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The current study focuses on the issue of the decrease in sediment discharge to the Mediterranean Sea by the largest river in Algeria, the Wadi Cheliff (i.e. Cheliff River). This study clarifies the effect of climatic and anthropogenic factors on the changes in the sedimentary dynamics of the Cheliff River discharging to the sea. The data used (rainfall, water discharge, and sediment discharge) concern the Sidi Bel Attar gaging station on the Cheliff River, only 18 km from discharge to the Mediterranean Sea. A power-type statistical regression model was used to fill the 74.2% gap in Suspended Solids (SS) measurements in the establishment of a SS database for the period 1951-2012. The study results show that the transport of suspended sediment discharged to the sea is about 487 t/km 2 /yr. Statistical tests of breaks highlight that rainfall decreased by 26% and that water and sediment input to the sea declined from 74% to 63% for the period of 1981-2012. The correlation analysis shows a decrease in the contribution of rainfall on sediment and water input at the outlet equal to 77.9% and 77.8%, respectively, during the period of 1980-2012, compared to the period of 1968-1980. However, the double mass method reflects the contribution of factors other than rainfall to the decrease of sediment input to the sea. These other factors mainly include large dams, which intercepted about 71% of the total volume of sediment discharged to the sea during the period of 1968-2010. In addition the contribution of large dams to the reduction of sedimentary input to the sea is more important than that of the decrease in rainfall. The management of large dams also contributes to the increase in the sediment deficit to the sea through the prioritization of interception of sediment at the expense of releases, for socio-economic purposes, 68.4% of the Cheliff River discharge is diverted for human use. This has led to an increase in the mean water bed level at bankfull downstream, where the Cheliff River gave up 51% of its width to the floodplain between 1996 and 2009. In the light of the scarcity of sediment transport data in North Africa and in many other areas, the current study provides a reference framework for other studies: providing useful information for the study of the transfer of sediment from land to sea, and the links with the socio-economic needs.

Introduction

Erosion and sediment transport processes bring sediment discharge to the sea. The sediment transferred by water into the oceans by rivers contribute 95% of the coastal sediment balance [START_REF] Syvitski | Predicting the terrestrial flux of sediment to the global ocean: A planetary perspective[END_REF]. However, in a context of environmental change induced by the combined effect of climate change and human activities, erosion and sedimentation mechanisms have been greatly modified, as well as the sediment discharged to the sea. Because of the increased erosion [START_REF] Barreiro-Lostres | Erosion in Mediterranean mountain landscapes during the last millennium: A quantitative approach based on lake sediment sequences (Iberian Range, Spain)[END_REF][START_REF] Giorgi | Climate change projections for the Mediterranean region[END_REF][START_REF] Xiong | Effects of soil conservation techniques on water erosion control: A global analysis[END_REF], the sediment load transported to the rivers has increased by 2.3 billion t/yr, while sediment reaching the coasts has decreased by 1.4 billion t/yr due to the buffer effect of dams [START_REF] Syvitski | Impact of humans on the flux of terrestrial sediment to the global coastal ocean[END_REF]. The terrestrial sediment reaching the coast maintain and reinforce the coastal sediment balance. The latter, is of ecological, environmental, and socio-economical interest. This interest derives from the role of the sediment balance in the geochemical cycle as a transfer vector of nutrients and land-ocean pollutants [START_REF] Ludwig | River discharges of carbon to the world's oceans: Determining local inputs of alkalinity and of dissolved and particulate organic carbon[END_REF]. As such, it plays a role in the functioning of coastal ecosystems where sediment is a substratum and habitat for many organisms [START_REF] Wall | Sustaining biodiversity and ecosystem services in soils and sediments[END_REF]. In addition, a better integration of this component in soil and water management provides protection against flooding, maintains water resources, and protects beaches and coasts [START_REF] Apitz | Conceptualizing the role of sediment in sustaining ecosystem services: Sediment-ecosystem regional assessment (SEcoRA)[END_REF].

