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Abstract

The objective of this study is to model discharge and solid erosion quantification through a small agricultural watershed by
applying the SWAT model (Soil and Water Assessment Tools) on the Wadi Harraza’s basin of which is part of Wadi Cheliff’s
basin, with an average altitude of 500 m, drains an area of 568 sqkm. Soil and Water Assessment Tool (SWAT, version 2009)
model integrated with Geographic Information System (ArcGIS, version 10.0) were used to simulate the discharge and sediment
concentration of Wadi Harraza’s basin for the period from 2004 to 2009. Model calibration and validation were performed for
monthly time periods using Sequential Uncertainty Fitting 2 (SUFI-2, version 2) within SWAT-CUP. Our calibration and validation
outputs for monthly simulation showed a good model performance for discharges. Thus the evolution of the average total annual
sediment in the Wadi Harraza’s basin which will be deposited in the Wadi Cheliff, is estimated at 54.24 tha~".
© 2018 National Water Research Center. Production and hosting by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Since Algeria independence on 1962, the total number of operation dams at the national level is increased from 14
on 1962 to 65 on 2014 added of 02 major transfers, this hydraulic structures mobilizes nearly seven (07) billion m>
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either a fill rate of 82% of water intended for the supply of potable water, the irrigation and the industry (ANBT, 2014).
A cumulative mud of about one (1) billion cubic meters is deposited at the bottom of these dams. This high value is
only the consequence of the watersheds degradation in Northern Algeria. This high value causes the degradation of all
watersheds in Northern Algeria.

Indeed, water erosion is a major problem in northern Algeria. The main cause of erosion is runoff which is controlled
by those of rainfall and geological and bio-physiographic characteristics (topography, vegetation cover, pedology .. .).
The erosion is manifested mainly on slopy soils degradation in the mountainous areas. It accelerated after the scale
encroachment on forests which protected the sensitive soils. The water erosion intensity varies from one zone to another,
the Western part (47% of all the land), is the most eroded region of the country, then come the regions of the center
(27%) and East (26%).

As well, the watershed modeling plays a crucial role in the planning and local resources development. To predict
reliable quantity and sediment transport rate from land surface into streams, rivers and water bodies, to identify erosion
problem areas within a watershed and to propose the best management practices to reduce erosion impact, models are
used (Yesuf et al., 2015). In this paper, Soil Water Assessment Tool model (SWAT) (Arnold et al., 1998) has been
applied to simulate the performance of a small-scale in the Wadi Harraza watershed in north of Algeria.

The Soil and Water Assessment Tool (SWAT) (Arnold et al., 1998) was developed to predict the effects of different
management practices on water quality, sediment yield and pollution loading in watersheds, it is a continuous time,
daily-based and semi-distributed watershed simulation model developed to predict hydrological and water quality
processes (Arnold et al., 1993; Yen et al., 2014) and to seek good planning strategies, which strongly depend on
integrated basin models (Collins and McGonigle, 2008; de Vente et al., 2013; Rickson, 2014). The definition and
the quantification of uncertainty calibration undistributed hydrological modeling have become the subject of much
research in recent years (Abbaspour, 2005). Several worldwide studies have been done using the SWAT model, for
example in America (Arnold et al., 2012; Havrylenko et al., 2016; Jha and Gassman, 2014; Mbonimpa et al., 2012 ...
etc.), Abbaspour (2007) used the SWAT model to simulate all related processes affecting water quantity, sediment and
nutrient loads in the Thur watershed in Switzerland. Their study indicated excellent results for flow and nitrate, and
quite good results for sediment and total phosphorus.

Our objective in this research were to evaluate SWAT model and its applicability in the Harraza basin for stream
flow prediction and sediment transport.

