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INTRODUCTION

A better understanding of suspended load dynamics in rivers is crucial as fine particles strongly affect the water quality, aquatic habitats and can also lead to siltation problems in hydropower plans [START_REF] Kondolf | Sustainable sediment management in reservoirs and regulated rivers: Experiences from five continents[END_REF][START_REF] Mathers | The fine sediment conundrum; quantifying, mitigating and managing the issues[END_REF][START_REF] Misset | The Dynamics of Suspended Sediment in a Typical Alpine Alluvial River Reach: Insight From a Seasonal Survey[END_REF][START_REF] Owens | Fine-grained sediment in river systems: Environmental significance and management issues[END_REF][START_REF] Vercruysse | Suspended sediment transport dynamics in rivers: Multi-scale drivers of temporal variation[END_REF][START_REF] Walling | Storage of sediment-associated nutrients and contaminants in river channel and floodplain systems[END_REF]. Suspended load is highly variable in time as fine particles can originate from various erosion processes. They can either be eroded on hillslopes or originate from the river bed [Collins and Walling, 2007b;[START_REF] Legout | Quantifying suspended sediment sources during runoff events in headwater catchments using spectrocolorimetry[END_REF]Misset et al., 2019a;[START_REF] Park | Coupling fine particle and bedload transport in gravelbedded streams[END_REF][START_REF] Piqué | Variability of in-channel sediment storage in a river draining highly erodible areas (the Isábena, Ebro Basin)[END_REF][START_REF] Walling | The catchment sediment budget as a management tool[END_REF]. In mountainous watersheds, characterized by high sediment yields [START_REF] Vanmaercke | Sediment yield in Europe: Spatial patterns and scale dependency[END_REF] some studies suggest that the river bed can be considered as a buffer controlling downstream fluxes from the event to the annual time scale [START_REF] Guillon | Proglacial sediment dynamics from daily to seasonal scales in a glaciated Alpine catchment (Bossons glacier, Mont Blanc massif, France)[END_REF][START_REF] Navratil | Temporal variability of suspended sediment sources in an alpine catchment combining river/rainfall monitoring and sediment fingerprinting[END_REF][START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF][START_REF] Orwin | Short-term spatial and temporal patterns of suspended sediment transfer in proglacial channels, Small River Glacier, Canada[END_REF]. It is thus of importance to assess the quantity of fine sediments stored in the river bed of these catchments for instance to design a management plan aiming at reducing the fine sediments delivered. Such assessment is also required to calibrate predictive conceptual models of suspended load at the catchment scale such as the ones proposed by [START_REF] Asselman | Assessment of morphological changes induced by flow and flood pulses in a gravel bed braided river: The Tagliamento River (Italy)[END_REF][START_REF] Park | Modeling fine particle dynamics in gravel-bedded streams: Storage and re-suspension of fine particles[END_REF][START_REF] Picouet | Modelling the suspended sediment dynamics of a large tropical river: the Upper Niger river basin at Banankoro[END_REF]. These models consider a conceptual storage reservoir which is often statistically calibrated and poorly documented introducing a substantial uncertainty in the approach. It could also help to understand the complex interactions between fines particles and the gravel matrix [START_REF] Hill | Experimental study of the effect of grain sizes in a bimodal mixture on bed slope, bed texture, and the transition to washload[END_REF]Misset et al., 2019c;[START_REF] Mooneyham | Deposition of Suspended Clay to Open and Sand-Filled Framework Gravel Beds in a Laboratory Flume[END_REF] and more generally the geomorphological factors and hydrological processes controlling fine sediment dynamics in mountainous rivers.

Several studies already focused on fine particles stored in the river bed [START_REF] Buendia | Temporal Dynamics of Sediment Transport and Transient In-channel Storage in a Highly Erodible Catchment[END_REF]Collins and Walling, 2007b;[START_REF] Duerdoth | Assessment of a rapid method for quantitative reach-scale estimates of deposited fine sediment in rivers[END_REF][START_REF] Lambert | Measurement of Channel Storage of Suspended Sediment in a Gravel-Bed River[END_REF][START_REF] Marteau | Asynchronicity of fine sediment supply and its effects on transport and storage in a regulated river[END_REF][START_REF] Naden | Understanding the controls on deposited fine sediment in the streams of agricultural catchments[END_REF][START_REF] Turley | Quantifying Submerged Deposited Fine Sediments in Rivers and Streams Using Digital Image Analysis[END_REF]. The ratios between these bed stocks of fine particles and the annual suspended sediment load were found to be highly variable depending on the catchment considered (ranging from 0 to100%). This ratio was also found to vary for a given catchment in time and space [Collins and Walling, 2007b;[START_REF] Piqué | Variability of in-channel sediment storage in a river draining highly erodible areas (the Isábena, Ebro Basin)[END_REF]. However, most of these studies were conducted in lowland rivers and considered exclusively underwater storage. In mountainous rivers, fine particles stored in the whole active width, i.e. in dried facies could also contribute significantly to the downstream fluxes as the bed of these rivers is often highly mobile and exhibit large gavel bars during low water stages [START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF]. Few studies such as the one of [START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF] proposed a method to quantify fine sediment stocks in mountainous rivers. Following this approach, this study aims to (i) estimate the local stocks of fine particles in the river beds of various alpine catchments (ii) analyze their spatial and vertical variability and (iii) compare the stocks at the catchment scale with the suspended fluxes observed at the outlet to estimate the potential river bed contribution to total suspended load.

MATERIAL AND METHODS

STUDIED AREA

Seven Alpine catchments for which long term suspended load measurements are available were analyzed in this study (Figure 1). They ranged from 110 to 635km² and comprise a wide range of river bed morphologies (from steep and narrow step pools to wide braiding streams) and catchment characteristics. The approach developed to assess river bed fine sediment stocks in each of these seven catchments combined measurements of local stocks with aerial photography analysis. The local measurements were performed with two distinct protocols, for dried areas or in wetted channels. 