Changes in erosion and transport mechanisms, as well as in the supply of terrigenous sediment to the sea, are probably more pronounced in the Mediterranean region due to the long history of human impact related to soil and water management [START_REF] Hooke | Human impacts on fluvial systems in the Mediterranean region[END_REF] as well as the scarcity of water resources and the high climate seasonality, particularly in the southern Mediterranean [START_REF] Rochette | Gestion intégrée des zones côtières et adaptation au changement climatique en Méditerranée[END_REF]. To assess the sediment discharge to the Mediterranean Sea, [START_REF] Sadaoui | The impact of reservoir construction on riverine sediment and carbon fluxes to the Mediterranean Sea[END_REF] used an empirical approach, and pointed out that the natural discharge of suspended sediment for all Mediterranean rivers is about 997 Million t/yr, corresponding to a specific discharge of 211 t/km 2 /yr. They also estimated the contribution of rivers in the Maghreb (Northwest Africa, including Morocco, Algeria, Tunisia, and sometimes Libya) to be 96 million t/yr, i.e. a specific discharge of 351 t/km 2 /yr. [START_REF] Sadaoui | The impact of reservoir construction on riverine sediment and carbon fluxes to the Mediterranean Sea[END_REF] estimated the retention of river sediment by dams to be 35% of the total sediment discharge. However, [START_REF] Poulos | Fluviatile sediment fluxes to the Mediterranean Sea: A quantitative approach and the influence of dams[END_REF] using data on the discharge of suspended sediment in the 69 rivers discharging to the Mediterranean Sea, with a total surface area > 200 km 2 , estimated the river sediment discharge for the different physiographic regions of the Mediterranean watershed to be 650 x 10 6 t/yr, with the contribution of the Maghreb to the total sediment discharge being about 88.2 x 10 6 t/yr, which corresponds to a specific discharge of 325 t/km 2 /yr. In addition, the region's 3,500 dams (small and large) were found to have reduced sediment discharges to the sea by 56% and those in the Maghreb by 70%. In comparison, the global average sediment discharge to the oceans is estimated to be 16 gigatons per year, with a specific discharge of 150 t/km 2 /yr [START_REF] Ludwig | River sediment discharge to the oceans; present-day controls and global budgets[END_REF]. The amount discharged into the sea testify to the great erodibility of the Mediterranean basins, particularly those of the Maghreb. Moreover, the sediment output of the Mediterranean watershed has been significantly altered in recent decades; some attribute this reduction mainly to human activities, precisely widespread deforestation, farming, and dams [START_REF] Woodward | Patterns of erosion and suspended sediment yield in Mediterranean river basins[END_REF], while others associate it with climate change towards drier conditions [START_REF] Ludwig | River discharges of water and nutrients to the Mediterranean and Black Sea: Major drivers for ecosystem changes during past and future decades?[END_REF].

In the Maghreb, except for Algeria, no other country performs continuous measurements of the supply of terrigenous sediment to the Mediterranean Sea. With regard to this, in the current study, the largest catchment of the Maghreb is of exceptional interest for estimating the sediment contribution of Maghreb rivers to the sea, and of the evolution of sediment discharges in a context of environmental change. Regarding the various sub-watersheds of the Wadi Cheliff, while the production and transfer processes in hillslopes are well documented in the literature, the transfer process to the natural receiving areas is rarely addressed. Thus, several studies [START_REF] Ghenim | Spatial and temporal assessment of drought in northern Algeria[END_REF][START_REF] Hallouz | Erosion, suspended sediment transport and sedimentation on the Wadi Mina at the Sidi M'Hamed Ben Aouda Dam, Algeria[END_REF][START_REF] Mahé | Relationships among man, environment and sediment transport: A spatial approach[END_REF][START_REF] Megnounif | Rainfall irregularity and its impact on the sediment yield in Wadi Sebdou watershed, Algeria[END_REF][START_REF] Morsli | Dynamique de l'érosion en zone Méditerranéenne Algérienne: Facteurs explicatifs de variation du ruissellement et de l'érosion sous différentes occupations du sol[END_REF] show that the decline in rainfall since 1980, combined with many human actions affecting soils, has led to a deterioration of the vegetation cover and an increase in soil vulnerability to erosion and runoff. As a result, the amount of sediment detached from the ground and transferred to the river system has significantly increased. Contrary to this trend of water and sediment discharges at the land plot and sub-watershed level, the discharge of water and sediment to the sea shows a different tendency, characterized by a gradual decline since 1980. In this context, the current study focuses on: 1) the evaluation of the Cheliff River's sediment discharge at its outlet; 2) the study of the evolution of sediment discharge to sea and the identification of the main trends and control factors; and 3) the estimated rate of contribution of each factor to the reduction of sediment discharge to the sea. In addition, the current study can provide information on the contribution of North Africa to the Mediterranean's sediment inflow.

As such, it establishes a database for possible studies on the coastal sediment balance in western Algeria, and a decision-making tool for coastal management and the protection of socioeconomic objectives.

Data and methods

The study area

Bordering the Mediterranean coast of Algeria, the Cheliff watershed covers an area of 44,900 km 2 . It is bounded by the Dahra Mountains to the north, the Saharan Atlas Mountains to the south, the Oran Basin to the west and the Algiers Basin to the east (Fig. 1). The topography of the Cheliff watershed has substantial relief, from north to south: the coastal area, the Cheliff valleys, the Atlas Mountains, and the high plateaus. The northern part of the Atlas Mountains range has an average elevation of 640 m, and its southern part an average elevation of 980 m. The watershed has a very dense drainage pattern in the Tell region (Fig. 1), whereas the high plateaus are characterized by a low drainage density. The most important watercourse is the Cheliff River, which is 250 km long. It drains the entire Tell region (Fig. 1), and the downstream part of the basin to the sea. A climatic contrast characterizes the Cheliff region, with aridity increasing southwards and westwards. The mean annual rainfall varies between 600 mm in the northeast and 300 mm in the southwest. From a lithological point of view, the plains are mainly composed of limestone, granite, and alluvium; while marl, shale, and clay predominate in the mountain ranges [START_REF] Benkaci | Modélisation de l'érosion du bassin haut et moyen Cheliff par l'application Model Builder sur ArcGis[END_REF]. Soft rocks (marl, shale, and clay) outcropping over large areas in the Cheliff mountains are prone to active erosion [START_REF] Demmak | Contribution à l'étude de l'érosion et des transports solides en Algérie septentrionale[END_REF]. As a means of protecting soils from erosion, the vegetation cover in the Cheliff region has a high degree of spatial variability. The following land forms can be distinguished: the steppes to the south of the basin, agricultural fields in the plains of the high plateaus and lower Cheliff watershed, and forest cover in the mountains, particularly in Ouarsenis1 and Dahra2 [START_REF] Toumi | Remote sensing and GIS applied to the mapping of soil loss by erosion in the Wadi Mina catchment[END_REF].

