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Introduction

An accurate knowledge of aquifer recharge is determinant for water resources assessments.

Aquifer recharge is the quantity of water which supplies underground reserves. It mainly results from the infiltrated amount of the difference between precipitations (P) and evapotranspiration (ET), that both vary in space and time. ET is a difficult term to quantify [START_REF] Shuttleworth | Putting the "vap" into evaporation[END_REF][START_REF] Farahani | Evapotranspiration: progress in measurement and modeling in agriculture[END_REF]]. Thus, a poor estimate of ET can have a strong impact on the assessment of the spatial distribution of aquifer recharge. When considering karst aquifers that have complex hydrodynamic properties, knowledge of the distribution of evapotranspiration and recharge is even more difficult.

ET is the sum of water transpired by the plants and the water evaporated by other surfaces as soil surface and free water [START_REF] Shuttleworth | Putting the "vap" into evaporation[END_REF]]. It depends on many factors related to climate, vegetation and soil. ET is a major process in the water cycle. It consumes around two-thirds of the world terrestrial rainfall according to [START_REF] Mcdonald | On the Ratio of Evaporation to Precipitation[END_REF] and Brutsaert [1982]. Despite its importance, ET is still poorly quantified as it is complex and expensive to measure [START_REF] Rana | Measurement and estimation of actual evapotranspiration in the field under Mediterranean climate: a review[END_REF]Katerji, 2000, Shuttleworth, 2008]. ET processes are difficult to model as the variability of ecosystem response to climate and soil moisture is large. ET models J o u r n a l P r e -p r o o f Journal Pre-proof intercomparing exercises [START_REF] Grippa | Modeling Surface Runoff and Water Fluxes over Contrasted Soils in the Pastoral Sahel: Evaluation of the ALMIP2 Land Surface Models over the Gourma Region in Mali[END_REF][START_REF] Kimball | Prediction of Evapotranspiration and Yields of Maize: An Inter-comparison among 31 Maize Models[END_REF] show that simulated ET exhibit large differences from one model to another.

In most karst hydrogeological studies, ET processes are highly simplified. In particular, models used to evaluate water resources often neglect the transpiration dynamics of plants [START_REF] Hartmann | A largescale simulation model to assess karstic groundwater recharge over Europe and the Mediterranean[END_REF][START_REF] Hartmann | A new approach to model the spatial and temporal variability of recharge to karst aquifers[END_REF], Oudin, 2004]. This may have large implications on the dynamics of simulated ET and thus, simulated recharge. In the current context of global changes, it is important that the interactions between land cover and climate evolutions can be described in a realistic way [START_REF] Breshears | Regional vegetation die-off in response to global-change-type drought[END_REF][START_REF] Cramer | Global response of terrestrial ecosystem structure and function to CO2 and climate change: results from six dynamic global vegetation models[END_REF][START_REF] Liu | Spatialtemporal changes in vegetation cover in a typical semi-humid and semi-arid region in China: Changing patterns, causes and implications[END_REF]. Therefore, it is important to model ET that represent the most important term of water cycle after Fisher et al. [2017] and ET is at the heart of climateland surface interactions.

Hydrological models are constructed from a water balance equation, assuming that water inputs (mainly due to precipitations) are equilibrated by water outputs (ET, runoff from streams and springs) and storage variations. In many cases, adjustment variables for obtaining this equilibrium are groundwater stock and ET. The estimation of ET in hydrogeological models is often constrained by the optimisation of the rainfall-discharge relationship. For instance, Oudin et al. [2005a, b] studied the importance of ET formulation in numerous rainfall-discharge models. They showed that even large variations in ET produced only small variations in simulated flow rate. Actually, the calibration of model parameters compensated for the differences in ET inputs. It should be noted that these models were not accounting for spatial variations of water flows, which has an impact on the simulation of global flow. Using a distributed model, Ollivier et al. [2020] showed that the location of precipitation has an impact on simulations of karst aquifer discharges. They argued that the spatial distribution of ET components should also have a significant impact and that an accurate estimation of both temporal evolution of ET and its variation in space could improve the simulation of flow rate. One of the improvements in hydrogeological modelling of karst systems would be the implementation of a model that better describes evapotranspiration and at the same time improves the relation between rainfall and discharge in karstic hydrosystems.

J o u r n a l P r e -p r o o f

Journal Pre-proof Direct ET measurements can be performed at local scale. The data from a large number of micrometeorological tower sites all over the world are compiled in the FLUXNET database [START_REF] Baldocchi | FLUXNET: A New Tool to Study the Temporal and Spatial Variability of Ecosystem-Scale Carbon Dioxide, Water Vapor, and Energy Flux Densitie[END_REF][START_REF] Chu | Fluxes all of the time? A primer on the temporal representativeness of FLUXNET: fluxes all of the time?[END_REF]. Micrometeorological tower relies on eddy covariance methods to measure the exchanges of carbon dioxide, water vapor and energy between terrestrial ecosystems and the atmosphere. They provide ET estimates at a specific location, for a given type of cover. These measures are strongly influenced by local environmental factors, and extrapolation to regional scales is difficult. However, these measurements provide insights into the daily dynamics of ET for specific ecosystems.

Spatially distributed information on vegetation activity and ET may be provided by satellite remote sensing. For example, the MODIS (Moderate Resolution Imaging Spectroradiometer) sensors on board of the Terra and the Aqua satellites are viewing the entire Earth's surface every day, acquiring data that are used to monitor vegetation and ET at spatial resolutions of 1 km [e.g. Allies et al., 2020, Gallego-Elvira et al., 2013[START_REF] Mu | Development of a global evapotranspiration algorithm based on MODIS and global meteorology data[END_REF]. In particular, the combination of the bands specific to the plant activity allows the calculation of vegetation indexes such as the Normalized Difference Vegetation Index (NDVI) and the Enhanced Vegetation Index (EVI) [START_REF] Huete | MODIS Vegetation Indices[END_REF][START_REF] Huete | Overview of the radiometric and biophysical performance of the MODIS vegetation indices[END_REF][START_REF] Huete | Development of vegetation and soil indices for MODIS-EOS[END_REF] and thus the monitoring of vegetation. Operational products based on remote sensing data, such as GLEAM [START_REF] Martens | GLEAM v3: satellite-based land evaporation and root-zone soil moisture[END_REF] or MOD16 [START_REF] Mu | Development of a global evapotranspiration algorithm based on MODIS and global meteorology data[END_REF][START_REF] Mu | Improvements to a MODIS global terrestrial evapotranspiration algorithm[END_REF] are providing ET estimates at different scales (30 km every day and 1 km for 8 days periods, respectively). These products could be used for hydrological studies. However, they are still imperfect as they have drawbacks as either low spatial resolution, low time resolution or a strong uncertainty [e.g. [START_REF] Hu | Seasonal recharge and mean residence times of soil and epikarst water in a small karst catchment of southwest China[END_REF][START_REF] Jung | Uncertainties in Evapotranspiration Estimates over West Africa[END_REF][START_REF] Moreira | Assessment of terrestrial water balance using remote sensing data in South America[END_REF][START_REF] Shen | A Comparative Study of GRACE with Continental Evapotranspiration Estimates in Australian Semi-Arid and Arid Basins: Sensitivity to Climate Variability and Extremes[END_REF][START_REF] Zhang | Deep rooted apple trees decrease groundwater recharge in the highland region of the Loess Plateau, China[END_REF].

While remote sensing information is intensively used in various research fields, the integration of remote sensing data in groundwater modelling is not a very common practice yet In order to evaluate the benefit for water resource evaluation of an accurate estimation of ET, we proceed as follows:

-to propose an evapotranspiration model that enables a consistent representation of main processes (vegetation transpiration and soil evaporation), -to develop an efficient model with available parameters for all types of vegetation, J o u r n a l P r e -p r o o f -to evaluate the consistency of the proposed model against commonly used models into hydrogeological models of karst hydrosystem.

In this article we propose a remote sensing driven ET model that considers the transpiration dynamics of natural and agricultural vegetation cover and the evaporation of stony soils. The model can easily be integrated into hydrological models, herein called SimpKcET. The dynamics of vegetation covers is evaluated using vegetation indexes from MODIS dataset.

We tested the SimpKcET model over three different types of vegetation cover for which ET measurements are available: two forest sites mostly constituted by sempervirens trees (Quercus ilex L. and Pinus halepensis Mill.) and a wheat crop site.

The SimpKcET model was integrated into a spatially distributed hydrological model dedicated to karst catchments in a second step (the KaRaMel model developed by Ollivier et al. [2020]) for simulating water flows of karst aquifer. The test site is the karstic aquifer of the Fontaine de Vaucluse, located in Southeast of France. This aquifer has a watershed area of 1162 km² mainly occupied by forests and natural environments. The daily simulated ET of Fontaine de Vaucluse watershed is compared with ET simulated with an usual ET model often employed by hydrological modelling of karst aquifer. The influence of the ET model on the flow simulation is evaluated with a wavelet analysis.

Evapotranspiration model and karst model

Usual evapotranspiration model in karst groundwater models

Surface of karst system can be very heterogeneous, for instance karstic features induce an important variation of soils properties. Soils can be thick and clayey in dolines (enclosed karst depressions, called also sinkholes in some cases, e.g. [START_REF] Ford | Karst Hydrogeology and Geomorphology[END_REF], thin and stony on slopes, and discontinuous when soil fills the deepest forms of lapiaz (a network of chiseling on the surface of compact carbonate, which can be from a few mm to 10 m deep; it is due either to the dissolution or erosion). Karstic features indicate the presence of an underlying karst aquifer with extensive solution channels crossing the unsaturated zone.

