Mediterranean regions are characterized by heterogeneous geology, pedology, and land-use, as well as steep topography and a rainfall regime in which summer droughts contrast with high-rainfall periods in autumn. Those events often lead to flash-floods, which often happen in often ungauged catchments.

The Prediction in Ungauged Basins (PUB) initiative proposed several approaches to address the issue, one of them being the use of data-driven modelling. Following this route and using discharge data from the Ardèche catchment in France, Adamovic et al. (HESSD, 2014) showed that the data-driven approach proposed by Kirchner (WRR, 2009) which models the catchment behaviour as a simple dynamical

system can successfully be applied to Mediterranean type catchments, with better results in low vegetation and humid periods and poor results in dry and vegetation periods due to the large influence of evapotranspiration. A distributed model, based on this approach and called SIMPLEFLOOD [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] was proposed and applied in the Ardèche catchment. Model parameters (those of the discharge sensitivity function resulting from the data-driven approach) were regionalised using geology as a predictor. However, those results were obtained using only a sample of five gauging stations.

In this study, we extend this work to the whole Cévennes-Vivarais region using a larger sample of gauging stations (20 stations). A first data consistency analysis based on water balance calculation and actual evapotranspiration retrieval shows that, in most of the case, a rainfall and potential evapotranspiration rescaling is required to get a consistent data set, respecting the water balance closure. Our results also confirm the ones obtained in the Ardèche catchment. The simple dynamical system approach is successfully applied on our catchment sample. We also get good results in humid and low vegetation periods and poor results in dry and vegetation periods. We highlight the sensitivity of the discharge sensitivity function estimation to the length of the data record and filters applied for data selection. Using a Factorial Data Analysis of Mixed Data, geology is found to be the main factor explaining the discharge sensitivity function parameter set variability. Finally, we apply the SIMPLEFLOOD model to the Gardon catchment (1908 km²). Results are satisfactory for high flow but recessions are generally too sharp and discharge underestimated in summer. Evapotranspiration specification should be improved in the model to improve those results.

RÉSUMÉ

La région Méditerranéenne est autant caractérisée par une géologie, une pédologie, et une occupation des sols hétérogène que par sa topographie escarpée et son régime de pluie qui contraste entre été sec et automne humide. Les évènements de précipitations intenses d'Automne sont souvent générateur de crues éclaires qui ont souvent lieu dans des bassins non-jaugés. L'initiative de prédication des bassins non-jaugés (PUB) propose plusieurs approches pour faire face à ce problème, l'une d'elle étant la modélisation issues des données. Avec cette approche et les données de débits du bassin versant de l'Ardèche en France, Adamovic et al. (HESSD, 2014) ont montré que l'approche proposé par Kirchner (WRR, 2009), qui modélise les débits à l'exutoire en considérant le bassin versant comme un système dynamique simple, peut être appliquée à des bassins versants Méditerranéen, avec de meilleurs résulats pendant les périodes de faible végétation et les période humide et de mauvais résultats pendant les périodes sèche et d'abondante végétation. Un modèle distribué basé sur cette approche, SIMPLEFLOOD [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] a été proposé et appliqué au bassin versant de l'Ardèche. Les paramètres du modèle sont régionalisés en utilisant la géologie comme prédicteur. Cependant, ces résultats ont été obtenus en utilisant 5 stations de jaugeage seulement.

Dans cette étude, nous étendons ce travail à toute la région Cévennes-Vivarais en utilisant un plus grand nombre de stations de jaugeage (20 stations). Une première analyse de la qualité des données basée sur le calcul des bilans hydrologiques montre que dans la plupart des cas, un rescaling des données de précipitations et d'évapotranspiration est requis pour obtenir un jeu de donnés bouclant les bilans hydrologiques. Ces résultats sont cohérents avec ceux obtenus pour le bassin versant de l'Ardèche.

L'approche considérant le bassin versant à un système dynamique simple est appliqué à notre jeu de bassins versants. Les résultats sont bons pour les périodes humides et de faibles végétation et mauvais pour les période sèche et de forte végétation. La sensibilité de l'estimation de la fonction de sensibilité à la période d'extraction des récessions est mise en évidence. Une analyse factorielle de donnée mixte montre que la géologie est le facteur le plus important expliquant la variabilité des fonctions de sensibilité. Le modèle SIMPLEFLOOD est appliqué au bassin versant du Gardon (1908 km²). Les résultats sont satisfaisants pour les hauts débits mais les récessions sont généralement trop abruptes et les débits sont sous-estimés en été.

ΠΕΡΊΛΗΨΗ

Οι περιοχές της Μεσογείου χαρακτηρίζονται από ετερογενή γεωλογία, εδαφολογία και χρήσεις γης, καθώς και από απότομη τοπογραφία και από χαρακτηριστική βροχόπτωση σύμφωνα με την οποία συμβαίνουν ξηρασίες την περίοδο που καλοκαιριού σε αντίθεση με τα υψηλά επίπεδα βροχόπτωσης την περίοδο του φθινοπώρου. Αυτά τα γεγονότα οδηγούν σε ταχείες πλημμύρες, οι οποίες συνήθως συμβαίνουν σε λεκάνες χωρίς βροχομετρικά δεδομένα. Η Πρόβλεψη σε λεκάνες χωρίς βροχομετρικά δεδομένα (PUB) είναι το κίνητρο για την πρόταση διάφορων προσπαθειών για την επίλυση αυτού του προβλήματος,ένα από αυτά είναι η χρήση δεδομένων που προέρχονται από μοντέλα. Ακολουθώντας αυτή την διαδικασία και χρησιμοποιώντας δεδομένα απορροής από την υδρολογική λεκάνη Ardèche στην Γαλλία, Adamovic et al. (HESSD, 2014) έδειξαν ότι προσέγγιση των δεδομένων χρησιμοποιώντας μοντέλα όπως προτάθηκε από τον by Kirchner (WRR, 2009) η οποία μοντελοποιεί την συμπεριφορά της λεκάνης σαν ένα από δυναμικό σύστημα μπορεί να εφαρμοστεί επιτυχώς σε μεσογειακούς τύπους λεκανών, με καλύτερα αποτελέσματα σε λεκάνες με χαμηλή βλάστηση και υγρές περιόδους και φτωχά αποτελέσματα τις ξηρές περιόδους και περιόδους βλάστησης λόγω σημαντικής επίδρασης της εξατμισοδιαπνοής. Ένα μοντέλο κατανομής, που βασίζεται σε αυτή την προσέγγιση και ονομάζεται SIMPLEFLOOD [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] προτάθηκε και εφαρμόστηκε στην λεκάνη Ardèche. Οι παράμετροι του μοντέλου (αυτοί από τη συνάρτηση ευαισθησίας της απορροής από την διαδικασία δημιουργίας βροχομετρικών δεδομένων) περιφερειοποιήθηκαν χρησιμοποιώντας τη γεωλογία ως δείκτη πρόβλεψης. Παρόλα αυτά, αυτά τα αποτελέσματα επιτεύχθηκαν χρησιμοποιώντας ένα δείγμα πέντε βροχομετρικών σταθμών. Σε αυτή την μελέτη, επεκτείνουμε αυτή την δουλειά σε ολόκληρη την περιοχή Cévennes-Vivarais χρησιμοποιώντας ένα δείγμα βροχομετρκών σταθμών (20 σταθμοί).Μία πρώτη ανάλυση συνέχειας των δεδομένων βασισμένη σε υπολογισμό υδάτινου ισοζυγίου και πραγματικής εξατμισοδιαπνοής έδειξε ότι, στις περισσότερες περιπτώσεις, η ανακλιμάκωση της βροχόπτωσης και της δυνητικής εξατμισοδιαπνοής απαιτείται για να προκύψουν δεδομένα με συνέχεια, σε συμφωνία με τα αποτελέσματα του υδατικού ισοζυγίου. Τα αποτελέσματά μας επίσης επιβεβαιώνουν τα αποτελέσματα για την λεκάνη Ardèche. Το απλό δυναμικό σύστημα προσέγγισης, εφαρμόζεται επιτυχώς στο δείγμα μας. Επιπλέον, λαμβάνουμε καλά αποτελέσματα για υγρασία και χαμηλή βλάστηση και κακά αποτελέσματα σε ξερές περιόδους και περιόδους βλάστησης.

Τονίζουμε την ευαισθησία προσέγγισης της συνάρτησης ευαισθησίας της απορροής στο αναφορικά με το μήκος των καταγεγραμμένων δεδομένων, ενώ φίλτρα εφαρμόστηκαν για την επιλογή των δεδομένων.

Χρησιμοποιώντας μια Παραμετρική Ανάλυση Δεδομένων για Μεικτά δεδομένα, η γεωλογία βρέθηκε να είναι ο κύριος παράγοντας για την εξήγηση της μεταβλητότητας των παραμέτρων της συνάρτησης ευαισθησίας της απορροής. Τελικά, εφαρμόζουμε το μοντέλο SIMPLEFLOOD στην λεκάνη Gardon (1908 km²). Τα αποτελέσματα είναι ικανοποιητικά για υψηλές ροές αλλά οι καμπύλες υποχώρησης είναι γενικά πολύ απότομες και η απορροή υποεκτιμάται το καλοκαίρι. Ο καθορισμός της εξατμισοδιαπνοής πρέπει να βελτιωθεί στο μοντέλο προκειμένου να βελτιωθούν αυτά τα αποτελέσματα.

INTRODUCTION 1.Context and objectives of the internship

This internship is conducted in the context of the ANR Floodscale project. The general objective of the Floodscale project is to improve the understanding and simulation of the hydrological processes leading to flash floods, which are one of the most destructive natural hazards, especially in the Mediterranean region. This project is included in the HYdrological Mediterranean EXperiment -HYMEX Program. This multidisciplinary research program aims to improve the understanding of the water cycle, with emphasis on extreme events, and assess the social and economic vulnerability to extreme events and adaptation capacity.

This training also corresponds to the third semester of the "Hydrohasards" French-Greek Master which train scientists to the understanding of meteorological and hydrological hazards and to the acquisition of scientific methods and tools useful for the meteorological and hydrological risk management.

In Marko Adamovic's PhD thesis, a "top-down" data-driven approach of the comprehension/modelling of the hydrological cycle was developed, with a focus on the simulation of flash-floods in the Mediterranean area. [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] offered a method enabling the characterisation of the flow regime of a watershed using discharge recession analysis. From this analysis, Marko Adamovic built a distributed hydrological model that models the flow of sub-basins of the Ardèche catchment and routes then to the outlet. The goal of this training is to extend the discharge recession analysis to other basin in the region (Gard, Cèze, Hérault, Vidourle, Vistre, Tarn catchments) and to apply the distributed model based on this approach on the Gard catchment. The modelling is evaluated and the results are compared to the results obtained using a "bottom-up" approach developed in O.

Vannier PhD Thesis (2013).

Characterizing the hydrological cycle in the Mediterranean is a key environmental and socioeconomic question for a wide region encompassing southern Europe, northern Africa and the Middle East. In the western Mediterranean basin, large amounts of precipitation can accumulate in less than a day when a Mesoscale Convective System (MCS) stays over the same area for several hours (Nuissier, et al., 2008). In the southern France, Heavy Precipitating Events (HPEs) are not only characterized by significant precipitation rates but also by quasi-stationary behaviour (Ducrocq, et al., 2008). The very localised behaviours of this HPEs trigger rather unpredictable and devastating flash-floods events [START_REF] Delrieu | The Catastrophic Flash-Flood Event of 8-9 September 2002 in the Gard Region, France: A First Case Study for the Cévennes-Vivarais Mediterranean Hydrometeorological Observatory[END_REF]. Flash floods represent the most destructive natural hazard in the Mediterranean region [START_REF] Delrieu | The Catastrophic Flash-Flood Event of 8-9 September 2002 in the Gard Region, France: A First Case Study for the Cévennes-Vivarais Mediterranean Hydrometeorological Observatory[END_REF]. On 8 th -9 th September 2002, a major MCS affected the Gard area in the Cévennes-Vivarais region, France: 24 people were killed during this event and the economic damage is estimated at 1.2 billion euros in less than 24 hours over an area of 20 000 km² located in the south of France [START_REF] Delrieu | The Catastrophic Flash-Flood Event of 8-9 September 2002 in the Gard Region, France: A First Case Study for the Cévennes-Vivarais Mediterranean Hydrometeorological Observatory[END_REF] . The Gard river basin was hit by a storm that locally received more than 600 mm in one day [START_REF] Delrieu | The Catastrophic Flash-Flood Event of 8-9 September 2002 in the Gard Region, France: A First Case Study for the Cévennes-Vivarais Mediterranean Hydrometeorological Observatory[END_REF][START_REF] Ruin | Human exposure to flash floods-Relation between flood parameters and human vulnerability during a storm of September 2002 in Southern France[END_REF]Braud, et al., 2010). This exceptional event is not unique; Vaison-la-Romaine the 22nd September 1992, Puisserguier the 28th January 1996, Draguignan the 15th-16th June 2010, are such examples. All these events imply casualties and important economic damages. The year of 2014 has not been spared. We can cite the event of the 10th to the 13th October with cumulative precipitations that reached 559mm in the city of Barnas with 310 during the Sunday 12th.These particular events are so-called "Cévenols episods" due to the proximity of the Cévennes mountainous region as they occur in France, but these events also impact the entire Western Mediterranean basin (Gaume, et al., 2009).