SAMPLING PROTOCOL

Dried areas sampling protocol

A sampling technic adapted from the protocol proposed by Navratil et al. ( 2010) was used to measure local stocks of fine sediments in the dried parts of rivers active widths. Two layers were distinguished. A first layer comprises fine sediments deposited above and into the armor layer denoted h1 in Figure 2. A second layer denoted h2 in Figure 2, under the first one and comprising fine sediments in the subsurface was considered. The steps of this sampling technic are detailed in Figure 3. First, a rectangular area ( , 𝐴 m²) of 28cm by 34 cm was sampled over the h1 depth and put in a container with 20 liters of water from the river ( , L). This area was found to be a good 𝑉 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 1 compromise between the time needed and the uncertainty associated to the surface considered. Approximatively ten minutes were needed to do one measurement with two operators. A shovel was then used to a shake the mixture and put fine sediments in suspension. This was done in a normalized way by the same operator which turned ten times the shovel in the bottom of the container. Then a 250 ml bottle was used to take a sample of the turbid water after waiting 4 seconds so that the sand particles were settled. This bottle was brought to the laboratory to measure its suspended sediment concentration ( , g L -1 ) from which the suspended sediment concentration of 𝑆𝑆𝐶 𝑠𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 1 the water coming from the river was subtracted. Finally the local stock of fine sediment for the surface layer ( , g m -2 dm -1 ) could be estimated using Eq. 1.

𝑠𝑡 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑠𝑡 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 = 𝑆𝑆𝐶 𝑐𝑜𝑛𝑡𝑟𝑎𝑖𝑛𝑒𝑟 1 𝑉 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 1 𝐴ℎ 1 (1)
The second step was to add sediments from the subsurface layer in the container without removing the first mixture and to repeat the procedure detailed above. The subsurface stock ( , g m -2 dm -1 ) was estimated using Eq.2 : 

𝑠𝑡 𝑠𝑢𝑏𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑠𝑡 𝑠𝑢𝑏𝑠𝑢𝑟𝑓𝑎𝑐𝑒 = (𝑆𝑆𝐶 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 2 -𝑆𝑆𝐶 𝑐𝑜𝑛𝑡𝑟𝑎𝑖𝑛𝑒𝑟 1 )𝑉 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟 2 𝐴ℎ 2 (2)

Wetted channel sampling protocol

The [START_REF] Lambert | Measurement of Channel Storage of Suspended Sediment in a Gravel-Bed River[END_REF] protocol described in many publications was used to estimate fine sediment storage in the wetted channels [Collins and Walling, 2007a;[START_REF] Duerdoth | Assessment of a rapid method for quantitative reach-scale estimates of deposited fine sediment in rivers[END_REF][START_REF] Piqué | Variability of in-channel sediment storage in a river draining highly erodible areas (the Isábena, Ebro Basin)[END_REF]Walling et al., 1998]. A cylinder with a diameter of 29 centimeters was pushed in the river bed to separate the sampling area from the flow. Then a trowel was used to disturb and agitate the bed before a turbid water sample was taken in a 250 ml bottle to estimate its concentration. No differences were made between surface and subsurface. The depth of bed disturbance ( , m) was ℎ 𝑏𝑒𝑑 disturbance estimated as well as the water depth in the cylinder ( , m) to finally get the local ℎ 𝑤𝑎𝑡𝑒𝑟 stocks estimates:

𝑠𝑡 𝑤𝑎𝑡𝑒𝑟 = 𝑆𝑆𝐶 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 × ℎ 𝑤𝑎𝑡𝑒𝑟 ℎ 𝑏𝑒𝑑 disturbance (3)

Characterization of the sampled sediments

In total, 339 measurements were conducted in the seven studied catchments between June and August 2017 (Table 1). More samples were performed in large braided rivers as the spatial variability was expected to be higher in these systems (Asse, Buech, Petit Buech and Drac). The sites were located along the main fluvial corridor to be the most representative as possible. Because the objective of this approach was to compare stocks and fluxes, we had to estimate the sediment size representative of our measurements. A diameter of 100µm was considered as a first approximation, to be consistent with the upper limit of turbidity technics sensitivity [START_REF] Lewis | Turbidity-controlled suspended sediment sampling for runoff-event load estimation[END_REF]. Preliminary tests revealed that the two resuspension technics used were representative of the finest fraction of the fine river bed stocks as the fraction larger than 100µm ranged between 10% and 37% (Table 2). Similar results were obtained by [START_REF] Lambert | Measurement of Channel Storage of Suspended Sediment in a Gravel-Bed River[END_REF]. We also characterized settling properties of surface deposits in five of the catchments (Arc, Drac, Asse, Buëch and Romanche) using an optical settling column called System Characterizing Aggregates and Flocs (SCAF) [START_REF] Legout | Assessment of erosion and settling properties of fine sediments stored in cobble bed rivers: the Arc and Isère alpine rivers before and after reservoir flushing[END_REF]Wendling et al., 2015]. Observed settling velocities (mean value per river) ranged between 10-4 and 10-3 (m/s) which, considering the Stokes law, corresponds to particle diameters of approximately 10-35μm.

Arc Arvan Asse

Buëch Petit Buëch Drac Glandon Romanche Fraction larger than 100µm 37% (1) -10% (2) 14% (1) 24% (1) 33% (1) -23% (1) Table 2: Fraction of the total mass sampled with a diameter larger than 100µm. (1) Indicates data obtained by sieving under water the total mass of samples obtained by using the two sampling protocols detailed in material and methods.