Compared to common porous aquifers, the important anisotropy of the hydrodynamic properties of the unsaturated zone of the karst, limits the possibility to model subsurface J o u r n a l P r e -p r o o f flows and exchanges with the atmosphere with classical diffusivity equations. Therefore, karst is often represented with lumped models. Lumped approaches conceptualize the physical processes at coarse scale without modelling spatial variability explicitly. They are mostly based on linear or nonlinear relationships between rainfall and discharge [START_REF] Fleury | Modelling of the functioning of karst aquifers with a reservoir model: Application to Fontaine de Vaucluse (South of France)[END_REF][START_REF] Tritz | Modelling the behaviour of a karst system catchment using non-linear hysteretic conceptual model[END_REF]. The spatial variability of selected components can be represented with semi-distributed lumped models. The modelled hydrosystem is then subdivided into entities assumed to be homogeneous for the dominant characteristics [START_REF] Kite | Watershed modeling using land classification[END_REF]. This type of modelling is used to model karstic hydrosystems by considering different sources of heterogeneity such as precipitation regime and runoff processes [Bailly-Comte et al., 2012], transfer dynamics within the unsaturated zone [START_REF] Ladouche | Semi-distributed lumped model of a karst system under active management[END_REF], Ollivier et al., 2020] or evapotranspiration [START_REF] Jódar | Combination of lumped hydrological and remote-sensing models to evaluate water resources in a semi-arid high altitude ungauged watershed J o u r n a l P r e -p r o o f Journal Pre-proof of Sierra Nevada (Southern Spain)[END_REF][START_REF] Sarrazin | V2Karst V1.1: a parsimonious large-scale integrated vegetation-recharge model to simulate the impact of climate and land cover change in karst regions[END_REF]. In common lumped karst models, the ground is represented by a single overflow storage (Figure 1). The actual evapotranspiration (ET) is a direct function of the soil moisture state, and recharge (Q H ) occurs only when the infiltration water exceeds the soil available water capacity (SAWC) [e.g. [START_REF] Fleury | Modelling of the functioning of karst aquifers with a reservoir model: Application to Fontaine de Vaucluse (South of France)[END_REF][START_REF] Rahman | Towards a simple representation of chalk hydrology in land surface modelling[END_REF][START_REF] Tritz | Modelling the behaviour of a karst system catchment using non-linear hysteretic conceptual model[END_REF], Ollivier et al., 2020]. In the present work, this simple modelling of evapotranspiration is referred to as the bucket model and used as reference. where ET is the daily evapotranspiration (in mm.d -1 ), P the daily precipitation (in mm.d -1 ),

ETp the daily potential evapotranspiration corresponding to climate demand (in mm.d -1 ). H is the water level of the reservoir (in mm), Q H stands for daily infiltration and runoff (in mm), SAWC is the soil available water capacity (in mm). Evapotranspiration depends on climatic demand with a scaling coefficient (k). As in many hydrological karst models, Ollivier et al [2020] set the scaling coefficient k to 1 [e.g. [START_REF] Fleury | Modelling of the functioning of karst aquifers with a reservoir model: Application to Fontaine de Vaucluse (South of France)[END_REF][START_REF] Messerschmid | Field-based estimation and modelling of distributed groundwater recharge in a Mediterranean karst catchment, Wadi Natuf, West Bank[END_REF].

ETp may be calculated with different methods depending on the study. Here we used the socalled reference evapotranspiration ETo as described in section 2.2

However, several studies proposed that k is not constant depending on surface conditions.

For instance, [START_REF] Tritz | Modelling the behaviour of a karst system catchment using non-linear hysteretic conceptual model[END_REF] expressed k as a function of time, [START_REF] Charlier | Conceptual hydrogeological model of flow and transport of dissolved organic carbon in a small Jura karst system[END_REF], [START_REF] Hartmann | A new approach to model the spatial and temporal variability of recharge to karst aquifers[END_REF] and [START_REF] Perrin | Improvement of a parsimonious model for streamflow simulation[END_REF] as a function of reservoir fill rate in order to represent the soil resistance to evaporation. Coefficient k may also simulate a reduction in ET/ETo as the transpiration capacity of plants may be limited by plant development and plant access to available water in the soil [START_REF] Sarrazin | V2Karst V1.1: a parsimonious large-scale integrated vegetation-recharge model to simulate the impact of climate and land cover change in karst regions[END_REF], Jódar et al., 2018]. [START_REF] Sarrazin | V2Karst V1.1: a parsimonious large-scale integrated vegetation-recharge model to simulate the impact of climate and land cover change in karst regions[END_REF] implemented a physically based evapotranspiration equation into a semidistributed lumped model of epikarst. They used the average leaf area index and an extinction coefficient to estimate the canopy cover fraction and to separate the evapotranspiration flux into transpiration and evaporation. Their model depends on many parameters for describing the vegetation (LAI, vegetation height, stomatal resistance) and the soil (soil resistance, storage capacity of soil layers), which limits the application at large scale. However, their work points out that better modelling of evapotranspiration in karst hydrological models is needed to forecast the impact of vegetation change on resources. [START_REF] Jódar | Combination of lumped hydrological and remote-sensing models to evaluate water resources in a semi-arid high altitude ungauged watershed J o u r n a l P r e -p r o o f Journal Pre-proof of Sierra Nevada (Southern Spain)[END_REF] showed that remote sensing can be used to assess the spatial variations of k in relation to plant development.

Remote sensing-based model to estimate evapotranspiration, SimpKcET

In this study we proposed to improve the simulation of ET by using the SimpKcET model which considers that ET depends on the climatic demand, the dynamics of the vegetation, which is monitored using remote sensing data, the level of soil moisture in the root zone and the fraction of rocks and coarse elements in the surface soil layer. Standard evapotranspiration models (like the FAO56 method) consider the lack of evaporation from J o u r n a l P r e -p r o o f soils under plant canopies, but they neglect the reduction of evaporation from soils by pebbles and rocks in the surface layer. In the case of soils growing on carbonate bedrock, the presence of pebbles or denudated rocks is significant [START_REF] Bottner | Evolution des sols en milieu carbonaté. La pédogenèse sur les roches calcaires dans une séquence bioclimatique méditerranéo-alpine du Sud de la France[END_REF][START_REF] Godard | Weathering-limited hillslope evolution in carbonate landscapes[END_REF] as shown for instance on the aerial photography in Appendix C.

SimpKcET basically follows the "dual crop coefficient (under non-standard conditions)"

proposition given by [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF] with some simplifications. These simplifications were justified by the low level of information available for computing ET from natural areas (ecosystem composition and heterogeneity, soil characteristics…). In comparison, information related to agricultural vegetation is more abundant because they are needed for the evaluation of water requirements, in particular for irrigation management, and crop productivity. ET is thus expressed using the following equation:

( )

The coefficient k C (-), equivalent to the classical crop coefficient, was composed of two terms, (-) the canopy transpiration coefficient and k E (-), the soil evaporation coefficient:

( )

The reference evapotranspiration (ETo) corresponds to ET that would be produced by a well irrigated grass surface. ETo is computed using the Penman-Monteith equation as proposed by [START_REF] Jensen | Evapotranspiration and irrigation water requirements[END_REF] and [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF]. Other equations such as Penman equation or

Hargreaves equation have been widely used to represent climatic demand [e.g. [START_REF] Doorenbos | Guidelines for predicting crop water requirements. Food and Agriculture organization of the united nation[END_REF][START_REF] Hargreaves | Reference crop evapotranspiration from temperature[END_REF], Oudin et al., 2005b[START_REF] Trajkovic | Temperature-based approaches for estimating reference evapotranspiration[END_REF], but the Penman-Monteith equation is considered as better suited for accounting for vegetation processes [Allen et al. 1998, Hargreaves and[START_REF] Hargreaves | History and Evaluation of Hargreaves Evapotranspiration Equation[END_REF]. It expresses ETo with the following formula:

( ) * ( )+ ( )
where is the slope of the vapor pressure saturation curve, the density of the air, the specific heat of the air at constant pressure, the psychrometric constant and the latent heat of vaporization. The term represents the aerodynamic resistance while the term is J o u r n a l P r e -p r o o f

Journal Pre-proof the surface resistance which corresponds to the integration of stomatal and soil surface resistance. and are the net radiation and the ground heat flux. Their difference represents the energy available for ET. is the Vapor Pressure Deficit in the air above the surface. Specific values of the parameters to compute the resistance terms and the available energy were defined for reference types of canopy such as clipped grass or alfalfa stand. A full description of the ways to use this equation for reference evapotranspiration computing is given by [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF].

The canopy transpiration coefficient (k T ) is related to both vegetation amount and water stress. We use the fraction of vegetation cover f cover that can be easily derived from remote sensing data using vegetation indices or neural network models as a proxy of vegetation amount. The canopy transpiration coefficient k T can thus be expressed as:

( )
where k Tx is the maximum value of the canopy transpiration coefficient and k S the water stress depending on soil moisture (Figure 2). Classical values for k Tx range between 0.8 and 1.5 depending on the vegetation type and the definition of ETo. Strong relations between f cover and k T (or k C when soil evaporation was insignificant) were obtained in various studies [e.g. [START_REF] Heilman | Evaluating the Crop Coefficient Using Spectral Reflectance1[END_REF][START_REF] Melton | Satellite Irrigation Management Support With the Terrestrial Observation and Prediction System: A Framework for Integration of Satellite and Surface Observations to Support Improvements in Agricultural Water Resource Management[END_REF] and analysed theoretically by [START_REF] Choudhury | Relations between Evaporation Coefficients and Vegetation Indices Studied by Model Simulations[END_REF] and [START_REF] Allen | Estimating crop coefficients from fraction of ground cover and height[END_REF]. Their results showed that, even if the k T (f cover ) relation can be curvilinear, a linear relationship can be generally considered as an acceptable approximation. The water stress coefficient k S is expressed as a function of the root zone water availability as presented in Figure 2. The root zone water availability is defined as the ratio of available water to SAWC representing the maximum amount of water that can be available for ET. The water stress coefficient is set to 1 for root zone water availability larger than 2/3. Below this threshold, it linearly decreases to zero with the water availability.

