SMASH -SPATIALLY DISTRIBUTED MODELLING AND ASSIMILATION FOR HYDROLOGY: PYTHON WRAPPING TOWARDS ENHANCED RESEARCH-TO-OPERATIONS TRANSFER

T he distributed SMASH platform is based on a gridded mesh and on a modular design. On each cell, the model features different hydrological components. Each component offers different modeling options such as snow modules, surface interception, production, transfer and percolation functions. At the grid scale, different routing models are implemented via a cell-to-cell numerical routing scheme.

S MASH comes with its numerical adjoint model which is obtained by automatic differentiation with Tapenade. A variational data assimilation algorithm is implemented and helps to calibrate the distributed parameters or evaluate the model states. This algorithm uses the quasi-Newton lbfgs-b descent algorithm and the gradient of the cost function relative to the model parameters and states. This gradient is computed by a run of the adjoint model.

T he numerical SMASH platform is a Fortran code. To gain in modularity and facilitate the use of SMASH in the research and engineering communities, a Python interface has been created with the new F90Wrap software. The original Fortran code has been revamped. The new structure enables to 1) control any inputs and outputs with Python, 2) keep an automatically differentiable and computationally efficient numerical Fortran model, 3) call a binary from the shell to preserve a backward compatibility with old practices.

T he key to achieve this Python interface is to use Fortran modules and derived types to store all inputs and outputs variables. These Fortran structures are stored in different modules. F 90Wrap automatically generates the fortran functions and wrappers to give access to every component of each derived type. A Python class is generated to facilitate the use of these wrappers inside a Python code.

T he Python object "model" aggregates all inputs/outputs variables required by SMASH. The "model" object comes with built-in methods to allow end users to perform simulations, calibrations, plotting and hdf5 export. The Python binding facilitates all post-processing since it does not requires I/O into text files anymore.
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SCIENTIFIC PURPOSES :

T hese Python wrappers offer several perspectives : • SMASH will ease the transfer of scientific enhancements into operations, in particular for the national Vigicrues Flash service • Coupling SMASH with probabilistic precipitation nowcasting could be facilitated with the Python library Pysteps (Pulkkinen S, 2019) • Future toolchain improvements will benefit from up-to-date numerical technologies, such as parallel computing, model couplings, hybrid solvers, web services and mapping, as well as uncertainty modeling and data assimilation algorithms.

The python object "Model" and the end-user specific methods

A Sphinx based documentation is autogenerated with the latest source code. It documents the whole Python class, gives scripting examples and also describes inputs/ outputs of the Fortran subroutines.

G etting started with the hydrological SMASH platform is easy: several handy python practice cases have been written to explore all SMASH features.

T he SMASH platform is distributed through the standard pip package-management sytem. It depends on few scientific python librairies such as numpy, pandas, scipy, matplotlib.

W ith few Python lines, one can optimize the model parameters with different objective functions (NSE, KGE), simulate discharges for a watershed, save data to hdf5, plot and analyse results. Here is an example on the French Ardeche catchment.

T he prediction of extreme hydrological events at high resolution is a scientific challenge. Efficient modeling tools are required to integrate scientifc progress, take advantage of the information provided by satellites and sensors, and meet the needs of the end users. This contribution presents the tailoring of a hydrological modeling and data assimilation code, SMASH (Spatially distributed Modelling and ASsimilation for Hydrology), based on modular design and written in Fortran.

T his work aims to facilitate scientific enhancements and their transfer to the operational French flash flood warning system, Vigicrues Flash. Thanks to the recent f90wrap library (Kermode J. 2020), the whole SMASH toolchain has been wrapped for use in a Python environment. The revamped Fortran structure and the python class are presented.
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