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High resolution modeling of a small urban catchment

Introduction:

Flooding is the result of meteorological extremes which are aggravated by the hydrological behavior of urban catchments and human factors. It is one of the most complex issues that urban hydrologists have to deal with. The complexity of the urban catchments lies in their extreme heterogeneity, the interference between human activities and natural hydrological processes, and finally the continuing urbanization process. In order to simulate these processes at their specific temporal and spatial scales, high-resolution data and computational capacities are needed. In our case study, high spatio-temporal resolution modeling, using Multi-Hydro, developed at Ecole des Ponts ParisTech, is performed for a small peri-urban catchment of the Greater Paris region, Le Perreux-sur-Marne. The aim of this work, in the framework of the ANR Trafipollu project, was to launch and validate Multi-Hydro in that area. The main objective of the Trafipollu project is the development of modeling tools for the location and transport of pollutant generated by traffic at different spatio-temporal resolutions.

Multi-Hydro

The Multi-Hydro model, developed at HM&Co at Ecole des Ponts, uses free and open software modules to simulate different parts of the urban water cycle and to compute the hydrological response of the catchment for every studied case. It is:

•Modular •Fully distributed •Physical-based •Event based
It uses GIS data and the interface MH-AssimTool Multi-Hydro provides detailed description about the surface runoff, the subsurface flow and the sewer discharge. [1], [2] Le Perreux-sur-Marne Le Perreux-sur-Marne is located in the Val-de-Marne department south-east of Paris area. In the ANR Trafipollu project, this urban catchment is examined at neighborhood scale. The delimitation of the urban catchment was based both on the elevation data and on the sewer system because of its complexity.

Methodology and data

Catchment representation -Due to the fact that finer resolutions are more sensible, a technique has been developed for reducing that scaling sensibility [3] . The coefficient of the impermeability (C.I.) is calculated and is 55.4% for the resolution at 10m and 53.8% at 5m.

Rainfall and instruments

-Discharge flowmeter at the outlet presented many errors in the measurements -Rain gauge used for the period 05/06/214-24/08/2015 but a newly installed X-band data in ENPC can be used for having access to high resolution data -Two criteria were chosen for the validation of the model's behavior, the Nash-Sutcliffe and the relative volume error Results: Generally, every simulation at 10m overestimates measured flow while at 5m output are closer to observations. Events with differentiated characteristics concerning the duration of the rainfall event, its mean intensity, the height of the rain and the volume of the discharge flow are displayed in the following graphs. As expected Multi-Hydro gives better results if the dry initial conditions are respected (event of 12-13/12/2014).

Conclusions:

Multi-Hydro is validated in Le Perreux-sur-Marne and is able to reproduce the effects of small changes in the land use. As it is expected, the results are more accurate at a higher resolution. Apart from the restriction of dry initial conditions, a more detailed land use would give better results but the problem concerning the scaling sensibility has to be overcome. Multi-Hydro can model the pollutants transport but that part is not activated so far. Consequently, Multi-Hydro can be integrated in Trafipollu project for modeling the pollutants transportation. 
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 1 Fig. 1: The interaction of the four modules in Multi-Hydro

Fig. 3 :

 3 Fig.3: Wastewater (in red) and the rain water (in green) sewer system. The unitary system is represented in violet.
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 4 Fig. 4: Delimitation of the studied urban catchment

  NSE (10m)=0.47 NSE(5m)=0.39 δV(10m)=-0.17 δV(5m)= -0.37 NSE (10m)=0.90 NSE(5m)= 0.90 δV(10m)=0.06 δV(10m)= -0.05

Table 1 :

 1 The main characteristics of the selected rainfall events
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