J o u r n a l P r e -p r o o f

Journal Pre-proof The soil evaporation coefficient k E accounts for the evaporation processes that occur over the fraction of soil that is not covered with vegetation (1-f cover ), bulk elements and rocks (1f rocks ):

( ) ( ) ( )
where the coefficient k ini is equivalent to the initial stage crop coefficient defined by [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF] and [START_REF] Allen | Estimating Evaporation from Bare Soil and the Crop Coefficient for the Initial Period Using Common Soils Information[END_REF] for representing the soil evaporation at the beginning of crop growth. It expresses the capacity of the soil surface layer to evaporate depending on the climatic demand (ETo) and the frequency of rainfall events (Figure 3). It is expressed as:

[ ( ) ] ( )
where a is the number of rainy days in the last 20 days and b is a coefficient expressing the availability of water to evaporation. This parameter was calibrated so that the shape of k ini globally matches the curves presented in [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF]. Its value ranged between 1 and 5.

Once again, more complex descriptions of and were proposed by [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF] and [START_REF] Allen | Estimating Evaporation from Bare Soil and the Crop Coefficient for the Initial Period Using Common Soils Information[END_REF] and for example used by [START_REF] Jódar | Combination of lumped hydrological and remote-sensing models to evaluate water resources in a semi-arid high altitude ungauged watershed J o u r n a l P r e -p r o o f Journal Pre-proof of Sierra Nevada (Southern Spain)[END_REF]. However, to be applied, they require a precise knowledge of plant types and soil types which is not usually available over large areas or for complex systems, such as soil in karst systems and epikarst.

J o u r n a l P r e -p r o o f during the last 20 days (a) after [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF].

The karst model

The main characteristic of karst systems is a high degree of heterogeneities. The karst network features act as pipes and enable a rapid infiltration and then percolation of surface water to groundwater table. The karst network is developed through carbonate rock with very low hydraulic permeability. An important amount of water undergoes diffuse percolation through carbonate altered by fractures, diaclases and faults. The strong heterogeneity of karst formations makes it difficult to apply a distributed model to estimate the spatial distribution of water resources [START_REF] Hartmann | Karst water resources in a changing world: Review of hydrological modeling approaches[END_REF]. The Karst Recharge and discharge Model (KaRaMel) was developed from the consideration that knowledge of karst aquifer properties decreases with depth [Ollivier et al., 2020]. KaRaMel simulates the distribution of terrestrial water balance using a daily temporal resolution. The available water capacity for plants used by [START_REF] Marie | Extending the use of ecological models without sacrificing details: a generic and parsimonious meta-modelling approach[END_REF] in a modelling study was set to 145 mm. A more recent estimate based on the analysis of eddy covariance fluxes during the summer period is about 170 mm [START_REF] Simioni | Influence of vegetation spatial structure on growth and water fluxes of a mixed forest: Results from the NOTG 3D model[END_REF]]. The stone-free fine fraction of the soil is a homogeneous silty clay loam that contains around a third of the available water capacity (as observed from soil pit). The remaining extractable water is located in the subsoil (bedrock), within fractures and clay pockets.

The Puechabon forest

The Puechabon forest is located 35 km northwest from Montpellier (43°75'N, 3°6'E, 250 m. a.s.l.). The site and the data were described by [START_REF] Rambal | Quercus ilex facing water stress: a functional equilibrium hypothesis[END_REF][START_REF] Rambal | The differential role of mechanisms for drought resistance in a Mediterranean evergreen shrub: a simulation approach[END_REF], [START_REF] Rambal | Drought controls over conductance and assimilation of a Mediterranean evergreen ecosystem: scaling from leaf to canopy[END_REF], [START_REF] Allard | Seasonal and annual variation of carbon exchange in an evergreen Mediterranean forest in southern France[END_REF] and [START_REF] Rambal | How drought severity constrains gross primary production(GPP) and its partitioning among carbon pools in a Quercus ilex coppice?[END_REF]. It is located over a flat plateau and it is mainly composed of holm oak (Quercus ilex) of 5 m high. The understory is composed of sparse

J o u r n a l P r e -p r o o f

Journal Pre-proof scrubs of 2 m height. The soil layer is developed into a limestone altered zone where the fine earth is composed of silt (35 %), clay (39 %) and sand (26 %). The soil thickness ranges from 0 to 0.9 m but the soil content has a high proportion of stones and rocks (75 % between 0 and 0.5 cm; 90 % or more below). The plant roots are developed through soil pockets and explored limestone fissures. A large fraction of the root mass is found in the first 0.5 m but some roots have been found down to a depth of 4.5 m.

The site was part of the CARBOEUROPE European project and the data between 2000 and 2014 are available within the FLUXNET database ORNLDAAC2017. ET was derived from eddy covariance measurements of latent heat flux.

The Avignon crop site

Avignon crop site is located close to Avignon city (43°44'N, 4°5'E, 32 m a.s.l.). The site and the measurement setup were described by [START_REF] Garrigues | Impacts of the Soil Water Transfer Parameterization on the Simulation of Evapotranspiration over a 14-Year Mediterranean Crop Succession[END_REF][START_REF] Garrigues | Evaluation of land surface model simulations of evapotranspiration over a 12-year crop succession: impact of soil hydraulic and vegetation properties[END_REF]. The crop rotation consists in a succession of winter crops such as wheat and summer crops as maize or sunflower. During the inter-crop, no vegetation is usually present, the soil being ploughed sometime after the harvest. The soil is well developed with a thickness between 1.3 and 2.0 m. Its fine fraction is composed by clay (33 %), sand (14 %) and silt (53 %). The underlying rock consists of alluvial deposits. Plant roots are developed through the soil down to more than 1.5 m in the case of wheat which resulted in SAWC between 170 and 230 mm [START_REF] Garrigues | Evaluation of land surface model simulations of evapotranspiration over a 12-year crop succession: impact of soil hydraulic and vegetation properties[END_REF].

The INRAE Avignon "Remote sensing and flux site" records acquired between 2015 and 2017 on two successive wheat crops were used in this work. Daily ET was obtained from latent heat flux measurements with the eddy-covariance method.

The Fontaine de Vaucluse aquifer

The Fontaine de Vaucluse spring is located South-East of France, about 40 km eastward of Avignon city (Figure 4). The Fontaine de Vaucluse is one of the biggest karst springs in the world [START_REF] Chen | The World Karst Aquifer Mapping project: concept, mapping procedure and map of Europe[END_REF]. It is the only outlet of a karstic system with an exceptional extension of 1162 km 2 developed within a major relief of the Provence area [START_REF] Carrière | The role of porous matrix in water flow regulation within a karst unsaturated zone: an integrated hydrogeophysical approach[END_REF]]. Geological and karstic features were mapped in Ollivier et al. Apt and on the West by the Rhone river valley. The landscape is mainly composed of natural area (84 %), 15 % is agricultural area and about 1 % is urbanized. Natural areas include 52 % of hardwood forests (holm oak, beeches, deciduous oak, chestnut…), 13 % of coniferous forests (mountain pine, black pine, Corsican pine) and 7 % of mixed forests (Figure 5).

Scrublands, lawns and natural pasture, shrub and sparse vegetation cover 27 % of the area.

Rock outcrops are visible over less than 1 % of the studied area. Soils are well developed over cultivated fields, and they are really stony and thin over natural areas.

The absence of permanent rivers over the recharge area is a strong clue that most of surface water infiltrates and percolates to the groundwater. Therefore, it is possible to assume that most of the difference between rainfall and recharge is due to ET. Because of the large variety of land cover and soil, a large spatial variability of ET is expected over the studied area.

Fontaine de Vaucluse discharge has been monitored since November 2003 by a gauging station installed in the river, 450 m downstream of the spring. Water levels have been recorded every hour and converted into hourly discharge using the station's calibration curve [Ollivier, 2019]. In this study we use daily discharge data from November 2003 to August 2015. Over this period, discharge ranged from 2.8 to 82.5 m 3 .s -1 , with an average of 13.2 m 3 .s -1 and a median of 9.7 m 3 .s -1 (Appendix A).

A soil available water capacity map of the top soil layer (SAWC 0 ) was developed after 323 soil pits observations spread over the watershed area. In Ollivier et al. [2020] an Artificial Neural Networks (ANN) was used to predict soil water holding capacity over the watershed area from environmental factors such as elevation, mountain side orientation, slope and vegetation amount The SAWC 0 map has a resolution of 1 km² and SAWC 0 values range from 5 mm (limestone outcrop) to 240 mm (agricultural area). RMSE between the simulations and observations was 17 mm for natural areas and 13 mm for agricultural areas.

J o u r n a l P r e -p r o o f
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Climate data

The climate data came from the SAFRAN product of METEO-FRANCE, the French meteorological service [START_REF] Durand | Reanalysis of 44 Yr of Climate in the French Alps (1958-2002): Methodology, Model Validation, Climatology, and Trends for Air Temperature and Precipitation[END_REF][START_REF] Quintana-Seguí | Analysis of Near-Surface Atmospheric Variables: Validation of the SAFRAN Analysis over France[END_REF] compared to precipitation (maximum range around 700 mm).

Remote sensing data and fraction cover

Remote sensing data were used to calculate the fraction of vegetation cover which was used as input into the ET model. The fraction of vegetation cover (f cover ) represents the amount of land surface covered by vegetation.

f cover is well related to vegetation indices that consist in combinations of spectral reflectance obtained from remote sensing images [e.g. [START_REF] Carlson | On the relation between NDVI, fractional vegetation cover, and leaf area index[END_REF]Ripley, 1997, Qi et al., 1994]. f cover can also be obtained from other remote sensing products and in particular derived using artificial neural network (ANN) models [START_REF] Li | A Generic Algorithm to Estimate LAI, FAPAR and FCOVER Variables from SPOT4_HRVIR and Landsat Sensors: Evaluation of the Consistency and Comparison with Ground Measurements[END_REF][START_REF] Vuolo | Data Service Platform for Sentinel-2 Surface Reflectance and Value-Added Products: System Use and Examples[END_REF][START_REF] Weiss | Evaluation of kernel-driven BRDF models for the normalization of Alpilles/ReSeDA POLDER data[END_REF].

