Impact of improved snowmelt modelling in a monthly hydrological model

 with Snow Routine: 2 free parameters  The production function and the snow routine with a montly time step, are tested lumped (SimA) or spatialized (SimB)  The production function and the snow routine with a daily time step, are tested lumped (SimC) or spatialized (SimD).

■ GR4J with CemaNeige [START_REF] Valéry | Modélisation précipitationsdébit sous influence nivale[END_REF] ■ When taking into account spatial variability of data, it does not seem that is possible to highlight improvments, ■ However, when using temporal variability of data, the level of performance is better, specifically for the validation criteria on flows. ■ For catchments strongly affected by snow cover, model simulations with 2 free parameters (GR2M LoiEau : SimC or SimD) provide performances as good or better than model simulations with 4 free parameters.

What about temporal averaging ? The temporal scale of conceptual model often depends on the time scale of the data. Indeed, conceptual monthly models use as main input, monthly data calculated on the catchment. This temporal and spatial averaging can lose information about the spatial and temporal variability.

Could the daily inputs be useful at the monthly scale on mountainous areas ?

Set of 316 catchments affected by snow, with various hydrometeorological conditions, where 175 catchments have much more important snow accounts (more than 10% of their total precipitation falls in the solid form). And 56 catchments are strongly affected by snow. ■ Daily meteorological data come from the distributed mesoscale atmospheric analysis system SAFRAN [START_REF] Vidal | A 50-year high-resolution atmospheric reanalysis over France with the Safran system[END_REF] : estimations of daily solid and liquid precipitations temperatures and evapotranspiration on a regular square grid at the spatial resolution of 8*8 km² ■ Daily streamflow data from the French database HYDRO. 

. Methodology

The snow routine developed ■ The purpose is to obtain a snow routine in the least complex manner but not simplist, and can be run at a daily (SRj) or monthly (SRm) time scale. A potential snowmelt F pmelt [START_REF] Schaefli | A conceptual glacio-hydrological model for high mountainous catchments[END_REF] is calculated according to the available snow accumulation. 
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Sample 1: 56 catchments strongly affected by snow

. Discussion

What about spatial averaging ? ■ It is quite surprising that a more spatial detailed rainfall information doesn't improve performance at daily or monthly time step. Probably the resolution of the meteorological data is too large: this shows the upper limit of this approach. 

  : 4 free parameters, daily time step, Lumped model. Model implementation : ■ Function Objectif : Criteria combined: 0.5 KGE(Q) + 0.5 KGE(1/Q) (Garcia, 2015) ■ Split-sample test : Cross validation on two sub-periods ■ Validation: Bounded version of NSE calculated on monthly flows and transformed flows: C2M(Q) and C2M(sqrtQ) NSE on seasonality: NSE(QMM), Bias on mean annual: Bias(QA), and on statistical lows flows: Bias(Q5) RECOVER -Irstea Aix en Provence, France Contacts :Nathalie Folton ; nathalie.folton@irstea.fr All the tests (SimA, SimB, SimC, SimD, GR4J) are evaluated and compared with the previous indicators (Validation Period) on 2 samples of catchments (Sample1 and Sample 2) :

■

  It seems that averaging the data forcing over a larger time step can smooth some dynamic effects. The temporal averaging loses information about the temporal variability. ■ The daily data can allow a better snowmelt management and a better temporal variability of the effective rainfall. Mean montly flows (Validation) Period : 1992 -2013 Performances for all tested models and for 2 samples of catchments (Validation) Tested models Simulate the monthly flows, seasonality, reference low flows, and annual mean flow on mountain gauged catchments using a hydrological modelling by: ■ Testing the usefulness of the temporal and spatial variability of data in the production model, ■ Investigating the implementation of a Snowmelt Routine (SR) in spatial and temporal scale.

Calibration 1 /

 1 Validation 2 01/01/1992 -31/12/2013 01/01/1970 -31/12/1991 Calibration 2 / Validation 1 Nathalie Folton and Florine Garcia Irstea, Hydrology Research Team, Aix-en-

  F pmelt (mm/day or month) = C f (T -T EC ) ; if T > T EC if not F pmelt = 0 T: mean (daily/monthly) temperature (°C), T EC : the threshold temperature (°C) At monthly time scale: C f (mm/month/°C) fixed by each mountain area ; T EC = -2 °C At daily time scale: C f (mm/day/°C) fixed by each mountain area ; T EC = -1 °C

Sample 2 :

 2 The rest of cachments i. e. 260 Best value Map of catchments Catchment : Le Guiers Vif à Saint Christophe Period : 1970-1991 Le Bronze à Bonneville V0205010 Area = 26.1 km² L'Avérole à Bessans W1006010 Area = 45.7 km²