Fig. 1 location of the study area and monitoring sites.

Water and sediment discharge

The estimation of sediment and water discharge at the outlet of the Cheliff River was based on the measurements taken at the hydrometric station installed and managed by the National Water Resources Agency (Agence Nationale des Ressources en Hydrauliques (ANRH), http://www.anrh.dz). Since the purpose of the current study is to estimate sediment input to the sea, the station furthest downstream along the Cheliff River was chosen. This is the Sidi Bel [START_REF] Achite | Variabilité spatio-temporelle des apports liquide et solide en zone semi-aride. Cas du bassin versant de l'oued Mina (nord-ouest Algérien)[END_REF][START_REF] Benkhaled | Analyse de la relation de puissance: Débit solide -débit liquide à l'échelle du bassin versant de l'Oued Wahrane (Algérie)[END_REF]. In terms of discharge reaching the sea, the annual water discharge is the sum of the daily water discharge. Because of the discontinuity of data on suspended sediment concentration, sediment discharge is modelled as a function of water discharge using a power-type statistical regression model [START_REF] Etchanchu | Érosion et transport de matières en suspension dans un bassin versant en région agricole. Méthode de mesure du ruissellement superficiel, de sa charge et des deux composantes du transport solide dans un cours d'eau[END_REF][START_REF] Walling | Sediment availability and the prediction of storm-period sediment yields. In: Recent developments in the explanation and prediction of erosion and sediment yield[END_REF][START_REF] Wood | Controls of variation in suspended sediment concentration in the River Rother, West Sussex, England[END_REF] between the two parameters is selected, the relation describing this variance was used in the extrapolation of the sediment discharge data series as a function of the average daily water discharge measured [START_REF] Hadour | Sediment discharge modeling based on water discharge at the Cheliff outlet[END_REF]. Thus, the sediment load transported by the Cheliff River is estimated by adding the daily masses transported by the watercourse to the outlet.
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Where is sediment discharge in kg/s, a and b are model parameters, and is the water discharge in m 3 /s.

Annual rainfall and its impact on the sediment input to the sea

The annual average precipitation for the entire watershed surface area was estimated using a deterministic geostatistical method, called the inverse distance method [START_REF] Davis | Statistics and data analysis in geology[END_REF][START_REF] Franke | Scattered data interpolation: Tests of some methods[END_REF]. Given the frequent gaps in the data for some stations and the few years of observation at others, only 50 stations were used to estimate the average rainfall for the Cheliff region. To assess the effect of rainfall on sediment discharge transported to the sea at the end of the Cheliff watershed, the temporal variability of average annual precipitation and the water and sediment discharge transported to the river outlet were studied using the [START_REF] Pettitt | A non-parametric approach to the change-point problem[END_REF] statistical test, the [START_REF] Lee | A shift of the mean level in a sequence of independent normal random variables-A Bayesian approach[END_REF] test, and the segmentation technique [START_REF] Hubert | Approche statistique de l'aridification de l'Afrique de l'Ouest[END_REF].

The purpose of using these three tests was to identify possible breaks in the three series and to identify homogeneous periods. Then, using a simple regression method, the rainfall contribution and the water and sediment load transported to the sea were estimated for each homogeneous period.

Human action in the Cheliff region and its impact on the sediment load to the sea

Various anthropogenic activities directly or indirectly affect sediment transport to the sea by the Cheliff River. They can be classified according to their objectives: a distinction can be made between those intended for the control of soil and sediment erosion, and those intended for the transfer of surface water. Soil conservation techniques, mechanical and biological, were introduced in the study area in 1941, following the implementation of a rural development strategy in Algeria called Land Protection and Restoration (DRS) [START_REF] Arabi | Assessment of a 40-year strategy of soil defence and restoration in Algeria[END_REF][START_REF] Heddadj | La lutte contre l'érosion en Algérie[END_REF]. However, despite the DRS's efforts, erosion increased, crop yields decreased, and siltation of reservoirs accelerated. Therefore, faced with the high cost of the control works and the inconclusive results of the control means, the public authorities abandoned this strategy [START_REF] Heusch | Cinquante ans de banquettes de D.R.S.-C.E.S. en Afrique du Nord: Un bilan[END_REF]. Other programs were launched in 2000 mainly aimed at reforesting 1,245,900 ha by 2025 and building many hillside reservoirs to limit siltation in the largest hydraulic reservoirs (UNCCD, 2015). Assessing the effect of these different actions on the sediment transported to the sea by the Cheliff River is a major challenge due to the lack of data on the level of erosion before and after the introduction of erosion control measures and the disappointing results obtained. In addition, the double mass method was used to verify whether dams affect the variability of sediment transported to the sea [START_REF] Merriam | A comprehensive study of the rainfall on the Susquehanna Valley[END_REF][START_REF] Searcy | Double-mass Curves[END_REF]. Then, the contribution rates of rainfall and dams to the decrease in sediment transported to the sea were estimated. Data on water discharges and releases at the dams, as well as water discharge at the outlet, were used to assess the significance of diverting water volumes in relation to the volumes flowing through the outlet over a 10-year period (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011). In addition, the evolution of water discharge and seasonal releases between 2002 and 2017 was analyzed to determine how the large fluctuation in sediment dynamics was controlled by the managers of these structures. Finally, to show the effect of water diversion on the sediment transport capacity of the watercourse downstream on the Cheliff River, the different cross profiles produced at the Sidi Bel Atter station for different periods were used.

