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Les modèles couplés de drainage urbain unidimensionnels (1D)/ bidimensionnels (2D) ont été reconnus comme le cadre de modélisation le plus approprié pour simuler les inondations pluviales dans les zones urbaines. En particulier dans les zones urbaines et périurbaines où le réseau de drainage joue un rôle clé dans l'atténuation des inondations pluviales, l'utilisation de tels modèles couplés nous permet d'évaluer plus précisément la profondeur et l'étendue des inondations.

Même s'ils existent plusieurs façons de coupler les modèles 1D et 2D, aucune méthode automatisée n'est actuellement disponible pour assurer la compatibilité et la cohérence entre le réseau de drainage 1D et les données d'élévation du modèle numérique de terrain (MNT) 2D. Des erreurs aléatoires se produisent dans les données du MNT, à cause du lissage, de l'agrégation ou de la suppression d'éléments. Dans les données du réseau de drainage 1D, les erreurs peuvent être causées par des incertitudes de mesure directe. Ces écarts d'élévation entraînent des difficultés dans la mise en place de ces modèles 1D/ 2D. Cette étude présente une méthodologie permettant d'identifier et d'analyser les divergences entre les données 1D et 2D, et d'assurer la cohérence entre les données 1D et 2D en partant de l'hypothèse d'une connaissance correcte de la surface 2D ou du réseau 1D.

INTRODUCTION

Pluvial floods have become a significant threat to economic, environmental and social assets globally. In a rapidly urbanising world, modelling provides key information to assess pluvial flood risk, and guide effective mitigation planning. One-dimensional (1D) drainage network models, combined with two-dimensional (2D) surface models, give, according to various studies [START_REF] Van Dijk | Comparing modelling techniques for analysing urban[END_REF][START_REF] Kourtis | Comparison of 1D-1D and 1D-2D urban flood models[END_REF][START_REF] Leandro | Comparison of 1D/1D and 1D/2D Coupled (Sewer/Surface) Hydraulic Models for Urban Flood Simulation[END_REF][START_REF] Shrestha | Effects of stormwater infrastructure data completeness and model resolution on urban flood modeling[END_REF] the most accurate results regarding flood extent and inundation depth caused by rainfall events. Coupled models simulate the interactions between the underground 1D network and 2D surface, allowing water to move between the two domains. This requires alignment of the 1D network junction nodes and the 2D ground surface.

While various methods have been developed to couple 1D and 2D models [START_REF] Yang | Linking a Storm Water Management Model to a Novel Two-Dimensional Model for Urban Pluvial Flood Modeling[END_REF]Yin, et al., 2020;[START_REF] Sañudo | Modelling Pluvial Flooding in Urban Areas Coupling the Models Iber and SWMM[END_REF], no studies have focused on the compatibility of the input data required for 1D and 2D models. 1D model data are often based on infrastructure data -either from plans or collected in the field, and have very specific points (nodes) where they interact with the surface. 2D surface data, on the other hand, are usually collected using remote sensing techniques with different resolutions. According to previous studies, low spatial resolution elevation data sets aggregate elevation data across large areas leading to misrepresentation of overland flow paths (Leitão, et al., 2009;Vojinović, et al., 2011;[START_REF] Yalcin | Assessing the impact of topography and land cover data resolutions on two dimensional HEC RAS hydrodynamic model simulations for urban flood hazard analysis[END_REF]. The discrepancy between the surface point information of the 1D and the generally lower resolution of the 2D surface makes linking the two models challenging.

The goal of this study is to present two methods to ensure that the 1D network elevation data and the 2D surface elevation data are compatible, and that coupled simulations can run without manually editing the input data. Method 1 (1D network correction) relies on the assumption that the 2D surface data is correct, while Method 2 (DTM correction) relies on the assumption that the elevation stored in the 1D network dataset is correct. Preliminary assessment results shows that both methodologies are able to provide reliable results.

CASE STUDY AND ELEVATION DATA DISCREPENCIES

The case study domain is the Fehraltorf urban catchment, located approximately 15 km east of the city of Zurich. The catchment (20.3 km 2 ) is mostly flat with hills in the Northeast part of the catchment.

The 2D topology data for the Fehraltorf catchment was obtained from the canton of Zurich and is freely accessible online (at https://maps.zh.ch). The raw data of the Digital Terrain Model (DTM) has been acquired using LiDAR technology, and has been pre-processed by the canton of Zurich to filter out features including vegetation, buildings, trees, people, etc. To investigate the impact of data scarcity on coupling errors, lower resolution DTMs with 2, 5, 10, 20, 30, and 50 m resolution were also considered by resampling and aggregating the LiDAR data.