2. Study area

Wadi Harraza’s watershed which is part of largest Cheliff watershed covers an area of 568 square kilometers and
has an average elevation of 450 m which the greater part (90%) has an elevation less than 650 m. It is located away
West of Algiers by 120 kilometers, between 2° and 2°40’ east longitude and between 36° and 36°40" North elevation
(Fig. 1). The average annual rainfall in the basin is estimated at 500 mm where precipitation is received during the
months of October to May and is insignificant in July and August, June and September are the months of transition
(ANBT, 2014). Wadi Harraza’s watershed is located in the geological area between Boumaad Shaly Mountains and
the foothills of the Ouarsenis. The reliefs of over 1500 m altitude are formed by limestone, metamorphosed shale and
eruptive rocks deeply cut by steep ravines. In the valley, there are argilious silt, marl and clay (Meguenni and Ramini,
2008).

3. Material and methods
3.1. Description of SWAT model

SWAT is developed by the USDA Agricultural Research Service (Arnold et al., 1993, 1998). It is designed for
watersheds from a few hundred to several thousand km?. The model is semi-distributed: some parameters are spatialized
while others are global; It is used to analyze the impacts of climate, soil, vegetation and agricultural activities on the
flows. This is the most complete and used model (Arnold et al., 1998; Neitsch et al., 2005). This model is physically-
based and uses readily available temporal and spatial data. It simulates water flows in soil and ground water, crop
growth, nutrient cycling, erosion, pesticides, bacteria, sediments, nutrients, and environmental impact of climate change
(Arnold et al., 1998). The impact of climate change or land management practices on sediment transport and surface

Please cite this article in press as: Hallouz, F., et al., Modeling of discharge and sediment transport through the SWAT model in
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Fig. 1. Location and delimitation of the Wadi Harraza basin.

hydrological response over long periods of time for large complex watersheds that have differed soils, land use and
management practices is anticipated by this model (Neitsch et al., 2005). There are several versions of SWAT and the
one used in this workpaper is 2009 version. In the SWAT model the basin is subdivided into multiple sub-basins, each
sub-basin is divided into hydrological response units (HRU) that consist of unique homogenous combinations of soil

Please cite this article in press as: Hallouz, F., et al., Modeling of discharge and sediment transport through the SWAT model in
the basin of Harraza (Northwest of Algeria). Water Sci. (2017), https://dx.doi.org/10.1016/j.wsj.2017.12.004
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and land use properties in each sub-basin (Arnold et al., 2012). The hydrological cycle simulated by SWAT model is
based on the water balance equation (Neitsch et al., 2005):

i=t

SWi=SWo+ > (Riay — Quurs — Ea = Wpere — Q) (1)

i=1

where SW;, SWy are respectively, final and initial soil water content (mm/d); ¢ is the time (day); Ryqy is the precipitation
(mm/d); Qgurs is the runoff (mm/d); E, is the evapotranspiration (mm/d); W . is the percolation (mm/d); Qg is the
return flow (mm/d).

Coupling with the Geographic Information System software (ArcGis 10.0) allows to manage raster, vector, and
alphanumeric data. It facilitates and automates prepared input data, it makes more user-friendly the integration phase,
manipulation and setting the parameters of the data related to the simulation.

SWAT operates on a daily time step and requires the use if available a daily rainfall data, maximum and minimum air
temperature. If not, they are generated by the model. The precipitation simulation model developed by Nicks (1974) is
a first order Markov chain model. Solar radiation, wind speed and relative humidity are always simulated. The SWAT
model simulates surface runoff by using two alternative methods: the method of the Curve Number (CN) of the Soil
Conservation Service of the USDA (Rallison, 1981; USDA, 1972) and the method of Green and Ampt (Green and
Ampt, 1911). The erosion is estimated from the method Modified Universal Soil Loss Equation (MUSLE) (Williams,
1975; Wischmeier and Smith, 1978).

Three methods are recommended by the model for estimating potential evapotranspiration: Penman—Monteith
(Monteith, 1965), Hargreaves and Samani (1985), and Priestley and Taylor (1972). The Penman—Monteith method
requires as input: solar radiation, air temperature and relative humidity. The Priestley—Taylor method requires solar
radiation and air temperature, while the Hargreaves method requires only the air temperature (Yebdri et al., 2007; Briak
et al., 2016).