We used the Enhanced Vegetation Index (EVI) derived from the SAVI index, that was proposed before by [START_REF] Huete | A soil-adjusted vegetation index (SAVI)[END_REF], EVI is provided as a standard product calculated from MODIS data on NASA web sites. It was available at 1 km, 500 m and 250 m resolutions starting in February 2000 (Table 1). As SAVI, this index is less sensitive to soil background than the more classical NDVI [START_REF] Bausch | Soil background effects on reflectance-based crop coefficients for corn[END_REF][START_REF] Choudhury | Relations between Evaporation Coefficients and Vegetation Indices Studied by Model Simulations[END_REF][START_REF] Huete | Overview of the radiometric and biophysical performance of the MODIS vegetation indices[END_REF][START_REF] Huete | A soil-adjusted vegetation index (SAVI)[END_REF] which may be an important property when investigating the spatial variability of f cover , in karst areas where soil is often poorly developed and where rocks outcrop areas can be significant. This is also important when monitoring the evolution of f cover with time when the soil brightness changes, for example because of rain. EVI, as well as SAVI, was also more linearly correlated to f cover than NDVI (Figure 6) [START_REF] Carlson | On the relation between NDVI, fractional vegetation cover, and leaf area index[END_REF][START_REF] Choudhury | Relations between Evaporation Coefficients and Vegetation Indices Studied by Model Simulations[END_REF][START_REF] González-Dugo | Spectral vegetation indices for benchmarking water productivity of irrigated cotton and sugarbeet crops[END_REF], Olioso et al., 2019[START_REF] Qi | A modified soil adjusted vegetation index[END_REF]. Several studies [e.g. [START_REF] Bausch | Soil background effects on reflectance-based crop coefficients for corn[END_REF][START_REF] Choudhury | Relations between Evaporation Coefficients and Vegetation Indices Studied by Model Simulations[END_REF][START_REF] Helman | Annual evapotranspiration retrieved from satellite vegetation indices for the eastern Mediterranean at 250 m spatial resolution[END_REF]] also demonstrated that vegetation indexes less sensitive to soil background, as EVI, presented higher correlations with crop coefficient for ET or for canopy transpiration than NDVI. The relation between f cover and EVI was expressed as:
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where EVI m is the lower EVI value corresponding to bare soil area and EVI x the maximum EVI value usually corresponding to maximum vegetation cover (f cover = 1). The values of parameters EVI m and EVI x , specific to MODIS sensors, were set to 0.06 and 0.87 [as derived by Olioso et al., 2019]. Relations between EVI and f cover were also proposed by Mu et al.

[2007] with slightly different parameters. [2019] using the PROSAIL model.

We used EVI data with 250 m and 500 m resolution for the two local forest sites, Puechabon and Font-Blanche, and EVI data with 1 km resolution over the whole Fontaine de Vaucluse watershed (Table 1). 250 m and 500 m data were downloaded using the "point sample" utility from AppEEARS. They corresponded to MODIS collection 5 and to the more recent collection 6. Collection 5 is not anymore available to download today. No significant differences were found between the two collections and the two spatial resolutions when used to feed SimpKcET. Available data correspond to a 16 days synthesis computed from the reflectance acquired every day by MODIS on board of the Terra satellite. The 1 km data were downloaded earlier from the REVERB NASA web site [2016] (this site is now shutdown but a similar tool is available at EARTHDATA [2019]) and corresponded to collection 5 (Table 1).

f cover was calculated from EVI provided as 16 days synthesis and then interpolated at daily time step using a simple Savitzky-Golay filter (sgolayfilt function in Matlab software choosing a third order polynomial on 51 days moving time windows). This filter also provided a mean for smoothing the time series of f cover by reducing the impact of fast variations of EVI which J o u r n a l P r e -p r o o f may be related to "residual cloud contaminations, imperfect atmospheric corrections and directional corrections" [START_REF] Kandasamy | A comparison of methods for smoothing and gap filling time series of remote sensing observations-application to MODIS LAI products[END_REF].

In the case of the Avignon agricultural site, MODIS data were not used as the field where ET measurements were performed was too small (2 ha). Instead, we used fraction covers which were computed from Sentinel-2 data with a 20 m resolution thanks to a neural network model. The neural network model was developed at EMMAH and is included in the ESA SNAP toolbox dedicated to the processing of Sentinel satellite images [START_REF] Weiss | S2ToolBox Level 2 products: LAI, FAPAR[END_REF]. This algorithm has also been integrated in an operational processing chain at University of Natural Resources and Life Sciences of Vienna (Austria) by [START_REF] Vuolo | Data Service Platform for Sentinel-2 Surface Reflectance and Value-Added Products: System Use and Examples[END_REF].

For the period we considered, only images from Sentinel-2a were available every 10 days.

However, as Avignon was in view of the satellite from two different tracks, data were provided more frequently. Overall, 88 cloud free images were obtained over the simulation period (24 months). As the evolution of Sentinel-2 f cover were quite smooth, a simple linear interpolation was used to provide daily values of f cover . 

SimpKcET implementation

The SimpKcET model was applied using parameters obtained either from the information already available from previous studies over each site or from standard values. In most cases, there was only little information available to set parameter values, so that we used uniform values whatever the soil and the vegetation types. Distributed information was only available for available water capacity of top soil layer (SAWC 0 ) over the Fontaine de Vaucluse watershed [Ollivier et al., 2020]. The maximum value of the canopy transpiration coefficient J o u r n a l P r e -p r o o f (k Tx ) was set to a uniform value of 0.9 whatever the type of canopy. This value was lower than values usually used for irrigated crops as specified in the FAO56 methods [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF]] that generally ranged between 0.95 and 1.15 (but in some cases up to 1.5). Actually, a lower value was set as the potential ET from SAFRAN data were higher than the FAO56 reference evapotranspiration. A uniform value was applied as no information existed on coefficient variations for the types of vegetation present in our area. No adjustment for vegetation height, albedo, stomata characteristics, wind speed or air moisture was done.

Concerning soil parameters, the threshold in the water stress coefficient k s was considered equal to 2/3 in all situations. Coefficient b in the calculation of k ini was set to 2.5.

Over the whole Fontaine de Vaucluse watershed, the soil water holding capacity SAWC was obtained as a first guess from the SAWC 0 map described earlier [Ollivier, 2019, Ollivier et al. 2020]. The water holding capacity for the local sites were taken from previous studies and set to 120 mm, 150 mm and 225 mm for Puechabon [START_REF] Allard | Seasonal and annual variation of carbon exchange in an evergreen Mediterranean forest in southern France[END_REF], Font-Blanche [START_REF] Marie | Extending the use of ecological models without sacrificing details: a generic and parsimonious meta-modelling approach[END_REF] and Avignon [START_REF] Garrigues | Evaluation of land surface model simulations of evapotranspiration over a 12-year crop succession: impact of soil hydraulic and vegetation properties[END_REF], respectively. For Puechabon and Font-Blanche, these estimations were significantly larger than the estimation of SAWC derived from soil pits which ranged from 40 to 70 mm. Indeed, soil pits measurements are limited by the amount of rocks and the possibility to dig the pits. Tree roots are penetrating through rocks fractures and are able to access underground horizons that are deeper than the one explored through soil pits [START_REF] Allard | Seasonal and annual variation of carbon exchange in an evergreen Mediterranean forest in southern France[END_REF][START_REF] Rambal | Variabilité des propriétés hydrodynamiques du sol à l'échelle d'un versant karstique[END_REF]. This behaviour may be exacerbated in dry periods as shown by Carrière et al. [2020aCarrière et al. [ , 2020b] ] through the analysis of transpired water origin using water isotopes concentration. This may have a large implication on the derivation of the SAWC map over the Fontaine de Vaucluse watershed.

Thus, actual available water capacity should be larger than estimated by our previous analysis which only considered soil pits depth. We revised our SAWC map by introducing an additional water quantity termed SAWC add that was directly added to the original SAWC values. Roughly, this can be seen as splitting the reservoir of available water in two parts, SAWC 0 which corresponds to the layer accessible to soil pits (and which is equivalent to the original SAWC values as defined by Ollivier et al. [2020]) and SAWC add which corresponds to a subsoil layer not accessible to soil pits so that: SAWC = SAWC 0 + SAWC add . As no information was available on the spatial variations of this additional subsoil term, a uniform value was used over all the natural and forested areas. Final value of SAWC add was obtained J o u r n a l P r e -p r o o f through the calibration of the KaRaMel -SimpKcET model as presented in the next section.

No additional value SAWC add was introduced for the agricultural areas, as soil pits were expected to cover the full root zone.

In Puechabon and Font-Blanche, an evaporation reduction coefficient (1-f rocks ) of 0.3 and 0.5 was introduced as a very large portion of the soil surface was covered by rocks. These values were derived from the density of rocks and coarse elements given in [START_REF] Allard | Seasonal and annual variation of carbon exchange in an evergreen Mediterranean forest in southern France[END_REF] and [START_REF] Marie | Extending the use of ecological models without sacrificing details: a generic and parsimonious meta-modelling approach[END_REF]. No reduction was introduced for the crop field in Avignon. No

Information on the spatial variations of f rocks was available over the Fontaine de Vaucluse watershed, so that a uniform value was applied over natural and forested areas. As for SAWC add this value was obtained through the calibration of the KaRaMel -SimpKcET model as presented in the next section.