Results and Discussion

Evaluation of the sediment transported by the Cheliff River to its outlet

Fig. 2 shows the distribution of instantaneous sediment discharge as a function of instantaneous water discharge, and the values of the parameters a and b. The value of the coefficient of determination R 2 [START_REF] Dagnelie | Statistique théorique et appliquée[END_REF], is 69%, which reflects a good representation of the variance between the two variables studied by the regression model at the daily level. Table 1 lists the total sediment discharge, the average flow, and the specific discharge for each decade. Over the five decades considered, the discharge recorded at the outlet shows strong fluctuations and a large difference between periods, in particular, the period of 1980 -1990 has the lowest sediment discharge at the outlet, with decrease of 74.6% compared to the period of 1951 -1961.

On the other hand, following the discharge increase in the last period, compared to the two previous periods, the difference is still significant compared to the first period, with a reduction of 55.8%. The total sediment transported to the outlet of the Cheliff River during the period of 1951-1961/1968-2011 was about 1.203 billion t, corresponding to an average annual discharge of about 28.9 million tons, or an average specific supply of 487 t/km 2 /year. The sediment transported to the sea estimated using the empirical model (sediment transport curve), based on point measurements collected at the Sidi Bel Atter station, doesn't reflect the real total supply of sediment resulting from the dynamic processes affecting the Cheliff watershed. This results because of many difficulties and inaccuracies related to internal variations in the sediment discharge -water discharge process, the measurement techniques, and the mathematical models used. Thus, the non-linearity of the sediment load-water discharge process and the presence of the hysteresis effects affect the modeling quality. In addition, the For the whole period 1,203 28.9

measurements are made at a single point and don't take into account the vertical and horizontal variability of the suspended sediment content at the measuring section, nor the bedload fraction transported. On the other hand, the rapid evolution of the measurement section, following the acceleration of the rise of the watercourse, affects the reliability of the calibration curve, which is updated once every three or four years. Therefore, the lack of recording the dynamic changes at the station stalls any action to verify and improve data quality. As a result, the value for the sediment transported to the sea obtained from measurements made at the Sidi Bel Atter station remains far below the total amount discharged at the watershed outlet.

Temporal variation of sediment transport to the sea and influencing factors

The three lines in Fig. 3 show a downward trend in the data series of the three variables studied since 1975. This decrease became more pronounced during the 1980s. From 1995 onwards, the three variables rose again. However, this increase remained far from the amounts recorded in the early years, particularly for water and sediment discharge. In terms of signal, agreement is observed for the fluctuations of the three variables; however, the variation of the sediment discharge at the outlet is more significant than that of the water discharge.

Fig. 3 The evolution of average annual rainfall and the water and sediment discharge at the Cheliff River outlet.

Fig. 4 shows the gradual increase in the surface area controlled by large dams over the study period. Sediment discharge at the outlet of the Cheliff River is closely linked to the water discharge, the latter being conditioned by climate, particularly rainfall. However, dams disrupt the natural sediment cycle and constitute new collection areas. As a result, the difference in the sediment load transported from the Cheliff River to the sea may be the result of the combined effect of the decrease in rainfall and the increasing number of storage structures.

Fig. 4

The evolution of the surface area controlled by large dams

3.3.

Sediment transport to the sea affected by precipitation and water discharge 3.3.1.

Runoff and sediment production areas in the Cheliff

The interaction between the relief, geology, lithology, and rainfall determines the hydrological response since it controls sediment production in a watershed. In the case of the Cheliff watershed, the relief is very uneven. The central area has very high relief, while the upstream and downstream areas are characterized by a moderate relief. The geology upstream favors infiltration at the expense of surface runoff, while in the Tell runoff predominates. In terms of vegetation cover, there are forests in the mountains (central part) and agricultural fields in the plains and high plateau (upstream and downstream portions of the watershed). The central part receives more rainfall than the rest of the watershed due to the contrast in climate and relief.

Consequently, this watershed configuration and climate inhomogeneity leads to a large disparity in the production of runoff and sediment at the watershed scale. For example, the results of multiple studies on soil erosion in the various sub-watersheds of the Cheliff watershed show the extent of this disparity (Table 2). On the other hand, the sedimentation recorded in the different dams (Table 3) shows the degree of erosion in each area. In summary, runoff and sediment production dominate in the central part of the watershed, while the downstream and western parts of the watershed come second, with the upstream in last place. This areal analysis shows that the runoff and sediment sources coincide along the Cheliff watershed. 