3.2. Description of SUFI-2 model

As hydrological modeling is subject to large uncertainties, the definition and quantification of the model uncertainty
became the subject of much research in recent years. To meet this demand, researchers have developed a variety
of uncertainty analysis techniques for watershed models. These include Bayesian methods, such as the Mark chain
Monte Carlo “MCMC” (Kassa and Foerch, 2007); Generalized Likelihood Uncertainty Estimation “GLUE” (Beven
and Binley, 1992); solution parameters (Parasol) (Alamirew, 2006); Particle Swarm Optimization “PSO” (Eberhart
and Kennedy, 1995) and Sequential Uncertainty Fitting “SUFI-2” (Abbaspour, 2007; Abbaspour et al., 2004).

Since no calibration program can meet the objectives of the different modeling needs, Glue, Parasol, PSO, SUFI-2,
and MCMC have been interfaced with SWAT in a single package called SWAT-CUP (SWAT Calibration Uncertainty
Programs) (Abbaspour, 2007). In our study, we used SUFI-2 to combine the calibration and validation of our SWAT
model. Three measures were used to evaluate the quality of calibration and sensitivity analysis: (a) the percentage
of data excluded by the 95% prediction uncertainty (95PPU) (P-factor), (b) the ratio of the band 95PPU’s medium
thickness and the standard deviation of the corresponding measured variable (D factor) and (c) the coefficient of
Nash-Sutcliffe efficiency (NASH) between the observed data and the best simulation.

The formula of this coefficient is given in the following equations:

Z?:l (Yl_obs _ Y;Yim )2

NASH =1 — 5
Z?:l(yil?bs _ Ymean)

@

3.3. Input data

The following basic data were selected as SWAT model inputs:

e DEM: the DEM comes from the north of Algeria; it is extracted from the SRTM with a spatial resolution of 30 m
(Fig. 1).

Please cite this article in press as: Hallouz, F., et al., Modeling of discharge and sediment transport through the SWAT model in
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Fig. 2. Location of hydrometric stations.

e Meteorology: SWAT operates at a daily time step; it requires precipitation, minimum and maximum daily tem-
peratures, relative humidity, wind speed and solar illumination. Evapotranspiration is calculated according to the
Penman—Monteith method (Monteith, 1965) with SWAT, The meteorological data of the 02 stations used (Ababssa
and Khemis ANRH) were derived from the files produced by the ONM, Office National de la Météorologie (National
Office of Meteorology, Algiers), they cover a period of 13 years (2001-2013).

e Flow measurements: flow measurements: depending on the quantity and quality of the available time series, two flow
stations (Arib-Cheliff and Ababssa) were selected for the model use (Fig. 2). These data come from the measurement
networks of the ANRH Agence Nationale des Ressources Hydrauliques (National Water Resources Agency, Algiers)
and they cover a six years (2004-2009) period.

e Land use-plant cover: the land cover was constructed from the map of distributing land use classes of the Ain Defla
wilaya provided by INSID, Institut National des Sols de I'irrigation et du Drainage (National Institute of soil of
Irrigation and Drainage) and established in 2010 (Fig. 3).

3.4. Basin delineation and HRU

2 sub-basins have been generated by the discretization of Wadi Harraza watershed (Fig. 2), defined mainly by
reference to the confluence of the drainage system and hydrometric station. The Wadi Harraza basin results in 2 HRUs
in the whole basin. This scenario results in the detailed land use, soil and slope database, containing many HRUs,
which in turn represent the heterogeneity of the study area. However, the characteristics of the HRU units are the main
factors influencing sediment flow and concentration (Briak et al., 2016).

4. Results and discussion

4.1. Model application

In fact, model calibration and validation are indispensable for simulation process, which are used to estimate model
expectation results. The model was only calibrated and validated against the monthly flow measurements to better
represent the water cycle, the sediment measurements were directly simulated by the model because we do not have
water quality data to make the comparison.

Flow measurements are available from 2004 to 2009. The period 2008-2009 was selected for validation because
it was close to the period of the satellite images having served to spatialize the cultural evolution, while offering four
years prior to the calibration is from 2004 to 2007. These years were slightly more humid with an annual average of
350 mm against 310 mm in the period 1990-2001. A simulation isconsideredadequate if NASH >0.5.

