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                                                            Relazione scientifica attività di ricerca

Scientific report on the research activity developed by Prof. Muthiah Perumal during his stay at IRPI-CNR in Perugia (September, 21st – October, 2nd) within the “short term mobility“ program 
Research program: 

“MULTILINEAR DIFFUSION ANALOGY MODEL FOR STAGE-HYDROGRAPH ROUTING”
For many hydraulic-hydrological applications, stream stage is more relevant than the flowing discharge, and also it is easily and economically measurable, Further, developing accurate methodologies for routing stage-hydrographs becomes advantageous in order to assess the stage value at ungauged sections where, for instance, hydrometric monitoring cannot be carried out.
In the scientific literature, only few simplified stage routing methods are in use currently such as the physically based Hayami’s diffusion analogy model. Recently, Perumal and his co-workers have introduced different physically based stage routing methods (Perumal & Ranga Raju, 1998a, 1998b; Perumal et al., 2007; Perumal et al., 2009a, 2009b) tested using both hypothetical and field data. These methods developed  based on the variable parameter approach, retain the simplicity of linear models, but incorporating the nonlinearity of the process.  These methods follow either a recursive equation based approach or the multilinear modelling approach (Perumal et al., 2009a, 2009b; Perumal et al., 2008). 
Considering this background, the research program has been addressed to analyze an alternate physically based stage routing model suitable for routing floods in natural channels. Particular, the objective of the proposed research work mainly involves in developing a multilinear diffusion analogy model for stage-hydrograph routing, and in assessing its accuracy considering both synthetic and natural river floods, with the latter described through optimized prismatic channels. 
In this context, the past research activity at IRPI allowed to modify a multilinear model developed based on routing discharge hydrographs along prismatic channels with negligible lateral inflows (Perumal et al., 2008). This is a multilinear routing method using diffusion analogy model as a sub-model which can be considered as the next level of approximation to the full Saint-Venant equations in describing the flood wave movement in rivers. The applicability of the method was first tested by simulating the outflow hydrographs generated by routing the hypothetical inflow hydrographs in hypothetical channel reaches using the Saint-Venant equations and, subsequently, by studying the flood wave propagation in a 23 km reach of Tiber River in Central Italy.
The current research activity modified the above-mentioned model to route stage hydrographs considering some typical section geometries, that is rectangular, trapezoidal and compound trapezoidal. This last geometric configuration is of particular interest for field application since the natural rivers with significant floodplains areas can be typically approximated through a compound trapezoidal section. For channels without wide floodplains, a simple rectangular or trapezoidal section can be conveniently used for representing the geometric properties of the river. The accuracy of the proposed model has been first tested for synthetic case studies. Assuming rectangular and trapezoidal sections, several hypothetical channels have been identified by considering different roughness characteristics, channel slopes, and sections size. For each hypothetical channel, different synthetic floods, with different peak magnitudes and corresponding time to peaks, have been routed along the reach through a one-dimensional hydraulic modelling (DHI, 2008). The Mike11 model, developed by the Danish Hydraulic Institute, which allows to solve the fully dynamic Saint-Venant equations through a numeric scheme named ‘double sweep algorithm’ has been used in this study to develop different hypothetical routed hydrographs at the outlet of a given synthetic channel reach for different corresponding synthetic input stage hydrographs. The obtained results show that the proposed model is able to accurately reproduce the benchmark stage hydrographs with very high Nash-Sutcliffe efficiency coefficient values (Nash and Sutcliffe, 1970). In particular, the model application requires to calibrate an empiric coefficient, ‘a’ , linked to the reference stage assessment which is necessary for estimating celerity and diffusivity parameters. It is to be noted that this coefficient needs to be estimated for a single event only.
The proposed model reliability has been also verified considering different flood events occurred along a reach of the Tiber River, in Central Italy, bounded by Pierantonio and Ponte Felcino hydrometric sections. The real river geometry has been described by a compound trapezoidal prismatic channel. The good performance of the proposed methodology shows that the diffusion analogy model is suitable as sub-model of a multilinear approach even for real-time stage forecasting application. Therefore, the use of the proposed routing approach for extending it to river stage forecasting needs to  be deeply investigated.
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