The risk generated by flash-floods depends on the hydrometeorological hazard and to a greater extent on the vulnerability of impacted population. Thus, higher density of population with vulnerable infrastructures will increase the risk. Creutin, et al. (2009) showed that the smallest catchments have the shortest lag time between the peak of rainfall and the peak of flood, leaving less time for the population to anticipate the flood. The better understanding of flash-floods generation mechanisms would permits to improve flash-floods early warning systems and flash-floods guidance systems. One of the key challenges is to assess the risk at spatial scales ranging from small watersheds (generally ungauged) that are generally the most vulnerable, to a whole region.

Figure 1 taken from Creutin, et al. (2009) : Lag time (in hours) versus drainage area (in km²) for a selection of events. This graph shows a lower limit to the watershed response time that increase as a power function of the watershed size.

In this context, new modelling approaches have emerged. In the early 2000s, much of the scientific discussions were driven by the understanding of whether physically-based, index-based, or conceptual models would be preferable to reproduce hydrological processes across a wide range of catchments [START_REF] Hrachowitz | A decade of Predictions in Ungauged Basins (PUB)-a review[END_REF]. The wide range of parameters used to describe hydrological processes that differ in time, scale, and from catchment to catchment results in high degrees of freedom. Those models are characterized by a "bottom-up" approach that consists in aggregating underlying hydrological processes at small scales to represent the hydrological behavior of an entire catchment. The past decade led to different modelling strategies based on the principle that more flexible approaches could complete the understanding of the ensemble of processes underlying hydrological systems response. [START_REF] Sivapalan | Downward approach to hydrological prediction[END_REF] pointed out that in spite of small scale heterogeneity and processes complexity, the hydrological response at the catchment scale is often characterized by surprising process simplicity.

From this idea, [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] demonstrated that one class of catchment (those in which discharge is assumed to depend only on catchment water storage) can be characterized as first-order non-linear system. This approach is so-called "top-down" contrarily to the "bottom-up" approach since the form of the governing equation is inferred using only runoff recession signatures. (Adamovic, et al. (2014))

and [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] demonstrated the approach was also relevant for Mediterranean type catchments such as the Ardèche catchment in France. Mediterranean regions are characterized by heterogeneous geology, pedology, and land-use as-well-as steep topography and rainfall regime in which summer droughts contrast with high-rainfall periods (and the probable occurrence of HPEs) in autumn (Adamovic, et al., 2014). [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] also proposed and evaluated a distributed hydrological model based on [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] approach, called SIMPLEFLOOD, which was successfully evaluated in the Ardèche catchment. In this study, the data-driven approach of [START_REF] Adamovic | Does the Kirchner discharge recession analysis provide useful information about catchment hydrological functioning in a Mediterranean context?, Application to the Ardèche catchment (France)[END_REF] is applied to 27 Mediterranean catchments of south-east of France. The main objective is to gain understanding about hydrological behavior of Mediterranean catchments and to provide useful insight on the comparative approach used to predict runoff signature in ungauged basins. The SIMPLEFLOOD model is also set up in another catchment, the Gard catchment. The results are evaluated and compared with the results obtained over the same region using a "bottom-up" approach [START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF].

Before applying [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] approaches to discharge times series, [START_REF] Adamovic | Does the Kirchner discharge recession analysis provide useful information about catchment hydrological functioning in a Mediterranean context?, Application to the Ardèche catchment (France)[END_REF] demonstrated that data quality check was a preliminary step for a correct application of the method. This data quality check is presented in the first section of this report and is based on inter-annual water balance analysis of the selected catchments. Kirchner method is then applied and simulations are evaluated. Finally, the model parameters are regionalized using a Factorial Analysis of Mixed Data (FAMD) before the application of the SIMPLEFLOOD model to the Gardon catchment.

Study area, previous modelling studies and available data presentation

The study area is located in the Cevennes-Vivarais region which is the study area of the Observatoire Hydro-Météorologique Cévennes-Vivarais (OHMCV) [START_REF] Boudevillain | The Cévennes-Vivarais Mediterranean Hydrometeorological Observatory database[END_REF]. The region extend from the Mediterranean Sea to the northern part of the Ardèche Catchment and from the western part of the Hérault catchment to the Rhône River. Thus, the region includes a heterogeneous topography including the Cevennes and Vivarais mountainous region (Lozère and Aigoual Mounts, respectively 1699 m and 1565 m) and the lowland region approaching the Rhône River.

The geology of the region is contrasted but can be simplified by 3 main geological domains [START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF]. The central part is constituted of schists. Two granitic ensembles overhang the region (corresponding to the Lozère and Aigoual mountainous massifs). Lowlands are constituted of sedimentary rocks (limestones, marls and dolomites). 

Hydrological modelling in the Cevennes-Vivarais region

Bottom-up modelling has already been used in numerous works for the Cevennes-Vivarais region aiming to improve flash-flood forecasting and understanding on flash-floods generation processes. In order to cote only a few of them, the catastrophic event of the 8-9 th September 2002 is taken as an example; this event has been the subject of extensive post-event investigations [START_REF] Gaume | Analyse hydrologique des crues des 8 et 9 septembre 2002 dans le Gard[END_REF][START_REF] Gaume | Analyse hydro-pluviométrique des crues du Gard et du Vidourle des 8 et 9 septembre 2002[END_REF][START_REF] Delrieu | The Catastrophic Flash-Flood Event of 8-9 September 2002 in the Gard Region, France: A First Case Study for the Cévennes-Vivarais Mediterranean Hydrometeorological Observatory[END_REF]. [START_REF] Gaume | Analyse hydrologique des crues des 8 et 9 septembre 2002 dans le Gard[END_REF] and [START_REF] Gaume | Analyse hydro-pluviométrique des crues du Gard et du Vidourle des 8 et 9 septembre 2002[END_REF] used conceptual models of type SCS (soil conservation service) to analyse the event. They revealed the influence of land use, geology and soil types comparing results obtained for other watersheds. Le [START_REF] Lay | Exploring the signature of climate and landscape spatial variabilities in flash flood events: Case of the 8-9 September 2002 Cévennes-Vivarais catastrophic event[END_REF], using distributed models, identified the spatial variability of rainfall and initial condition of soil moisture as first-order in the flash-flood generation and the spatial variability of landscape properties as second order. Saulnier and Le Lay (2009) confirmed the importance of spatial variability of rainfall and highlighted the importance of accurate sampling of rainfall intensities. [START_REF] Bonnifait | Distributed hydrologic and hydraulic modelling with radar rainfall input: Reconstruction of the 8-9 September 2002 catastrophic flood event in the Gard region, France[END_REF] used n-TOPMODELs and show that flash-floods were controlled by the MCS trajectory during this event. They pointed out the importance of subsurface flows and karstic geological settings in the modelling. [START_REF] Manus | A modeling approach to assess the hydrological response of small mediterranean catchments to the variability of soil characteristics in a context of extreme events[END_REF] used the CVN distributed model and identified areas prone to saturation excess and area prone to infiltration excess over the impacted region. The same model was used by Anquetin, et al. (2010). Their conclusions about the impact of soil properties variability and differences in rainfall estimation consistent with [START_REF] Saulnier | Sensitivity of flash-flood simulations on the volume, the intensity, and the localization of rainfall in the Cévennes-Vivarais region (France)[END_REF]. They also showed that the flood dynamics of the event presented two phases, the first one mainly controlled by the soil properties and the second one controlled by rainfall variability since the soils were saturated (Anquetin, et al., 2010).

More recently, studies have been performed at the region scale in order to give insights on the hydrological behaviours of the watersheds more than on the flash-floods generation processes. [START_REF] Garambois | Etude régionale des crues éclair de l'arc méditerranéen français. Elaboration de méthodologies de transfert à des bassins versants non jaugés[END_REF], in his PhD thesis, used the MARINE distributed model on several basins of the Mediterranean region. He found that 80% of the model output variance is explained by soil depth during peak of flow while lateral subsurface transfer is responsible of 80% of the output variance of catchment flood events' hydrograph during slow declining limbs [START_REF] Garambois | Etude régionale des crues éclair de l'arc méditerranéen français. Elaboration de méthodologies de transfert à des bassins versants non jaugés[END_REF]. [START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF] showed the importance of the weathered rock layers for flood simulations and inter-event flow simulations. The different weathered rock layers and the difference of hydrological behaviour of north catchments (Ardèche, Tarn) and south catchments (Gardon, Vidourle) can both be linked to geology. Using a topdown modelling strategy following [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF]) method, Adamovic, et al. (2014) also identify geology as a controlling factor for flood response over the Ardèche catchment.

Meteorological and hydrological observations

In order to apply the Kirchner method, catchments must have precipitation, evapotranspiration and flow records of sufficient quality and with hourly temporal resolution or less. Thirty catchments (Table 1) corresponding to thirty hydrologic stations localised in the Mediterranean region are studied and the data consistency is analysed. Seven-teen have been studied by [START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF], and are suitable for a comparison between the results of the two models. The others belong to the Ardèche catchment and could provide useful insight on the hydrological behaviour of the catchment as well as on the performance of Kirchner method in such region. In the following, we present the data used in this study.

SAFRAN DATA

Precipitations (liquid and solid), temperature and solar flux data are provided by the SAFRAN reanalysis database [START_REF] Quintana-Seguí | Analysis of near-surface atmospheric variables: Validation of the SAFRAN analysis over France[END_REF][START_REF] Vidal | A 50-year high-resolution atmospheric reanalysis over France with the Safran system[END_REF]. Meteorological data are available at hourly time step over France and Switzerland at a spatial resolution of 64 km² (8 km side grid) from 1958 until today. SAFRAN computes vertical profiles of temperature, humidity, wind speed and cloudiness every 6 hours for 615 homogenous climatic zones covering France that were defined in advance using the expertise of local forecasters. The hourly distribution of precipitation is inferred from the analysed specific humidity and further constraints from snow-rain transition elevation. Solar flux is determined using radiative transfer scheme [START_REF] Vidal | A 50-year high-resolution atmospheric reanalysis over France with the Safran system[END_REF]. Hourly time series of reference evapotranspiration ET0 were also computed from SAFRAN meteorological data using FAO recommendation [START_REF] Allen | Crop evapotranspiration-Guidelines for computing crop water requirements-FAO Irrigation and drainage paper 56[END_REF] as described in [START_REF] Vannier | Calcul d'une évapotranspiration potentielle (ETP) spatialisée pour la modélisation hydrologique à partir des données de la réanalyse SAFRAN de Météo-France[END_REF].

Time series are interpolated hourly for each catchment. They correspond to the mean of the SAFRAN meshes weighted by the surface of the intersection between the meshes and the watershed area.

FLOW DATA

Collected flow data originated from Banque Hydro 1 and Electricité de France (EDF) databases. One catchment (Altier at Altier) presents flow data from both databases. The Banque Hydro stations are managed by the Flood Forecasting Service (Service de prévision des crues -SPC Grand-Delta) and the Regional Direction of Environment, Country Planning and Housing (Direction Régional de l'Environement, de l'Aménagement et du Logement -DREAL) Langedoc-Roussillon. Those stations are hydrometric stations that measure the water height that is transformed into the discharge using a "stage-discharge" curve or rating curve. These curves are established by measuring discharges for various stages as they occur throughout the year. The flow records are available at variable time step.