Temporal variability

The analysis of the temporal variability at the outlet done using three statistical tests in this study shows a significant decrease (P < 0.05) in the rainfall data series starting in the 1979-1980 hydrological year (Table 4). As a result of this break, separate the time series were into two distinct periods, a wet period from 1968 to 1979, and a dry period from 1980 to 2012. During the wet period the watershed received an average annual rainfall of 442.25 mm, while during the dry period the average annual rainfall was 325.82 mm. In other words rainfall in the study area decreased by 26.3%. Since the discharge is closely related to the rainfall, a break was observed in the water discharge at the outlet in 1980/1981. As a result, the average water discharge significantly decreased (P < 0.05) from 1182.5 hm 3 for the wet period to 307.6 hm 3 during the dry period; a decrease of almost 74% for water discharge at the outlet (Table 4). In addition, the three statistical tests show the presence of a significant break (P < 0.05) in the sediment discharge data series at the outlet. However, the Pettit (1979) test allocates the break to the year 1978/1979, while the other two tests indicate that the break corresponds to the year 1971/1972.

The difference between wet and dry period inputs is 63%, according to the Pettitt subdivision, and 65% according to the [START_REF] Lee | A shift of the mean level in a sequence of independent normal random variables-A Bayesian approach[END_REF] and Hubert and Charbonel (1987) thresholds. 

Correlation analysis

The study of the correlation of mean annual precipitation to mean annual water and sediment discharges at the outlet was used to show how water and sediment inputs to the sea are affected by rainfall during the baseline period (1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978)(1979) and the response period (when the effect of dams and climate appeared (1980-2012)). Figs. 5 and6 show the results obtained. It can be seen that the correlation coefficient for the annual transport of sediment to the sea and precipitation during the baseline period is 0.81 and it is 0.38 during the response period; whereas that for the water flowing to the sea and precipitation was estimated to be 0.89 during the baseline period and 0.26 during the response period. The low correlation observed during the response period reflects the decrease in the rainfall contribution in transporting water and sediment to the outlet.

Moreover, the coefficient of proportionality shows that the contribution of one unit of rainfall as water to the outlet was 7.87 hm 3 /mm for the baseline period, and 1.75 hm 3 /mm for the response period, i.e. a decrease of 77.8%. Similarly, a unit of rainfall transported about 3.12 t of sediment during the baseline period. However, during the response period, 0.69 t of sediment was associated with the same unit of rainfall, i.e. an estimated decline of 77.9%. Although the decrease in rainfall in the Cheliff watershed resulted in a reduction in water and sediment reaching the sea, its influence and unit contribution to the water and sediment discharge were significantly altered. In the light of the results obtained, the question is whether the decrease in sediment transported to the sea from the Cheliff watershed can be attributed mainly to: 1) the sharp decrease in rainfall since 1980, and/or 2) the buffer effect of the multiple large dams successively built in the watershed.

Effect of human activity on sediment flow to the sea

Many developments have been constructed along the Cheliff River watercourse, at times as a means of flood protection and safeguarding the socio-economic interests of the locals; at others, to transfer the surface water, an essential resource to meet the growing demand from different sectors. In the current study, the double-mass technique has been used to evaluate the effect of human action on sediment transport from the Cheliff River to the sea. This technique allows the variability of the sediment transport to the outlet to be verified as mainly due to the variation in rainfall. If that is the case, the result is a relatively straight line. On the other hand, the presence of breaks in the slope indicates the presence of factors other than rainfall controlling the variability of sediment transport to the outlet. Fig. 7 shows that the sediment inputs to the sea from 1968 to 2011 are marked by four breaks corresponding to the years 1973, 1984, 1995, and 2003. Hence, the evaluation process can be divided into five periods:

Fig. 7 The double-mass curve for the sediment transported annually to the sea and the average annual rainfall over the entire Cheliff watershed.

Period 1 (1968-1972):

The watershed included four dams located upstream (Fig. 1), built between 1932 and 1939. These structures had an initial capacity of 619 hm 3 and had a total drainage area of 25,387 km 2 ; i.e. 56% of the total Cheliff watershed area. It should be noted that the data available does not enable the quantification of sediment transport to the sea at a time when the watershed didn't have any water development projects.

Period 2 (1973-1983):

The construction of the Sidi Mohamed Ben Aoudad dam started in 1973, and it was completed in 1977 (Fig. 1). It has a capacity of 241 hm 3 . It blocks water and sediment originating from a drainage area of approximately 4990 km 2 . Therefore, large amounts of sediment are retained in its reservoir and prevented from reaching the basin outlet. As a result, a decrease in the gradient of the double-mass curve is observed, proving that the load reaching the sea decreased compared to the first period.

Period 3 (1984-1994): Seven new dams were built along the Cheliff River during this period. Of the seven reservoirs, five are located downstream of the Tell tributaries (Fig. 1), corresponding to the most productive area in terms of runoff and sediment. The total storage capacity of all the reservoirs is 1029 hm 3 , and they have a drain age area of about 5328 km 2 . These structures, just like all other existing ones, are used for inter-annual regulation by storing practically all the water discharge and the associated sediment discharge. It is worth noting the small number of releases during this period due to the extent of the drought. The limited releases dramatically reduced the sediment transported to the sea, as shown by the double-mass curve still trending downward.