Please cite this article in press as: Hallouz, F., et al., Modeling of discharge and sediment transport through the SWAT model in
the basin of Harraza (Northwest of Algeria). Water Sci. (2017), https://dx.doi.org/10.1016/j.wsj.2017.12.004
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Fig. 3. Wadi Harraza basin land use.

4.2. Model calibration

To refine the calibration, for the entire basin and its subunits, calibration of the model was done for monthly flow
records. Indeed, calibration of SWAT model in the Wadi Harraza’s basin through the SUFI-2 method was performed
over 4 years period by comparing the measured discharges to simulated discharges in hydrometric station considered
(Fig. 4a). The comparative analysis reveals a fairly good adequacy. The factors P and D are respectively 0.55 and 0.88.
These values show that the calibration and the taking into account of the uncertainties by the model are really corrects
(Fig. 4). In addition, the NASH criterion (Nash and Sutcliffe, 1970), which also measures the link between the two
statistical series, is 0.82 (82% of the simulated discharges are similar to the discharges observed).

4.3. Model validation

SWAT model validation was performed over other period of calibration (2 years) by comparing the discharges of
measured flow to simulated flow in hydrometric station considered (Fig. 4b). According to the performance assessment

Please cite this article in press as: Hallouz, F., et al., Modeling of discharge and sediment transport through the SWAT model in
the basin of Harraza (Northwest of Algeria). Water Sci. (2017), https://dx.doi.org/10.1016/j.wsj.2017.12.004
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Fig. 4. Monthly runoff calibration/validation.

criteria of the model recommended for a monthly time step (Moriasi et al., 2007), the validation allowed us to obtain
a good model performance for discharges with factors P and D are respectively 0.64 and 0.78. The NASH criterion
which also measures the link between the two statistical series is 0.77. The difference between observed and simulated
cumulating remains low (2-3% over 2 years, 2008—-2009), this quality criterion of the simulations is important because
the elapsed water slide strongly determines the concentration of suspended materials. The good agreement between
simulations and observations through the validation phase also shows the good performance of model calibration and
its ability to represent different climatic situations.

4.4. Sedimentary deposit and predictive simulations

Once the SWAT model was deemed satisfactory to represent the flows evolution,it was used for predictive purposes
in order to evaluate the future flows evolution and sediment transport that will be deposited in the Cheliff wadi.

The results of the simulation for a future prediction that was carried out over the period 2004—-2020, are recorded in
the Table 1.

Thus the evolution of the average total annual sediment in the Harraza Wadi’sbasin and which will be deposited
in the Cheliff wadi is estimated at 54.24 tha~! year™! (Fig. 5) which the year 2008 remains the year that displays
an important degradationvalue which is equal to 92.21 tha™! this is due to the large amount of rain which has been
recorded during this period and which exceeded the 544 mm, hence the highest monthly values were observed during
the autumn period (September to December 15th, 2008) with a peak of 101.60 mm, which explains the high rate of
soil degradation.

Indeed, for autumn, the high load is explained by the fact that rain often falls on dry soil and badly protected by
vegetation.

The basin is bare in the autumn and after a long hot period, flood season systematically involve strong suspended
sediment of maximum order, this phenomenon is relatively toned down for the next season it’s winter or land forming
the basin are saturated and the plant cover is developed.

Please cite this article in press as: Hallouz, F., et al., Modeling of discharge and sediment transport through the SWAT model in
the basin of Harraza (Northwest of Algeria). Water Sci. (2017), https://dx.doi.org/10.1016/j.wsj.2017.12.004
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Table 1

Predictive simulations results.

Average annual basin stress days Value
Number of water stress days 38 jours
Number of temperature stress days 46 jours

Average annual basin values

Rain 449.9 mm
Snow fall 49.00 mm
Snow melt 10.87 mm
Surface runoff Q 10.86 mm
Groundwater (SHAL AQ) Q 88.51 mm
Total water yield 139.03 mm
ET 393.0mm
PET 562.7 mm
Total sediment loading
100
9%
80
E 70
s 60
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@
E 40
3 30
2 20
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0 I
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Fig. 5. Sediment evolution in Wadi Harraza basin.