Each new flow value is recorded such as the water height presents a variation of at least 5% compared 1 www.hydro.eaufrance.fr to the previous value recorded. A linear interpolation method is used to obtain the data at continuous hourly time step.

GEOGRAPHICAL INFORMATION SYSTEMS (GIS) LAYERS

GIS database are used to delineate the watershed and to define their characteristics. Topography of the region is defined using Digital Terrain Model (DTM) from IGN database (Institut Géographique National). The river network used corresponds to the BD Carthage® that gathers all the entities having a hydrographic importance. The geology used come from BRGM database (Geologic map at 1/1.000.000e, 6th edition, 1996) and the land-use information is extracted from the CORINE (Coordination de l'information sur l'environnement) Land cover of European Union, 2006.

MATERIALS AND METHODS

This section presents the method used to apply the "top-down" understanding/modelling approach to the Mediterranean region. First (section 2.1), we present the methods used to assess the data consistency. The application of the simple dynamical system approach proposed by Kirchner ( 2009) is then presented and the sensitivity functions estimated are evaluated using discharge simulations (section 2.2). The parameters of the sensitivity functions are then regionalised (section 2.3) and the application of the SIMPLEFLOOD model, proposed by [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF], over the Gardon catchment is then presented (section 2.4).

Data consistency

Water balance analysis

A first evaluation of the collected data is performed thanks to the analysis of the flow regimes of the different watersheds. The water balance equation is used, Eq.( 1):

𝑑𝑆 𝑑𝑡 = 𝑃 -𝑄 -A𝐸𝑇 (1) 
With 𝑑𝑆 𝑑𝑡 , the variation of stored water within the watershed, P, the precipitation, Q, the flow at the outlet of the watershed, and AET, the actual evapotranspiration.

Considering that at the inter-annual time scale the stored water does not change, we can determine the inter-annual runoff coefficient. It is one of the most discriminant parameter in judging the quality of the datasets, together with the assessment of the plausibility of estimated AET.

Given the different flow record periods between the different stations, the flow regimes can be analysed following two different approaches. The SAFRAN data are available at hourly time steps from 1958 to 2012. The first option is to use the whole time period to produce the inter-annual monthly means of precipitation and evapotranspiration. The second option consists of considering only SAFRAN data that match flow measurements period (as there are both missing values and different installation dates of the gauging stations). Both methods are tested in the following.

The first method was used by Olivier [START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF] during his PhD thesis. This method allows the calculation of more precise and comparable means since they are calculated over the same period for all the catchments. However, it involves the "strong" hypothesis of a stationary climate over the whole time series period. [START_REF] Vidal | A 50-year high-resolution atmospheric reanalysis over France with the Safran system[END_REF] detected trends in the precipitation time series for the period 1958 -2009. Those trends can be attributed to changes in the instrumentation and climatic variability. Hence, this method generates a bias in the calculated inter-annual monthly means. Furthermore, runoff coefficients are very likely to be unreliable with this method. Some station went out-of-service as stated by the continuity column in the Table 1. It generally occurs during high-flow events. Thus, the station is likely to miss high-flow events that are recorded by SAFRAN and taken into account for the rainfall mean calculations, leading to an under-estimation of the runoff coefficient.

The second method involves sampling SAFRAN data for each catchment making less thorough the comparison of the SAFRAN means between the watersheds but allows more reliable runoff coefficient estimations. The periods of measures for each drainage basin are presented Table 1.

Evapotranspiration observations diagnostic

Another diagnostic for the evaluation of the validity of the datasets is performed using the actual evapotranspiration (AETwb) inferred using water balance Eq.( 2). Considering that at the annual time scale the variation of stored water is negligible, then, AETwb is equal to the difference between precipitation and runoff.

𝐴𝐸𝑇 𝑤𝑏 = 𝑃 -𝑄 (2) 
Where P is the annual precipitation in mm.yr -1 and Q is the annual runoff.

ET0 corresponds to evapotranspiration of an ideal canopy (well watered grass) receiving as much as water it needs. Potential evapotranspiration (PET) for another canopy or crop corresponds to evapotranspiration that would occur if the canopy of crop was well-watered. It can be deduced from ET0 using crop coefficients which are tabulated in FAO (1998) for instance. AET depends on PET and soil moisture. By definition, AET is lower or equal to PET. AETwb is also compared with [START_REF] Turc | Evaluation des besoins en eau d'irrigation, évapotranspiration potentielle[END_REF] annual actual evapotranspiration (AETTurc) which is calculated using the following formula:

𝐴𝐸𝑇 𝑇𝑢𝑟𝑐 = 𝑃 √ 0.9 + 𝑃² 𝐿² (3) 
Where 𝐿 = 300 + 25𝑇 + 0.05𝑇 3 , with T the mean annual temperature in °C. Regarding the influenced hydrologic stations of the Ardèche River, Jean-François [START_REF] Noël | Naturalisation de débits observés sur le bassin versant de l'Ardèche[END_REF] performed a naturalisation of river flow using observed discharge and knowledge of input daily discharge from the Loire catchment at the Montpezat dam. These values were provided by EDF (Electricité De France), and J.F Noël calculated the daily naturalized for the Ardèche River. These data are used to compare influenced and naturalised flow regimes for the 5 stations downstream of the complex.

Rescaling of the meteorological data

The last diagnostics highlight implausible water balance for several catchments. However, Kirchner (2009) approach can only be applied for catchments on which water balance is closed. Flow measurements can also include large uncertainty. These uncertainties derive from a combination of sources, including errors in stage and velocity measurements during gaugings, assumption of a particular form of stage-discharge relationship, extrapolation of the stage-discharge relationship beyond the maximum gauging and cross-section change due to vegetation growth or bed movement [START_REF] Mcmillan | Impacts of uncertain river flow data on rainfall-runoff model calibration and discharge predictions[END_REF]. On the other hand, precipitation and evapotranspiration are spatially variable and are representative of much smaller areas than the catchment. In this study, flow measurements are assumed to be the most reliable source of data. Krichner method is applied directly on raw discharge data to assess whether useful information can still be extracted for Mediterranean catchments.

Hence, rescaling of the meteorological data (P and PET) is performed in order to apply Krichner method with data where water balance closure is more representative. According to the analysis of Adamovic, et al. (2014), AETTurc is assumed to be a robust estimation of actual evapotranspiration for the Mediterranean region while estimated using SAFRAN annual precipitation and temperature. The mean annual AETTurc formula [START_REF] Turc | Le bilan d'eau des sols: relation entre les précipitations, l'évaporation et l'écoulement[END_REF] 0,5 0,5 0,5 0,59 1,08 1,15 1,15 1,15 1,07 0,57 0,5 0,5 2 Forests 1 1 1 1,03 1,18 1,2 1,2 1,2 1,18 1

,03 1 1 3 Urban zones 1 1 1 1 1 1 1 1 1 1 1 1 4 Agricultural land
0,79 0,87 0,92 0,99 1,06 1,08 1,02 1,01 0,96 0,84 0,74 0,75 5 Natural grasslands

1 1 1 1 1 1 1 1 1 1 1 1 6
rocks or bare vegetations 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 7 Glaciers 0 0 0 0 0 0 0 0 0 0 0 0 8 Riparian zones 0,5 0,5 0,5 0,59 1,08 1,15 1,15 1,15 1,07 0,57 0,5 0,5 

Application of the simple dynamical system approach to the Cévennes-

Vivarais region

Estimation of the catchment sensitivity function g(Q)

The method outlined by [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] to describe catchments as first-order non-linear dynamical systems combines the water storage Eq. ( 4) and the assumption that the discharge Q depends solely on total water storage S in the catchments , Eq.( 5).

𝑑𝑆 𝑑𝑡 = 𝑃 -𝑄 -𝐴𝐸𝑇 (4) 𝑄 = 𝑓(𝑆) 𝑜𝑟 𝑆 = 𝑓 -1 (𝑄) (5) 
Differentiating Eq.( 5) with respect to time and combining with Eq.( 4) one obtains:

𝑑𝑄 𝑑𝑡 = 𝑑𝑄 𝑑𝑆 𝑑𝑆 𝑑𝑡 = 𝑑𝑄 𝑑𝑆 (𝑃 -𝐴𝐸𝑇 -𝑄) (6) 
Assuming that Q is an increasing function of S, 𝑓(𝑆) is invertible. Following [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF], Eq.( 5) can be differentiated as the sensitivity of discharge to change in storage:

𝑑𝑄 𝑑𝑆 = 𝑓 ′ (𝑆) = 𝑓′(𝑓 -1 (𝑄) = 𝑔(𝑄) (7) 
The sensitivity function can be estimated using observational data by combining Eq.( 6) and Eq.( 7):

𝑔(𝑄) = 𝑑𝑄 𝑑𝑆 = 𝑑𝑄 𝑑𝑡 ⁄ 𝑑𝑆 𝑑𝑡 ⁄ = 𝑑𝑄 𝑑𝑡 ⁄ 𝑃 -𝐴𝐸𝑇 -𝑄 (8) 
Of the three fluxes, discharge is the one that can be measured more reliably at the catchment scale.

For period when P and AET can be neglected, it becomes:

𝑔(𝑄) = 𝑑𝑄 𝑑𝑆 = 𝑑𝑄 𝑑𝑡 ⁄ 𝑑𝑆 𝑑𝑡 ⁄ ≈ -𝑑𝑄 𝑑𝑡 ⁄ 𝑄 | 𝑃≪𝑄;𝐴𝐸𝑇≪𝑄 (9) 
Which allows to estimate 𝑔(𝑄) from discharge time series alone, and more precisely during recession events. Practically, for Eq.( 8) to be well approximated by Eq.( 9), we selected time steps following [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] approach. It assumes that actual evapotranspiration fluxes are relatively small at night.

Hourly time steps are selected when solar flux is less than 1W/m² and whether there was no recorded precipitation within the previous 6h and the following 2h. Recessions are extracted only for the lowvegetated period, from November to March, when evapotranspiration disturb less recessions. This method of extraction is selected since it minimizes the distortion of the recessions plot and provides enough material to fit a reliable sensitivity function. A sensitivity analysis to the method used in the selection of the points included in the estimation is presented in the next section.

From hourly streamflow records during period when P<<Q and PET<<Q flow recession rate are estimated as the difference between two successive hours. 𝑔(𝑄) is estimated building "recessions plots" [START_REF] Brutsaert | Regionalized drought flow hydrographs from a mature glaciated plateau[END_REF] by plotting selected discharge recession rates selected as a function of the average discharge of the two successive hours. The log-log scale allows a better view since both 𝑄 and -𝑑𝑄 𝑑𝑡 ⁄ will span several orders of magnitude. However, it expands the domain where 𝑄 and -𝑑𝑄 𝑑𝑡 ⁄ are small and where their relationship must be accurately described. To properly take into account this scatter, binning of the individual recessions events is performed into range of Q. Each bin corresponds to the average of hourly data points that span at least 1% of the logarithmic range of Q and must include enough points that the standard error of -𝑑𝑄 𝑑𝑡 ⁄ within the bin is less than its mean. [START_REF] Teuling | Catchments as simple dynamical systems: Experience from a Swiss prealpine catchment[END_REF] argue that evapotranspiration can have a significant impact on nighttime recessions during hours which runoff is smaller than a given evapotranspiration threshold. This results in a distortion of the bins at low flows on the recessions plots. [START_REF] Teuling | Catchments as simple dynamical systems: Experience from a Swiss prealpine catchment[END_REF] set a threshold at 0.15 mm/h. A threshold is set by visible expertise for each catchment (Table 5).

Following [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] method, a quadratic curves is fitted to the binned means leading to the following expression of 𝑔(𝑄):

ln(𝑔(𝑄)) = ln ( -𝑑𝑄 𝑑𝑡 ⁄ 𝑄 | 𝑃≪𝑄;𝐴𝐸𝑇≪𝑄 ) ≈ 𝑐 1 + 𝑐 2 ln(𝑄) + 𝑐 3 (ln (𝑄))² (10)

Sensitivity of g(Q) to the data used for the extraction

Several methods for extracting recession events are tested. (1) Events were extracted according to Kirchner conditions (Solar flux < 1W/m² and no rain for the previous 6h and next 2h) for the whole record period. (2) A snow filter was also applied in order to exclude recession events that may be caused by snow melt. Possible snowmelt periods are considered when at least 5 mm of snow occurred within the last 15 days (Vannier, et al., 2013).