Period 4 (1995-2002):

The double-mass curve turns upward, reflecting an upward trend in sediment discharge at the outlet. However, in terms of water infrastructure, none were built during this period. In addition, the recurrence of releases due to the abundance of water discharge increased the volume of water reaching the sea, as well as the associated sediment load.

Period 5 (2003-2011):

The double-mass curve turns to downward again and shows, once again, the decrease in sediment transported to the outlet of the Cheliff River. This decrease was mainly caused by the completion of three dams along the Tell tributaries in 2003 and 2005 that have an estimated storage capacity of 275 hm 3 . Then two new dams, were built downstream in 2009 and 2010 with a storage capacity of 120 hm 3 (Fig. 1). The Cheliff Dam alone has a drainage area of 44,950 km 2 , which is practically the entire watershed. The effect of these two dams, especially the Cheliff Dam, on the sediment transported to the sea is not addressed in the current study due to the observation period of the data, which ends in 2011. However, it is expected that the sediment load at the outlet will continue its downward trend and will be strongly impacted by the Cheliff Dam.

3.5.

The contribution of human action and decreases in rainfall to the reduction of sediment transported to the sea.

In this section, the effect of large dams on the reduction of sediment discharge to the sea is assessed. An estimate then is made of the effect of reduced rainfall on sediment transfer to the Cheliff River outlet. This is followed by a study of the effect of large dam management practices on the reduction of sediment transported from the Cheliff River to the sea. Finally, the fraction of water diversion is estimated and its effect on the solid transport capacity of the Cheliff River is investigated. To do this analysis, the observation period (1968-2010) was divided into three sub-periods. The first period (1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978)(1979)(1980) is characterized by abundant rainfall and the contribution of runoff water and sediment transport to the Cheliff River outlet by a large drainage area of the watershed is evaluated. The second period, from 1981 to 1995, is marked by a long hydrological drought, the appearance of six new dams, and a high surface water diversion.

The third period (1996 -2010) shows an upward trend in rainfall, an increase in the number of water reservoirs, and a lower rate of surface water diversion.

Contribution of dams

In 2004/2005, the year of the last bathymetric survey, a volume of 594 hm 3 was silted up by sediment. In the absence of a more recent bathymetric survey, the sedimentation volume of the various reservoirs up to 2010 was estimated to be 95 hm 3 by extrapolation of the calculated annual siltation rates. The volume of sediment retained in all the dams was then estimated for each year by adding the annual siltation rates for each dam. The amount of trapped sediment in all dams was then calculated for each period. In terms of results, a progressive increase characterizes the sedimentation volumes retained in the large dams over the three periods considered. Thus, the sediment intercepted by the large dams during the second period (1981)(1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995) was estimated to be 195 million t, i.e. an average of 13.0 hm 3 per year, corresponding to an increase of 128% compared to the amount for the previous period (1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978)(1979)(1980), which is estimated at 74 million t, i.e. an average of 5.70 hm 3 per year. On the other hand, siltation during the third period (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010) was about 269 million t, i.e. on average 17.9 hm 3 per year, corresponding to an increase of 314% compared to the siltation during the first period (Table 5).

This increase is due to the completion of new dams in each period and the management mode applied, consisting in retaining "water and sediment". However, during the period 1968-2010 the retention rate of sediment by the Cheliff River's large dams was about 71% of the total volume of sediment discharged to the sea. In a similar context, the Medjerda watershed (Tunisia) has been experiencing a severe reduction in water discharge at its outlet since the construction of the Sidi Salem dam [START_REF] Kotti | Etude des pluies et des débits sur le bassin versant de la Medjerda, Tunisie Study of rainfall and discharges in the Medjerda watershed, Tunisia[END_REF].

Contribution of rainfall

In order to quantify the contribution of rainfall to the reduction in sediment load at the watershed outlet, it is assumed that dams only store water and let all sediment escape, and that the river has the capacity to discharge all eroded sediment to the sea. Thus, the sediment contribution of rainfall to the watershed outlet can be considered to be the sum of the sediment discharge measured at the outlet and the sediment trapped in the different reservoirs. The results obtained show that the strong decrease in rainfall during the second period resulted in a 40.3% decrease in the sediment transported towards the sea compared to the baseline period. On the other hand, the upward trend in rainfall during the third period led to an increase in sediment discharge at the outlet compared to the second period. However, when compared to the baseline period, the decreasing trend continues and is estimated at 5.80% (Table 5). It can be seen that the combined effect of the decrease in rainfall and the increase in the number of dams has led to a sharp drop in sediment input at the Cheliff River outlet. The decrease in sediment inputs to the sea caused by dams continues its upward trend. However, the effect of rainfall on the decrease in sediment load at the outlet is highly dependent on rainfall variability.

Finally, it should be emphasized in the Cheliff River region, the contribution of dams to reducing sediment input to the sea is greater than that of reduced rainfall.

