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In alpine rivers, a large amount of fine sediments travels over the gravel-bed system as suspension and interacts with the gravel matrix. Recent studies highlight that fine sediment stocks in river bed can be a significant source of suspended load at the event scale, and can affect sediment budget estimation. However, there barely exists any estimation of fine sediment stocks in gravel-bed rivers, especially for the sand fraction. One can also question the spatial and temporal variability of these stocks, which makes the estimation of such source of fine sediments challenging. In this study, we intend to quantify fine sediment stocks in an engineered Alpine river system (Arc-Isère in the French Alps) characterized by the presence of alternate bars. We estimate the potentially re-suspended fine stocks from the gravel bar matrix for different discharges by coupling field measurements, GIS spatial analysis and 1D modelling. The measured fine stocks show a significant amount of sand present in the river bed. The silt-clay part of the calculated re-suspended stocks from the bed for a 15year return period flood event is found equivalent to around 30% of annual Suspended Sediment Matter (SSM) flux, which appears consistent since such large event may yield up to 50% of the annual SSM flux. However, the silt-clay stocks represents around 20% of the total fine stocks only, 80% corresponding to sand. Therefore, a large amount of sand could be re-suspended from the gravel bar matrix and should not be neglected when estimating the downstream sediment budget.

INTRODUCTION

In alpine rivers, a large amount of fine sediments travels over the gravel-bed system as suspension [START_REF] Lenzi | Interannual variation of suspended sediment load and sediment yield in an alpine catchment[END_REF][START_REF] Pagano | Analysis of suspended sediment dynamics at event scale: Comparison between a Mediterranean and an Alpine basin[END_REF]Antoine et al., 2020;[START_REF] Misset | Assessment of fine sediment river bed stocks in seven Alpine catchments[END_REF][START_REF] Pitlick | Sediment Production in French Alpine Rivers[END_REF]. Fine sediments originated from upstream catchments can infiltrate into the gravel bed matrix during low flow period and can be re-suspended from the river bed when flow rate increases [START_REF] Einstein | Deposition of Suspended Particles in a Gravel Bed[END_REF][START_REF] Beschta | The Intrusion of Fine Sediments into a Stable Gravel Bed[END_REF][START_REF] Lambert | Measurement of channel storage of suspended sediment in a gravelbed 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][START_REF] Buendia | Temporal Dynamics of Sediment Transport and Transient In-channel Storage in a Highly Erodible Catchment[END_REF]Misset et al., 2019b). The accumulation of fine sediment stocks within the gravel matrix can clog the interstices between gravels in the bed and then reduce the available habitat used by aquatic species [START_REF] Lisle | Sediment transport and resulting deposition in spawning gravels, north coastal California[END_REF][START_REF] Schälchli | The clogging of coarse gravel river beds by fine sediment[END_REF]. Moreover, bed form characteristics and sediment transport dynamics can also be modified due to the presence of fine sediments [START_REF] Kirchner | The variability of critical shear stress, friction angle, and grain protrusion in water-worked sediments[END_REF][START_REF] Lisle | Fine bed material in pools of natural gravel bed channels[END_REF]. The alternate bars, which are mainly observed in the embanked alpine rivers can be stabilized by fine sediment stocks facing high flowrate events [START_REF] Cordier | Numerical Study of Alternate Bars in Alluvial Channels With Nonuniform Sediment[END_REF]. In addition, fine sediments accumulated onto the surface of the gravel bed can block possible fine sediment infiltration into the subsurface of the gravel matrix leading to a significant fine sediment deposits on the river bed. This latter can alter the biomorpholigical trajectories of rivers such as the encroachment of the riparian pioneer vegetations over the deposit surface so that vegetations can in turn enhance the formation of fine sediment deposits over the bar surface [START_REF] Jourdain | Morphodynamics of alternate bars in the presence of riparian vegetation[END_REF]. Thus, fine sediments are a fundamental element that interact with river morphology. Understanding the dynamics of these fine stocks becomes crucial for the sediment research in the fluvial system.

