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INTRODUCTION

Because of its socio-economic consequences and environmental impacts, sediment transfer by rivers is of interest to many scientists worldwide. In the Maghreb mountainous region of Algeria, earlier studies neglected the importance of erosion and considered this area to be one of the least eroded regions in the semi-arid zone [START_REF] Fournier | Climat et érosion[END_REF][START_REF] Starkhov | Principles of Lithogenesis[END_REF]. The first research to reflect the importance of erosion started towards the beginning of the 1970s (Heusch & Milliès-Lacroix, 1971;[START_REF] Ghorbal | Mesure de l'envasement dans les retenues de sept barrages en Tunisie: estimation des transports solides[END_REF][START_REF] Demmak | Contribution à l'étude de l'érosion et des transports solides en Algérie septentrionale[END_REF], whilst more recent research reveals that the area is one of the most vulnerable regions in the world in terms of soil erosion [START_REF] Walling | The sediment yield of African rivers[END_REF][START_REF] Probst | Fluvial suspended sediment transport and mechanical erosion in the Maghreb (North Africa)[END_REF].

The extent of soil erosion in the Maghreb area deserves more attention since it causes severe damage that may be irreversible [START_REF] Fao | Conservation des sols et des eaux dans les zones semi-arides[END_REF][START_REF] Roose | Les montagnes méditerranéennes d'Algérie. Impact de l'intensification de l'agriculture de montagne sur l'environnement et les revenues[END_REF]. In this region with scarce water resources, the major damage is associated with the loss of alluvial sediments from the catchment and subsequent dam siltation. [START_REF] Walling | The sediment yield of African rivers[END_REF] estimated the specific sediment yield in the Maghreb lands to be between 1000 and 5000 t km -2 year -1 . [START_REF] Probst | Fluvial suspended sediment transport and mechanical erosion in the Maghreb (North Africa)[END_REF] showed that the soil erosion rate can be very high in some basins, such as the Agrioun, Algeria, where degradation can reach 7200 t km -2 year -1 . Such sediment yields are among the highest in the world [START_REF] Milliman | World-wide delivery of river sediment to the oceans[END_REF][START_REF] Ludwig | River sediment discharge to the oceans: Present-day controls and global budgets[END_REF]. However, [START_REF] Probst | Fluvial suspended sediment transport and mechanical erosion in the Maghreb (North Africa)[END_REF] estimated that the annual flux of suspended sediment loads in the Maghreb rivers was 251.5 × 10 6 t year -1 and, according to [START_REF] Colombani | Effet des transports solides sur les ouvrages hydrauliques en Afrique du Nord[END_REF] and [START_REF] Ghorbal | Mesure de l'envasement dans les retenues de sept barrages en Tunisie: estimation des transports solides[END_REF], between 37 and 98% of the load is deposited in the reservoirs. Further, a number of factors aggravate the erosion phenomenon in this region. The more the soil is degraded, the more erosion intensifies [START_REF] Fao | Conservation des sols et des eaux dans les zones semi-arides[END_REF]. These factors include:

-the chronic dryness recorded during the last four decades [START_REF] Meddi | Impact de la pluviométrie du régime pluviométrique sur les ressources en eau du nordouest de l'Algérie[END_REF]; -the frequency and size of forest fires; -the socio-economic pressure on resources by the extraction of wood and the use of inadequate agricultural practices; and -overgrazing.