(2) Indicates data obtained by comparing two masses of sieved samples with the two protocols detailed in material and methods. Note: the Petit Buech is the main tributary in the Buech catchment. Two strategies were used to integrate the local stocks over the entire river system. For large enough rivers (Arc, Asse, Buëch Drac and Romanche Rivers) the four storage facies proposed by [START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF] were used (Figure 4). The main channel (MC) facies was defined as the wetted channel during base flow period. The dry braided channels (DBC) classification was used for secondary channels that start to flow when the water level rises. Vegetated bars (VB) and non-vegetated bars (B) were also distinguished. This classification was used because it allows in the field to distinguish these storage zones where physical processes leading to sedimentation could differ. [START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF] observed large differences of storage values on these facies. Sediment may also not be mobilized in the same way and with the same frequency in these four facies. The samples were taken on cross sections distributed along the river. The mean stock obtained for the facies i ( , g m -2 dm -1 ) was then multiplied by the 𝑠𝑡 𝑖 surface of this facies ( , m²). The mass stored in the entire river bed for a given depth ( 𝐴 𝑖 , t dm -1 ) was obtained by adding the integrated stocks for each storage facies:

LOCAL STOCKS INTEGRATION OVER THE CATCHMENT

𝑆𝑡 𝑐𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 𝑆𝑡 𝑐𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 = 4 ∑ 𝑖 = 1 𝑠𝑡 𝑖 𝐴 𝑖 (4)
Aerial photographies with a 0.5 m resolution were used to estimate the surface occupied by each facies. An automated classification based on radiometry was performed with Arcgis 10.3 (Figure 5). The "Maximum Likelihood Classification" function was used after the active width was manually digitalized. As verified by [START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF], the surface occupied by each facies was assumed to be constant in time. Unfortunately for most photographies, it was not possible to distinguish the DBC from the B facies. Thus, the cross sections with facies delimitation (Figure 6) were used to roughly estimate the fraction of area detected as B facies while being a DBC facies (

). 𝐴 𝐷𝐵𝐶 (𝐴 𝐷𝐵𝐶 + 𝐴 𝐵 )

According to measurements in all the cross sections, an average value of 25% for this ratio was considered. For narrower rivers for which aerial photographies could not be used to estimate properly facies surfaces (Arvan and Glandon) the mean stock measured on a cross section i was integrated using Eq.5 considering an average storage value for all facies ( for a given active river bed area ( ). This was repeated for the n cross sections 𝑠𝑡 𝑖 )

𝐴 𝑖 where measurements were made. The surface ( ) was defined as the surface of the 𝐴 𝑖 active width delimited by the middle of the distance between section i-1 and i and the middle of the distance between section i+1 and i. This surface was calculated using the active width digitalization with a 1m spatial step.

𝑆𝑡 𝑐𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 = 𝑛𝑏 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 ∑ 𝑖 = 1 𝑠𝑡 𝑖 𝐴 𝑖 (5)

ESTIMATE OF AVAILABLE STOCKS

Additional measurements were made to roughly assess the flow stage needed to mobilize the fine sediments stored in different zones of the river bed and estimate the available stocks of fines particles for a given flow condition. As samples were taken along cross sections, the topography was measured using a DGPS or a total station having a centimetric precision. Localization of the samples as well as the types of facies were measured (Figure 6). We also qualified visually the fraction of fine particles cover at the bed surface for each samples. Those with less than 75% of fine cover was considered as type 1, more than 75% as type 3 and type 2 was considered for intermediate situations. The water surface slope of each reach was measured as well as the bed surface grain size distribution using the non-truncated Wolman count technic [Wolman, 1954]. These measurements were then used to estimate the zones mobilized for a given flood event.

To do so, the variable-power law flow resistance equation proposed by [START_REF] Ferguson | Flow resistance equations for gravel-and boulder-bed streams[END_REF] was applied in an iterative way considering several vertical panels to take into account lateral cross section variability. This friction law is well suited for low relative submergence and flow conditions found in the studied Alpine rivers [Rob Ferguson, 2010;[START_REF] Rickenmann | Evaluation of flow resistance in gravel-bed rivers through a large field data set[END_REF]. The water level corresponding to a given flow rate was calculated using the measured slope ( ), the 84% percentile of the grain size 𝑆 distribution ( , m) and the cross section topography:

𝐷 84 𝑈 𝑔𝑅 ℎ 𝑆 = 2.5 𝑅 ℎ 𝐷 84 1 + 0.15 ( 𝑅 ℎ 𝐷 84 ) 5/3 (6)
in which U (m s -1 ) is the mean velocity, g the gravitational acceleration (m s -2 ) and R h the hydraulic radius (m). It was then possible to estimate a local Shield number (1000 values equally spread over the cross section) with the local water depth ( , m) for coarse 𝑑 sediments over the cross section assuming a constant slope for all the section:

𝜏 84 * = 𝜌𝑔𝑑𝑆 (𝜌 𝑠 -𝜌)𝑔𝐷 84 (7)
in which is the water density (kg m -3 ) and is the sediment density (kg m -3 ). We 𝜌 𝜌 𝑠 estimated the vertical scouring depth when the armor layer was mobilized by using the probability model developed by [START_REF] Haschenburger | A Probability model of scour and fill depths in gravel-bed channels[END_REF] based on field measurements in gravel bedded streams. The probability to observe scouring smaller than cm (

) is 𝛿 𝑃(𝛿) defined by an exponential distribution with a parameter θ (cm -1 ):

𝑃(𝛿) = { 1 -𝑒 -𝜃𝛿 𝑓𝑜𝑟 𝑠𝑐𝑜𝑢𝑟 ≥ 0 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 (8)
The θ parameter is empirically defined by Haschenburger as a function of the transport stage ( ):

𝜏 * 𝜏 𝑐 * 𝜃 = 3.33𝑒 -1.52 𝜏 * 𝜏 𝑐 * (9)
which was estimated considering the in Eq.7 and a critical shield number ( ) 𝐷 84 𝜏 84𝑐 * function of the riverbed slope [START_REF] Recking | Theoretical development on the effects of changing flow hydraulics on incipient bed load motion[END_REF]:

𝜏 84𝑐 * = 0.56𝑆 + 0.021 (10)
Because riverbed scouring is a stochastic process, we computed several scouring depths ( ) corresponding to non-exceedance probabilities equal to 5%, 50% and 95%:

𝛿 𝛿 = - ln (1 -𝑃(𝛿)) 𝜃 (11)
Also, based on DeVries (2002) observations, we considered an upper limit for the possible scouring depth, equal to 2D 90 . We considered and average stock per facies and between surface and subsurface for each cross section. Finally, the available river bed stock was computed by integrating the local stock and the local scouring depth over the cross section. This calculation was performed for each cross section where measurements were conducted to obtain a mass of fine particles released ( , t m - 𝑚 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 1 ) as a function of the peak flow rate:

𝑚 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 = ∫ 𝑊 𝑙 = 0 𝑠𝑡 𝑙𝑜𝑐𝑎𝑙 𝑖 (𝑙) 𝛿(𝑙)𝑑𝑙 (12)
in which is the local average stock for the facies i (g m -2 dm -1 ), the local 𝑠𝑡 𝑙𝑜𝑐𝑎𝑙 𝑖 (𝑙) 𝛿(𝑙) scouring depth (dm) and W (m) the total width of the cross section considered. To take into account drainage area differences between the outlet of the basin and the cross section calculation, we used specific peak discharges detrended as a function of the catchment area as is often done in similar studies [START_REF] Mueller | Morphologically based model of bed load transport capacity in a headwater stream[END_REF][START_REF] Piton | The concept of travelling bedload and its consequences for bedload computation in mountain streams[END_REF]. For a given scouring probability (5%, 50% and 95%), an average value of the mass released calculated for all cross sections was considered ( , t m -1 ). It 𝑚 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 (𝑄 𝑝𝑒𝑎𝑘 ) was then multiplied by the stream length considered representative of the storage system ( , m) based on the active width digitalization to get the total 𝐿 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 available riverbed stocks ( , t) at the catchment scale as a function of the peak 𝑀 𝑐𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 discharge:

𝑀 𝑐𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 (𝑄 𝑝𝑒𝑎𝑘 ) = 𝑚 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 (𝑄 𝑝𝑒𝑎𝑘 )𝐿 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 (13)
Details about the parameters considered for the calculation can be found in the supplementary material. The calculation procedure is synthetized in Figure 7: 

SUSPENDED SEDIMENT YIELD MEASUREMENTS

Suspended sediment load (SSL, g s -1 ) was measured in the seven Alpine catchments using high frequency (1h) turbidity and water level measurements as often done is such rivers [START_REF] Mano | Assessment of suspended sediment transport in four alpine watersheds (France): influence of the climatic regime[END_REF][START_REF] Navratil | Global uncertainty analysis of suspended sediment monitoring using turbidimeter in a small mountainous river catchment[END_REF]. Rating curves between water level and flow rate (Q, m 3 s -1 ) or between turbidity and suspended sediment concentration (SSC, g l -1 ) were built by using repeated flow rate gauging (salt dilution, aDCP, LSPIV and current meters) and SSC sampling (automated ISCO samplers). Suspended load was calculated at each time step by considering a homogeneous concentration (highly turbulent and well mixt flow) over the cross section:

𝑆𝑆𝐿 = 𝑆𝑆𝐶 × 𝑄 (14) 
SSL was integrated over each year of measurement and divided by the catchment area to get the specific suspended sediment load (t km -2 year -1 ) and mean annual suspended load (t) for each catchment. When turbidity data were missing, a global rating curve fitted for all the available measurements was used to estimate missing SSC [R I [START_REF] Ferguson | River Loads Underestimated by Rating Curves[END_REF]. Because suspended yield is variable from on year to another, the mean and standard deviation of this value was considered. The stock of fine sediment estimate in the river bed could then be compared to the annual fluxes for each catchment.

RESULTS

LOCAL STOCKS

STOCK PER FACIES

Considering average surface and subsurface stocks, several observations can be made. The local stocks were highly variables in a given catchment and between catchments (Figure 8, Figure 8 and Table 3). For instance, the Arvan catchment had much higher local stocks (MC and B) than the other catchments. Also, these stocks covered at least two orders of magnitude considering the four facies and all catchments (Figure 8, Table 4). Despite this large variability, the four facies (main channel, bars, dry braided channel and vegetated bars) exhibited well defined ranges of storage considering measurements in a given catchment or all measurements together (Figure 8, Figure 9, Table 4). It indicates that the storage processes are different in these four zones. The main channel is the facies storing the less fine particles (median stock considering all river of 2 kg m -2 dm -1 ) probably because shear stresses are always too high so that large deposition cannot occur. The naked bars exhibit a slightly higher median storage (2.8 kg m -2 dm -1 ) but it is not statistically significant (Mann-Whitney tests positive one-side test gives p value >0.05). The storage is much more important in dry braided channels and in vegetated channels (respectively 5.4 and 20 kg m -2 dm -1 ) as confirmed by Mann-Whitney tests (p values <0.001). Vegetated bars store significantly more than dry braided channels (p values <0.001). These storage differences may be explained by differences in the hydrodynamics and by the frequencies of submersion as discussed in the following sections. 

SURFACE VERSUS SUBSURFACE

The measurements conducted in dry facies (bars, dry braided channels and vegetated bars, Figure 4) allowed us to compare the stocks found in surface and subsurface (Figure 10). For the three facies, subsurface stocks were generally larger than surface stocks as confirmed by non-parametric Mann-Whitney tests (positive oneside test): the distribution of subsurface versus surface stocks ratios was statistically larger than 2.23 for bars (p value <0.01), larger than 1.32 for dry braided channels (p value <0.01) and larger than 1.35 for vegetated bars (p value <0.01). This shows that a significant part of the fine sediment stocks is present under the surface poorly mobile armor layer. The subsurface stocks release might thus be controlled by the armor layer mobility, especially for gravel bars. Considering the relation between surface and subsurface stocks without consideration of the storage facies in the seven alpine gravel bed rivers led to interesting observations (Figure 11). First, a minimum value of subsurface stock approximately of 1kg m -2 dm -1 was always measured, even when the bed surface stock was very small. Also, only 25% of measurements showed surface stocks higher than subsurface ones. Despite highly variable measurements, the relation between surface and subsurface stocks could be fitted with a 2 nd order polynomial relation, considering storage value in kg m -2 dm -1 (Eq.15, R²=0.76):

𝑠𝑡 𝑠𝑢𝑏𝑠𝑢𝑟𝑓𝑎𝑐𝑒 = 7.10 -5 (𝑠𝑡 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 ) 2 -0.023(𝑠𝑡 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 ) + 3000 (15) This best fit shows that for surface stocks below 3 or 4 kg m -2 dm -1 the subsurface stocks is quite constant around 3 kg m -2 dm -1 . Beyond this threshold, subsurface stocks increase when the surface storage increases. This suggests that below a surface value of 3 to 4 kg m -2 dm -1 , surface and subsurface storage are not dependent while above this threshold, surface and subsurface stock co-evolve. 