The quantification of fine sediment stocks in the river bed is a first step to understand the complex interactions between fine particles and the river bed and more generally the main factors controlling fine sediment depositional and erosional processes [START_REF] Misset | Assessment of fine sediment river bed stocks in seven Alpine catchments[END_REF]. However, the quantity of fine sediment stocks in the river bed can vary over time and space. [START_REF] Park | Modeling fine particle dynamics in gravel-bedded streams: Storage and resuspension of fine particles[END_REF] highlighted that fine sediment stocks in the bed can be a significant source of suspended load at event scale and proposed a process based model to describe the re-suspension and infiltration during a flood event. [START_REF] Buendia | Temporal Dynamics of Sediment Transport and Transient In-channel Storage in a Highly Erodible Catchment[END_REF] quantified inchannel fine stocks and observed a sediment depletion during the wet period and a sediment replenishment during the dry period meaning that fine sediment stocks could have a seasonal variation. Moreover, the distribution of fine sediment stocks is not uniform in space as shown in [START_REF] Hauer | In situ measurements of fine sediment infiltration (FSI) in gravel-bed rivers with a hydropeaking flow regime[END_REF] and Misset et al., (2019a). They showed that the gravel bar facies contain relatively high fine sediment stocks compared to the main channel facies. Despite a great amount of efforts were made to quantify fine sediment stocks in the river bed and channel, the estimation of fine sediment stocks in rivers is still challenging as current measurements are limited to time and space [START_REF] Vercruysse | Suspended sediment transport dynamics in rivers: Multi-scale drivers of temporal variation[END_REF]. Apart from this limitation, current field protocols also exclude the sand fraction. Yet, this class of fine sediments represents a non-negligible fraction of the fine sediment deposits observed on gravel bars [START_REF] Camenen | Estimation of the volume of a fine sediment deposit over a gravel bar during a flushing event[END_REF]. This sand fraction can be remobilised by the stream but it is prompt to settle down much easier than the silt and clay fractions. Sand can clog the interstices of bar matrix more easily than silts and clay by creating bridges (Herrero & Berni, 2016). As a consequence, it plays an important role for the river ecological health and becomes a key factor for the river restoration and integrated river management.

The main objectives of this study are (a) to investigate the local fine sediment stocks including the sand fraction in an embanked alpine river system characterised by the presence of the alternate bars and (b) to estimate the potential fine sediment stocks re-suspended from the river bed at river reach scale. We present a new field protocol to estimate local fine sediment stocks in the river bed including the sand fraction and use a 1D hydrodynamic model combined with a GIS analyse to assess potential re-suspended fine sediment stocks for a given discharge at river reach scale.

MATERIALS & METHODS

Study site

Field measurements were undertaken in the Arc-Isère system located in the French Alps. The river system is characterized by dense river engineering structures and the presence of alternate gravel bars. The River Arc is the main tributary of the River Isère. The catchment areas are 1950 km 2 and 5570 km 2 for the River Arc and the River Isère upstream of Grenoble City, respectively (grey area in Fig. 1 represented the Isère catchment and red area represented the Arc catchment). Both catchments are characterized by a nival hydrological regime, with an annual mean water discharge of 30 m 3 /s for the River Arc at Pontamafrey and 177 m 3 /s for the River Isère at Grenoble. The river bed of the River Arc has been largely modified and artificially straightened in many places in order to allow the 1 km wide valley to contain a road, a highway and a railway. The River Isère was also largely embanked mainly for flood protection reasons. The river bed was embanked by boulders and scattered young trees leading to a river width of around 50 m for the River Arc and 120 m for the River Isère. The mean slope of the river system varies from 1% at Saint-Jean-de-Maurienne to 0.2% close to the confluence between the rivers Arc and Isère, and to to 0.09% in Grenoble.. The river bed of the River Arc and the River Isère both consist of gravels with a poorly sorted grain size distribution. Alternate bars are presented in both river channels. Specifically, free bars and hybrid bars are usually presented in the River Arc [START_REF] Jaballah | Alternate bar development in an alpine river following engineering works[END_REF]. Vegetated bars are often presented in the River Isère [START_REF] Serlet | Biomorphodynamics of alternate bars in a channelized, regulated river: An integrated historical and modelling analysis[END_REF][START_REF] Jourdain | Morphodynamics of alternate bars in the presence of riparian vegetation[END_REF]. In addition, the flow is regulated by many hydraulic constructions (river dams, diversions) for hydroelectricity production resulting in a compensation water flowing along more than 50% of the total length of the River Arc. During the wet period (from May to August), the mean monthly discharges can reach up to 50 m 3 /s in the downstream part of the River Arc, and 250 m 3 /s in the River Isère; during the dry period (from September to April), the mean monthly discharges are 10 m 3 /s in the River Arc and 150 m 3 /s in the River Isère. Natural floods usually take place in late spring and in autumn. The discharge of a 10-year return period flood is estimated around 180 m 3 /s in the River Arc at Pontamafrey, and 900 m 3 /s in the River Isère at Grenoble. A flushing event of the three river dams on the River Arc (see Fig. 1) is organized in June to maintain storage capacity and electric power production. This event is organized annually except if is a natural flood occurs before . The peak discharge of the dam flush is equivalent to the discharge of a one year return period flood. During the dam flushing event, a large amount of fine sediments are eroded from the dam reservoirs and transported downstream. Significant fine sediment deposition and erosion on gravel bar surface were observed after these flushing events (Antoine et al., 2020). LiDAR data was collected during the dry period in 2015 which was used to construct a high resolution.
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Field measurement of fine sediment stocks in the gravel bars