Despite the dramatic consequences of the suspended sediment loads in the Maghreb area, studies remain insufficient to account for this issue. It is obvious that constraints associated with both the paucity of longer-term records and their accessibility and availability have limited the research in this area. Among the research, some authors have attempted to quantify the global sediment delivery ratios on annual or longer-term time scales [START_REF] Heusch | Etude de l'érosion et des transports solides en zone semi aride[END_REF][START_REF] Sogreah | Société Grenobloise d'Etudes et d'Applications Hydrauliques)[END_REF][START_REF] Walling | The sediment yield of African rivers[END_REF][START_REF] Probst | Fluvial suspended sediment transport and mechanical erosion in the Maghreb (North Africa)[END_REF]. Other studies were on soil concerned with eroded agricultural land. These studies have been conducted mainly with the collaboration of the INRF (Institut National de Recherche Forestière, France) and Orstom (Institute of Research for the Development) [START_REF] Roose | Les montagnes méditerranéennes d'Algérie. Impact de l'intensification de l'agriculture de montagne sur l'environnement et les revenues[END_REF][START_REF] Asselman | Suspended sediment dynamics in a large drainage basin: the River Rhine[END_REF]. But, few studies investigated sediment yields for individual storm events within a year. Thus, there is a great need to understand the genesis and dynamics of sediment transport in the area. The purpose of this study is to examine the relationships between discharge and suspended sediment loads at both seasonal and event scales in the Maghreb. The catchment is the Upper-Tafna basin of northwest Algeria.

STUDY AREA CHARACTERISTICS

The Upper-Tafna in northwest Algeria has a drainage area of 256 km 2 (Fig. 1) and steep slopes exceeding 25% represent about 49% of the total basin surface. The Wadi Sebdou is the main stream of the basin. It is about 27 km long and drains part of the Atlas Mountains. In the basin, the soils are often thin except for the accumulation zones located in the downstream areas (i.e. the low terraces and the major river). Starting in Ouled Ouriach, the upper reaches of the river flow through Jurassic soils at elevations of up to 1400 m. The tributary streams are joined on the Sebdou plain (900 m), which is composed of Plio-Quaternary alluvium (calcareous-marnes, calcareous and Jurassic dolomites) [START_REF] Benest | Les formations carbonatées et les grands rythmes du Jurassique supérieur des monts de Tlemcen (Algérie)[END_REF][START_REF] Benest | Précisions stratigraphiques sur le Jurassique inférieur et moyen de la partie méridionale des Monts de Tlemcen (Algérie)[END_REF] Rainfall is significant on the north-facing hillslopes. On those to the south or in the interior plains, there is a relatively dry climate with strong thermal variation and excessive summer dryness dominated by Saharan winds. On the plains, these Saharan winds are often transformed to storm winds and generate convective rain cells. The river runoff, like the rainfall, is irregular and often extreme [START_REF] Esteinne | Climatologie. Librairie Armand Colin[END_REF][START_REF] Jansson | Land erosion by water in different climates[END_REF][START_REF] Terfous | Etude du transport solide en suspension dans l'Oued Mouilah (Nord Ouest Algérien)[END_REF]. Seasonally, streamflow peaks in spring and autumn and is low in the summer and winter. The lowest streamflow is recorded in the summer [START_REF] Megnounif | Production et transport des matières solides en suspension dans le bassin versant de la Haute Tafna (Nord Ouest Algérien)[END_REF].

The vegetation is closely related to the rainfall distribution across the area and the nature and texture of the soil. Extensive vegetation occupied 16% of the total basin surface on the alluvial plains (Plain of Sebdou). In the north of the basin, around 20% of the area has well developed forest cover and in the remainder of the basin there is much afforestation.

HYDROCLIMATIC CONTEXT

To extract the long-range hydroclimatic variations at this site, we applied a test of homogeneity for the annual water discharge, Q j , recorded at the Beni-Bahdel station (latitude: 114.98; longitude: 164.60; elevation: 660 m). This test is based on the rescaled cumulative deviation, S k , from the average for the period September 1939-August 1998 (Buishand, 1982):
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(1) where 82 . 1 = Q m 3 s -1 and 09 . 1 = σ m 3 s -1 are, respectively, the annual average and standard deviation of water discharge for the period September 1939-August 1998. ) Mean (1939-1975) Mean (1975-1998) Fig. 2 Long-term trend fluctuations of annual water discharge, Q, for Wadi Sebdou over the period September 1939-August 1998. After the mid-1970s, there is a reducetion in local average water discharge.