Model calibration and evaluation

Calibration of KaRaMel

The original KaRaMel model was implemented over the Fontaine de Vaucluse watershed in Ollivier et al. [2020]. Here, KaRaMel was modified to incorporate the SimpKcET model and then tested against Fontaine de Vaucluse discharge and against the original version of KaRaMel with the bucket ET model (Figure 1). KaRaMel is used to simulate the karst aquifer discharge depending on the ET model. [START_REF] Delaigue | Latest developments of the airGR rainfall-runoff modelling R package: new calibration procedures and other features[END_REF] compared the performance of five hydrological model calibration algorithms implemented in R programming language.

Their results show that for a simple lumped model calibration, the algorithms differ in the time allocated to find the optimum, but they all converge towards the same optimum. In the present study both a particle swarm optimization [Zambrano-Bigiarini and Rojas, 2013] and differential evolution optimisation [START_REF] Ardia | Differential Evolution with DEoptim[END_REF] algorithms were applied. Both algorithms converged to the same optimum for the initial version of KaRaMel, with five parameters. However, the current version of KaRaMel, including SimpKcET, required the calibration of two additional parameters, which implies a significant additional time of calculation for the particle swarm optimisation algorithm and difficulties to converge. Thus, the calibration step was performed with the differential evolution optimisation, and used a single objective function, the Kling Gupta efficiency (KGE, described in Appendix A) after [START_REF] Gupta | Decomposition of the mean squared error and NSE performance criteria: Implications for improving hydrological modelling[END_REF]. KGE reached 1 for the best adjustments. Calibration was performed
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Evaluation of evapotranspiration simulations

ET simulated with SimpKcET, on local test sites in Avignon, Puechabon and Font-Blanche were evaluated using the root mean square error (RMSE) and the mean error (bias) against ET measurements (RMSE and bias evaluation functions are given in Appendix A). They were also compared to the ET simulated with the bucket model.

Particular emphasis is placed on the overall form of evapotranspiration. In particular, the influence of the two parameters SAWC add and f rocks on evapotranspiration simulations.

For the Fontaine de Vaucluse test site, the ET simulated with the bucket model is symbolized by ETbu and the ET simulated with SimpKcET by ETsimp. The simulated aquifer discharge depending on ET, is compared to discharge observations using KGE, RMSE and bias.

Cross wavelet analysis

Cross wavelet analysis can be used to provide a representation of the time-scale distribution of correlation between environmental variables [START_REF] Labat | Recent advances in wavelet analyses: Part 1. A review of concepts[END_REF][START_REF] Labat | Cross wavelet analyses of annual continental freshwater discharge and selected climate indices[END_REF][START_REF] Sang | A review on the applications of wavelet transform in hydrology time series analysis[END_REF][START_REF] Charlier | Identifying the impact of climate and anthropic pressures on karst aquifers using wavelet analysis[END_REF]. In this study, cross wavelet analysis, including cross wavelet spectrum and wavelet coherence, enables the localization in time-scale space of high degree of relationships between simulated recharge and observed discharge signals.

The assumption is that the closer the simulation of the recharge is to reality, the more this signal will be correlated with the observed discharge of the aquifer.

The reader is referred to [START_REF] Kumar | Wavelet analysis for geophysical applications[END_REF], Labat et al. [2000a, b] and [START_REF] Labat | Recent advances in wavelet analyses: Part 1. A review of concepts[END_REF] for mathematical details of cross wavelet analysis. Morlet wavelet was chosen as it is fairly well localized in both time and frequency space [START_REF] Torrence | A Practical Guide to Wavelet Analysis[END_REF]],

giving good results for the analysis of hydrogeological time series for karst aquifers [START_REF] Charlier | Identifying the impact of climate and anthropic pressures on karst aquifers using wavelet analysis[END_REF]. Cross wavelet spectrum (XWT) estimates the linear relationship between two signals, revealing the area in the time-scale space with a high common power value. The wavelet coherence (WTC) is a qualitative estimator of the intensity of the correlation of the J o u r n a l P r e -p r o o f two series in the time-scale space. The wavelets analysis was performed using the WaveletComp package on R programming language [START_REF] Rosch | WaveletComp 1.1: A guided tour through the R package 58[END_REF].

Results

ET model performances at local scale

The results of the evaluation of the ET model SimpKcET over the three local sites are presented in Figure 7 and Table 2. Simulated ET are also compared to results obtained from the bucket model that was originally used within KaRaMel.

ET is characterized by a seasonal dynamic in relation to available energy (in particular solar radiation), which particularly drives the climatic demand (ETo), and to vegetation amount and soil water availability which may involve limitation of ET in comparison to ETo. ETo is high during spring and summer. For the three sites, actual ET is low in winter, then increases in spring before decreasing rapidly in early summer. The highest recorded ET from the two forested sites occurs in early summer, when water is still available and vegetation activity and climatic demand are high. The highest ET for the crop site occurs in spring when cereal crops reach their maximum vegetative development. During summer, despite high climatic demand, ET decreases for both the forested sites and the cultivated field. ET from forest areas is limited by the soil's water reserve, which dries up in summer, while crop field ET is limited by plant senescence and then harvesting. After harvest the soil is kept bare or covered by stubbles. In the three sites ET remains low until the first rainy event in early autumn. Then, as water is no longer the main limiting factor, ET dynamics follow the dynamics of climatic demand, which decreases until winter. We can also notice that in winter, ET of the two forest sites are lower than ETo, even with non-limited water availability. This result may be related to the level of vegetation cover, which never exceeded 0.5 and which limits transpiration, and to the presence of coarse elements at the soil surface, which limits evaporation. 2). These performances are good, in particular with no calibration of the model and the use of generic values for parameters such as k TX which may be a very sensitive parameter of SimpKcET. Thus, it is expected that after calibration, performances might be improved further. However, we should notice that the daily ET for these ecosystems is usually low, ranging from 0 to 5 mm.d -1 , with an annual average of 1.2 mm.d -1 .

Periods with the largest differences between the simulated ET and the measurements are most probably linked to the differences between local rainfall and rainfall inputs from the SAFRAN reanalysis (at 8 km resolution). See in particular, the early drop in the simulated ET at the beginning of summer 2009 in Puechabon.
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Model simulations over the Fontaine de Vaucluse watershed

Influence of SAWCadd and frocks on ET simulated at watershed scale

The two parameters SAWC add and f rocks may have a large impact on the simulation of ET at the watershed scale and thus an impact on the recharge and the flow at the outlet of the karst system. They were calibrated together with KaRaMel parameters by comparing simulated outflow to measurements in Appendix A, giving values of 194 mm for SAWC add and 0.26 for f rocks . In order to illustrate their impact on the simulated ET at the watershed scale, simulations with SAWC add values between 0 and 300 mm and f rocks values between 0 and 100 % are presented in Figure 8.

The value of SAWC add has a great influence on the simulations during the dry period (Figure 8-a). During that period, the smaller the water retention capacity of the surface and the subsurface, the earlier in the season evapotranspiration is limited. Carrière et al. [2020a, b] show that the water stored in the karst unsaturated zone can have a critical role in the ability of plants to resist water stress periods. SAWC add has no influence on evapotranspiration during the rest of the year, as water availability is higher because of had strong seasonal dynamics with a maximum fraction cover up to 0.6 for deciduous oak and 0.8 for beech at the end of spring and between 0 and 0.2 in winter. Evergreen oak forest and pine forest had lower seasonal changes with fraction covers between 0.2 and 0.4. The agricultural area had also a low fraction cover (between 0 and 0.4) with a multimodal seasonal dynamic related to the mixture of various types of crops with different vegetation cycles (mostly wheat, lavender and grassland). When considering simulated ET, the global dynamics were very similar for the different land cover, with some slight variations related to the differences in f cover and the dynamics of water stress related to SAWC.

The examination of k T , k E and k S provide insights in the regulation of evapotranspiration for each vegetation type (Figure 10). Soil evaporation is strong during autumn and winter, it decreases in spring to reach values close to zero in summer, in relation to higher climatic demand and lower occurrence of rainfall. The highest vegetation fraction covers (e.g. for the beech forest) also tend to limit soil evaporation. Transpiration strongly depends on f cover in winter and autumn and on the deficit in available water by mid-spring and summer (see k S ).

J o u r n a l P r e -p r o o f At a finer scale than SAFRAN grid, the spatial pattern of evapotranspiration is controlled by the pattern of SAWC 0 and f cover . The role of the soil is stronger where SAWC 0 is low. Areas with low SAWC 0 are also flat areas with a high density of karst features (dolines and faults) which promote recharge and reduce the availability of water for evapotranspiration (see geological map in Ollivier et al. [2020]). The patterns of meteorological data and SAWC explain most of the spatial variability of the monthly evaporation from October to April.

From May to September, the spatial variability of the evapotranspiration is also impacted by the vegetation activity.
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J o u r n a l P r e -p r o o f respectively (Table 3). This is illustrated, for example, by a better estimation of the flood flow observed in winter 2011 and spring 2012 (Figure 12). Monthly variabilities of ET, recharges and discharges of the hydrosystem were linked to the type of evapotranspiration model (Figure 12). The evapotranspiration simulated with SimpKcET (ETsimp) was usually slightly lower than the evapotranspiration simulated with the bucket (ETbu) model in autumn, winter and spring. On the contrary, ETsimp was higher than ETbu from late spring to late summer. This difference in evapotranspiration dynamics induced differences in the hydrosystem's recharge volumes. Winter and spring refills were slightly higher with KaRaMel + SimpKcET and provided greater support for the hydrosystem's low water levels in summer (Appendix B). However, the hydrosystem was mostly recharged in winter and spring, whatever the evapotranspiration model used. In summer the recharge rate was close to zero and recharge only occurs during high intensity rainfall events.