Torrential rains in September, October and November will pull large solid amounts, which will then be suspended
by the stream. The basin response is rapidly manifested by runoff and shallow hypodermic flow.

According to Tixeront (1960), in an area where the annual rain is between 300 and 700 mm, the specific erosion is
very active (>1200 tkm~2 year™!) (Meguenni and Ramini, 2007).

These high values are only the consequence of all Northern Algeria’s watersheds degradation (Meguenni
and Ramini, 2007); hence the specific erosion rate has reached the highest values. North Africa, thus exceed-
ing 2000 t km™2 year’] and concerns the Tellien Atlas’s catchment basins (Rhiou, Sly, Fodda ...), it reached
4000tkm~2 year—! on the Dahra coastal chain and 5000 tkm~2 year~! on the Ighil Emda basin (Demmak, 1982),
Meguenni and Ramini (2008) also worked on the Harraza wadi basin but with an area 4 times smaller than that used
in this study and they estimated the rate of specific soil degradation at 4.70 tha~! year™! over a 25 years (1973-1997)
period.

5. Conclusion

The first results suggest that the SWAT model is very efficient in simulating water phenomena and sediment transfer
processes.

Although the integration of the data is quite long, developed interface is pretty user friendly and with a good use of
the manual, the grip is quite comfortable.

The joint use of the model with the ArcGIS makes it possible to take into account the spatial variability within the
modeling. This also makes it easy to enter the variables characteristics.

Soil and Water Assessment Tool (SWAT, version 2009) model integrated with Geographic Information System
(ArcGIS, version 10.0) were used to simulate the stream flow and sediment concentration of Wadi Harraza basin

Please cite this article in press as: Hallouz, F., et al., Modeling of discharge and sediment transport through the SWAT model in
the basin of Harraza (Northwest of Algeria). Water Sci. (2017), https://dx.doi.org/10.1016/j.wsj.2017.12.004
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situated in Algeria’s North West for the period from 2004 to 2009. Model calibration and validation were performed
for monthly time periods using Sequential Uncertainty Fitting 2 (SUFI-2, version 2) within SWAT-CUP. Our calibration
outputs for monthly simulation for the period from 2004 to 2007 showed a good model performance for discharges
with P, D and NASH values of 0.55, 0.88 and 0.82 respectively. Nonetheless, during validation period (2008-2009)
for monthly time step, the P, D and NASH values were 0.64, 0.78 and 0.77 for discharges. Thus the evolution of the
average total annual sediment in the Wadi Harraza basin which will be deposited in the Wadi Cheliff, is estimated
at 54.24tha~! year~! which the year 2008 remains the year that displays an important value of degradation and
which is equal to 92.21 tha~! this is due to the large amount of rain which has been recorded during this period and
which exceeded the 544 mm. The results obtained show that the model effectively reproduces and provides a better
understanding of the behavior hydrological system to achieve optimal management of water resources and soil.

The works show the interest of the semi-distributed model SWAT to represent processes on a basin area of North
Africa. Schuol and Abbaspour (2006) applied the SWAT model across the basins of the Volta, Niger and Senegal with
a specific timing method and got very variable but generally low results in the Nash coefficient. We show here on the
Wadi Harraza basin that the SWAT model correctly reproduces and predicts the flows over a period (2004-2009). In
addition, it produces elements of understanding of the processes involved. The flow varies greatly depending on rainfall
but also, to a lesser extent, depending on the soil and vegetation. Depending on the model, these factors also decide
the specific contribution of groundwater and runoff over time and space. Flow prediction and soil loss are important
for assessing soil erosion risks, and for determining suitable land use and soil conservation measures for a watershed.
In turn, this can help to maximize the benefits of land use while minimizing the negative impacts of land degradation
and other environmental problems.

Contflict of interest
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