The statistic

() k k S max
is sensitive to departure from homogeneity [START_REF] Raes | RAINBOW: a Software Package for Analysing Hydrologic Data[END_REF]. For Wadi Sebdou, the highest values of

k k S max
were recorded during 1975. Indeed, after the mid-1970s, dryness prevailed in the area (Fig. 2). During the period 1975-1998, the annual average water discharge had been reduced by about 51% in comparison to the 1939-1975 period.

METHOD AND DATA

Suspended sediment loads measured at the outlet of the basin has allowed several authors to estimate the magnitude of the sediment flux and land degradation [START_REF] Heidel | The progressive lag of sediment concentration with flood waves[END_REF][START_REF] Tixeront | Débit solide des cours d'eau en Algérie et en Tunisie[END_REF][START_REF] Milliman | World-wide delivery of river sediment to the oceans[END_REF]. In addition, it has permitted the identification of key processes influencing the erosion and transfer of sediments [START_REF] Langbein | Yield of sediments in relation to mean annual precipitation: Trans[END_REF][START_REF] Heusch | Etude de l'érosion et des transports solides en zone semi aride[END_REF][START_REF] Ludwig | River sediment discharge to the oceans: Present-day controls and global budgets[END_REF][START_REF] Milliman | Geomorphic/tectonic control of sediment discharge to the ocean: the importance of small mountainous rivers[END_REF][START_REF] Walling | Recent trends in the suspended sediment loads of the world's rivers[END_REF]. However, it is known that suspended sediment load is mainly transported during the rising stage of the hydrograph. An increase in streamflow is usually accompanied by an increase in suspended sediment load. The associated suspended sediment concentration peak may precede, coincide with, or follow the water discharge peak. In fact, these three cases depend on the contribution of the different flow components (surface runoff and delayed flows), sediment availability, sediment cohesion and hydrodynamic constraints. So, the evolution of the suspended sediment load with flow fluctuations displays various forms of hysteresis reflecting a particular sequential or simultaneous contribution of re-mobilisation, erosion and deposition of particles [START_REF] Williams | Sediment concentration versus water discharge during single hydrologic events in rivers[END_REF]. In order to understand the dynamics of the suspended sediments, various studies were undertaken in several basins of the world. These studies mainly relate the evolution of the sediment load to the flow variation during flood events. They are based on the mode of evolution of the hysteresis produced as introduced by [START_REF] Wood | Sediment transport in the Hope River, Jamaïca: a tropical drainage basin characterized by seasonal flow[END_REF] to study individual storms in a catchment in Jamaica. This type of work has been extended to many basins in the world and with contrasting climatic and hydrological characteristics: e.g. [START_REF] Kattan | Suspended sediment load and mechanical erosion in the Senegal basin, estimation of the runoff concentration and relative contributions of channel and slope erosion[END_REF] in the Senegal River in west-central Africa; [START_REF] Picouet | Empirical and conceptual modeling of the suspended sediment dynamics in a large tropical African river: the Upper Niger River basin[END_REF] in the Niger River; [START_REF] Liénou | Régimes des flux des matières solides en suspension au Cameroun: revue et synthèse à l'échelle des principaux écosystèmes; diversité climatique et actions anthropiques[END_REF] in the Cameroon River, central Africa; [START_REF] Asselman | Suspended sediment dynamics in a large drainage basin: the River Rhine[END_REF] in the Rhine; [START_REF] Williams | Sediment concentration versus water discharge during single hydrologic events in rivers[END_REF] in the rivers of the USA; [START_REF] Alexandrov | Suspended sediment transport in flash floods of the semiarid northern Negev, Israel[END_REF] in the Negev, Israel; [START_REF] Hudson | Event sequence and sediment exhaustion in the lower Panuco Basin, Mexico[END_REF] in a basin in Mexico; [START_REF] Seeger | Catchment soil moisture and rainfall characteristics as determinant factors for discharge/suspended sediment hysteretic loops in a small headwater catchment in the Spanish Pyrenees[END_REF] in a small headwater catchment in the Spanish Pyrenees; [START_REF] Lecce | Seasonal controls on sediment delivery in a small coastal plain watershed, North Carolina, USA[END_REF] in a small plain watershed, in the USA; and [START_REF] Wu | Long-term freshwater inflow and sediment discharge into Lake Pontchartrain in Louisiana, USA[END_REF] in Pontchartrain Lake, one of America's largest estuaries.

