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An adaptive hydrological model for multiple time-steps Diagnostics and improvements based on fluxes consistency 4es Rencontres HydroGR 2021 -INRAE Rencontres HydroGR 2021 Importance of temporal variability  Flood early warning requires forecasts at different time scales & resolutions (usually from daily to sub-hourly)  Temporal averaging smooths peaks and masks variability Rencontres HydroGR 2021 Scientific questions and state-of-the-art  The question of temporal scaling in hydrological modelling implies multiple issues  Relationship between processes, observation and modelling scale (Blöschl and Sivapalan, 1995; Obled et al. 2009) Representation of a flood hydrograph by different discrete time step size (Obled et al. 2009)
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Hourly time step [START_REF] Atkinson | Climate and landscape controls on water balance model complexity over changing timescales[END_REF][START_REF] Mouelhi | Vers une chaîne cohérente de modèles pluie-débit conceptuels globaux aux pas de temps pluriannuel, annuel, mensuel et journalier. (Towards a coherent chain of lumped rainfall-runoff models[END_REF] Objective: a GR multi-time step model For 3 out of the 4 free parameters  x 1 (mm): production store capacity  x 2 (mm/TS): inter-catchment groundwater coefficient  x 3 (mm): maximum reference capacity of the routing store  x 4 (TS): time base of the UH GR4 model structure [START_REF] Perrin | Improvement of a parsimonious model for streamflow simulation[END_REF] E P
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The rainfall-runoff model 



  "Split-Sample Test" (SST) on the 8-year period 2005-2013  Calibration criterion  Kling-Gupta Efficiency (KGE, Gupta et al., 2009) on streamflows (Q) over the whole calibration period  Evaluation criteria  KGE and its three components: • relative variability, a • ratio of means, b • correlation, r  8 time-steps tested: 6-, 12-, 30-min, 1-, 3-, 6-, 12-h, and 1 day  Evaluation of simulations at different time steps at a common reference time step --daily model [mm] Daily net loss -hourly model [mm] … but increasing net losses (I+AE+F) at shorter time steps on flood events!  Perfect compensation of evaporative losses (I+AE) over flood events  Reduced spurious increase in net losses on floods at shorter T.S. • the median net losses increase at shorter time steps of about 8 % (4 times less than GR4) -daily model [mm] Daily net loss -hourly model [mm]

  

  

  

2 ) Introduction Material and methods Results Conclusions and perspectives  Two levels of model time-step dependency 

  Time step-dependency of model parameters (e.g. Littlewood and Croke, 2008)  Dependency of model structures on time step (e.g.
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Example of data averaging effects for precipitation and streamflow of the Orgeval River basin at Boissy-le-Châtel (105 km
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		 Starting point: the daily GR4 model
	• Precipitation: disaggregation of	
	daily reanalysis data by sub-hourly distribution of the 6-min data	 Time-step (TS) dependencies in parameters
	• Streamflow: interpolation of the	(Le Moine, 2008)
	variable time-step series	
	• Potential evapotranspiration: daily	
	temperature-based formula +	
	sinusoidal sub-daily pattern	
	240 catchments	
	& 2400 flood events	
	Selection criteria	
		Rencontres HydroGR 2021

 The emblematic case of the GR models chain  annual  monthly  daily complexification

[START_REF] Mouelhi | Vers une chaîne cohérente de modèles pluie-débit conceptuels globaux aux pas de temps pluriannuel, annuel, mensuel et journalier. (Towards a coherent chain of lumped rainfall-runoff models[END_REF]

)  daily  hourly same complexity?

[START_REF] Mathevet | Quels modèles pluie-débit globaux pour le pas de temps horaire? Développement empirique et comparaison de modèles sur un large échantillon de bassins versants[END_REF][START_REF] Le Moine | Le bassin versant de surface vu par le souterrain : une voie d'amélioration des performances et du réalisme des modèles pluie-débit? (The surface watershed seen by the underground: a way to improve performance and realism of rainfall-runoff models?[END_REF] 

 Objectives  Optimality of the structure at sub-daily time steps?  Which coherent multi-time step model from daily to sub-hourly time step?

Ficchi, A., C. Perrin et V. Andréassian (2019). Journal of Hydrology.

Rencontres