The 1D network data for the combined sewer system was obtained from a sewer network model implemented in SWMM by [START_REF] Keller | Understanding the urban drainage system of Fehraltorf[END_REF] . The model includes 427 junction nodes (manholes) connected by 431 links (conduits) and seven CSO structures. For each junction node, the SWMM model includes information regarding the invert level (base interior level of a pipe) elevation, and the maximum depth for each manhole. The ground elevation according to the SWMM level is given by adding the maximum depth to the invert level elevation attribute.

To assess the elevation differences between the DTMs (at various resolutions, i) and the 1D network elevation data the two data sets were compared. The distributions of the elevation differences for each DTM resolution (∆ 2𝐷𝐷 𝑖𝑖 -1𝐷𝐷 ) are presented in Figure 1. As can be seen, there are some substantial differences between the two data sets, which increase when coarser DTM resolutions are considered. 

METHODS TO COMBINE DTM AND 1D NETWORK DATA

Two approaches were developed to ensure consistency between the 1D drainage network data and DTM data. The first approach (Method 1) is based on the underlying knowledge (or assumption) that the 2D surface data are correct, while the second approach (Method 2) is based on the assumption that the 1D data are correct.

For Method 1, the 1D network elevation data are automatically modified in order to match the exact elevation at the 2D data. This method is based on the following constraints: (1) original conduit slopes should remain unchanged, (2) maximum depth at each node (or manhole) should only be increased compared to the original maximum node depth, this is to ensure that the height of the hydraulic grade line is not decreased, causing undue flooding under pressurized conditions.

For Method 2, a new 2D DTM is generated combining information from the 1D network elevation data and the 2D DTM. For urbanized areas, elevation values are obtained from the 1D network elevation data -assuming that these points represents the true elevation at this point -and combined with DTM elevation values outside these areas using spatial interpolation. Cubic spline interpolation was chosen because it is an exact interpolator method, fitting exactly through the input elevation points.

PRELIMINARY RESULTS AND DISCUSSION

With Method 1 the 1D network to match the DTMs elevation with 2, 5, 10, 30 and 50 m spatial resolution. SWMM simulations with a synthetic 60 min 40 years return period rainfall event were also performed to compare the results of the corrected networks to those of the original network. Table 1 summarizes the Mean Absolute Error, and Modified Index of Agreement values for system outflow and node depths, calculated as defined by [START_REF] Legates | Evaluating the use of "goodness-of-fit" measures in hydrologic and hydroclimatic model validation[END_REF]. The results show high similarity between the original and corrected networks, for all DTM resolutions. DTMs of 2,5,10,20,30,and 50m resolution. The results of SWMM simulation for the original model are also shown for comparison. The mean absolute error and modified index of agreement values [START_REF] Legates | Evaluating the use of "goodness-of-fit" measures in hydrologic and hydroclimatic model validation[END_REF] , calculated for system outflow and mean node depth, show high similarity between the corrected networks and the origial model. For Method 2, the DTM with 50 m resolution is the dataset with the highest discrepancy compared to 1D Network data. Thus, the 2D Surface correction was tested at this resolution to represent a 'worst case' scenario. Flow accumulation was calculated by determining the flow directions for the 2D surface using a D8 algorithm, and then calculating the number of cells flowing through each downslope cell. As can be seen, the flow accumulation pattern is similar between the original and corrected files, showing that the correction process does not significantly change the structure and hydrological dynamics of the 2D surface. 

Table 1. Table showing the SWMM simulation results fort the 1D networks, corrected according to
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 1 Figure 1. ∆ 2𝐷𝐷 𝑖𝑖 -1𝐷𝐷 Values for DTM with resolution (i) = 0.5, 2, 5, 10, 30, 50 m, showing increase in differences between 2D and 1D elevation data with decrease in DTM resolutions. Negative ∆ 2𝐷𝐷 𝑖𝑖 -1𝐷𝐷 values represent instances where the ground elevation in the DTM is lower than the ground elevation in the 1D drainage network model
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 3 Figure 3. Flow accumulation values for the original DTM with 50m resolution, and the created DTM with 50m resolution. The number of cells flowing through each downslope cell gives an indication of where the surface flow paths are located in the case study area.