(3) Kirchner's conditions were applied only for low-vegetated period (November to March). Finally, (4) the snow filter was applied to recession events extracted using Kirchner's condition for low-vegetated period.

Evaluation of g(Q) relevance using discharge simulation

Discharge simulation is performed in order to evaluate/validate the estimated sensitivity functions.

Simulations are performed only for watersheds that are non-influenced. Sensitivity function𝑔(𝑄), described by Eq.( 10) is used in the following combination of Eq.( 8) and Eq.( 9) to simulate discharge:

𝑑𝑄 𝑑𝑡 = 𝑑𝑄 𝑑𝑆 𝑑𝑆 𝑑𝑡 = 𝑔(𝑄)(𝑃 -𝐴𝐸𝑇 -𝑄) (11) 
Streamflow hydrograph can be directly simulated by integrating Eq.( 11) through time. A hypothesis is required for the specification of AET. It is assumed that AET=Kc*ET0, where the scaled Kc*ET0 defined in section 2.1.4 is used .In the simulation the scaled rainfall was also used. This implementation requires attention onto two practical details [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF]. (a) Changes in measured discharge at the catchment outlet may lag behind the changes in catchment storage and potentially introduce error in the synthetic hydrograph. [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] and Adamovic, et al. (2014) pointed out that such lags can be retrieved using cross-correlation between P and Q records, although, they are not very important since discharge time series are highly auto-correlated. However, they suggest to take into account these lags to enhance model performance. (b) Numerical instabilities can be triggered solving Eq.( 11). In order to minimize numerical instabilities the log transform of Eq.( 11) is preferred:

𝑑(ln(𝑄)) 𝑑𝑡 = 1 𝑄 𝑑𝑄 𝑑𝑡 = 𝑔(𝑄) 𝑄 (𝑃 -A𝐸𝑇 -𝑄) = 𝑔(𝑄) ( 𝑃 -A𝐸𝑇 𝑄 -1) (12) 
This ordinary differential equation can be solved using Runge-Kutta 4 th order scheme (see details in 

Parameter regionalisation using Factorial Analysis of Mixed Data (FAMD)

In order to set up the SIMPLEFLOOD model in a large catchment, it is necessary to assign a parameter set to all the sub-catchments of the domain even if they are not gauged. This is the model parameter regionalisation step. [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] used factorial analysis of mixed data (FAMD) for this purpose and found that geology and the period over which the discharge sensitivity function is estimated (low-vegetation versus vegetation period) were the main predictors of the discharge sensitivity functions parameters. However, his analysis was based on only five catchments. The objective here is to apply the same analysis to our larger catchment sample in order to assess the robustness of [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] results. We present a brief introduction on the theory of factorial analysis of mixed data (FAMD), the dataset used, and the principles of classification performed further.

Principle of FAMD

FAMD was introduced by Pagès ( 2004) and a nice description can be found in Wikipedia2 .

A FAMD deals with I individuals that present measurements/information (quantitative and quantitative) for K variables. In our case, individuals are represented by the different catchments and the variables correspond to the 3 model parameters, topographic measurements, geology, land use, and meteorological and hydrological data. We are interested to learn whether there are relations between the variables and especially involving the models parameters. We are also aiming to find similarities catchment to catchment. A classification is then performed to reveal patterns that could be helpful in the understanding of hydrological cycle in the Mediterranean area.

FAMD tends to synthetize information of a dataset by representing it geometrically. Quantitative data are normalized allowing the comparison and in order to give the same importance between the different variables. Thus, a dataset composed by I individuals described by 3 variables can be visualized in a 3D scatterplot; each points corresponding to one individuals plotted using its variable values.

Similarly, variables can be plotted in a domain of individuals. If the number of individuals or variables is superior to 3 it is not possible to plot the data but mathematically, I individuals will be represented in a domain of K dimension, and K variables will be represented in a domain of I dimensions. As regard to the qualitative variables, the intraclass correlation ², is calculated. This is a measure of the relationship between the statistical dispersion within individual categories and the dispersion across the whole population or sample.

The FAMD propose a simplified image of the points, in K dimension by finding sub-space that summarize the best the shape of the scatterplot. This is done by finding axis that maximise the dispersion (i.e. variability) between points. Applied to several dimensions, this variance is called inertia. In other words, we look for a direction, v, the most correlated to the individuals in the K dimensions:

argmax 𝑣 ∈ ℝ ( ∑ 𝑐𝑜𝑟²(𝑘, 𝑣) 𝑘 ∈ 𝐾 + ∑ ²(𝑞, 𝑣) 𝑞 ∈ 𝑄 ) (13) 
The individuals are then plotted in the sub-space. The coordinates of each individual on the previously defined axis that maximise the inertia are recorded. The correlation is calculated between the coordinates of the individuals on each axis and the different variable. The results can be plotted in a correlation circle.

The accuracy of the projection of the variables can be assessed looking at:

𝑐𝑜𝑠 2 (𝜃 𝑘𝑣 1 ) = 𝑐𝑜𝑟 2 (𝑣 1 , 𝑥 𝑘 ) 𝑜𝑟 𝑐𝑜𝑠 2 (𝜃 𝑞𝑣 1 ) = ²(𝑣 1 , 𝑥 𝑞 ) (14) 
With 𝜃, the angle between, the quantitative variable k or the qualitative variable q in its dimension, and its projection on the dimension 𝑣 1 . The sum of 𝑐𝑜𝑠 2 (𝜃) for a variable in all the dimensions is equal to 1. Thus, a dimension that summarizes well the information of a variable has a 𝑐𝑜𝑠 2 (𝜃) close to 1. In a similar way, a variable is well described by the correlation circle if the sum of the 𝑐𝑜𝑠 2 (𝜃) of the two dimension is close to 1.

Dataset used

In our case the dataset on which the FAMD is performed consists in 20 individuals that correspond to the 20 catchments for which simulations were performed. Each catchment is characterized by 14

variables. The 3 model parameters that are defined for each catchment estimating the sensitivity function g(Q). The meteorological and hydrological variables corresponding to the mean annual precipitation, the ratio of the potential evapotranspiration on the precipitation, and the runoff coefficient. The dominant land use is estimated using Corine Land Cover database. Three classes are defined for catchments with dominant agricultural land, A, Forests, F, and Grass land, G. The dominant geology estimated using BRGM database. Three classes are defined corresponding to the three rock ensembles present in the region. Granites, GRA, Schists, SCHI, and limestones, LIM. The topographic variables are computed using and 25m resolution DEM and ArcGIS 10.2 Spatial Analyst tool [START_REF] Mccoy | ArcGIS 9: Using ArcGIS Spatial Analyst[END_REF]. This variables includes, the catchment area, the mean catchment slope, the mean catchment elevation, the total channel length derived from the Carthage database, the Strahler number [START_REF] Strahler | Quantitative analysis of watershed geomorphology[END_REF], and the drainage density which corresponds to the total channel length divided by the catchment area.

Hierarchical Classification in Principal Component (HCPC)

Hierarchical Classification in Principal Component (HCPC) is performed after the factorial analyses in order to observe similarities between individuals and to highlight which variables the best influence those similarities. The classification is performed using Ward's minimum variance method [START_REF] Jr | Hierarchical grouping to optimize an objective function[END_REF]. Applied to the results of the factorial analysis this method minimizes the intra-class inertia (i.e.

variance for several dimensions) for the 5 dimensions that describe the best the dataset. This classification is further consolidated by a K-means algorithm [START_REF] Hartigan | Algorithm AS 136: A k-means clustering algorithm[END_REF].

Distributed modelling using SIMPLEFLOOD model (Adamovic, 2014)

Presentation of the SIMPLEFLLOD model

The SIMPLEFLOOD model [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF]) is a distributed model implemented in JAMS (Jean Adaptable Modelling System) modelling framework. JAMS modelling framework permits modular model creation using different environmental and hydrological processes at discrete point in time and/or space. Each process has its own algorithm-common feature that can be found in many distributed model nowadays.

The SIMPLEFLOOD model allows discharge simulation following Kirchner's approach (Section 2.2). The catchment discretization is composed of Hydrological Response Units (HRUs), which are subcatchments, in order to be consistent with the principles of the simple dynamical system approach. The size of the sub-catchments is chosen is agreement with the mean size of rainfall events. Meteorological inputs are spatialized over each sub-catchment. At each time step, the discharge is simulated thanks to the runoff generator (Figure 3) that applies Kirchner's method considering each sub-catchment as a simple dynamical system. The runoff is directly transferred to the river network where it can be routed to the outlet. The model forcing is composed of hourly rainfall and reference evapotranspiration, as well as a monthly time series of crop coefficient per modelling unit. We present in the next section the model set up for the Gardon catchment. For our application, only interflow is considered and the bypassing mechanism is not implemented (Figure 3). 

Spatial discretization in Hydraulic Response Unit (HRU)

The designation of HRUs operates on physiographical characteristics (topography, geology, landuse) of the catchment area and aims at its partitioning into zones homogeneous in hydrologic response.

The Gardon catchment was spatially discretized using, GRASS-HRU delineation tool. Spatial information of topography from a 25m IGN DEM, geology (BRGM) and land-use (Corine land Cover) are used to create HRUs that can be identified to sub-catchments that include at least one reach. The discretization is done so that the average area of each sub-catchment approaches 10km². The flow paths between each HRU is delineated using the D8 algorithm [START_REF] Garbrecht | The assignment of drainage direction over flat surfaces in raster digital elevation models[END_REF].

Discharge simulation of HRUs

In order to model discharge using Kirchner's method, SIMPLEFLOOD model needs hourly precipitations, reference evapotranspiration, and the 3 sensitivity function parameters for each HRU.

SAFRAN hourly precipitation and reference retrieved ET0 are calculated for each HRU using the weighted mean of the overlying grid cell values. Note that in this application of SIMPLEFLOOD to the Gard, no rescaling of P and ET0 is performed, as it would require a regionalization of the rescaling factors which is well beyond the objectives of this study. HRUs are obviously ungauged. Sensitivity function parameters are inferred for each HRU using the dominant geology according to the results of the factorial analysis.

River routing parameters

The discharge simulated at hourly time steps for each HRU is then routed to the river outlet.

SIMPLEFLOOD model is able to track the source of incoming and outgoing water making the source of water throughout the catchment easily identifiable. In each reach, water velocity is computed according to Strickler coefficient and then the water is passed to the next downstream reach based on the velocity and length of the reach. The reach routing is computed using a variant of kinematic wavebased approach [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF]. A detailed description of the model is provided in the chapter 5 of Adamovic (2014) PhD thesis.

RESULTS

Data consistency analysis

Water balance analysis and evapotranspiration observations diagnostic

The two options presented in section 2.1.1 for data consistency analysis, relying on water balance computation were tested. Only, the second option that consists of considering only SAFRAN data that match flow measurements period is presented here as it is leading to more consistent results. Results of method 1 are presented in Appendix III.

Figure 4 and 5 present flow regimes and runoff coefficients of sub-basins of the Ardèche, Cèze, Tarn, Gardon, Hérault, Vidourle and Vistre catchments. Drainage basins corresponding to the Cévennes mountainous regions are subject to more intense precipitation than drainage basins located in the piedmont of the valleys. However, runoff coefficients of some catchments do not reflect the precipitation behaviour described above. This is the case of the Gardon sub-catchment that should have a greater runoff coefficient given their altitudes. Contrarily, the Hérault at Vallerauge and the Dourbie at Dourbies presents runoff coefficient greater than 100% which is not possible under natural flow regime. The vicinity of these catchments highlights a strong uncertainty in the data. This uncertainty can be introduced for various reasons:

-The watersheds were incorrectly digitalised resulting in wrong estimations of the surface of the watersheds and intersections between the SAFRAN meshes and the surface watershed.

This error would then propagate in the precipitation estimation and conversion of flow (from m 3 to mm). A difference between the hydrologic and hydrographic basin would lead the same errors (karstic basins).

-A wrong estimation of the mean precipitations.

-A wrong estimation of the flow at the outlet of the basins.