AERIAL PHOTO ANALYSIS

The facies area obtained after the supervised classification analysis and active width digitalization reveals large differences in the total river bed area of the seven basins (Figure 12). The Glandon, Arvan and Romanche which exhibit mainly step pool and plane bed morphologies have relatively small river bed areas (respectively 2.0 10 5 , 4.4 10 5 and 5.4 10 5 m²). The active width digitalization shows that the Arvan and Glandon rivers have a narrow bed (median active width of respectively 13.7 and 8.4 m) which limited the possibility to perform an automatic classification process. On the opposite, the Drac and Buech exhibit large river bed area related to their braided morphologies (respectively 2.9 10 6 and 4.2 10 6 m²). The Asse and Arc catchments have intermediate areas (1.6 10 6 m² for both). For most rivers (except for the Romanche river), emerged bars (including B and DBC facies) represent the major fraction, especially for the braided morphologies (respectively 59% and 52% for the Drac and Buech). Vegetated bars often represent the smallest fraction. 

TOTAL STOCKS AND COMPARISON WITH ANNUAL FLUXES

The total riverbed stocks calculated over a depth of 1 dm varied between catchments. While braided rivers have relatively low local stocks compare to others, their large river bed area can store a large amount of fine particles (respectively 50 000 and 100 000 tons for the Drac and Buech). Also, while significant differences in river bed areas were observed for the other catchments, quite similar total stocks values were obtained (range 5600 -8200 tons) except for the Glandon which has much lower total stocks (1200 tons). Using the suspended load time series we could estimate the mean specific sediment yield for the seven catchments (Figure 13-b) and compare it with the river bed stocks (Figure 13-c). The specific sediment yield is actually highly variable in a given catchment. Also the seven basins covered a large range between 130 and 2800 t km -2 year -1 . The Arvan exhibits the highest fine sediments production (2800 t km -2 year -1 ) and the Asse the second (650 t km -2 year -1 ). Other basins have specific sediment yield of nearly 200 t km -2 year -1 or below. The total stock versus mean annual suspended sediment yield ratios range between 1% and 64%. Despite the uncertainties associated to these values, the following observations can be made.

Large braided rivers (Buech and Drac) have significant stocks compared to the mean annual suspended sediment loads suggesting that the river bed can be a significant sediment source with a significant buffering capacity. Other rivers with narrower morphologies and a medium specific sediment yield (Arc, Romanche and Glandon) have ratios around 10%. This suggest that these river beds have a lower buffering capacity than large braided rivers but that they can still be considered as a significant sediment sources at shorter time scales. Finally, catchments with a high production of fine sediments (Arvan and Asse) exhibit limited river bed stocks compared to annual suspended sediment loads (1 to 2%). This suggests an efficient transfer downstream of the fine particles produced on hillslopes. 

ASSESSMENT OF AVAILABLE STOCKS

The previous comparison of river bed stocks and annual suspended sediment loads in the seven catchments allowed us to obtain a first estimate of the river bed contribution to the total sediment flux exported from the catchments considering a constant and homogeneous scouring depth of 1 dm as often done in similar studies [Collins and Walling, 2007a;[START_REF] Lambert | Measurement of Channel Storage of Suspended Sediment in a Gravel-Bed River[END_REF][START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF][START_REF] Piqué | Variability of in-channel sediment storage in a river draining highly erodible areas (the Isábena, Ebro Basin)[END_REF]. However, the river bed contribution depends on the hydraulic conditions for which these stocks can be released to the flow. The model based on a release of local river bed stocks due to vertical scouring (Figure 7) was applied on four of the rivers (Figure 14). With this approach, the range of mass estimated to be available in the river bed as a function of the event peak discharge (blue line and polygon in Figure 14) is much lower than the measurements (red points and red line) for the Arvan catchment. Considering the measured median mass per event (red line) and the median available riverbed stock (dark blue line), a maximum ratio of 7% was obtained between both quantities for this catchment. Similar observations were made for the Asse basin while the available stocks represent a larger fraction of suspended fluxes (maximum 19% considering median values). On the contrary, the Arc and Drac catchments exhibit available stocks similar to the measured fluxes for small to moderate events (maximum stock versus flux ratio of around 100%). These results are consistent with the previous ones showing that the Arvan and Drac basins have respectively limited and high river bed stocks relative to fluxes. However, the use of a constant or a variable scouring depth leads to different conclusions when applied to the Arc and Asse catchments. This will be discussed in the next sections.

DISCUSSION

SPATIAL VARIABILITY OF THE RIVER BED STOCKS

The local stocks measurements showed the strong storage variability and the importance of subsurface stocks which are in most cases larger than surface ones (true for all facies). This suggests that a significant part of the river bed stocks release is controlled by the mobility of the poorly mobile armor layer. This is particularly true for the bar facies. While no relation was observed between surface and subsurface stocks for low surface storage (lower than 4 kg m -2 dm -1 ) both quantities co-evolved for larger surface storage. This relation was interpreted by the presence of a "base level" of storage in the subsurface (3 kg m -2 dm -1 ) and a vertical gradient of stocks resulting from an unimpeded static percolation of fines particles in the gravel matrix when the surface concentration increases [START_REF] Gibson | Vertical gradational variability of fines deposited in a gravel framework[END_REF]. This is consistent with the strong interactions between fine particles transported as suspension and the gravel matrix reported in several flume and field studies [START_REF] Frostick | The infiltration of fine matrices into coarse-grained alluvial sediments and its implications for stratigraphical interpretation[END_REF][START_REF] Hill | Experimental study of the effect of grain sizes in a bimodal mixture on bed slope, bed texture, and the transition to washload[END_REF][START_REF] Misset | The Dynamics of Suspended Sediment in a Typical Alpine Alluvial River Reach: Insight From a Seasonal Survey[END_REF][START_REF] Mooneyham | Deposition of Suspended Clay to Open and Sand-Filled Framework Gravel Beds in a Laboratory Flume[END_REF][START_REF] Park | Coupling fine particle and bedload transport in gravelbedded streams[END_REF].