To understand the mechanisms leading to erosion, transport or deposit of the sediments in Upper Tafna, there is a need to analyse the evolution of the suspended sediment load with flow variation at various temporal scales.

The present study covers a period of five water years from September 1988 to August 1993 and is based on 1257 instantaneous measurements of flow and suspended sediment concentrations taken at the Beni-Bahdel gauging station. The variations in flow allow the identification of 19 storm events (Fig. 3). An event is defined as starting when the flow exceeds the annual mean flow of the year under consideration, and finishing when it falls below this recorded mean.

The data are measured and provided by the National Agency of Hydrologic Resources (ANRH), the Algerian agency in charge of stream gauging. The discharges (Q L , m 3 s -1 ) are directly given by the rating curve to the heights of water measured by a limnimetric ladder and float water level recorder. With each flow measurement, water samples are taken close to the bank of the river to determine suspended sediment concentration. The water samples were filtered through 145 µm filter paper. The sediment collected was weighed after drying at 105°C for 24 hours: the difference in weight of the filter before and after filtration enabled the suspended sediment concentration to be calculated given the volume of water filtered (C SS , g L -1 ). The number of samples was adapted to the hydrological regime. They were taken every other day or, during flood periods, as frequently as every half-hour. 

RESULTS AND DISCUSSION

River discharge

As seen previously, the study period of September 1988-August 1993 is part of the long cycle of dryness. Over this period the annual average suspended sediment load at the outlet of the river was estimated at 287 000 t, which corresponds to a soil erosion rate of 1120 t km -2 year -1 . This estimate is comparable to those estimated in Maghreb where the erosion rates range between 1000 and 5000 t km -2 year -1 according to [START_REF] Walling | The sediment yield of African rivers[END_REF], or between 265 and 2569 t km -2 year -1 estimated by Heusch & Milliès-Lacroix (1971). For the Upper Tafna basin, the specific sediment yield is about five times larger than the average, estimated under different climates to be about 200-250 t km -2 year -1 [START_REF] Ludwig | River sediment discharge to the oceans: Present-day controls and global budgets[END_REF].

The fluctuations in average monthly flow and the associated suspended sediment load allow an evaluation of the overall tendency of the catchment's susceptibility to sediment delivery (Tables 1 and2). We distinguished two periods reflecting the characteristics of the Mediterranean climate (Fig. 4). The first covers the period from October to June, where the sediment production increases with increasing flow according to a power model of the type C SS = aQ L b . In spite of the higher flows, the suspended sediment concentration rarely exceeds 10 g L -1 . This value remains low compared to those recorded during the second period, which corresponds to the summer and the beginning of the autumn. 

Storm events characteristics

It is known that sediment transfer occurs mainly during storm events. In the Upper Tafna basin, these storms are rare and the river flows are ephemeral. The majority of the 16 events among the 19 recorded cover the period from November to May (Fig. 4).