The algorithm of watershed delineation lacks of precision for the "flat" areas. However, the more unrealistic flow regime come from mountainous watershed. Thus, it is reasonable to say that the uncertainty does not come from errors in the Digital Elevation Model (DEM). Vannier (2013) compared watershed extractions using several DEM at different spatial resolutions for the same area of study. His results are in agreement with the previous statement. The variability of the surface extracted is less than 5% for watersheds of about 100km².

Error on cumulated precipitation estimations is a more probable hypothesis. SAFRAN system is based on homogenous climatic zones delimited using the expertise of local forecasters. Data from meteorological stations are collected for each climatic zone. Meteorological variables are calculated at several heights and interpolated considering the altitude of the zone [START_REF] Vidal | A 50-year high-resolution atmospheric reanalysis over France with the Safran system[END_REF]. Furthermore, the greater variability of the weather in mountainous region lead uncertainties in estimation [START_REF] Gottardi | Statistical reanalysis of precipitation fields based on ground network data and weather patterns: Application over French mountains[END_REF]. The combination of weather variability and interpolation of SAFRAN meteorological variables could lead to under-estimation of rainfall in high-altitude watersheds. This is the case of the Hérault at Vallerauge and the Dourbie at Dourbies which are located on the slopes of the Mount Aigoual.

We compared the cumulated rainfall estimation from SAFRAN dataset with the meteorological data of the closest rain gauge at the meteorological station of the mount. The cumulated precipitations calculated for the mount Aigoual meteorological station are in agreement with the previous hypothesis. The mean cumulated rainfall calculated over a 20 years record period is equal to 1893mm/year against 1769 mm/year and 1356 mm/year respectively for the basins of the Dourbie at Dourbies and the Herault river at Valleraugue calculated using SAFRAN reanalysis [START_REF] Quintana-Seguí | Analysis of near-surface atmospheric variables: Validation of the SAFRAN analysis over France[END_REF] over a 54 years record period. SAFRAN cumulated precipitation estimation are also likely to be over-estimated for 3 drainage basins of the Gardon (at St-Martin, St-Croix, St-Germain) that are all located in the same climatic zone.

AETwb computed using Eq. ( 2) are compared to ET0 and presented in Table 3 with the different runoff coefficient, Kr, of each watershed. According to the definition of ET0 (Section 2.1.2), AETwb is always lower than ET0. Hence, we can we can attest of the poor quality of the data of watersheds presenting

AETwb/ ET0 value superior to 0. This conclusion can be extended to watersheds with AETwb/ ET0 value very close to 1. The comparison between the 2 methods shows that Kr, generally increases with the method 2. This is consistent with the fact that hydraulic stations mostly went out-of-order during extreme events and the general decreasing behaviour of AETwb/ ET0 value. Mean annual water heights of the different measures that have been used to analyse flow regimes are presented Appendix IV.

Figure 4: Mean annual runoff coefficient calculated according to method 2, for the 14 sub-basins of the Ardèche catchment using Banque hydro flow data and the SAFRAN reanalysis meteorological data. Runoff coefficient appears in % on each sub-basin. The hydrological regime graphs display the monthly inter-annual means of precipitation (mm), ET0 (mm) and flow (mm) for the available period of measurements. The 95% confidence interval is calculated using a "bootstrap" technique. (Vannier, et al., 2013), takes into account the whole SAFRAN time series whereas Method 2 uses solely the SAFRAN data matching the period of availability of flow measurements.

Influence of hydroelectric complexes and watershed inconsistencies

Figure 4 presents the runoff coefficient calculated using only meteorological data for the corresponding flow measurements. The runoff coefficient of the Ardèche at Meyras, which is the only non-influenced catchment of the Ardèche River, is different to runoff coefficients of the surrounding watersheds. They have much high Kr due to the influence of the hydroelectric complex of Montpezat.

Although the Volane at Vals-les-Bains is not influenced by the complex of Montpezat, it presents a runoff coefficient equal to 82% which comparable to the runoff coefficients of the influenced Regarding the Chassezac River, the Kr of the Chassezac at Gravière is equal to 22.1% (Table 3) due to the water bypassing the hydraulic station by the penstock. This value is much lower than what it would be in natural condition. The Kr calculated for the station of Malarces, 2.5 km downstream of the station of Gravière and that receives water from the penstock, is equal to 65%.

The Salaison River at Maugio presents a very low runoff coefficient equals to 5.6%. This runoff coefficient is very likely to be unreliable and could be explained by the under-riverbed flow 3 . The riverbed is constituted of gravels. The hydrometric station records no water level whereas there is a flow underneath.

The flow regimes for these stations are plotted in Figure 5. Figure 6 provides a comparison between observed runoff coefficients and the inferred natural runoff coefficient over the Ardèche drainage basin.

www.hydro.eaufrance.fr 

Rescaling of the meteorological data

Table 4 presents the rescaled P and PET values along with the rescaling factors. We observe that all the PET need to be decreased. This is consistent since we tend to estimate AET using the rescaling and AET is lower that PET (Section 2.1.2). This pattern is not observed for the precipitation data, the PTurc is more consistent with the SAFRAN Precipitation for the watersheds from which water balance appeared to be correct (See previous sections). From this point, the rescaled meteorological data are used in the modelling presented in section 3.2. 

#

Estimation and evaluation of the relevance of the discharge sensitivity

functions g(Q)

Estimated catchment sensitivity functions over the Cévennes region

Recessions were extracted for 30 basins. Watersheds with discharge influenced by hydroelectric complexes were set aside. Stations for which the range of recessions extracted is too short are representative of low-flow and are too much impacted by the effect of the evapotranspiration to be used.

From this selection, catchment sensitivity function is estimated for 20 basins out of 30. The coefficients of the 3 rd order polynomial function fitted are presented Table 5. The choice of nighttime non-vegetated periods for 𝑔(𝑄) estimation gives consistent results amongst the different watersheds with similar c1 and c2 coefficients (setting apart the Salaison at Maugio). Unlike [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF], and Adamovic, et al. (2014), but similarly to [START_REF] Teuling | Catchments as simple dynamical systems: Experience from a Swiss prealpine catchment[END_REF] and [START_REF] Krier | Inferring catchment precipitation by doing hydrology backward: A test in 24 small and mesoscale catchments in Luxembourg[END_REF] c3 coefficient is not always negative leading to numerical instabilities when 𝑔(𝑄) is extrapolated at very low discharge. In order to avoid numerical instabilities generated by the positive c3 coefficients a threshold is set to avoid very low flows in recession extraction. A linear fitting is performed if the c3 parameter is still positive (Table 5).

Recessions plots and results of the fit of the sensitivity function are presented in Figure 7 for the Ardèche at Meyras, the Gagnière at Gagnière and the Gardon de St-Croix. Table 5 : Coefficients of a third order polynomial sensitivity function retrieved from the fit of the mean bins of the recessions plots. Recessions events are extracted using Krichner's condition during the low-vegetated period. The watersheds presented correspond to non-influenced basins that present reliable recessions plots. T is the discharge threshold used to minimize the influence of the evapotranspiration during the sensitivity function extraction. Positive c3 parameters leading to mathematical unstabilities, linear fitting of the g(Q) is performed when needed.

Sensitivity analysis of 𝒈(𝑸) to data selected for recession extraction

Two periods are tested for the recession extraction, the whole period and the low-vegetated period.

A-snow filter is added or not leading to 4 different methods of extraction. Table 6 presents the parameters of 𝑔(𝑄) obtained for 3 basins using the different periods of extraction. The basins are selected according to their elevation in order to visualize the effect of the snow filter. The first method highlights the influence of evapotranspiration on low-flow recessions.

It results a scattering to the recession events up to high discharge rate increasing the standard error of the catchment sensitivity function (Figure 8). The constant influence of evapotranspiration is attempted to be reduced restricting the extraction to the recession events that occurred during the lowvegetated period. The number of events extracted is depleted and the sensitivity function interpolated is not representative of high flows while adding the snow filter to the low-vegetated period (Figure 8). The third method was then selected for catchment sensitivity function estimation of the whole catchment sample, since it is the most restrictive method and it permits to catch a maximum of recession events while minimizing the scattering effect of evapotranspiration.

Basins extraction method

quadratic linear

c1 c2 c3 c1 c2
Ardèche at Meyras

1 -3,8 1,7 0,03 -3,7 1,7 2 -3,7 1,6 0,1 -3,5 1,5 3 -3,8 1,8 -0,1 / / 4 -3,9 1,7 -0,1 / / Tarn at Pont de Monvert 1 -4,2 1,9 0,3 -4,1 1,6 2 -4,1 1,8 0,2 -3,9 1,5 3 -4,4 1,9 0,2 -4,2 1,7 4 -4,3 1,9 -0 / /
Thines at Pont de Gournier

1 -3,5 1 0,6 -3,3 1,7 2 -3,6 0,7 1,2 -3,3 1,4 3 -3,7 1,5 0,4 -3,6 1,8 4 -3,8 1,4 0,7 -3,7 1,8
Table 6 : Model parameters obtain using the different methods for recession events extraction. . (1) Events were extracted according to Krichner condition for the whole record period. (2) Krichner condition for the whole period combined with the snow filter (3) Krichner's conditions applied only for low-vegetated period. (4) Krichner's condition for the low vegetated period combined with the snow filter. Linear fit is performed when c3 is positive.

Evaluation of the relevance of the estimated discharge sensitivity function using discharge simulation

The discharge sensitivity functions were estimated using only a small part of the available data. In order to assess the relevance of the estimated functions, continuous simulations (including vegetation and low-vegetation periods) are performed for the various catchments. They are performed for 17 watersheds for the years 2000 up to 2008 with the first measure of the year of 2000 as flow input value.

For synthetic reasons, the results of simulation of only 3 watersheds are presented below. The streamflow simulations presented do not correspond to the best model performances. Among the 17 watershed simulated, those three were selected according to their dominant geology since geology has already been identified as a dominant predictor for hydrological variability in the Mediterranean region in several PhD thesis [START_REF] Garambois | Etude régionale des crues éclair de l'arc méditerranéen français. Elaboration de méthodologies de transfert à des bassins versants non jaugés[END_REF][START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF][START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF]. 

Rieumalet au

Pont de Monvert RMSE 0,11 0,09 0,13 0,24 0,08 0,04 0,08 0,03 0,16 0,11 RSR 0,65 0,61 0,81 0,46 0,53 0,51 0,57 0,52 0,54 0,58 00 10,90 14,[10][11][12][13][14][15][16][17][18][19][20][21][22][23][24][25][26][0][1][2][3][4][5][6][7][8][0][1][2][3][4]60 -2,86 NSE 0,58 0,63 0,35 0,79 0,72 0,74 0,67 0,73 0,70 0,66 log NSE 0,81 0,78 0,07 0,67 0,91 0,81 0,83 0,89 0,84 0,73 Gardon de St Germain RMSE 0,13 0,10 0,14 0,14 0,09 0,07 0,15 0,05 0,20 0,12 RSR 0,64 0,76 0,72 0,61 0,65 0,84 0,81 0,93 0,76 0,75 10 0,70 8,80 -6,93 NSE 0,59 0,42 0,48 0,63 0,58 0,29 0,35 0,14 0,42 0,43 log NSE 0,86 0,80 0,80 0,79 0,84 0,46 0,73 0,72 0,89 0,77

Auzonnet aux Mages RMSE 0,31 0,13 0,31 0,16 0,16 0,14 0,12 / 0,57 0,21 RSR 0,76 0,84 0,75 0,67 0,93 0,98 0,93 / 0,87 0,75 90 54,40 39,90 27,60 3,40 / 12,90 3,68 NSE 0,42 0,30 0,43 0,56 0,14 0,03 0,14 / 0,24 0,25 log NSE 0,74 0,21 0,35 0,61 0,58 0,51 -0,89 / 0,75 0,32 Ardèche à Meyras RMSE 0,22 0,17 0,13 0,19 0,13 0,07 0,19 0,09 0,27 0,16 RSR 0,61 0,76 0,45 0,53 0,61 0,67 0,63 0,79 0,61 0,63 PBIAS 10,70 24,30 13,80 1,10 24,40 3,10 3,10 25,00 17,50 13,67 NSE 0,63 0,43 0,80 0,72 0,63 0,55 0,60 0,38 0,63 0,60 log NSE 0,88 0,79 0,82 0,58 0,60 0,53 0,69 0,69 0,69 0,70 Borne au Pont de Nicolaud RMSE 0,28 0,58 0,15 0,32 0,20 0,13 0,29 0,11 0,43 0,28 RSR 0,63 0,85 0,51 0,62 0,77 0,74 0,74 0,81 0,62 0,70 40 7,90 32,70 23,00 14,80 1,38 NSE 0,61 0,27 0,74 0,61 0,41 0,45 0,46 0,34 0,61 0,50 log NSE 0,83 0,87 0,70 0,74 0,25 0,76 0,75 0,30 0,40 0,62

Thines au Pont de Gournier RMSE 0,23 0,16 0,12 0,16 0,15 0,08 0,30 0,08 0,31 0,18 RSR 0,68 0,82 0,48 0,47 0,88 0,70 0,80 0,79 0,56 0,69 PBIAS 17,20 20,40 19,30 27,50 18,60 6,91 NSE 0,53 0,33 0,77 0,78 0,22 0,51 0,35 0,38 0,69 0,51 log NSE 0,90 0,91 0,87 0,83 0,74 0,82 0,81 0,70 0,73 0,81

Altier at Goulette RMSE 0,13 0,14 0,12 0,25 0,10 0,05 0,11 0,05 0,22 0,13 RSR 0,61 0,69 0,65 0,54 0,66 0,54 0,66 0,82 0,64 0,65 PBIAS -7,20 5,10 13,10 -8,00 13,60 5,00 2,10 13,60 2,40 4,41 NSE 0,62 0,53 0,57 0,71 0,56 0,71 0,56 0,33 0,59 0,58 log NSE 0,81 0,69 0,58 0,29 0,49 0,07 -0,02 0,59 0,78 0,48 Adamovic, et al. (2014).