Management of large dams

In the Mediterranean region, the temporal distribution of sediment associated with water discharge is characterized by a great fluctuation. For this reason the dam construction manager must take this reality into account in order to increase the service life of the facilities and ensure better transport of sediment to the sea. Several studies for the Cheliff River [START_REF] Ghernaout | Analyse du transport solide en suspension dans le bassin versant de l'Oued Mina (NO Algérie)[END_REF][START_REF] Hallouz | Study of the relationship between sediment transport and rainfall extremes in the watershed of the wadi Mina (northwest Algeria)[END_REF][START_REF] Meddi | Hydropluviométrie et transport solide dans le bassin versant de l'oued Mina[END_REF] have shown that autumn and spring floods contribute up to 80% in the transport of sediment to the outlet. In order to show how the different dams are operated during these events, Fig. 8 illustrates the evolution of the water input and releases on a seasonal scale for the period 2002 -2017. It can be seen that the releases correspond exactly to periods of high water inflows, except for the summer season of the early years when the release volumes were close to the inflows. In addition, the proportionality coefficient between seasonal inflows and releases is estimated at 3.74, 3.18, 4.73, and 9.20 for the winter, spring, summer, and fall, respectively. This shows that if dam managers place a high priority on water storage at the expense of releases, it has a major impact on the hydrological regime of the river and the natural sediment cycle. As a result, a significant amount of sediment associated with the fall and spring floods is retained in the dams. This results in a shortened service life of the structures and a decrease in sediment load reaching the sea.

Fig. 8

Seasonal variation in water discharge and releases from all dams in the Cheliff watershed.

From 2002 to 2011, the total water discharge in the river was 6,04 hm 3 . Of this total volume, 5,013 hm 3 were retained by the different reservoirs, and 886 hm 3 were released into the stream.

During the same period, the water reaching the sea was 1,91 hm 3 . Therefore, the amount of water diverted corresponds to the difference between the inflows and outflows of the different dams, which was 4,13 hm 3 , i.e. 68.4% of the total runoff in the Cheliff watershed. These figures

show that the amounts of water that return to the river are very low compared to the amounts of water retained, and the diverted discharge largely exceeds that reaching the sea.

In general, as a direct result of the variation in water and sediment supply, the watercourse adjusts its morphology by modifying its geometric parameters. In the case of the Cheliff River, in order to identify how the river morphology has evolved in recent years, cross-profiles obtained by the National Water Resources Agency (ANRH) at the Sidi Bel Atter hydrometric station located 17.8 km from the outlet were used to identify how the river morphology has changed over the last few years. 

Conclusions

In the current study of the effect of reduced rainfall, dams, and anthropogenic water use on the reduction of sediment transport from the Cheliff River to the sea, over a 55-year period (1951-1961/1968-2011), sediment discharges into the sea have been estimated at 1,203 million t, i.e. a specific supply of 487 t/km 2 /yr.

The detection of breaks and the study of trends have allowed detection of the existence of a significant decrease (P < 0.05), in rainfall, water discharge, and sediment transport during 1979-1980, 1980-1981, and 1971-1972, respectively. In addition, the decrease compared to the previous period is estimated at 26.3% of rainfall, 74% for water discharge, and 63% of sediment discharge.

During the period (1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978)(1979), rainfall contributed 89% of the sediment and 81% of the water.

However, during the period rainfall only transported 26% of the sediment and 38%

of the water to the outlet. Thus, the water and the sediment contribution of rainfall to the sea decreased by 77.9% and 77.8%, respectively.

In addition to the effect of decreased rainfall on the variability of sediment input to the sea, the double mass method highlights the impact of large dams on the sediment discharge reaching the sea. Consequently, the decrease in sediment discharge at the Cheliff River outlet is attributed to the combined effect of reduced rainfall and the increase in the number of large dams.

The total volume of sediment retained in the Cheliff River's major dams between 1932 and 2010 has been estimated at 695 hm 3 . In addition, during the period 1968-2010 large dams intercepted about 71% of the total volume of sediment discharged to the sea estimated at 755 million t.

During the periods 1968-1980, 1981-1995, and 1996-2010 the largest dams have decreased the sediment discharge to the sea by 15.7, 60.1, and 52.5%, respectively. In addition, compared to the baseline period (1968)(1969)(1970)(1971)(1972)(1973)(1974)(1975)(1976)(1977)(1978)(1979)(1980), the decrease in rainfall reduced the sediment discharge to the sea by 40% and 5.2% during the second (1981 -1995) and third (1996 -2010) periods, compared to the baseline period.

The analysis of water inputs and releases at large dams shows that the volumes eroded are much higher than the volumes returned to the river, with a seasonal proportionality coefficient ranging from 3 to 9. This results in the acceleration of silting of the reservoirs and increases the sediment deficit downstream.

Since the volume of water diverted represents 68.4% of the total volume transported by the river (estimated at 6037 hm 3 ), then the volume of water flowing out of the outlet has been heavily mitigated. Consequently, the downstream sediment transport capacity has fallen sharply.

This effect is well illustrated in the evolution of the downstream cross section of the Cheliff River, where the mean water bed at bankfull decreased by 51.2% in width between 1996 and 2009 by the raising its two banks.