The results from this study also confirm the differences in storage processes that occur in the different zones (the four storage facies) of the river beds as previously observed by [START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF]. Gravel bars and dry braided channels (DBC) may be submerged sufficiently often so that surface stocks are removed frequently and vegetation cannot develop. The differences between these two facies (DBC showed generally lower ratios between subsurface and surface stocks and larger overall stocks) could be attributed to the differences in hydrodynamics in these two zones. Bars were generally higher in altitude than dry braided channels where flows with low shear stresses and potentially high suspended sediment concentrations could be observed during local storm event (summer) or during the recession of the floods. This could lead to spatially concentrated deposition and partial clogging in these dry braided channels (explaining the larger amount of fines and the larger surface stocks). For vegetated bars, located higher in altitude than bars, the submersion frequency is much lower. These zones are under water only for large events that generally submerge all the active channel width and are characterized by high suspended sediment concentration. For these conditions, shear stresses are generally low in VB as additional resistance is induced by the vegetation. This enable for massive depositions in these zones which exhibit the highest storage values. Depending on the time scale considered (few years), this facies can be considered as a sink as the fines particles stored here are much less frequently remobilized. Contrary to the other facies, one can expect that the remobilization of this facies might be mainly due to lateral channel migration as discussed in the next section.

Most previous studies that aimed at identifying the river bed stocks significance focused mainly on fine sediments stored in the main channel facies [START_REF] Buendia | Temporal Dynamics of Sediment Transport and Transient In-channel Storage in a Highly Erodible Catchment[END_REF]Collins and Walling, 2007a;[START_REF] Duerdoth | Assessment of a rapid method for quantitative reach-scale estimates of deposited fine sediment in rivers[END_REF][START_REF] Lambert | Measurement of Channel Storage of Suspended Sediment in a Gravel-Bed River[END_REF][START_REF] Marteau | Asynchronicity of fine sediment supply and its effects on transport and storage in a regulated river[END_REF][START_REF] Marttila | Storage, properties and seasonal variations in finegrained bed sediment within the main channel and headwaters of the River Sanginjoki, Finland[END_REF][START_REF] Piqué | Variability of in-channel sediment storage in a river draining highly erodible areas (the Isábena, Ebro Basin)[END_REF]. Other dry facies were not considered except in [START_REF] Navratil | Assessment of intermediate fine sediment storage in a braided river reach (southern French Prealps)[END_REF]. While estimating fine sediment stocks without considering the dry facies could be acceptable in lowland rivers that have a limited area occupied by bars, dry secondary channels of vegetated bars, our result show that such approach is more questionable in mountainous rivers. Considering only the main channel stocks would have led to much different conclusions in our studied catchments, where the main channel represented only a limited part of the sediment stocks (maximum 5% of the mean annual load). This suggests that future studies aiming at identifying the river bed contribution to the total suspended load in rivers exhibiting significant dry river bed areas should not only focus on underwater stocks. Additional measurements conducted in the Asse river (September 2017 and March 2018) were performed to interpret the results in regards to the seasonal variability of the stocks analyzed previously (Figure 15). A decrease between June and September and an increase from September to March of the surface DBC facies were observed (significant differences with a Wilcoxon test with p values <0.05). On the opposite the subsurface DBC facies showed an increase between June and September and a decrease from September to March (Wilcoxon test with p values <0.05). No significant differences were observed for the main channel facies (Wilcoxon test with p values >0.5). These observations are consistent with previous studies showing that temporal variations can occur depending on the hydrological and sedimentary conditions [START_REF] Buendia | Temporal Dynamics of Sediment Transport and Transient In-channel Storage in a Highly Erodible Catchment[END_REF][START_REF] Marteau | Asynchronicity of fine sediment supply and its effects on transport and storage in a regulated river[END_REF][START_REF] Piqué | Variability of in-channel sediment storage in a river draining highly erodible areas (the Isábena, Ebro Basin)[END_REF]. These variations at the season scale also highlighted that even the dry facies can contribute to store and release fine particles at short time scales. Performing such seasonal analysis should be addressed in future work, in various Alpine catchments to better understand periods and conditions for which the river bed stocks are flushed and then refilled. Also, this time variability associated to the suspended load variability at the annual and at the event scale (Figure 13-b and Figure 14) shows the difficulty to estimate the relative contribution of the river bed stocks to the total suspended fluxes as this contribution was probably changing through time (event, season and annual scale).

TEMPORAL VARIABILITY OF THE RIVER BED STOCKS

AVAILABLE RIVER BED STOCKS SIGNIFICANCE

The 339 stocks measurements conducted in seven Alpine gravel bed rivers showed that the subsurface often comprises a high quantity of fine particles stored under a poorly mobile armor layer. Our measurements are in agreement with recent flume experiments on porous beds highlighting the large influence of a gravel matrix on the bed capture and release of fine particles [START_REF] Mooneyham | Deposition of Suspended Clay to Open and Sand-Filled Framework Gravel Beds in a Laboratory Flume[END_REF]. Despite the surface stocks were slightly smaller than the subsurface stocks during our field campaigns, they might be more variable in time as suggested by Figure 15. The storage and remobilization of fine particles from the surface stock could be more frequent and mainly controlled by the submersion of the facies during runoff events [START_REF] Legout | Assessment of erosion and settling properties of fine sediments stored in cobble bed rivers: the Arc and Isère alpine rivers before and after reservoir flushing[END_REF], while the release of sediments from the subsurface would be more controlled by the mobilization of the gravel bed matrix.