Fine sediment stocks were locally investigated on gravel bars along the river system. Specifically, a new protocol was deployed. For each bar, at least three different facies were distinguished based on the surface grain size distribution: (1) coarse facies, where an armour layer mainly composed by gravels was observed;

(2) mix facies, where a mixture between fine materials and gravels were presented; (3) deposit facies, where a surface deposits covered over an armour layer was presented. In each facies, we sampled from one patch to two depending on the surface heterogeneity. For each patch, two layers of the gravel bed surface for which the fine sediment stock is evaluated were distinguished as proposed by [START_REF] Misset | Assessment of fine sediment river bed stocks in seven Alpine catchments[END_REF]. Indeed, the surface layer may differ from the subsurface layer due to surface deposits or armouring. The depth of the surface layer 𝐻 1 = 2𝐷 90 ≈ 0.05 m (where 𝐷 90 corresponds to the grain diameter of the surface bed that 90% of the particles are finer) and the depth of the subsurface layer 𝐻 2 ≈ 2𝐻 1 . Samples were taken from both layers using the same sampling techniques described as following: (1) sediments were collected by digging from the bar surface to the subsurface layer within an area of 30 cm × 30 cm defined by a square patch (Fig. 2a); (2) the collected samples were sieved with a known volume of water 𝑉 𝑠/𝑏,𝑤 using a column of four sieves (10 cm, 2 cm, 500 µm, and 100 µm shown in Fig. 2bc); (3) the remained sediments in the first two sieves were weighted on site and the sediments in the 500 µm, and 100 µm sieves were brought back to the laboratory and dried inside an oven to get the dry mass; (4) the samples collected in the bottom bucket were filtered to get the silt and clay concentration 𝐶 𝑠/𝑏,𝑓 using a subsample filtration procedure compiled with the European standard NF EM 872. The mass of the silt-clay class was obtained as: 𝑀 𝑠/𝑏,𝑓 = 𝐶 𝑠/𝑏,𝑓 𝑉 𝑠/𝑏,𝑤 . The local fine stocks for the surface layer 𝑆 𝑡𝑠 [kg/m 2 ] is calculated as following:

𝑆 𝑡𝑠 = 𝑀 𝑠,𝑓 + 𝑀 𝑠,100µ𝑚 + 𝑀 𝑠,500µ𝑚 𝐴 𝑝 , [1.]
where 𝑀 𝑠,𝑖 is the dry mass for the i th class in the surface layer [kg], and 𝐴 𝑝 = 0.09 m 2 is the square patch area.

In the same way, the local stock for the subsurface layer 𝑆 𝑡𝑏 [kg/m 3 ] is calculated as following:

𝑆 𝑡𝑏 = 𝑀 𝑏,𝑓 + 𝑀 𝑏,100µ𝑚 + 𝑀 𝑏,500µ𝑚 𝐴 𝑝 𝐻 2 , [2.]
where 𝑀 𝑏,𝑖 is the dry mass for the i th class in the subsurface layer [kg], and 𝐻 2 is the thickness of the subsurface layer [m]. It is worth noting that we did not take into account the thickness of the surface layer in Eq.