The results found agree with those of Medjerda (Tunisia), representing an identical configuration to the Cheliff watershed (surface area, relief, climate). [START_REF] Kotti | Impact of dams and climate on the evolution of the sediment loads to the sea by the Mejerda River (Gulf of Tunis) using a paleo-hydrological approach[END_REF] Finally, comparison of the results of the current study with the sedimentary archive in the Cheliff River, currently being documented using a paleo-hydrological approach, will permit elucidation of the uncertainties and the reconstruction of the evolution of sediment inputs at the outlet.

  Several large dams have been built along the Cheliff River since 1932. At present there are 17 large dams with a total capacity of 2,284 hm 3 . The first ones were built in the upstream basin during the period of 1932 -1939, with other structures in the Tell region during the period of 1978 -1989. The first dams downstream were built between 2003 and 2010. In addition, the diversion of water affects the ability to transport sediment from the watercourse to the basin outlet. The results of bathymetric surveys done by the National Agency for Large Dams and Transfers (Agence Nationale des Barrages et Transferts ANBT) (http://www.anbt.dz) were used to quantify the contribution of dams to the decline in sediment transported to the sea by the Cheliff River. The last bathymetric survey was done in 2004/2005 and provided the volume of sediment trapped in the 15 dams existing in the Cheliff watershed at the time.

Fig. 2

 2 Fig. 2 Distribution of instantaneous sediment discharge as a function of instantaneous water

  discharge

Fig. 5 Fig. 6

 56 Fig.5 Sediment transported to the sea correlated with the average annual rainfall

  Fig.9illustrates a progressive rise of the water bed, strong sedimentation on both sides of the mean water bed at bankfull and an incision of the low water bed since 2009. As a result, from 1996 to 2009, the mean water bed at bankfull lost 9.80 m of its width from the right bank and 7.27 m from the left bank to the floodplain. These adjustments, which occurred as a result of decreases in water and sediment discharges, caused the mean water bed at bankfull to lose 17 m, i.e. 51.2 % of its estimated previous total width of 33.2 m. This transformation in the geometry of the Cheliff River reflects a reduction in its energy and associated sediment transport capacity. As a result, some sediment has accumulated on both river banks contributing to the accentuation of the decrease in sediment transport to the sea.

Fig. 9

 9 Fig. 9 Evolution of the cross-section profile for the Cheliff River at the Sidi Bel Atter measuring

  using a sediment core assessment downstream of the Sidi Salem Dam to demonstrate the decrease in sediment transport from dams, by giving the preliminary qualitative estimates, but in the absence of suspended sediment measurements, no quantitative assessment were given. Similarly,[START_REF] Amrouni | Sensitivity assessment of the deltaic coast of Medjerda based on fine-grained sediment dynamics, Gulf of Tunis, Western Mediterranean[END_REF][START_REF] Amrouni | Sensitivity assessment of the deltaic coast of Medjerda based on fine-grained sediment dynamics, Gulf of Tunis, Western Mediterranean[END_REF] confirm this trend and show the cessation of coarse sediment deposits along the coastline of the Gulf of Tunis where the Medjerda River empties.

Table 1

 1 Sediment transport of the Cheliff River to the sea

Table 2

 2 Difference in erosion at sub-watershed scale in the Cheliff watershed

	263
	264
	265
	266
	267

Table 3

 3 Soil erosion from the draine age areas for the different dams

	Sources	Sub-watershed	Location	Soil erosion (t/km 2 /yr)
	Achite & Meddi, (2004)	Haddad	Mina	287
	Achite & Ouillon, (2007)	Abd	Mina	136
	Achite & Meddi, (2005)	Mina	Mina	187
	Meguenni & Remini, (2008)	Harreza	Tell	470
		Ebda	Tell	2,400
	Bourouba, (2002)	Sly	Tell	1,790
		Rhiou	Tell	1,150
	Dam	Location	Drainage area (km 2 )	Erosion (t/km 2 /yr)
	Gargar	Watershed	2,363	3,416
	Ouled Melouk Zedin	central area	866	3,446
	Oued Fodda	(Tell)	788	3,264

Table 4

 4 Summary of the results of the three break detection tests: (*) the[START_REF] Pettitt | A non-parametric approach to the change-point problem[END_REF] test, (**) the[START_REF] Lee | A shift of the mean level in a sequence of independent normal random variables-A Bayesian approach[END_REF] 

	test, and (***) the Hubert and Charbonel (1987) segmentation test for the evolution of annual rainfall, water, and sediment
	discharge in the Cheliff River				
		Before break	After break
			Rainfall (mm)	
	Year of break		Standard		Standard
		Average	deviation	Average	deviation
	1979/1980* , ** , ***	442.25	65.03	325.82	63.08

Table 5

 5 The effect of large dams and decreased rainfall on the sediment transport capacity of the Cheliff River to the sea.

	Period	Average discharge measured at outlet (10 6 T)	Average sediment discharge trapped by dams (10 6 t)	Average sediment discharge generated by rainfall (10 6 t)	Average decrease due to rainfall (10 6 t)	Decrease percentage (%) From From dams rainfall
	1968-1980	30.5	5.70	36.2	-------	15.7	------

The mountainous massif located in the southern part of the Atlas region.

Mountainous massif located east of the mouth of the Cheliff River, and which extends to the dam of Sidi M'hammed.
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