The spring storms are generated by a succession of rain events. They present several peaks and can last up to 30 days. In contrast, the summer storms usually present a single peak and last less than three days. Along each hydrological cycle, four to five events are recorded and the duration of the storms represents only about 12% of the year. The storm events alternate with periods of severe low water level. The average

Q L (m 3 s -1 ) C SS (g L -1
) Fig. 4 The monthly average variations of water discharge and suspended sediment concentration during the five years studied, emphasizes two distinct periods: the first period is from October to June characterized by important water flows and low sediment loads; the second period includes the summer period and the beginning of autumn, it is marked by low water flows and high suspended sediment load. time between consecutive events is around 62 days and the volume discharged by storm events is about 64% of the total annual water contribution, estimated at 30.9 × 10 6 m 3 (Table 3). The fluctuations in sediment load have amplitudes higher than those related to the variations in flow (Fig. 3). Between September 1988 and August 1993, the highest concentrations of 115 and 105 g L -1 were measured for storms monitored in July 1989 and September 1990, respectively. The extreme values of the water flows generating these concentrations were, respectively, 30 and 106 m 3 s -1 . The high sediment concentrations recorded in Wadi Sebdou are higher compared to other basins of the region, such as the Mouilah basin (Algeria), where the highest sediment concentration is about 55 g L -1 [START_REF] Terfous | Etude du transport solide en suspension dans l'Oued Mouilah (Nord Ouest Algérien)[END_REF]. These values are comparable to 116 g L -1 estimated by Probst & Amiotte-Suchet (1992) for the Maghreb, but they remain far below the 186 g L -1 observed by [START_REF] Alexandrov | Suspended sediment transport in flash floods of the semiarid northern Negev, Israel[END_REF] in the Eshtemoa Basin, Israel. The suspended sediment contributions by storm events represent 93% of total annual sediment load. The majority of the sediment transfer occurs over very short time spans, especially during the rising stage of the hydrograph. [START_REF] Walling | Some sampling considerations in the design of transport[END_REF] report that the major part of sediment load (often nearly 90%) is carried within a minor part of event duration, about 5% of the annual time. For Sebdou Wadi, 86% of the total suspended sediment load occurs over about 5% of the time. For specific years, 1% of the time can be sufficient to deliver the primarily suspended sediment load. In the year 1988/89, 88% of the sediment load produced during the year (i.e. approximately 251 000 t) was carried in a time representing 3.65 days. In contrast, the transfer of water requires more time than that of the sediments. On average, 51% of the total water flow occurs during 10% of the time.

Periods and mechanisms of sediment production

In summer, several factors and parameters combine and favour high erosion. In particular, the Saharan winds-Siroccos-frequent in this season, develop wind erosion which competes with water erosion (FAO, 1986). The Saharan winds cause peaks in temperature exceeding 40°C, which lead to an increase in evapotranspiration. The soil dries up and this leads to the destruction of the vegetation. In the large plains, the wind reaches high velocity. It leads to the displacement of the sediments and destabilizes the structure of the fine matrix of the soil.

After the dry season, the first rains of autumn have an important impact on the exposed and desiccated soils, including splashing of soil particles. Moreover, the rapid wetting of the soil compresses the air trapped in the empty pores and causes the aggregates to burst (Le Bissonnais & Le Sedou, 1995;Le Bissonnais et al., 1995;[START_REF] Martínez-Mena | Role of antecedent soil water content on aggregates stability in a semi-arid environment[END_REF]. A negligible part of surface runoff infiltrates into the ground or is absorbed by the vegetation. As a result, the infiltration of water from the soil towards the groundwater zone is poor. The water supply to the river is mainly carried by the surface runoff which results in erosion on hillslopes by carrying fine particles and organic matter.

During the wet period of winter and spring, the flows are generated by relatively abundant, low-intensity rainy sequences. The rainfalls encounter a movable soil with vegetation that confers a roughness and favours the retention of water in the soil. The roots of the plants facilitate infiltration through faults and karstic formations. Thereby, this period corresponds to a large groundwater contribution expressed by a low suspended sediment concentration. The evolution of the suspended sediment concentration according to the flow shows different forms. The majority of the sediments supplied at the outlet of the basin are derived from the stream channel network. However, the contribution from channel erosion becomes important only after significant increases in the flow. These are generally generated by rainy events which span the whole of the catchment. The Q L -C SS relationships for the events characterizing this period produce hysteresis in the form of a figure eight (Fig. 5). This type of response results in sediments appearing in the fluvial bed and it indicates the importance of the delayed flow component in the water supply [START_REF] Williams | Sediment concentration versus water discharge during single hydrologic events in rivers[END_REF]. The remainder of the events is generated by a succession of variable intensity rainfall and there is an absence of hysteresis.

