tha "y '. This value issued from the meas-
ured data is higher than the one found by applying the
RUSLE empirical model (11.18 tha'y™"). This dif-
ference can be explained by the fact that this empiri-
cal model considers only sheet-rill erosion whose
source of energy is rainfall impact and do not include
other erosion sources such as channel erosion and
especially mass movement processes resulting from
landslides which are common in the Bouhamdane
watershed according to KHANCHOUL et al. [2009].

CONCLUSION

In the present paper, the integration of soil loss
forecast model (RUSLE) in geographic information
system (GIS) has allowed us estimating the spatial
distribution of soil loss through the Bouhamdane wa-
tershed and highlighting areas with critical sensitivity
towards water erosion. The results indicated that the
watershed losses an average of 11.18 tha 'y .

The soil loss map was then classified into five
risk classes based on the amount of soil loss; very low
(less than 3 tha -y "), low (3 to 10 t-ha "y "), moder-
ate (10 to 20 t-ha -y ™), high (20 to 40 t-ha -y ™) very
high (more than 40 t-ha'-y") which represented in
this study respectively 16%, 41%, 28%, 12% and 3%
of the total watershed area.

The results indicated that rainfall erosivity, soil
erodibility and topographic factor are the key factors
driving soil erosion in the study area. In fact, most
erodible soils showing high and very high risk classes
were found in the agriculture areas around Hammam
Debagh reservoir where high values of these factors
were estimated. Cropping systems in these areas
should be reviewed, the implementation of alternative
techniques such as terracing and ridging may help in
reducing sediment yields in Hammam Debagh reser-
voir and extend its lifetime.
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Mapowanie obszaréw wrazliwych na erozje w zlewni Bouhamdane w Algierii

z uzyciem réwnania strat glebowych RUSLE oraz GIS

STRESZCZENIE

Erozja wodna gleb jest glownym problemem, ktérego obecnie doswiadcza poinocna Algieria. Z powodu
strat gleby w wyniku erozji zmniejsza si¢ produktywnos¢ obszarow rolniczych. Erozja gleb prowadzi rowniez do
zmniejszenia pojemnosci retencyjnej zbiornikow wodnych, pogorszenia jakosci wody itp. Celem przedstawio-
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nych badan byla ocena strat gleby spowodowanych erozja i identyfikacja obszaréw potencjalnie zagrozonych
erozja w zlewni Bouhamdane zlokalizowanej w poéinocno-wschodniej Algierii. W tym celu wykorzystano row-
nanie strat gleby RUSLE. W rownaniu wykorzystuje si¢ pigé parametrow: erozj¢ spowodowang opadami, topo-
grafie, erozyjno$¢ gleb, pokrywe roslinng i dziatania zapobiegajace erozji. Na podstawie wynikéw obliczen za
pomoca tego rownania i z wykorzystaniem GIS oszacowano $rednig roczng wielkos$¢ erozji w zlewni Bouham-
dane na poziomie 11,18 tha 'y .

W kazdej jednostce sieci pomiarowej sporzadzono mapg ryzyka erozji, stosujac pi¢¢ klas ryzyka, 16% ziem
miescito si¢ w klasie bardzo niskiego ryzyka, 41% w klasie niskiego, 28% w klasie umiarkowanego, 12% w kla-
sie wysokiego i 3% w klasie bardzo wysokiego ryzyka. Wigkszo§¢ obszaru mieszczacego si¢ w klasach wyso-
kiego i1 bardzo wysokiego ryzyka to dolne partie zlewni Bouhamdane w okolicach zapory Hammam Debagh. Te
obszary wymagaja priorytetowego wdrozenia dziatan zapobiegajacych erozji w celu zachowania zasobow gle-
bowych i zmniejszenia zamulania zbiornika.

Stowa kluczowe: Algieria, erozja gleb, GIS, RUSLE, zamulanie, zbiornik Hammam Debagh, zlewnia Bouham-
dane
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