Recharge became significant again at the beginning of fall when the first major rainfall events occurred. At that time the simulated recharge was significantly lower with SimpKcET than with the bucket model. Conversely, SimpKcET simulated higher recharge events during the following months till spring. These changes in simulated recharge time dynamics directly impacted the simulated discharge which was decreased in autumn and winter and increased in spring when using SimpKcET. The resulting dynamic of simulated discharge was significantly improved with SimpKcET.
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Discussions

Mediterranean karst landscapes are characterised by diverse land uses with agricultural areas and areas of wild vegetation. The vegetation is formed by forests with a diversity of tree species, which are well-adapted to periodic water stress. The soils are often poorly developed and rich in stones. The SimpKcET model was developed to introduce a realistic description that accounts of the main evapotranspiration processes in karst hydrological modelling under Mediterranean climate. The need to integrate a more realistic evapotranspiration model for the evaluation of underground reserves in karst regions was also raised by [START_REF] Jódar | Combination of lumped hydrological and remote-sensing models to evaluate water resources in a semi-arid high altitude ungauged watershed J o u r n a l P r e -p r o o f Journal Pre-proof of Sierra Nevada (Southern Spain)[END_REF] and [START_REF] Sarrazin | V2Karst V1.1: a parsimonious large-scale integrated vegetation-recharge model to simulate the impact of climate and land cover change in karst regions[END_REF]. The evapotranspiration models they proposed are more complex and require more parameters describing soil water J o u r n a l P r e -p r o o f transfer and retention (much more in the model of [START_REF] Sarrazin | V2Karst V1.1: a parsimonious large-scale integrated vegetation-recharge model to simulate the impact of climate and land cover change in karst regions[END_REF]). Most of vegetation parameters may be approximated after data recorded by vegetation ecophysiological monitoring [START_REF] Lin | Optimal stomatal behaviour around the world[END_REF] or calibrated after evapotranspiration measurement [as provided by FLUXNET network, [START_REF] Baldocchi | FLUXNET: A New Tool to Study the Temporal and Spatial Variability of Ecosystem-Scale Carbon Dioxide, Water Vapor, and Energy Flux Densitie[END_REF][START_REF] Chu | Fluxes all of the time? A primer on the temporal representativeness of FLUXNET: fluxes all of the time?[END_REF], even if strong assumptions must be made for mixed forests and land cover. However, most of the uncertainties in their models are due to soil properties that remain challenging to estimate because they are highly variable at a short scale. The sensitivity analysis conducted by [START_REF] Sarrazin | V2Karst V1.1: a parsimonious large-scale integrated vegetation-recharge model to simulate the impact of climate and land cover change in karst regions[END_REF] shows that the first uncertainty factor in recharge estimation is the spatial variability factor of soil properties, followed by soil properties. The results of the sensitivity analysis led by [START_REF] Garrigues | Evaluation of land surface model simulations of evapotranspiration over a 12-year crop succession: impact of soil hydraulic and vegetation properties[END_REF] demonstrate that the uncertainty of the spatial and temporal variability of evapotranspiration from cultivated land is mainly due to soil properties. Ollivier et al. [2020] observes that the distribution of the SAWC has a strong influence on the discharge modelling of the Fontaine de Vaucluse hydrosystem. We assume that the estimation of evapotranspiration is more appropriate with a conceptual model than with a physical model as long as the properties of the soil cannot be known at any point in space.

In a first step, the SimpKcET model was evaluated against evapotranspiration records of three sites with different land cover: agricultural field, mixed forest of oak and pine, and oak forest, located southeast of France under a Mediterranean climate. The daily evapotranspiration simulated with SimpKcET were of good quality with an RMSE of about 0.5 mm.d -1 at ET measurement sites without calibration. In a second step, the SimpKcET model was implemented into the Karst Recharge and Discharge Model (KaRaMel) in order to evaluate the impact of evapotranspiration distribution on the discharge of the karst aquifer of Fontaine de Vaucluse. The original KaRaMel was using the bucket model to evaluate the evapotranspiration [Ollivier et al., 2020].

The evapotranspiration simulated with SimpKcET is significantly lower than climate demand (ETo, estimated using the Penman-Monteith equation). This contrasts with the simulated evapotranspiration with the bucket model, which was equal to ETo as long as there are water reserves in the soil, and soil water is readily consumed. SimpKcET has made it possible to simulate the regulation of evapotranspiration, which is particularly important during the hottest season. In the Mediterranean climate, climatic demand and plant activity are high in J o u r n a l P r e -p r o o f

Journal Pre-proof summer but water scarcity limits both transpiration and evaporation. This drastic limitation of evapotranspiration is correctly simulated by SimpKcET for local sites and for the studied watershed. The underground regulation of evapotranspiration, through the calculation of k s , allows a more realistic simulation of the evolution of soil water, which is stored longer during the dry season than with the bucket model.

A specificity of SimpKcET lies in the introduction of the impact of the surface fraction of coarse elements on evaporation through the f rocks parameter. Indeed, karst superficial zones are often dominated by areas with large proportions of coarse elements and/or denuded carbonate rocks that limit soil surface evaporation. We showed that the impact of the f rocks parameter is high except during the dry period and that it is responsible for reducing significantly soil evaporation, in particular over the two local forest sites. In consequence, f rocks has also a significant impact on the aquifer recharge. Thanks to the inclusion of the f rocks parameter, SimpKcET is well adapted to the simulation of evapotranspiration over Karst systems that have poorly developed soils and a limited amount of soil evaporation compared to transpiration.

Given the limited available data to describe soil and vegetation at large scale, the proposed SimpKcET uses few parameters easily implemented for all types of landscape. Moreover, some parameters, as K c,max and b, were given constant values over the watershed as no real reference values existed for the different ecosystems and soils. These values were providing good results over different ecosystems at local sites (wheat in Avignon, holm oaks in Puechabon and mixed holm oaks and aleppo pines in FontBlanche) and were the used at the watershed level.

We observed differences between SAWC 0 derived from soil pits analysis and SAWC values derived in previous local studies for the two forests in Puechabon and Font-Blanche. The SAWC 0 values obtained from soil pits in the vicinity of the Font-Blanche and Puechabon sites are respectively in the range of 40 to 80 mm and 30 to 70 mm, while the local values from earlier studies are 145-170 mm [START_REF] Marie | Extending the use of ecological models without sacrificing details: a generic and parsimonious meta-modelling approach[END_REF], [START_REF] Simioni | Influence of vegetation spatial structure on growth and water fluxes of a mixed forest: Results from the NOTG 3D model[END_REF]) and 120 mm [START_REF] Allard | Seasonal and annual variation of carbon exchange in an evergreen Mediterranean forest in southern France[END_REF]). Soils are very rich in coarse elements and the carbonate bedrock is very close to the surface which limits the depth of investigation of the soil pits that are usually dug by manual force. In a similar environment, [START_REF] Rambal | Drought controls over conductance and assimilation of a Mediterranean evergreen ecosystem: scaling from leaf to canopy[END_REF] and [START_REF] Rambal | Water balance and pattern of root water uptake by a Quercus coccifera L. evergreen scrub[END_REF] J o u r n a l P r e -p r o o f

showed that the deep roots of holm oak and kermes oak (a close relative of holm oak) allow them to exploit water in the sub-soil at least up to 4.5 metres, with an accessible water reserve between 300 and 450 mm. [START_REF] Nourtier | Transpiration of silver Fir (Abies alba mill.) during and after drought in relation to soil properties in a Mediterranean mountain area[END_REF] showed that silver firs in the northern part of the Ventoux mountain were withdrawing water as deep as 4 m and possibly further in some part of the area. Carrière et al. [2020a] has proved by isotopic monitoring that during dry summers, a noticeable part of the water consumed by the trees comes from deep reservoir underground.

The SAWC deduced from the soil pits of natural areas therefore does not allow the assessment of the amount of water available for plant transpiration deeper in the sub-soil. In addition, several studies also showed the presence of perennial water stocks in the unsaturated karst zone [e.g. [START_REF] Carrière | The role of porous matrix in water flow regulation within a karst unsaturated zone: an integrated hydrogeophysical approach[END_REF][START_REF] Pronk | Percolation and Particle Transport in the Unsaturated Zone of a Karst Aquifer[END_REF][START_REF] Watlet | Imaging groundwater infiltration dynamics in the karst vadose zone with long-term ERT monitoring[END_REF] At the moment, it is only possible to provide overall values of SAWCadd and frocks that were obtained through model calibration. This seems to be the wisest solution as long as soil properties are not mapped, which may be different in the future, as the international community is working to improve soil property maps in particular based on satellite information (see [START_REF] Arrouays | Soil legacy data rescue via GlobalSoilMap and other international and national initiatives[END_REF] for example). It is likely that a better spatial distribution of soil properties would improve the realism of simulated evapotranspiration.

Sensitivity studies of evapotranspiration models show the preponderance of simulation J o u r n a l P r e -p r o o f

Journal Pre-proof sensitivity to soil parameters [START_REF] Garrigues | Evaluation of land surface model simulations of evapotranspiration over a 12-year crop succession: impact of soil hydraulic and vegetation properties[END_REF][START_REF] Sarrazin | V2Karst V1.1: a parsimonious large-scale integrated vegetation-recharge model to simulate the impact of climate and land cover change in karst regions[END_REF]] and the hydrological model KaRaMel is also sensitive to the distribution of SAWC [Ollivier et al., 2020]. However, it is also likely that the low spatial resolution of climate data masks some of the spatial heterogeneity of evapotranspiration. Here, we used the SAFRAN data from METEO-FRANCE which are distributed on an 8 km by 8 km grid. This is the best spatial resolution available at the moment in France over long periods of time, but it may be not fine enough to resolve the spatial variability related to topography over our area. However, resolution may improve in the future with the increasing resolution of atmospheric models and the use of precipitation products derived from meteorological radar measurements.