With the end of the wet period, the high moisture of the soil and the quite dense vegetation confer a protection to the soil against mechanical erosion. However, high suspended sediment concentration can occur, similar to that of autumn. These Fig. 6 The influence of event sequence on water discharge and suspended sediment concentration: example of the year 1988-1989. sediments are derived from the steep hillslopes where the soils are thin. These soils saturate quickly and there can be significant erosion which results in the development of major erosional gullies on the hillside [START_REF] Roose | Les montagnes méditerranéennes d'Algérie. Impact de l'intensification de l'agriculture de montagne sur l'environnement et les revenues[END_REF][START_REF] Roose | Ravinement en Algérie. Typologie, facteurs de contrôle, quantification et réhabilitation[END_REF]. The gullies, considered as the extension of the hydrographical network, confer to the catchment basin a high drainage density of around 2.88 [START_REF] Bouanani | Hydrologie, transport solide et modélisation. Etude de quelques sous bassins de la Tafna (NW-Algérie)[END_REF]. This value represents the ratio between the accumulations of the length of the hydrographic network divided by the catchment area [START_REF] Chow | Applied Hydrology[END_REF]. According to [START_REF] Megnounif | Production et transport des matières solides en suspension dans le bassin versant de la Haute Tafna (Nord Ouest Algérien)[END_REF], the annual contribution from stream channel erosion represents at least 38% of the total river-suspended sediment transport. The second source of sediments is partly from the collapse of the stream banks. After recession of the hydrograph, the saturated stream banks, colonized by vegetation, are cohesive and resistant to collapse. The occurrence of flash flood events, although with moderate water contributions, causes scouring of the stream banks. Thus, it provides a source of sediments close to the flow axis and easily carried by the stream. This process accounts for the significant sediment contribution recorded in July 1989 and May 1991 (Fig. 6). It is noteworthy that these two events are preceded by large events with high peak flow; one, on 21 June 1989, recorded a maximum flow of 33.3 m 3 s -1 . In the same way, the year 1990/91 was )

(1)Beginning of year (2) Wet period (3) The end of wet period Fig. 7 Comparison of relationships between water discharge, Q L and suspended sediment concentration, C SS , for all storms events occurring at the beginning of the hydrological year, in the winter-spring season, or at the end of the wet period (September 1988-August 1993). The data show the influence of event sequence on Q L -C SS relationships. For a given Q L , C SS is higher during the early events at the end of the wet period, and displays greater variability. For the events during the wet period, one can see that, apart from these periods, there is a strong dependence of

C SS on Q L .
characterized by important water contributions evaluated at 77.3 × 10 6 m 3 , which is about 250% of the annual average of 30.9 × 10 6 m 3 . Further, the maximum concentration, 22.5 g L -1 , reached on the rising limb of the 7 May 1991 hydrograph, with a peak output of 29.2 m 3 s -1 , is similar to that recorded on 13 March 1991, with 84.6 m 3 s -1 peak output, which was nearly three times larger. Under the Mediterranean environment, [START_REF] Rovira | Fluvial sediment budget of a Mediterranean river: the lower Tordera (Catalan Coastal Ranges, NE Spain)[END_REF] and [START_REF] Alexandrov | Suspended sediment transport in flash floods of the semiarid northern Negev, Israel[END_REF] conclude that suspended sediments carried by storm events that occur earlier in the year are generally more important than those carried by later ones. With regard to the studied basin, it appears that the sediment load at the end of spring can be occasionally as high as in autumn (Fig. 7).