Parameter regionalization of SIMPLEFLOOD model using FAMD

A Factorial Analysis of Mixed Data (FAMD) is performed aiming to identify the dominant predictor for hydrological cycle in Mediterranean region. The table with the data is presented in Appendix V. The 3 model parameters, the hydrological and the meteorological data are kept as active variables. The topographical variables and the qualitative variables (Geology, Land use and Strahler order) are used as explanatory variables. All statistical analyses (FAMD, HCPC) are performed with R programing language using FactoMineR package4 .

The 2 dimensions that gather a maximum of information on the dataset have a percentage of inertia of 54.5% and 19.7%. [START_REF] Peres-Neto | Giving meaningful interpretation to ordination axes: assessing loading significance in principal component analysis[END_REF] proposed a table of the 95 % quantile inertia on the two first dimensions of 10000 PCA on data with independent variables. For 20 individuals and our 6 active variables the 95% quantile is equal to 60.1%. The inertia of the two first dimensions is equal to 74.2%.

Hence, the variables are not independent and the FAMD is meaningful.

The factorial map of individuals (Figure 10) shows that the Granitic watersheds are grouped and influence the axes formation. However, the Schist basins that influence the most the axes formation, are not gathered are excluded from the other. The basins with limestone geology are very scattered on this factorial plan. The correlation circle (Figure 10) highlights relationship between variables; first the PET/P ratio seems anti-correlated with the runoff coefficient which is logical and provides evidence on the accuracy of the projection. The c1 parameter seems anti-correlated with the mean slope which would provide a physical meaning for this parameter. However, correlations can be accurately compared only while the variables are very well described by the projection. The parameter c1 and the mean slope are also opposed on the correlation circles of the 1 st and the 3 rd dimensions and the 1 st and the 4 th dimensions (not shown). In order to add information from the other dimension, a Hierarchical Classification in Principal Component (HCPC) is built. The HCPC returns 4 clusters (Figure 11-A). The gain of inertia inter-class given by this number of cluster is equal to 66.8%. The AHC gather more information than the first axis of the FAMD but less than the factorial plan. The hierarchical tree is plotted on the factorial plan to compile the information (Figure 11 The Salaison at Maugio is the individual that influences the most the axis formation of the FAMD.

It is also the only individuals of a class inferred using the AHC. The factor analysis is performed again removing the Salaison at Maugio in order to see whether the geology still corresponds to a dominant parameter. The ² test presents a p-value equals to 1.5% that is still acceptable to say that geology is an important factor. 

SIMPLEFLOOD model applied to the Gardon catchment

The SIMPLEFLOOD model [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] 8). overestimation in summer and consequently to a discharge underestimation. The hydraulic routing of the water discharge probably have a not negligible influence as we go downstream. 9: Goodness-of-fit measurements for the simulation of the year 2011 using SIMPLEFLOOD model [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF]. The log measure of the Nash criteria is not available at St-Martin because he reach was dry during the summer period. This measure is not presented for the Reumoulins hydraulic station because of the poor quality of the observed data during low-flow period.

Geology c1 c2 c3

Goodness-of-fit measurements are provided Table 9. The log-Nash criteria is largely influenced by low-flows which explains the poor results of the upstream stations and the good results for the Gardon at Ners. PBIAS measures show that all the control stations are underestimated apart for the control station of St-Martin. This result is consistent with the results of rescaling (Table 4) that implies that SAFRAN rainfall is overestimated for St-Martin watershed (we remind that in the SIMPLEFLOOD application, no rescaling of P and ET0 is performed). The overestimation of the simulated discharge at the outlet may be due to a hydraulic influence and is discussed further. This overestimation is representative of low-flows only since the flood events are underestimated by the simulation. During the flood event of November, the discharge reaches 2.1 mm/h while a discharge of only 0.8mm/h is simulated.

DISCUSSION

Comparison of 𝒈(𝑸) with Adamovic, et al. (2014)

Four watersheds, the Ardèche at Meyras (#5), the Borne at Nicolaud Bridge (#26), the Thines at Gournier Bridge (#27), and the Altier at Goulette (#28), are both studied in this study and in Adamovic, et al. (2014). Adamovic, et al. (2014) used recessions events extracted for all low-vegetated nighttime periods for the 2000-2008 period. In this study, the recessions events are extracted during low-vegetated period when solar flux is lower than 1W/m². The extraction period is also much larger (Table 1) for the Ardèche at Meyras. The statistic criterion used to restrict recessions mean beans to higher discharge that are not influenced by evapotranspiration (i.e. section 2.2.1) was also used by [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF][START_REF] Teuling | Catchments as simple dynamical systems: Experience from a Swiss prealpine catchment[END_REF]; [START_REF] Krier | Inferring catchment precipitation by doing hydrology backward: A test in 24 small and mesoscale catchments in Luxembourg[END_REF]Adamovic, et al. (2014)). For our dataset, this criterion is not sufficient and our results are similar to those obtained by [START_REF] Krier | Inferring catchment precipitation by doing hydrology backward: A test in 24 small and mesoscale catchments in Luxembourg[END_REF]. Similarly Teuling, et al. (2010), a threshold is set for each basin by visual expertise. This leads to differences between the two studies in 𝑔(𝑄) estimation. Adamovic, et al. (2014) argued that c3 parameters are all negative for recessions extracted during low-vegetated periods. However, this result is not obtained from our analysis and linear regressions are used to avoid positive c3. Another parameter that should be taken into account is the difference of land-use dataset between the two studies, which influences the Kc values. Table 10 provides the parameters values estimated in both studies. Apart for the Ardèche at Meyras, the c3 parameters are positive involving a linear fit with our method. The Thines at Gournier Bridge is the watershed that presents the greater difference between the two studies. Both the difference in terms of data point selection and length of the time series used in the g(Q) estimation have an impact on the results. Such a result was also highlighted by [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF], but limits the robustness of the estimation methods, and consequently of the simulations performed using the parameters. 

Comparison between the CVN and SIMPLEFLOOD models

Simulations are performed using the SIMPLEFLOOD model [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] for the period from [START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF] and the SIMPLEFLOOD model [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF]. [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF], in his PhD thesis, coupled the SIMPLEFLOOD model with the hydraulic model MAGE 1D that solve St-Venant equation. [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF], simulated discharges for flood events of 2003, 2008, and 2011, over the Ardèche catchment, and noticed that SIMPLEFLOOD and SIMPLEFLOOD/MAGE models behave similarly for those specific events. These results indicate that in the current conditions the simplified routing scheme implemented in the SIMPLEFLOOD model behaves as well as the full Saint-Venant equations in MAGE model [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF]. Hydraulic coupling could improve simulations for the Gardon catchment due to the presence of the Gardon gorges downstream Ners hydraulic station. These gorges are about 20 km long and dug up to 100m

into the limestones and have a high hydraulic effect during extreme events [START_REF] Bonnifait | Distributed hydrologic and hydraulic modelling with radar rainfall input: Reconstruction of the 8-9 September 2002 catastrophic flood event in the Gard region, France[END_REF].

The interest of coupling a hydraulic model to a hydrologic model for the Gardon catchment has already been demonstrated by [START_REF] Bonnifait | Distributed hydrologic and hydraulic modelling with radar rainfall input: Reconstruction of the 8-9 September 2002 catastrophic flood event in the Gard region, France[END_REF] and [START_REF] Laganier | A coupling of hydrologic and hydraulic models appropriate for the fast floods of the Gardon river basin (France): results and comparisons with others modelling options[END_REF].

CONCLUSIONS AND PERSPECTIVES

This work shows the interest of the top-down modelling approach in order to gain knowledge of the hydrological mechanisms that contribute to flash-flood generation in the Mediterranean context. This work contributes to the Prediction of Ungauged Basins (PUB) initiative by providing and approach for regional scale modelling.

The data consistency analysis reveals the heterogeneity of hydrological processes in the Mediterranean region. This lies with the complex catchment characteristics (topography, geology, pedology and land-use) and the high variability of hydrometeorological mechanisms along time and space. Anthropogenic impact is also highlighted influencing water balance in several catchments. The Krichner's method is successfully applied to 20 watersheds and presents good results for lowvegetated periods and humid conditions. The recession extraction method for low-vegetated periods (from November to March) limits the scattering of the recession plots due to evapotranspiration.

However, the sensitivity function is highly sensitive to the time steps selected for the recession extractions.

A FAMD is used to identify the relationships between sensitivity function parameters and catchment physiographic and hydrometeorology characteristics. A HCPC classification is used to identify statistically similar group and allows the regionalisation of the SIMPLEFLOOD model parameters according to the dominant geologies. Our study, performed on a larger catchment sample than Adamovic (2014) confirms his results about the large impact of geology. Granite catchments present the best model performance while limestone catchments are the worst.

SIMPLEFLOOD model is successfully applied on Gardon catchment for the year 2011 and presents a Nash equals to 0.36 at the outlet. Improvement of the evapotranspiration estimation, especially during summer would be required.

Further methodological improvement should be added. A sensitivity analysis should be performed sensitivity function estimation in order to identify fluctuations. Regarding the regionalisation method, the dataset should be extended in term of individuals, especially for limestone catchments, and variables, using further soil parameter such as the presence of weathered rock layer identified by [START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF] as an important factor. Regarding the catchment complexity and rainfall heterogeneity, SAFRAN mesh may be too coarse and it could be interesting to use others spatialized rainfalls such as the SPAZM reanalysis of Gottardi et al. (2013) or the DuO product mixing both SAFRAN and SPAZM [START_REF] Magand | Introducing hysteresis in snow depletion curves to improve the water budget of a land surface model in an Alpine catchment[END_REF]. A hydraulic effect during extreme events has been noticed by [START_REF] Laganier | A coupling of hydrologic and hydraulic models appropriate for the fast floods of the Gardon river basin (France): results and comparisons with others modelling options[END_REF]. Hence, it could be interesting to observe the effect of coupling SIMPLEFLOOD with a hydraulic model such as MAGE. 

  Figure 2 shows the simplified geology of the Cévennes-Vivarais region. The sub-catchments studied belong to six main drainage basins: The Ardèche basin, the Tarn basin, the Gardon basin, the Hérault basin, the Vidourle basin and the Vistre basin. Rivers of the region are characterised by Mediterranean flow regime. Flows are reduced to low or no flow during summer.During autumn, strong precipitation can trigger flash-floods. During winter, abundant rains on the relief maintain high-flow regimes in the river of the region[START_REF] Vannier | Apport de la modelisation hydrologique régionale à la compréhension des processus de crue en zone méditérranéenne[END_REF].

Figure 2 :

 2 Figure 2: Main geologic formation of the Cévennes-Vivarais region (source : lithologic map of BRGM 1:1000 000), figure taken from Vannier (2013).

