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Abstract

Hydrologists and engineers are facing the difficulty to define and evaluate the runoff especially in urban areas. In this environment, the evaluation is particularly sensitive and important because it will be used for the design of the sewer network according to a risk and economic analysis. Several tools on GIS environment allow to determine hydrological parameters of catchments and sub-catchments from DEM and land uses by simple aerial colour photographs. Data results can be employed with an engineering methodology to simulate hydrological processes in urban catchments and sewer network hydraulics. An example of this methodology is applied in Antibes municipality in distributed approach of geomorphologic and land use properties. 
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INTRODUCTION
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Hydrological cycles in urban catchments are greatly changed with urban development, leading to larger discharges and shorter concentration times during flood periods. Urban areas are continuously expanding due to population growth and municipalities are trying to improve their knowledge on sewer networks. Generally, the main stream flow channels are well known and well managed: geometry, morphology, position, regulation structures, etc (fig.1). The hydrologic parameters associated with the urban catchments are less defined. The design of the sewer network is much more difficult for the sub-catchments where the hydrologic processes are difficult to evaluate [1]. In all these areas, the use of the standard models - as the rational formula, etc - for the runoff quantification is conditioned by an accurate and realistic estimation of the impervious areas and of the runoff coefficient. Most of time, the methodology applied to characterize the land use is based on a basic habitat classification as residential, commercial or institutional area. To obtain a more realistic classification and a better description of the hydrological processes, the use of alternative methods is clearly necessary. 

The methodology presented in this paper has been defined to provide more realistic information about land uses and hydrological processes. The approach is based on an automated treatment of the topographical data associated and combined with standard colour aerial photographs. The analysis of the data generally available at low costs can be realized in a GIS environment. The presented application has been realized with ArcView 3.1 from ESRI and completed with the Spatial Analysis and Hydrological Modelling extensions.

Digital Elevation Model (DEM) creation with GIS

Many tools have been developed in the GIS environments to extract the morphologic characteristics of a catchment in an automated procedure. The Hydrological Modelling extension in ArcView allows to use the standard topographical data generally available on any urban area. A coverage of XYZ dots is used to represent the surface of the catchment and a DEM is derived from these data. Most of the urban catchments are generally included in size of 2 to 20 km2. To obtain a right description of this space, a high density of XYZ dots is needed: every 10 to 20 m2 must be associated to a measurement. This density is necessary to create a DEM with a good morphology description especially if the slopes of the catchment are limited. For scopes between 8 to 1%, these data can be applied efficiency. However, with slopes below 1%, the density must be higher.

Figure 2 illustrates the creation of a DEM from a XYZ set of 48,000 dots covering the municipality of Antibes in the French Riviera. The DEM has been produced from topographical surveys and covers a surface of 25 km2.

[image: image7.jpg]%‘& g'ﬁk
e
\





Figure 2 : DEM creation for Antibes.

The DEM can be produced with several different procedures as linear interpolation, krigeage or Spline functions. Clearly, the Spline functions offer the best results especially when the density of dots is limited. 

Definition of a methodology 
Several morphological components must be identified and used after for the hydrological analysis with Hydrological Modelling tools. The general way is based on the production of a grid (DEM) from the basic set of dots. 

The methodology is based on the sub-catchments identification. The analysis of the DEM allows to define the main catchment and the sub-ones. Although the identification of the main catchments can be made easily, the sub-catchments are more difficult to delineate. However, this work must be done carefully because the accuracy of the hydrological analysis is conditioned by the true morphological description of reality.

The following chart describes the procedure which allows to derivate from the DEM the different physical components of the sub-catchments: flow direction, flow accumulation, stream network and sub-catchments delineation [5].
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Figure 3 : DEM analysis for delineation of sub-catchments.

[image: image9.jpg]



Figure 4 : Morphological analysis on DEM -  Antibes municipality.

The table 1 presents the efficiency of the methodology according to the accuracy of the DEM.

Table 1 : Needed accuracy for morphological analysis application (50 hectares <catchments<1 000 hectares).