Since the use of SimpKcET allows a more realistic simulation of watershed evapotranspiration, we expect that simulated hydrosystem flows, such as recharge, can also be more realistic. We have demonstrated the consistency between the simulated recharge and the observed discharge at the seasonal, annual and multi-year scales. The use of evapotranspiration with realistic daily, weekly and seasonal behaviours improves the different satellite data (MODIS, VEGETATION/PROBA-V) that may affect the estimation of Kc [START_REF] Gao | Remote sensing algorithms for estimation of fractional vegetation cover using pure vegetation index values: A review[END_REF]. Spectral properties of specific vegetation type can also affect the relation between vegetation indices and fcover [START_REF] Carpintero | Use of canopy coefficients obtained from satellite data to estimate evapotranspiration over high mountain Mediterranean watersheds[END_REF]. Both these effects that could affect the estimation of ET were not investigated in our study which in a first step provided satisfactory results. Analysis of how changes in f cover derivation can impact the derivation of ET using SimpKcET will be performed in further works. For example, we will investigate the possibility to derive K c from f cover as obtained from the COPERNICUS Land Monitoring Service as this service directly provide f cover on a real time basis. However, it may provide different values of f cover compared to the values we derived in our work as involved algorithm are very different Copernicus product is based on a neural network trained on a large dataset of ground data, see [START_REF] Baret | ATBD for LAI, fAPAR And Fcover From Proba-V Products At 300m Resolution (Geov3). IMAGINES_RP2.1_ATBD-LAI300M[END_REF].

Conclusions

We proposed an evapotranspiration model that enables a consistent representation of main SimpKcET is applied at watershed scale under a Mediterranean climate (the karst aquifer of Fontaine de Vaucluse). It is an ideal test site with a wide range of land cover and landscape.

The consideration of spatial and temporal distributions of soil evaporation and plant transpiration has an impact on recharge distribution, thus on the karst system answer. The use of SimpKcET model enables a more realistic estimation of the evapotranspiration and of the aquifer discharge, thus it is assumed that the simulated spatial and temporal recharge of the hydrosystem is also realistic. This is confirmed by the wavelet analysis of the rechargedischarge relationship. The use of a realistic evapotranspiration induced more coherence between the simulated recharge and observed discharge at seasonal, year and multi-year scales. This experiment validates the use of the vegetation index from remote sensing data to estimate the evapotranspiration of a large watershed with various land cover.

Different methods are available, but, at the moment, compared to the standard "working methods" in hydrogeology, the inclusion of remote sensed ET is "costly" (time, data handling, knowledge) [START_REF] Jódar | Combination of lumped hydrological and remote-sensing models to evaluate water resources in a semi-arid high altitude ungauged watershed J o u r n a l P r e -p r o o f Journal Pre-proof of Sierra Nevada (Southern Spain)[END_REF]. In a context of global changes, it is very important now to provide operational ET products to users with a quantification of uncertainties and adapted to the relevant time scales and spatial scales. The SimpKcET is robust for various land cover and can be easily implemented into hydrological models. This may improve the determination of effective aquifer recharge and in particular its time dynamics, as well as its spatial variability. The joint use of KaRaMel and SimpKcET allows a realistic simulation of the spatial and temporal distribution of the system's recharge. This will help groundwater managers to better estimate the rate of renewal of the resource. An accurate estimate of the influence of surface properties (vegetation, land use, soil) is important in order to anticipate the impact of global changes on groundwater resources.

Figure 1 :

 1 Figure 1: Schema of the bucket model of evapotranspiration

Figure 2 :

 2 Figure 2: Relationship between the water stress coefficient (k S ) and the root zone water availability.

Figure 3 :

 3 Figure 3: Average k ini as a function of the climatic demand (ETo) and the number of rainy days

Figure 4 :

 4 Figure 4: The three test sites equipped with micrometeorological tower (red square) and the Fontaine de Vaucluse watershed (red polygon), located South-East of France

  [2020]. The Mont-Ventoux summit (1912 m a.s.l.) at the West and the Lure summit at the East (1826 m a.s.l.), delineate a 62 km long mountain chain that defines the northern boundary of the J o u r n a l P r e -p r o o f Journal Pre-proof watershed. The main part of the watershed corresponds to highland with a mean elevation of 850 m. It is bounded on the East by the Durance river valley, on the South by the plains of

Figure 5 :

 5 Figure 5: Land use and land cover of the watershed of Fontaine de Vaucluse aquifer, after OCSOL-2014 data produced by the CRIGE-PACA (www.crige-paca.org)

Figure 6 :

 6 Figure 6: Relationship between fractional cover and vegetation indices NDVI on the left and EVI on the right. Data were simulated for the MODIS sensor onboard Terra by Olioso et al.

  Figure 8: At the scale of the Fontaine de Vaucluse watershed, the ET simulation is sensitive to the values of the parameters: a) SAWC add and b) f rocks .

Figure 9 :

 9 Figure 9: Reference evapotranspiration (ETo), evapotranspiration simulated with the bucket model (ETbu) and evapotranspiration simulated with SimpKcET (ETsimp) for watershed of Fontaine de Vaucluse aquifer.

Figure 10 :

 10 Figure 10: The vegetation fraction cover (f cover ), the soil evaporation coefficient (k E ), the water stress coefficient (k S ) and the canopy transpiration coefficient (k T ) depending on the vegetation of area of Fontaine de Vaucluse watershed: a) Deciduous oak, b) Evergreen oak, c) Beech, d) Pine and e) Agricultural field during 2010.

Figure 11 :

 11 Figure 11: Spatial distribution of monthly evapotranspiration over Fontaine de Vaucluse watershed during 2010.

Figure 12 :

 12 Figure 12: Monthly time series of evapotranspiration, recharge and outlet discharge of Fontaine de Vaucluse aquifer depending on the evapotranspiration model (bucket or SimpKcET). O: October, A: April, J: July.

Figure 13 :

 13 Figure 13: Cross wavelet analysis between modelled recharge signals (either Rbu or Rsimp depending on the evapotranspiration model) and discharge measures of the outlet of the aquifer (Qobs). a) and b) Cross wavelet spectrum (XWT), c) and d) cross wavelet coherence spectrum (WTC). The white rectangle delimits an area where both the linear relationship and the intensity of this relationship are stronger with Rsimp than with Ru.

  modelling of daily recharge and discharge of the Fontaine de Vaucluse aquifer. The Fontaine de Vaucluse aquifer has the following characteristics: karstic features are numerous (e.g. dolines, lapiaz), the karst network is well developed, land use is mainly sparse forest, moors, scrubland, planted forests and agricultural areas, and the impluvium is located under a Mediterranean climate. Such characteristics are shared by many aquifers around the Mediterranean[START_REF] Ford | Karst Hydrogeology and Geomorphology[END_REF]. The recharge and flow of the Fontaine de Vaucluse aquifer are responsive to seasonal cycles and to the spatial distribution of evapotranspiration. This is certainly the case for all hydrosystems that have similar characteristics. Thus, the application of a model as SimpKcET might benefit to improve the simulation of the flows within those other aquifers.The SimpKcET model uses a conceptual representation of evaporation and transpiration processes which require a lower amount of information. The use of vegetation indices to constrain the fraction cover (f cover ) makes it possible to avoid an exhaustive knowledge of the vegetation in place, and provide a better consideration of mixed cover. The vegetation indices (EVI) used have a coarser spatial resolution than those used by[START_REF] Jódar | Combination of lumped hydrological and remote-sensing models to evaluate water resources in a semi-arid high altitude ungauged watershed J o u r n a l P r e -p r o o f Journal Pre-proof of Sierra Nevada (Southern Spain)[END_REF], but its temporal resolution is finer, allowing a better representation of the temporal dynamics of transpiration. Estimation of fraction cover from remote sensing data could be J o u r n a l P r e -p r o o f Journal Pre-proof based on different algorithms (neural network, relation to vegetation indices…) and/or

  processes (vegetation transpiration and soil evaporation), with available parameters for all types of vegetation. The model consistency was evaluated against the most commonly used model into hydrological models of karst hydrosystem.The SimpKcET model is based on the description of the soil's water retention capacity and the use of the fraction of vegetation cover to simulate plant transpiration and soil evaporation. The use of remote sensing data, in particular the Enhanced Vegetation Index (EVI), enables an exhaustive description of daily variation of vegetation development and its impact on evapotranspiration. The description of the soil reservoir is simple with only the soil available water capacity and the fraction of rocks of soil surface to determine, after ecological knowledge or soil pits observation, or to calibrate. Thanks to the inclusion of the frocks parameter that limits soil evaporation, the model is well adapted to the description of evaporation over karst systems.SimpKcET was evaluated favourably against flux tower data on local sites in a first step and spring discharge of a large karst aquifer in a second step, showing that it enables the simulation of spatial and temporal variation of the evapotranspiration. Our results show the J o u r n a l P r e -p r o o f Journal Pre-proof proximity between the daily estimates and the daily observations of evapotranspiration for forested and cultural field cover under a Mediterranean climate.

  

  

  

  

  

  

  related to temperatures. It is interesting to note that years with lowest precipitation amounts are characterized by highest reference evapotranspiration values. The interannual variability of reference evapotranspiration is very low (maximum range around 200 mm)

	characterized by frequent summer droughts lasting at least for 2 months and regularly up to
	4 months. Mean annual precipitation and temperatures of hydrological year from
	September 2000 to August 2016 are (Figure D-1): 981 mm and 10°C over Fontaine de
	Vaucluse watershed, 686 mm and 14°C in Font-Blanche, 807 mm and 14.5° C in Puechabon,

. SAFRAN is a weather data source available over France on a grid of 8 km by 8 km at the daily scale starting in 1958. Precipitation and reference evapotranspiration data from SAFRAN are used, see details in Appendix D. The four test sites are situated in the typical Mediterranean climate zone (Köppen-Geiger climate classification updated by Beck et al. [2020]). Winter is wet and cool, summer is hot and dry. Most of the precipitations occur during autumn and winter. Thus, climate is 666 mm and 15°C in Avignon. Mean annual reference evapotranspiration is 1043 mm for Fontaine de Vaucluse watershed, 1184 mm in Font-Blanche, 1213 mm in Puechabon and 1248 mm in Avignon. The difference in climatic demands between these sites is mainly J o u r n a l P r e -p r o o f

Table 1 :

 1 Remote sensing data product used to compute f cover of Puechabon, Font-Blanche, Avignon and Fontaine de Vaucluse sites.