The previous analysis of bed stocks release using a vertical scouring model at the catchment scale as a function of peak discharge has shown that the measured fluxes systematically increase much steeper than estimated available riverbed stocks for the larger peak discharges. It should however be stressed that the application of this model has numerous limitations. First the choice of the river bed longitudinal length to integrate the calculated bed release is uncertain and questions on the definition of the representative river bed area in a given catchment. Second, it shows that the mobilization depth is a key parameter which is difficult to estimate. Indeed, when analyzing in more details the simplified model results, we observe that the estimated bed production contribution to the total load always becomes negligible for high peak discharges (Figure 14). While the conceptual release of fine particles due to vertical scouring seems to be a relevant process for moderate to low discharges, it is not relevant during large events for which riverbed widening or lateral channel migration are key processes reworking the river bed [START_REF] Asselman | Assessment of morphological changes induced by flow and flood pulses in a gravel bed braided river: The Tagliamento River (Italy)[END_REF]. This is consistent with field observations reporting a maximum vertical scouring around 2D 90 in gravel bed rivers [START_REF] Devries | Bedload layer thickness and disturbance depth in gravel bed streams[END_REF] and observations of threshold channels which adapt their shape so that bankfull discharge corresponds more or less to the critical Shields stress [START_REF] Mueller | Variation in the reference Shields stress for bed load transport in gravel-bed streams and rivers[END_REF]. This suggests that two distinct mechanisms should be considered to model fine sediment releases from the river bed. However, the estimation/modeling of the magnitude of the lateral erosion remains difficult in practice. Thus, our capacity to estimate the potential release of river bed stocks is in fact highly linked to our knowledge about river bed mobility. As recently suggested by [START_REF] Peirce | The variability in the morphological active width: Results from physical models of gravel-bed braided rivers[END_REF], a valuable way to estimate such morphological changes could be to use reach scale morphodynamics such as stream power or bedload rate as was proposed by Misset et al. (2019c).

CONCLUSION

Hundreds of measurements performed in seven Alpine catchments revealed that significant quantity of fine particles is stored in their river beds. These stocks are highly variable in space, depending on the type of facies (main channel, secondary channel, bars and vegetated bars) in which they are stored. This suggests that storing processes strongly depend on the local hydraulics and bed configuration. The low quantity of fine particles found at the bed surface was interpreted in previous studies as the result of negligible interactions between this sediment fraction and the river bed. However, in the seven Alpine catchments studied, large quantities of fine particles were observed in the subsurface (base level of 1-3 kg m -2 dm -1 ) even when the surface stocks were not significant. A general trend was observed between both storage layers with generally higher amounts of fine particles in the subsurface which could result from a free percolation of fine particles in the gravel matrix. Thus a potential significant amount of fine particles could be released into the flow due to river bed mobility.

By integrating these stocks at the catchment scale, we estimated that they could exceed 50% of the mean annual suspended load for large braided rivers while they corresponded to 1% for highly eroded head water streams. Despite associated to uncertainties, these observations suggest that suspended load dynamic observed at a given point could be driven by the geomorphological configuration of the catchment as the river bed may act as a significant source. This catchment configuration could be conceptualized by the ratio between the capacity of hillslopes to produce suspended fluxes versus the capacity of the river bed to buffer these fluxes which raises question on the wash load concept in Alpine catchment having large streams. Finally, our analysis aiming at estimating the potential riverbed contribution to total load due to bed reworking shows that estimation the mobilization depth is one of the most critical parameter. However, its estimation remains complex as lateral erosion and channel migration are difficult to model and measure explicitly. A possibility to indirectly quantify the degree of bed reworking and the subsequent fine particle release would be to use reach-scale morphodynamics proxies integrating all riverbed mobilization processes.

NOTATIONS

The following symbols are used in this manuscript. 
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Figure 1 :

 1 Figure 1 : Catchment location.

Figure 2 :

 2 Figure 2 : Definition of the two layers for dried storage areas. h1 is the depth of the surface layer; h2 is the depth of the subsurface layer. Case A): fine sediments deposited on the armor layer. Case B): apparent armor layer and fine sediment deposited in the pore spaces.

Figure 3 :

 3 Figure 3 : Steps of the sampling method used for dried areas. is the volume of clear water in the 𝐕 𝐜𝐨𝐧𝐭𝐚𝐢𝐧𝐞𝐫 𝟏 container taken in the river before any sampling of turbid water, is the suspended sediment 𝐒𝐒𝐂 𝐬𝐜𝐨𝐧𝐭𝐚𝐢𝐧𝐞𝐫 𝟏 concentration in the container after adding the surface layer and subtracting suspended concentration of the river, is the volume of water in the container after the first sampling of turbid water, is 𝐕 𝐜𝐨𝐧𝐭𝐚𝐢𝐧𝐞𝐫 𝟐 𝐒𝐒𝐂 𝐬𝐜𝐨𝐧𝐭𝐚𝐢𝐧𝐞𝐫 𝟐 the suspended sediment concentration in the container after the first sampling of turbid water and the adding of the subsurface layer.

Figure 4 :

 4 Figure 4: Example of the four storage facies on the drac river. MC = main channel, B = bar, DBC = dry braided channel, VB = vegetated bar.

Figure 5 :

 5 Figure 5 : Example of automated facies classification for the Drac River.

Figure 6 :

 6 Figure 6 : Example of a cross section measured in the Asse River. The topography measurement was completed with facies delimitation and sample localization.

Figure 7 :

 7 Figure 7: Synthesis of the approach used to compute the potential river bed stocks released.

Figure 8 :

 8 Figure 8: Boxplots of average surface and subsurface stock measurements for each river and for each facies storage.

Figure 9 :

 9 Figure 9: Average storage (surface and subsurface) considering all the rivers together as a function of the type of storage facies. MC=main channel, B = bar, DBC = dry braided channel, VB=vegetated bar.

Figure 10 :

 10 Figure 10: Boxplot of the ratios of subsurface stock and surface stocks considering the bar facies (B), the dry braided channel facies (DBC) and the vegetated bar facies (VB).

Figure 11 :

 11 Figure 11: Relation between subsurface and surface stocks considering measurements made in the seven rivers (b) or as a function of a visual classification base on the quantity of fine particle found at the bed surface (a). Type 1 corresponds to maximum 25% of fines at the bed surface, type 3 a minimum of 75% and type 2 is for intermediate situations. The horizontal dashed grey line represents a subsurface stock of 1kg/m²/dm. the dashed black line represent equality between surface and subsurface stocks.

Figure 12 :

 12 Figure 12: Area of the three facies (main channel, bars and vegetated bars) obtained from a supervised classification of orthorectified photographies for the Arc, Drac, Romanche, Asse and Büech catchments.