At a monthly time scale, we distinguish three periods with different potentials for erosion (Fig. 8). In autumn, although the contribution of water is low, the sediment flux can be very significant, as was the case in the years 1990/91; 1991/92 and 1992/93. By contrast, the wet period corresponds to a dilution of suspended sediment caused by a large groundwater contribution. During this period, the Q L -C SS relationships show different forms. For the years 1990/91 and 1991/92, clockwise hysteresis patterns have been observed. The shape exhibited a rapid increase in the concentration with change in flow due, in part, to the re-suspension of the fine deposits in the river bed. These deposits result from previous erosion where flows were not of sufficient intensity to carry the eroded matter. The importance of the onset of hysteresis is related mainly to the abundance of sediments deposited and to large groundwater contribution. For the other years, the Q L -C SS relations give little information due to the fact that the monthly water flows are low. However, for the years 1988/89 and 1992/93, the suspended sediment concentration seems to change proportionally with flow. The relationship takes the form of a power function C SS = aQ L b . This represents a strong dependence of C SS on Q L , which would occur in a system that derives the majority of its sediment from entrainment of bed material, and thereby transports a proportionately smaller wash load.

With the end of the wet period, most of the significant mechanisms that generate sediments operate locally. The sediments are provided mainly from thin soils or by the collapse of stream banks. This justifies the significant suspended sediment contribution recorded in July 1989, May 1990 and May 1991, and explains the delay observed between the sediment contributions compared to the water supplies. The C SS peaks after Q L , resulting in a counter-clockwise (negative) hysteresis relationship.

CONCLUSION

This paper contributes to the understanding of suspended sediment load in ephemeral streams in the semi-arid Mediterranean environment. It concerns Wadi Sebdou (northwest Algeria). In the September 1988-August 1993 period, most (93%) suspended sediment transport occurred in storm events whose total duration was less than 12% of the year. The variation in suspended sediment concentration cannot always be explained by evoking the flushing of sediments at the beginning of runoff and the dilution of sediment supply towards the receding limb of the hydrograph. Different forms of the Q L -C SS relationships are attributed to the competing influences of several processes which operate in the basin. The suspended sediment yields contrast markedly during the year. During particular years, 1% of annual time can be sufficient to deliver 88% of the total sediment.

The analysis of the shape of water discharge-suspended sediment concentration relationships at monthly scales provides insight into the timing and nature of suspended sediment through the drainage system. We identified three periods with substantial differences in discharge and sediment transport conditions: -In the autumn, the Q L -C SS relationships are distinguished by a low discharge and high suspended sediment concentration. A large part of suspended sediments is provided by wash load from the hillslopes. -During the wet period, the Q L -C SS relationships show two forms of hysteresis: clockwise hysteresis is exhibited during wet years. The highest values of C SS preceding Q L are related to the contribution of hillslopes to channel derived sediments and the competence of the stream to entrain the previous sediment deposit. In the second case, the majority of sediments are derived from the hydrographic network. There is a strong dependence of C SS on Q L according to a power model

C SS = aQ L b .
-With the end of wet period, a counterclockwise hysteresis relationship between Q L and C SS is exhibited. This form is brought about when there are soils close to saturation. Also, it would be due to a minor precipitation event occurring after a major event, causing collapse of the stream banks.

For the Upper Tafna basin, we distinguished two periods of active erosion with high sediment yield: the first in the autumn when higher suspended sediment concentration has been related to intense convective rain cell and the flushing of sediment accumulated during the dry summer period with low soil moisture, poor vegetation and high wind erosion; and the second corresponding to the end of the wet period. The mechanisms of erosion operate locally and are mainly significant on the steep slopes where the soil is thin. Also, at this time, the collapsing of stream banks is frequent and provides a significant source of sediments. These mechanisms generate large amounts of suspended sediment load which are similar to the higher sediment fluxes caused by the heavy rains of autumn.

We conclude that the poor vegetation and the low soil moisture explain the highest sediment fluxes observed in autumn. By contrast, the high soil moisture and collapse of the stream banks are responsible for the large amounts of sediment produced at the end of the wet period.