[1] as for the subsurface layer. Indeed, such value is very uncertain and we can assume that this fine sediment stock is directly available even if gravels are not mobilized. On the other hand, fine sediments from the sublayer would be resuspended only if an erosion of the layer occurs.. where 𝐴 𝑤 is the wetted area, 𝑄 is the water discharge, 𝑡 is the time, 𝑥 is the longitudinal coordinate, 𝑞 𝑙𝑎𝑡 is a lateral inflow/outflow, 𝛽 is the Preissmann coefficient, 𝑧 is the water surface elevation, 𝐽 is the energy slope computed using the Manning-Strickler equation, 𝐽 𝑠 is the local energy losses due to brutal variation of the cross-section, 𝑘 is a coefficient depending on the sign of 𝑞 𝑙𝑎𝑡 (𝑘 = 1 if 𝑞 𝑙𝑎𝑡 < 0, 𝑘 = 0 if 𝑞 𝑙𝑎𝑡 ≥ 0), and 𝑉 = 𝑄/𝐴 𝑤 the cross-section-averaged velocity. Mage describes the real river bed geometry as a series of cross sections, and accounts for the energy losses due to the effect of the compound channels using the Debord equations [START_REF] Nicollet | Continuous free-surface flow over composite beds[END_REF]. Therefore, Mage distinguishes, for each cross section, a water depth 𝐻 𝑚 and a velocity 𝑉 𝑚 in the main channel and a water depth 𝐻 𝑀 and a velocity 𝑉 𝑀 for the active flood plain assimilated here to the gravel bars. Based on this model setup, we defined the modeled area as the area between the river dykes and set the limits of the main channel to the boundary of the water surface extracted from the LiDAR data measured during the dry period. Base on the model results, the average bed shear stress on the gravel bar surface 𝜏 𝑏𝑎𝑟 can be estimated:

𝜏 𝑏𝑎𝑟 = 𝜌𝑔𝑅 ℎ 1/3 𝐾 𝑀 -2 𝑉 𝑀 2 , [5.]
where 𝜌 is the flow density equal to 1000 kg/m 3 , 𝑔 is the acceleration of gravity, 𝑅 ℎ is the hydraulic radius approximately equal to 𝐻 𝑀 , 𝐾 𝑀 is the Strickler coefficient for the bar surface, and 𝑉 𝑀 is the average velocity on the bar surface. From the total bed shear stress, only the effective shear stress exerts to the grains and is responsible to the particle motion. According to [START_REF] Meyer-Peter | Formulas for Bed-Load transport[END_REF], the effective shear stress can be calculated from the total bed shear stress as following:

𝜏 𝑏𝑎𝑟 ′ = ( 𝐾 𝑀 𝐾 𝑀,𝑔 ) 3/2 𝜏 𝑏𝑎𝑟 , [ 6. 
]
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where 𝐾 𝑀,𝑔 = 26/𝐷 90 1/6 the skin coefficient. Based on the effective shear stress, the Shields number is calculated as following:

𝜃 = 𝜏 𝑏𝑎𝑟 ′ (𝜌 𝑠 -𝜌)𝑔𝐷 50 , [7.]
where 𝜌 𝑠 is the bulk density of sediment equal to 2650 kg/m 3 and 𝐷 50 is the median diameter of the surface sediment mixture. The erosion depth was evaluated using thePugh & Wilson (1999) model, which reads:

𝛿 𝑏 = 10𝜃𝐷 90 . [8.]
With a known erosion depth, the final potential re-suspended fine sediment stocks for a gravel bar and at a specific discharge can be estimated as following:

𝑀 𝑟 = (𝑆 𝑡𝑠 + 𝛿 𝑏 𝑆 𝑡𝑏 )𝐴 𝑏𝑎𝑟 , [9.]
where 𝐴 𝑏𝑎𝑟 is the submerged area of the bar estimated by the subtraction below the DEM and the water surface plane from the 1D model. We selected a series of discharges at the upstream boundary conditions of the model to maintain the same flow occurrence along the river system. For each simulated flow occurrence, water lines and bed shear stress over the gravel bar were computed to eventually evaluate the potential resuspended fine sediment stocks in the studied reach using Eq. [9].