	Site	Sensor	Resolution	Method	Product name
	Puechabon	MODIS (Terra)	250 m and 500 m	Linear EVI	MOD13Q1.006 MOD13Q1.005
	Font-Blanche	MODIS (Terra)	250 m and 500 m	Linear EVI	MOD13Q1.006 MOD13Q1.005
	Avignon	Sentinel-2	20 m	Neural Net	S2_FCOVER
	Fontaine de Vaucluse Watershed	MODIS (Terra)	1000 m	Linear EVI	MOD13Q1.005 tile h18v04

Table 2 :

 2 parameters and results for the SimpKcET model for the three test sites with

	evaluated at daily and monthly time scales against evapotranspiration measurements
	performed using micrometeorological tower stations.			
							Model performances	
		Model parameters		Daily scale [mm.d -1 ]	Monthly scale [mm.month -1 ]
		SAWC [mm]	k TX	f rocks b	RMSE	bias	RMSE	bias
	Font-Blanche 150	0.9	0.5 2.5	0.49	0.14	8.63	4.36
	Puechabon	120	0.9	0.8 2.5	0.50	-0.04	10.6	-1.85
	Avignon	200	0.9	0	2.5	0.51	0.13	-	-
	The SimpKcET model, which was applied using local value of SAWC and f rocks parameters and
	standard values for each other parameters, was able to reproduce ET dynamic with a good
	accuracy. It provided performances with RMSE close to 0.5 mm.d -1 and bias lower than 0.15
	mm.d -1 (Table								

evapotranspiration measurements. The RMSE and bias indices (described in Appendix A) are J o u r n a l P r e -p r o o f

  Blanche and Puechabon sites and from January 2016 to December 2017 in Avignon.The bucket model poorly reproduced the dynamics of ET, as simulated ETbu is equal to ETo in winter and at the beginning of spring, then decreases down to zero as soon as the soil reservoir is empty. Rainy events refill the soil reservoir and ETbu may then re-increase up to ETo level (or at lower level if precipitation amount is lower than ETo). The simulated ET is nil most of the summer season, with occasional ET peaks after precipitation events. Periods with no ET occur early, when spring is dry as during 2007 and 2008. ETbu retrieves the level of ETo in autumn after the first period of heavy rain.

	Figure 7: Reference evapotranspiration (ETo, grey lines), simulated evapotranspiration with
	the bucket model (ETbu, blue lines) and SimpKcET (ETsimp, red lines) and measured
	evapotranspiration (Measured, green lines) from September 2007 to August 2011 for Font-

Table 3 :

 3 The KaRaMel's performance over the validation period(2009)(2010)(2011)(2012)(2013)(2014)(2015), according to the used evapotranspiration model.

		All data from 2009 to	Low flows	Int. flows	High flows
			2015		8 m 3 .s -1	[8,23] m 3 .s -1	23 m 3 .s -1
		KGE	bias	RMSE		RMSE	
	KaRaMel+ Bucket	0.92	-0.11	4.59	1.96	3.69	7.21
	KaRaMel+ SimpKcET 0.95	0.08	3.41	1.02	2.81	5.40

  ]. As there is no data available for distributing the sub-soil waters, potentially exploited by plants, the same value has been assigned to all areas covered by natural ecosystems (forests, pastures). While cropped area were mainly present over well-developed soil. Valley bottom, flat areas or zones with significant karstic weathering that favour the accumulation of decalcification clays and other sediments resulting from erosion. The sub-soil water available for plants, the proportion of coarse elements and rocks at the soil surface were calibrated at catchment scale to 194 mm and 26% respectively. When compared to the total SAWC in Puechabon or FontBlanche, this SAWCadd value looks high. However, 200 mm would correspond to a water holding capacity of 5% for 4 meters layer which is in agreement with values observed in other karst systems in South of France as[START_REF] Rambal | Water balance and pattern of root water uptake by a Quercus coccifera L. evergreen scrub[END_REF]. It is difficult to evaluate the fraction of rocks over the watershed as this fraction varies strongly from place to place, between 0 and 100%. However, with large areas having high frocks, see for instance aerial photography of Appendix C.
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Appendix A -Setting of hydrological model

A.1 KaRaMel model

KaRaMel is a hydrological model of karst. Karst hydrosystems are too heterogeneous for a distributed model to be used, so the assumption was to distribute only the most important processes. The distribution of the parameters is deduced with readily available spatial data such as geology, land use, soil characteristics, presence of karstic forms.

The aquifer is gridded in square cells. The same lumped structure is used to represent the flows and water stocks that occur in each cell. There are no water exchanges between cells.

The first reservoir represents the soil and subsoil, it receives precipitation and irrigation, enables evapotranspiration and infiltration to deeper reservoirs. The infiltration feeds two deep reservoirs acting for a slow and fast water transfer that occurs in the aquifer. The sum of the discharge from cells represents the aquifer discharge.

The KaRaMel and its setting for the Fontaine de Vaucluse aquifer are described in detail by Ollivier [2019] and Ollivier et. [2020]. When applied to the Fontaine de Vaucluse watershed 1550 cells are used to represent the 1160 km² area (most of the cells having a surface about 1 km²).

A.2 KaRaMel and SimpKcET parameters

The first version of KaRaMel applied on the Fontaine de Vaucluse aquifer relies on 5 parameters:

• The coefficient x partitions the infiltration between slow and fast flows; the distribution of x depends on the intrinsic vulnerability indices. The intrinsic vulnerability of the watershed can be low (x L ) or high (x H ).

• kc and km are the specific discharge coefficients of reservoirs that control fast flows and slows flow respectively; the distribution of kc depends on the intrinsic vulnerability indices. The intrinsic vulnerability of the watershed can be low (kc L ) or high (kc H ).

J o u r n a l P r e -p r o o f

The water holding capacity of the first reservoir of KaRaMel was set equal to the soil available water capacity, explored by soil pit. The implementation of SimpKcET into KaRaMel brings implies the calibration of SimpKcET parameters:

• SAWC add stands for the water holding capacity of subsoils exploited by plant roots (which can not be measured in soil pits)

• frocks is the fraction of rocks that cover the soil surface.

Both parameters concerned all surfaces with the exception of crop fields for which we can assume a low level of coarse elements near the soil surface and that soil pits cover the full depth of the soil.

A.3 Calibration and validation of the model

Model parameters were initialized with a three-year period (2003)(2004)(2005)(2006) The calibration is performed with the differential evolution optimisation algorithm [START_REF] Ardia | Differential Evolution with DEoptim[END_REF], with an unique objective function, the Kling-Gupta efficiency (KGE). Model performances are evaluated with two additional functions, the root mean square error (RMSE) and the bias.

The KGE function images the Euclidian distance from the ideal point in the scaled space of three components (r, β and α). r is the linear correlation coefficient between measurements and simulated flows, β the ratio between mean simulated flow and mean observed flow and α the ratio between standard deviation of simulated values and standard deviation of observed values. The KGE reaches 1 for the best adjustments.

The simulated ET is evaluated using the root mean square error (RMSE) and the mean error (bias) against ET measurements.

√ ∑( ) ( ) ∑ ( ) ( )

where n is the number of simulated time steps, v o the observed variable and v s the simulated variable. 

Appendix B: Fontaine de Vaucluse discharge simulations

In the present study, the Karamel model is applied to the karstic aquifer of the Fontaine de

Vaucluse. This enables the simulation of the discharge of the Fontaine de Vaucluse according to the evapotranspiration model used, and to compare the simulations with the observations. The simulations depend on the used evapotranspiration model. The climate data came from the SAFRAN product of METEO-FRANCE, the French meteorological service [START_REF] Durand | Reanalysis of 44 Yr of Climate in the French Alps (1958-2002): Methodology, Model Validation, Climatology, and Trends for Air Temperature and Precipitation[END_REF][START_REF] Quintana-Seguí | Analysis of Near-Surface Atmospheric Variables: Validation of the SAFRAN Analysis over France[END_REF]. SAFRAN is a weather data source available over France on a grid of 8 km by 8 km at the daily scales starting in 1958. SAFRAN product is a surface -atmosphere reanalysis that is built by combining atmospheric model simulations to ground data, we used precipitation and reference evapotranspiration data. SAFRAN reference evapotranspiration was calculated with the Penman-Monteith equation from solar radiation, atmospheric radiation, air temperature, air humidity and wind speed. As in [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF] for the FAO56 methodology, the reference evapotranspiration is estimated for a well-irrigated grass canopy according to the climatic conditions. However, parameters used in the implementation of the Penman-Monteith equation by METEO-FRANCE are slightly different from those of [START_REF] Allen | Evapotranspiration Estimation in the Sahel Using a New Ensemble-Contextual Method[END_REF], in particular with lower albedo (0.20 instead of 0.23) and lower surface resistance (60 m.s -1 instead of 70 m.s -1 ). This resulted in a higher potential ET than with the FAO56 methodology. Journal Pre-proof related to the elevation of air temperature, in agreement with the 1 mm.year -1 to 2.5 mm.year -1 observed over the lower Rhone Valley [START_REF] Olioso | Bilan hydrique des agrosystèmes de Crau face aux changements globaux[END_REF]. No specific trends are detectable on the rain evolution. J o u r n a l P r e -p r o o f
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