Figure 13 :

 13 Figure 13: a) River bed stocks estimated considering a depth of 1 dm in the seven alpine catchments. b) Mean specific suspended sediment load (SSL) for the seven studied catchments. Error bars indicate the standard deviation. c) Ratio of stock estimate in the river bed (depth of 1dm) versus mean annual suspended sediment load for the seven studied catchments.

Figure 14 :

 14 Figure 14: Mass per event as a function of the peak discharge considering the measured data and the estimated available river bed stocks.

Figure 15 :

 15 Figure 15: Seasonal variability of river bed stocks for the Asse River considering the main channel (MC) and the dry braided channels (DBC) facies. Measurements were conducted in June 2017, Sept 2017 and March 2018. "n" denotes the number of samples, "Sub." corresponds to surface stocks while "Sub." corresponds to subsurface stocks. Note, the y axis is in log scale. Measurements were roughly performed at the same locations.

Arc Arvan Asse Buëch Petit Buëch Drac Glandon Romanche

  

	Area (km²)	635	220	375	723	-	510	110	230
	Number of sites	4	3	3	5	2	4	3	3
	Number of samples	20	9	122	71	29	63	9	16

Table 1 : Number of sites and measurements conducted in each catchment. Note: the Petit Buech is the main tributary in the Buech catchment.
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Table 3 : Average stock per storage facies for the seven alpine rivers. "-" indicates that no measurements were performed in this facies. "Surf." Indicates surface stocks, "Sub." Indicates subsurface stocks, "Av." indicate average stocks between surface and subsurface. MC = main channel, B = bars, DBC = dry braided channel, VB = vegetated channel. Average stock MC (kg/m²/dm) Average stock B (kg/m²/dm) Average stock DBC (kg/m²/dm) Average stock VB (kg/m²/dm)
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	q5%	0.6	1.1	2.3	2.7
	q50% 2.0	2.8	5.4	19.9
	q95% 8.6	14.7	36.9	185.5

Table 4 : Statistical quantiles (5%, 50% and 95%) of the stock measurements distributions depending on the storage facies. All rivers are considered together. MC=main channel, B = bar, DBC = dry braided channel, VB=vegetated bar.
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  Cross section averaged local stock for the facies i (g m -2 dm -1 )𝑚 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 (𝑄 𝑝𝑒𝑎𝑘 )Average mass of fine particle released per unit length for all the cross section considered and for a given scouring probability (t m -1 )𝐿𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 Length of the active river bed representative of the storage system (m) 𝑀 𝑐𝑎𝑡𝑐ℎ𝑚𝑒𝑛𝑡 (𝑄 𝑝𝑒𝑎𝑘 ) Mass of fine particles released at the catchment scale as a function of peak discharge and scouring probability (t) Walling, , P. N. Owens, and G. J. L. Leeks (1998), The role of channel and floodplain storage in the suspended sediment budget of the River Ouse, Yorkshire, UK, Geomorphology, 22, 225-242. Wolman, M. G. (1954), A METHOD OF SAMPLING COARSE RIVER-BED MATERIAL, Transactions, American Geophysical Union, 35(6), 6, doi:10.1029/TR035i006p00951.

	𝑠		Relative density of sediment (-)
	𝑔		Gravitational acceleration ( 𝑚/𝑠 2	)
	𝑑		Mean water depth ( ) 𝑚
	𝑅 ℎ		Hydraulic radius (m)
	𝛿		Scouring depth (dm)
	𝑃(𝛿)	Non-exceedance probability to observe scouring depth (-) 𝛿
	𝜃		Scouring exponential distribution parameter (cm -1 )
	𝑚 𝑠𝑒𝑐𝑡𝑖𝑜𝑛	Mass of fine particles released per unit length for a given cross section ( , t m -1 ) 𝑚 𝑠𝑒𝑐𝑡𝑖𝑜𝑛
	𝑠𝑡 𝑙𝑜𝑐𝑎𝑙 𝑖 8. APPENDIX		
		Facies		
		Main channel (10 5 m²)	Bars (10 5 m²)	Vegetated bars (10 5 m²)
	Arc	5.72		5.72	4.42
	Drac	6.52		17.1	5.35
	Romanche 1.95		1.49	1.95
	Asse	4.57		7.55	3.62
	Büech	12.6		22.2	7.56
			Suspended sediment load (g s -1 )
	𝑆𝑆𝐶		Suspended sediment concentration (g l -1 )
	𝑄		Flow rate (m 3 s -1 )
	𝑆		River bed slope (-)

Table 5 : Facies surface estimate using aerial photographies classification.
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			S1	S2	S3	S4
	Slope (%)		1.18	0.67	1.07	1.12
	D 84 (mm)		153	89.52	109	106.3
	Ratio of cachement	0.31	0.47	0.50	0.63
	area				
	𝐿 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑠𝑦𝑠𝑡𝑒𝑚	(m) = 7000 m (active width larger than 150 m)	

Table 6 : characteristics used to estimate the fine particle released from the river bed for the Drac catchment.
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			S1	S2	S3
	Slope (%)		1.05	1.74	2.06
	D 84 (mm)		98	391	378
	Ratio of cachement	0.38	1	1
	area			
	𝐿 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑠𝑦𝑠𝑡𝑒𝑚	(m) = 8600 m (active width larger than 50 m)

Table 7 : characteristics used to estimate the fine particle released from the river bed for the Arc catchment.
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		S1	S2	S3
	Slope (%)	2.27	3.07	3.32
	D 84 (mm)	79	181	337

Table 8 : characteristics used to estimate the fine particle released from the river bed for the Arvan catchment.
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			S1	S2
	Slope (%)		0.9	1.02
	D 84 (mm)		79	66.5
	Ratio of cachement	1	0.25
	area		
	𝐿 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑠𝑦𝑠𝑡𝑒𝑚	(m) = 12000 m (active width larger than 50 m)

Table 9 : characteristics used to estimate the fine particle released from the river bed for the Asse catchment. Note five topographic cross sections and local stocks are used for the calculation.
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Highlights

 River bed stocks of fine sediments can be significant compare to annual fluxes in Alpine rivers  Subsurface can contain significant quantities of fines even when the surface layer is clean  River bed mobilization can explain a significant par of suspended load in large alluvial rivers