RESULTS

Local stocks in the gravel bars

In total, 32 bars were investigated ; their location is shown in Fig. 1. The sand fraction was found nearly four times larger than the silt-clay fraction (12.6 kg/m 2 for sand against 3.1 kg/m 2 for silt-clay) for the surface stocks and nearly seven times larger for the subsurface stocks (322.5 kg/m 3 against 49.0 kg/m 3 ). However, the sand fraction was found spatially heterogeneous compared to the silt-clay fraction. Local variation of the sand fraction reached up to 91% for the surface stocks and 78% for the subsurface stocks. This high variation suggested that sand could be dynamic and much more interactive with the flow compared to the silt-clay fraction. In addition, the variation of the sand stocks was generally larger in the River Arc than the River Isère, especially in the surface layer. As the river bed of the River Arc is steeper and narrow, surface sand could be easiler transported by the stream compared to the River Isère, which had a mild slope and a boarder channel width. The surface silt-clay stocks are more heterogeneous than the surface sand stocks in the River Isère (Fig. 3a and3c). The sand stocks also varied for different facies as shown in Fig. 3a and3b. This variation was more pronouncing in the surface layer than the subsurface layer.. In a contrast, the subsurface fine stocks were more homogeneous than in the surface layer. Consistent variation was observed regardless of different facies. This could be due to the low level of the morphologic evolution of the Arc-Isère system, so that the subsurface stocks were protected by the surface gravel armour, vegetation and compacted surface deposits. Despite several bars on the River Isère were artificially cleared and flattened since 2015, the subsurface fine stocks were found relatively stable meaning that surface change could have limited impact on the subsurface fine stock variation; also it would indicate that temporal changes are also limited. Different colors represent different facies (in Fig. 2d) on the bar surface.

Longitudinal variation and trend of the surface fine stocks and subsurface fine stocks are presented in Fig. 4. Low variation is observed both for the sand and silt-clay fraction for the subsurface suggesting arelongitudinally homogeneous fine stocks. On the other hand, surface sand stocks gradually decreases from the upstream of the River Arc to the downstream of the River Isère. And surface silt-clay stocks slightly increases from the upstream to the downstream. 

Potential re-suspended fine sediment stocks

Potential re-suspended fine sediment stocks were estimated using the 1D model and the DEM measured during the dry period. The submergence pattern of the gravel bars was firstly obtained from the subtraction between the water surface generated from the model and the DEM. The submerged area normalized by the length of the river reach and the width of the river channel as function of discharge is presented in Fig. 5a. The submerged area increases rapidly for the low discharge when the gravel bars started to be submerged. Once the gravel bars were totally submerged, the submerged area increases slower and more linearly corresponding to the submergence of the river bank. In the River Arc, the gravel bars are submerged faster than those in the River Isère, indicating that bars are not as high and maybe more dynamic in the River Arc The erosion depth 𝛿 𝑏 as function of discharge is presented in Fig. 5b. The observed relations differed from the River Arc and the River Isère. For the discharge smaller than 100 m 3 /s, the erosion depth increased with nearly the same ratio in both rivers. However, a change of slope happened in the River Isère when the discharge was greater than 100 m 3 /s. The erosion depth in the River Isère increased much more slowly than that in the River Arc. This suggested that for an intense flood event with a significant peak discharge, the River Arc could yield a large amount of re-suspended fine stocks equivalent to the River Isère despite the fact that the River Isère was twice wider than the River Arc. This was confirmed in the calculation of potential re- Proceedings of the 39 th IAHR World Congress 19-24 June 2022, Granada, Spain suspended stocks presented In Fig. 5c. The mass of subsurface re-suspended fine stocks from the River Arc could be equal to or even larger than the mass of re-suspended fine stocks in the River Isère. In addition, when the discharge was greater than 200 m 3 /s, morphological evolution could take place in the River Arc leading to the migration of the gravel bars [START_REF] Jaballah | Alternate bar development in an alpine river following engineering works[END_REF]. We also observed in the results a significant amount of fine materials could be re-suspended from the subsurface layer in the River Arc. This suggested that the River Arc could contribute a large part of re-suspended sediments to the total suspended load at the outlet of the river. The mass of this re-suspended fine stocks could be in the same order of magnitude as the suspension coming from the upstream catchment erosion. Indeed, we found that the estimated mass of the re-suspended fine stocks could reach up to 10% of the annual mean suspended flux measured at the outlet of the studied site excluding the sand fraction. This confirmed that the river bed could also be a main source of suspended load during a high flowrate event. In terms of surface stocks, the River Isère produced nearly 2.5 times surface re-suspended fine materials than the River Arc as the gravel bars in the River Isère are relatively larger. It is worth noting that several bars in the River Isère are vegetated. Although large fine stocks are observed in the vegetated bars, these fine stocks could not be easily eroded from the bar surface as vegetation could significantly increase the bed roughness and reduce the bed shear stress for erosion [START_REF] Vargas-Luna | Effects of vegetation on flow and sediment transport: Comparative analyses and validation of predicting models[END_REF][START_REF] Jourdain | Morphodynamics of alternate bars in the presence of riparian vegetation[END_REF]. As a consequence, the "real" mass of re-suspended fine stocks from the surface could be lower than the one estimated in this study. 