	DEM – Grid size
	1 m²
	4 m²<S<25 m²
	25 m²<S<100 m²
	S>100 m²

	Low slope (I<1%)
	Good
	Acceptable
	Fair
	False

	Medium slope (1<I<4%)
	Excellent
	Good
	Acceptable
	Fair

	High slope (I>4%)
	Excellent
	Excellent
	Good
	Acceptable


The methodology can be applied and combined at different scales to cover the full study area. The minimal size of the sub-catchments can be defined by the user according to the objectives of the project. Several sizes can be tested in a iterative process to evaluate and to fit the best representation of the hydrological unit. The choice must be guided by a good representation of hydrological network and the validity domains of the production and transfer functions. The procedure must be used carefully in the flat areas:


-  the delineation of the units can be wrong if the quality of the DEM is too low;


- the creation of the sewer network can be done in different ways according to urbanization, technical choices, etc. 

Figure 5 presents the accuracy of the procedure and the errors which appear between the sewer network and the steam network identified with the GIS procedure.
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Figure 5 : Stream network modelling and slope effect.

Land uses identification
Runoff coefficients are used in most of the formulas applied in urban hydrology and sewer design. Many empirical techniques have been proposed and can be applied with difficulties in different environments. Moreover, these coefficients do not integrate the spatial distribution of the impervious area in the sub catchments. Another difficulty for these values is linked to the variability of the properties according to the rainfall intensity. The use of the classical coefficients is efficient for the design of small sewer networks but can’t be applied for the risk assessment of flooding. An alternative technical solution can be proposed with the use of the aerial photographs for the impervious areas identification and location. The pixels are classified and gathered in a limited set of classes to allow the use of the distributed hydrological models. The urban areas are generally complex and combine a great variety of impervious surfaces [2]. This analysis allows to apply a systematic approach over the complete area of the catchment and to minimize the weight of the subjective interpretation. 
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Figure 6 : Sub-catchments delineation combined with land uses classes.

The classification is a first step and can be combined with complementary data on impervious areas distribution: roads and buildings available in GIS layers. Each class is associated with physical characteristics and properties as infiltration (SCS, Horton, etc) by the operator. The interest of the procedure is to clearly identify the impervious patterns combining the different surfaces and to concentrate the approach on the spatial distribution of the processes.

The different surfaces can be analysed in the GIS environment, associated with production functions and characterized with a roughness coefficient used for velocities description and hydrographs generation.
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Figure 7: Creation of land uses classes – Data analysis and aggregation.
INTEGRATION OF SPATIAL DISTRIBUTION OF SUB-CATCHMENTS

The spatial organization of the sub-catchments determines the morphology of each elementary hydrograph and their combination in the sewer network [4]. Clearly, the knowledge of this distribution allows to optimise the design of the network. Frequently, in the design procedures for the main sewer networks, the elementary structures – sub-catchments of 10 hectares – are neglected. In this way, the propagation function must be adapted to evaluate the real storage capacity and the propagation velocity. To overpass this difficulty, the outlets of the sub-catchments can be implemented in the procedure to take into account the properties of the elementary sewer networks. 

	[image: image5.jpg][ Spatial distribution of sub-catchments

Main Network
— Underground network
Open chanel

0.8 1.6 Kilometers “
I ——






Figure 8 : Spatial distribution of sub-catchments – Antibes municipality.

CONCLUSION

A methodology has been defined to improve the accuracy of the procedures used for the sewer network design. The basic concept is based on the integration of the morphological properties of the sub-catchments and on a distributed hydrological analysis according to the land uses extracted from aerial photographs. The methodology could be easily applied in any GIS environment and with common data sets available in municipalities:

· topographical data - XYZ – used for the DEM production;

· colour aerial photographs.

These data can be combined in the GIS environment with other layers already available.


Figure 9 : Distributed approach in GIS environment for sewer network design

The methodology can be applied in most of the urban areas. However, the validity of the results is determined by the accuracy of data available for the DEM production according to the surface of the study area. The data can be usefully completed and associated to field surveys and controls on:

· sewer networks and stream networks concordance;

· outlet locations of sub-catchments and main network organization;

· building and road surfaces extension.

The methodology, applied in Antibes municipality, has helped to understand the hydrological processes in the different catchments: identify the overflow areas, define the needed storage capacity to prevent some extreme events, design and optimise the extension of the sewer network. 
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Figure 1: Sewer network - Laval catchment - Antibes municipality - France.
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