  Appendix I) and is computed iterating at hourly time steps. Simulations are performed for a selection of catchments for the reference years 2000 -2008. Goodness-of-fit measures are computed. Their definition is presented in Appendix II.

Figure 3 :

 3 Figure 3: Layout of the SIMPLEFLOOD model applied on each discretized element where red boxes are new implemented component; blue boxes are re-used components from J2000 model and green boxes represent simple summary of its content (Figure taken from Adamovic, 2014)

Figure 5 :

 5 Figure 5: Similar to the Figure 4 for the sub-catchments of the Cèze River, Tarn River, Gardon River, Herault River and Vistre River according to method 2.

  catchments. Planners were only interested by high-flows at this station and low-flows height can drop below the zero value of the scale. All the zero values have been replaced 0.17m 3 /s leading to a strong over-estimation of low-flows. The data are reliable since 2009 (Branger, personal communication).

Figure 6 :

 6 Figure 6: Comparison between the runoff coefficients of the Ardèche catchments calculated with the naturalised flows (left map) and the observed flows (right map). The Chassezac at Chambonas is visible on the left map.

Figure 7 :

 7 Figure 7: Recession plot of 3 different watersheds. The grey dots in Figure 7a, 7b, and 7c represent the time steps when P and ET can be neglected. The black dots in Figure 7a-7f are the binned means. The grey curves in Figure 7a, 7b, and 7c is the result of the fit of a 3 rd order polynomial function to the binned means. And represents the sensitivity function of the catchment.

  The Rieumalet at Pont de Monvert corresponds to granitic dominant geology, the Gardon de St Germain corresponds to shale geology and the Auzonnet at Mages correspond to limestone lithology. Simulations for the years 2004-2005 for the Auzonnet at Mages and for the years 2007-2008 of the Tarn and Gardon, initialized using the first discharge measurement of the year 2000, are visible in Figure 9. These years are selected aiming to present two consecutive "dry" and "wet" years. These years are selected calculating the median of annual precipitation for the whole period of measurement and by selecting the consecutive years with the largest interval in term of annual precipitation that includes the median. Measures of goodness-of-fit are performed for each year and are presented in Table 7. The goodnessof-fit measures highlight that the watershed with the limestone lithology presents the lowest model performance. PBIAS for the period 2000-2008 is close to 0 compared to the compared to the yearly PBIAS meaning that the underestimation and overestimation year by year balance along the 9 year simulated. The simulations overestimate the discharge at the Ardèche at Meyras catchment for each year and the PBIAS reaches 13.7% for the whole period. The Auzonnet at Mages presents the largest PBIAS variability for two consecutive years. PBIAS goes from -46.9% in 2000 to 54.4% in 2001. RMSE are generally close to 0 for most of the catchments. To better characterize low RMSE, RSR measure is proposed. Thus, the lower the RMSE and the RSR, the better the simulation. NSE and its log formulation are proposed in order to give less importance to the peaks of discharge. The model simulates streamflow in the logarithmic form in order to reduce numerical instabilities. Hence, more attention should be given to the log-NSE. The years 2001, 2005 and 2007 clearly appears to be "dry" years looking at the median of the mean annual precipitation of the catchments. Lowest model performances are often related to those years.

Figure 9 :

 9 Figure 9: Streamflow simulations for the years 2007-2008 (Rieumalet au Pont de Monvert and Gardon de St Germain) and 2004-2005 (Auzonnet at Mages) using the first streamflow record of the year 2000 as flow input. The blue lines correspond to the measurement and the red lines correspond to the simulations. The simulation results are presented for 3 basins : (1) -Rieumalet au Pont de Monvert, (2) -Gardon de St Germain and (3) -Auzonnet at Mages. The simulated discharges are presented in log scale (A) for visual convenience and the hydrograph is plotted with the precipitation in green (B).

  -B). A new variable corresponding to the class number for each individual is created. A ² test performed between qualitative variables and the class variable highlights the importance of geology in the classification procedure (p-value equals to 0.5%). The Granitic geology is the most significant parameters that influenced the formation of the cluster 4. The relation between the different classes and the quantitative variables is assessed using a variance model and a Fisher test. The ratio PET/P and the 3 model parameters appear to be the most significant qualitative variables. The paragon is the individual the closest of the barycentre of the cluster. It gives an idea of the average individuals of the class. We observe that each class is represented by a paragon with a different geology (apart for the Salaison at Maugio that is the only basins of its cluster). The 35 watershed the most representative of one cluster is the watershed the most distant from the barycentre of the other clusters. For the clusters 2 and 4, these watersheds have the same geology than the paragon.

Figure 10 :

 10 Figure 10: Individuals factor map and variables factor map resulting of the PCA. A -The individuals factor map represent the projections of each individual on the geometric plan that maximize the dispersion of individuals for all the dimensions. In this plot, only the 10 individuals that best contribute to the formation of the plan are labelled, the other are plotted with a transparency. The individuals are coloured according to their different geology. B -The variables factor map describes the correlation between the variables and the coordinates of the individuals on both axes. A variable well-described by the geometrical plan is represented by an arrow of length similar to the radius of the correlation circle. The active variables are coloured in black and the explanatory variable are coloured in blue.The arrows displayed in transparency correspond to variables with a cos² <0.6.

Figure 11 :

 11 Figure 11: A -Cluster dendrogram showing the different clusters defined by the classification procedure and the inertia gain involved. B -Hierarchical clustering on the factor map gathering information for higher dimension of the factorial analysis.

  is applied to the Gardon catchment. The outlet of the catchment is the Gardon at Reumoulins station. Five control stations are set to monitor the evolution of the simulation over the catchment. These stations correspond to the Gardon River at St-Martin, St-Jeandu-Gard, Alès, Anduze, and Ners. The position of hydraulic stations and the spatial discretization of the catchment into HRUs is presented in Figure 12. The simulation is performed for the year 2011 using 2010 as warm-up period. According to the results of the FAMD, the three model parameters (sensitivity function parameters) are regionalized over the Gardon catchment using the dominant geology of the each HRUs. The sensitivity function parameters are averaged for all the watersheds that present a similar dominant geology. The model parameters for limestone geology correspond to the parameters of the sensitivity function of the Auzonnet at Mages inferred from recession extraction over the 2000-2008 period (Table

Figure 12 :

 12 Figure 12: Spatial discretization of the Gardon catchment into HRUs and connecting reaches.The dominant geology of each HRUs is presented.

Figure 13 Figure 13 :

 1313 Figure 13 presents plots of the simulated and observed discharges for different control stations and at the outlet of the catchment. We observe that simulated recessions are too abrupt at St-Jean-du-Gard and Ners. The recessions are better simulated at the hydraulic station of Alès. The low-flows are poorly simulated for the upstream hydraulic stations. The low-flow period is better simulated downstream, at the hydraulic station of Ners. This can be explained by an underestimation of the discharge for schist HRUs and an overestimation for limestone HRUs. The hypothesis that AET=PET can also lead to AET

  the 1 st April 2008 to the 21st October 2008 for the Gardon at St-Martin catchment and the Gardon at Anduze catchment. The results are compared to the results taken fromVannier, 2013 (Figure 14). A graphical analysis highlights that the SIMPLEFLOOD model performed better during recession events.However, the CVN model performed better during low-flow period and is more sensitive to rainfall event during low-flow period. This is visible for the flood event of October for which the SIMPLEFLOOD model doesn't react. The performance indicators are generally better for SIMPLEFLOOD model apart for the log Nash-Sutcliffe that is influenced by the poor performance of the model during low-flow periods (

  

  

Table 1 :

 1 

	#	CODE	Name	Surface (km²)	From	To	Continuity
	1	O3011010	Le Tarn au Pont-de-Montvert [Fontchalettes]	64.9	01/10/1987 10:00 01/08/2013 00:00	99,65
	2	O3015520	Le Rieumalet au Pont-de-Montvert	21.5	01/01/1988 02:00 01/08/2013 00:00	99,68
	3	O3314010	La Dourbie à Dourbies [Le Mazet-récent]	40.7	01/01/1988 02:00 01/08/2013 00:00	85,15
	4	V5004010	L'Ardèche à Pont-de-Labeaume	292.8	01/01/1980 02:00 01/08/2013 00:00	85,00
	5	V5004030	L'Ardèche à Meyras [Pont Barutel]	98.8	26/04/1986 05:00 01/08/2013 00:00	97,51
	6	V5014010	L'Ardèche à Vogüé	623.0	01/01/1980 02:00 01/08/2013 00:00	98,33
	7	V5014030	L Ardeche à Ucel	477.8	09/01/1999 02:00 01/08/2013 00:00	68,94
	8	V5015210	La Volane à Vals-les-Bains	109.3	19/09/1999 08:00 01/08/2013 00:00	80,80
	9	V5035020	La Beaume à Rosières	205.1	19/09/1999 19:00 01/08/2013 00:00	80,36
		V5045030	Le Chassezac a Gravieres	496.8	24/04/1993 04:00 01/08/2013 00:00	56,89
		V5046610	L Altier à Altier [La Goulette]	103.4	28/10/1994 02:00 01/08/2013 00:00	99,56
		V5054010	L Ardeche a Vallon-Pont-d' Arc	1968.8	04/01/1994 02:00 01/08/2013 00:00	60,80
		V5064010	L'Ardèche à Saint-Martin-d Ardèche [Sauze-Saint-Martin]	2263.4	01/01/1980 02:00 01/08/2013 00:00	96,04
		V5425210	La Gagnière à Gagnières [Bannes]	57.1	27/06/1969 18:00 04/09/2011 10:00	90,92
		V5445010	L Auzonnet aux Mages	42.8	29/12/1986 11:00 02/05/2013 08:00	89,32
				30.7	01/10/1980 02:00 01/08/2013 00:00	93,31
		V7105210	Le Gardon de Saint-Germain à Saint-Germain-de-Calberte [Bastide]	31.2	30/09/1980 15:00 01/08/2013 00:00	99,07
		V7115010	Le Gardon de Sainte-Croix à Gabriac [Pont Ravagers]	39.2	01/01/1996 02:00 01/08/2013 00:00	96,29
		V7135030	Le Gardon de Saint-Jean à Saumane	97.8	01/01/1984 02:00 13/01/1994 09:00	95,36
		V7185010	L'Alzon à Uzès [Moulin de Bargeton]	79.7	25/06/1996 15:00 03/03/2008 09:00	96,23
		Y2002010	L'Hérault à Valleraugue	42.2	01/01/1969 01:00 27/07/1983 10:00	99,46
		Y2015010	L Arre au Vigan [La Terrisse]	154.8	01/01/1981 02:00 01/08/2013 00:00	96,66
		Y3315080	Le Salaison à Mauguio	53.0	12/06/1986 19:00 01/08/2013 00:00	96,12
		Y3414010	Le Vidourle à Sauve [Sabatier]	200.0	02/02/1994 13:00 12/06/2006 10:00	89,90
		Y3514020	Le Vistre à Bernis	260.5	01/01/1999 02:00 01/08/2013 00:00	91,64
		V5045810	La Borne au Pont de Nicoulaud	62.6	01/01/2000 01:00 31/12/2012 23 :00	100,00
			La Thines au Pont de Gournier	16.7	01/01/2000 01:00 31/12/2012 23 :00	100,00
		V5046610EDF L'Altier à Altier [La Goulette] EDF	103.4	01/01/2000 01:00 31/12/2012 23 :00	100,00
		V5020560	La Claduègne	3.4	12/10/2011 16:00 01/08/2013 00:00	100,00
		V5021300	Le Gazel	43.0	14/04/2011 16:00 01/08/2013 00:00	100.00

Hydrometric stations corresponding to the different watersheds studied. The continuity value corresponds to the percentage of non-interupted measurements during the available period of measurements. V7104010 Le Gardon de Saint-Martin à Saint-Étienne-Vallée-Française

[Roq.] 

Influence of hydroelectric complexes and watershed inconsistencies

  Unrealistic flow regimes are also tracked using flow data and knowledge of the watersheds. All the drainage basins of the Ardèche River presented Table1, apart the Ardèche at Meyras, are influenced by the hydroelectric complex of Montpezat. Runoff coefficient is influenced by water from the Loire catchment that is drained into the Ardèche River and overestimated what would be the natural runoff coefficient. The Chassezac at Gravière is also influenced by several hydroelectric complexes. The station is located between the dam of Malarce and the hydro plant of Salelles. Thus, the station does not record the flow passing through the penstock between the factory and the plant. Although the Chassezac River is highly dammed, this is not visible considering an annual time scale. The runoff coefficient is calculated for the station of Chambonas, approximately 2.5km downstream the station of Gravières.