CONCLUSIONS

We presented in this study, a new field protocol to estimate the local fine sediment stocks in the river bed including the sand fraction. After investigating 32 bars along the river system, the sand fraction was found largely presented in the bar matrix compared to the silt-clay fraction and was spatially heterogeneous. The subsurface fine stocks were relatively uniform both locally and longitudinally, whereas the surface stocks tended to vary for different facieses and longitudinally. A 1D hydrodynamic model was buikt to estimate the potential re-suspended fine stocks as function of discharge. We found that gravel bars in the River Arc are more easily submerged compared to those in the River Isère. The gravel bars are relatively large in the River Isère leading to a significant amount of surface stocks potentially resuspended once the bars were submerged. On the other hand, the River Arc could contribute significant subsurface stocks to the suspended load as the bars could be eroded easily and the morphology of the river bed could evolve when the discharge was high. The mass of re-suspended fine stocks could reach up to 10% of the annual suspended sediment flux at the outlet of the river meaning that this fine stocks stored in the river bed was important and could not be negligible with regards to the management of fine sediments in the river channel, especially for the intense flood events. Excess fine stocks could significantly degrade ecological diversity and have great impacts on the river restoration. 
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 1 Figure 1. Map of the Arc-Isère system and location of the investigated gravel bars.

Figure 2 .

 2 Figure 2. Sample collection within a square patch (a). Field sieving (b) with a column of sieves from 10 mm to 100 µm (c). Different facies in the field (d) (from the top to the bottom, it is deposit facies, mix facies, and coarse facies)2.3 Estimation of potential re-suspended fine sediment stocks in a river reachThe potential re-suspended fine sediment stocks were estimated based on bed shear stresses calculated over the gravel bar surface. A 1D hydrodynamic model was constructed using the numerical code called Mage developed by[START_REF] Souhar | Approach for uncertainty propagation and design in Saint Venant equations via automatic sensitive derivatives applied to Saar river[END_REF]. Mage simulates the 1D unsteady flow by solving the 1D Barré de Saint-Venant equations (shallow water equations):𝜕𝐴 𝑤 𝜕𝑡 + 𝜕𝑄 𝜕𝑥 = 𝑞 𝑙𝑎𝑡 [3.] 𝜕𝑄 𝜕𝑡 + 𝜕 𝜕𝑥 (𝛽 𝑄 2 𝐴 𝑤 ) + 𝑔𝐴 𝑤 𝜕𝑧 𝜕𝑥 = -𝑔𝑆(𝐽 + 𝐽 𝑠 ) + 𝑘𝑞 𝑙𝑎𝑡 𝑉, [4.]

Figure 3 .

 3 Figure 3. Local fine sediment stock variation for the sand fraction in the surface layer (a) and in the subsurface layer (b) and for the silt-clay fraction in the surface layer (c) and in the subsurface layer (d).Different colors represent different facies (in Fig.2d) on the bar surface.

Figure 4 .

 4 Figure 4. Longitudinal variation and trend of the surface fine sediment stocks (a) and subsurface fine stocks (b). KP to the kilometric point, negative values represent the River Arc and positive values represent the River Isère.

Figure 5 .

 5 Figure 5. Submerged area 𝐴 𝑏𝑎𝑟 normalized by the longitudinal length 𝐿 of the river and the average channel width 𝐵 (a); erosion depth calculated by Eq. [9] (b); potential re-suspended fine stocks 𝑀 𝑟 (c) as function of the discharge of the upstream part of the River Arc.
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