Fig. 1

 1 Fig. 1 Map of the catchment area.

  . The water drained by Wadi Sebdou feeds the Beni-Bahdel dam, brought into service in 1946 with a storage capacity of 59 × 10 6 m 3 . The gauging station (latitude: 118.80; longitude: 163.40; elevation: 665 m) is situated at the outlet of the basin and approximately 1000 m upstream of the inlet of the dam.

Fig. 3

 3 Fig. 3 Time series plot of instantaneous water discharge and suspended sediment concentration from September 1988 to August 1993.

Fig. 5

 5 Fig.5Common styles of relationships between water discharge, Q L , and suspended sediment concentration, C SS , recorded in the winter-spring period. The events display hysteresis in the form of a figure eight, as shown by the events of 3 January 1990 and 1 March 1991. In other cases, there can be absence of hysteresis, as shown in the event of19 March 1989. 

Fig. 8

 8 Fig.8Relationships between suspended sediment concentrations and water discharge for each hydrological year (monthly averages).

Table 1

 1 Average monthly water discharge in Wadi Sebdou (m 3 s -1 ).

	Year	S	O	N	D	J	F	M	A	M	J	J	A	Average annual
														water discharge
	1988/89 0.21 0.31 0.42 0.50 0.47 0.44 3.14 0.58 0.31 1.11 1.19 0.20 0.74
	1989/90 0.23 0.25 0.47 0.32 1.01 0.44 0.24 0.41 0.31 0.18 0.14 0.13 0.34
	1990/91 4.94 0.26 0.35 0.52 0.51 0.99 18.13 2.02 0.99 0.29 0.00 0.20 2.45
	1991/92 0.23 0.51 0.35 0.41 0.43 0.41 1.00 2.90 2.49 0.88 0.51 0.34 0.87
	1992/93 0.40 0.36 0.52 0.44 0.51 0.43 0.45 0.36 1.78 0.22 0.17 0.13 0.48
	Ave.	1.20 0.34 0.42 0.44 0.59 0.54 4.59 1.26 1.18 0.54 0.44 0.21 0.98

Table 2

 2 Average monthly suspended sediment concentration in Wadi Sebdou (g L -1 ).

	Year	S	O	N	D	J	F	M	A	M	J	J	A	Average annual
														concentration
	1988/89	0.07 0.06 0.09 0.08 0.06 0.08	2.55 0.33 0.51 1.19 78.02 0.25 11.68
	1989/90	0.51 0.38 1.08 0.12 3.50 0.06	0.30 0.07 1.69 0.07		0.52 0.08	1.24
	1990/91 39.34 0.11 0.06 0.14 0.30 0.78 11.59 0.06 6.70 0.05		0.00 0.00 14.07
	1991/92	0.38 2.78 0.02 0.17 0.05 0.04	1.49 4.13 0.89 0.02		0.02 3.00	1.74
	1992/93	4.19 0.04 0.23 0.08 0.05 0.11	0.29 0.04 1.20 0.03		0.19 0.12	0.73
	Average 32.69 0.93 0.33 0.12 1.29 0.33	9.57 1.96 1.98 0.51 41.79 1.16	9.29

Table 3

 3 Annual budget of water and suspended sediment, and storms contribution(September 1988- August 1993).

	Year	Water contribution:		Sediment contribution:	
		Total annual contr. (10 6 m 3 )	Storms contr. (10 6 m 3 )	(%)	Total annual contr. (10 6 t)	Storms contr. (10 6 t)	(%)
	1988/89	23.5	14.0	60	0.274	0.271	99
	1989/90	10.9	3.4	31	0.013	0.009	67
	1990/91	77.3	62.4	81	1.087	1.009	93
	1991/92	27.3	14.6	53	0.048	0.038	80
	1992/93	15.2	7.4	49	0.011	0.010	91
	Average	30.9	20.4	66	0.287	0.267	93