  The hourly precipitation and actual evapotranspiration get rescaled after being multiplied by the rescaling coefficients. The Kc used to calculate PET are provided in Table2.

							MONTHS		
	ID Land-use type	1	2	3	4	5	6	7	8	9 10 11 12
	1 Lakes									

is solved iteratively to find AETTurc and PTurc consistent with one another and consistent with the mean annual Q. Rescaling coefficients are defined such as 𝑃 𝑇𝑢𝑟𝑐 /𝑃 and 𝐴𝐸𝑇 𝑇𝑢𝑟𝑐 /𝐾𝑐 × 𝐸𝑇0.

Table 2 :

 2 Crop coefficient values for respected land-use types (interpreted from Corine land Cover and[START_REF] Allen | Crop evapotranspiration-Guidelines for computing crop water requirements-FAO Irrigation and drainage paper 56[END_REF]).

Method 1 (Vannier, 2013) Method 2

  

	#	CODE	NOM	Kr	AETwb/ET0	Kr	AETwb/ET0
		O3011010	Le Tarn au Pont-de-Montvert [Fontchalettes]	79,2	0,42	89,0	0,18
		O3015520	Le Rieumalet au Pont-de-Montvert	67,3	0,87	76,3	0,54
		O3314010	La Dourbie à Dourbies [Le Mazet-récent]	94,3	0,03	110,8	-0,35
		V5004010	L'Ardèche à Pont-de-Labeaume	80,1	0,43	99,9	0,02
		V5004030	L'Ardèche à Meyras [Pont Barutel]	59,1	0,95	63,6	0,77
		V5014010	L'Ardèche à Vogüé	75,2	0,46	81,8	0,33
		V5014030	L Ardeche à Ucel	64,1	0,67	89,1	0,26
		V5015210	La Volane à Vals-les-Bains	62,3	0,80	82,0	0,43
		V5035020	La Beaume à Rosières	59,2	0,83	76,4	0,52
		V5045030	Le Chassezac a Gravieres	13,5	1,92	22,1	1,61
		V5046610	L Altier à Altier [La Goulette]	58,7	0,85	63,1	0,64
		V5054010	L Ardeche a Vallon-Pont-d' Arc	35,5	1,18	59,1	0,71
		V5064010	L'Ardèche à Saint-Martin-d Ardèche [Sauze-Saint-Martin]	53,0	0,83	58,9	0,68
		V5425210	La Gagnière à Gagnières [Bannes]	58,8	0,62	66,4	0,50
		V5445010	L Auzonnet aux Mages	43,8	0,83	54,2	0,64
		V7104010	Le Gardon de Saint-Martin à Saint-Étienne-Vallée-Française [Roq.]	32,7	1,42	38,8	1,10
		V7105210	Le Gardon de Saint-Germain à Saint-Germain-de-Calberte [Bastide]	41,6	1,32	46,3	1,07
		V7115010	Le Gardon de Sainte-Croix à Gabriac [Pont Ravagers]	42,2	1,16	46,7	0,92
		V7135030	Le Gardon de Saint-Jean à Saumane	43,1	1,10	55,1	0,76
		V7185010	L'Alzon à Uzès [Moulin de Bargeton]	23,1	0,80	28,9	0,74
		Y2002010	L'Hérault à Valleraugue	144,3	-0,91	135,5	-0,91
		Y2015010	L Arre au Vigan [La Terrisse]	56,7	0,82	65,1	0,61
		Y3315080	Le Salaison à Mauguio	4,9	0,89	5,6	0,83
		Y3414010	Le Vidourle à Sauve [Sabatier]	28,2	0,95	30,1	0,98
		Y3514020	Le Vistre à Bernis	37,2	0,49	43,1	0,49
		V5045810 -EDF	La Borne au Pont de Nicoulaud	74,0	0,54	80,1	0,38
		EDF	La Thines au Pont de Gournier	44,3	1,41	47,6	1,10
		V5046610 -EDF	L'Altier à Altier [La Goulette] EDF	56,8	0,90	66,4	0,53
		V5020560	La Claduègne	/	/	60,1	0,38
		V5021300	Le Gazel	/	/	31.1	0.62

Table 3 :

 3 

Runoff coefficient Kr and AET/ET0 diagnostic for the different drainage basins studied. Method 1

Table 4 :

 4 [START_REF] Turc | Evaluation des besoins en eau d'irrigation, évapotranspiration potentielle[END_REF] precipitations and evapotranspirations and rescaling factors of the 23 examined sub-catchements. A1 corresponds to the rescaling coefficient of actual evapotranspiration and A2 corresponds to the rescaling coefficient of precipitation.

	NAMES	AETTurc PTurc	A1	A2
	1 Le Tarn au pont de Monvert	1964 0,61 1,22
	2 Le Rieumalet au pont de Monvert	1673 0,59 1,04
	3 La Dourbie à Dourbies	2100 0,68 1,55
	4 L'Ardèche au pont de la Beaume	2199 0,72 1,33
	5 L'Ardèche à Meyras	1659 0,67 0,97
	6 L'Ardèche à Vogué	1809 0,71 1,21
	7 L'Ardèche à Ucel	1937 0,75 1,26
	8 La Volane à Vals-les-bains	1807 0,65 1,17
	9 La Beaume à Rosière	1822 0,70 1,14
	10 Le Chassezac à Gravière	834	0,61 0,57
	11 L'Altier à Altier	1414 0,63 1,00
	12 L'Ardèche à Vallon-pont-d'arc	1439 0,70 1,03
	13 L'Ardèche à St Martin	1374 0,70 1,03
	14 La Gagnière à Gagnière	1520 0,79 1,18
	15 L'Auzonnet aux Mages	1337 0,75 1,08
	16 Le Gardon de St Martin	1169 0,69 0,79
	17 Le Gardon de St Germain	1263 0,72 0,82
	18 Le Gardon de St Croix	1244 0,66 0,87
	19 Le Gardon de St Jean	1270 0,73 0,99
	20 L'Alzon à Uzès	751	0,60 0,86
	21 L'Herault à Valleraugue	2413 0,80 1,85
	22 L'Arre au Vigan	1539 0,72 1,06
	23 Le Salaison à Maugio	460	0,45 0,57
	24 Le Vidourle à Sauve	1044 0,71 0,84
	25 Le Vistre à Bernis	919	0,61 1,19
	26 La Borne au pont de Nicolaud	1976 0,60 1,11
	27 La Thines au pont de Gournier EDF	1510 0,62 0,79
	28 L'Altier à Altier [La Goulette] EDF	1373 0,61 1,05
	29 La Claduègne	1023 0,71 1,41
	30 Le Gazel	727	0,67 1,10

Table 7 :

 7 Goodness of fit measures for each year from 2000 to 2008 (see defintion in Appendix II). The three first basins are representative of the different geology. The four last basins were studied in

Table 10 :

 10 Comparison of the sensitivity function parameters estimated in two different studies for four watersheds that are common for both studies.

Table 11 :

 11 Table11). Goodness-of-fit measures for the simulation of the Gardon at Anduze and the Gardon at St-Martin over the 1 st October 2008 to the 21 st October 2008 period using the CVN model

		Anduze		St-Martin	
		SIMPLEFLOOD CVN SIMPLEFLOOD CVN
	NSE	0.79227	0.18	0.50381	-0.06
	log NSE	-0.4912	0.41	0.36671	0.49
	PBIAS	-24.8	49.97	19.2	21.39

http://en.wikipedia.org/wiki/Factor_analysis_of_mixed_data

http://factominer.free.fr/index.html
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Figure 8: Plot of the sensitivity functions of 3 basins estimated using 4 different extraction methods. Blue: (1) Krichner's condition for the whole record period. Red: (2) Krichner's condition for the whole record period combined with the snow filter. Green: (3) Krichner's conditions for the low-vegetated periods. Orange: (4) Krichner's conditions for the low-vegetated periods combined with the snow filter. The coefficient of the quadratic fits are presented Table 6. The recessions events extracted are plotted for each method. 

About the discharge sensitivity function estimation

One important point for a method is its robustness and reproducibility. We have shown that the estimated sensitivity function is largely influenced by the method used for the point selection (Figure 8 and Table 6). The sensitivity function is also largely influenced by the period of extraction. The sensitivity function of Auzonnet at Mages varies from 𝑔(𝑄) = -3.22 + 2.2 log (Q), estimated using the whole available period, to 𝑔(𝑄) = -3.25 + 2.12 log(Q) -0.3 log (𝑄)², using only the 2000-2008 period for the recession extraction. This variation is important and largely influences the simulation.

The second period of extraction was preferred to the first one since sensitivity function over the whole period did not permit simulation due to numerical instabilities. A statistical criteria also needs to be define in order to avoid setting a threshold from visual expertise to limit effect of evapotranspiration. Indeed, the statistical criteria proposed by [START_REF] Kirchner | Catchments as simple dynamical systems: Catchment characterization, rainfall-runoff modeling, and doing hydrology backward[END_REF] is sometimes not efficient (see plots from [START_REF] Krier | Inferring catchment precipitation by doing hydrology backward: A test in 24 small and mesoscale catchments in Luxembourg[END_REF]). This often leads to positive c3, while estimating the sensitivity function, generating numerical instabilities during the simulation.

In terms of SIMPLEFLOOD model performance

Regarding to the geologies, the granitic catchment simulations are more accurate while the limestone catchments presents the poorer model performance and a larger range of sensitivity function parameters.

For this purpose and considering the number of limestone catchments, the limestone catchment that presented the best model performance, the Auzonnet at Mages, solely was used for parameter regionalisation before to run the SIMPLEFLOOD model. Hence, an extended analysis with a greater number of limestone catchments should be performed.

An extended dataset of variables should be added for the FAMD especially concerning deeper soil layers in order to further investigate the importance of soil in discharge generation.

The results are similar to those of [START_REF] Adamovic | Development of a data-driven distributed hydrological model for regional scale catchments prone to Mediterranean flash floods[END_REF] in the Ardèche catchment with relatively good performance of the model under winter and humid conditions but poor performance during low flows.

The study was performed without data rescaling of P and ET0 which could also partly explain the poor model performance. The use of other rainfall field sources would be valuable to improve the results. It would also be required to improve the AET estimation formulation in the model.

APPENDIX I: RUNGE-KUTTA ITERATION SCHEME

A single value of discharge is used to initiate the iterations. Value of the discharge at the next time step is calculated as follow:

Where ℎ = 𝑡 𝑛+1 -𝑡 𝑛 and 𝑠 1 , … , 𝑠 4 are subsequently calculated from:

)

APPENDIX II: GOODNESS-OF-FIT MEASURE USED TO EVALUATE SIMULATIONS AND THE SIMPLEFLOOD MODEL

Nash-Sutcliffe Efficiency [START_REF] Nash | River flow forecasting through conceptual models part I-A discussion of principles[END_REF]:

) 2

(20) Logarithmic Nash-Sutcliffe Efficiency:

Where 𝑄 𝑜𝑏𝑠 𝑡 is the streamflow observed at a given time step and 𝑄 𝑠𝑖𝑚 𝑡 , the streamflow simulated at a given time step.

Percent Bias:

Root Mean Square Error:

With T, The number of time steps. [START_REF] Singh | Hydrological modeling of the iroquois river watershed using HSPF and SWAT1[END_REF]:

Ratio of RMSE to the Standard Deviation of the Observations

With 𝜎 𝑜𝑏𝑠 , the standard deviation of the observation.

Mean annual runoff coefficient calculated according to method 1, for the 12 sub-basins of the Ardèche catchment using Banque hydro flow data and the SAFRAN reanalysis meteorological data. Runoff coefficient appears in % on each sub-basin. The hydrological regime graphs display the monthly interannual means of precipitation (mm), ET0 (mm) and flow (mm) for the available period of measurements. The 95% confidence interval is calculated using a "bootstrap" technique.

Similar to the previous figure of the Appendix for the sub-catchments of the Cèze River, Tarn River, Gardon River, Herault River and Vistre River.