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Les infrastructures vertes (GSI) ont gagné en popularité en tant que moyen de réduire les débordements d'égouts unitaires (CSO). Pour quantifier les CSO et les effets des GSI, des modèles hydrauliques et hydrologiques, tels que le USA EPA Storm Water Management Model (SWMM), sont utilisés. L'incertitude liée à la conceptualisation des processus clés peut entraîner une variabilité des résultats. Le fait de ne pas inclure les processus pourrait entraîner une sous-estimation ou une surestimation des CSO et, en conséquence, l'efficacité des GSI. Ce projet vise à évaluer comment différentes structures et hypothèses des modèles affectent l'estimation les CSO et l'efficacité du GSI à les réduire. La structure du modèle SWMM pour un bassin en Suisse (Fehraltorf) est utilisée, et elle est modifiée en incluant les flux limitrophes, les eaux souterraines et l'évapotranspiration. Les structures du modèle sont simulées à l'aide d'une précipitation historique de 30 ans sans et avec GSI (toits verts, bassins de biorétention et trottoirs perméables), et différentes métriques de performance CSO sont obtenues. Les résultats préliminaires montrent une variabilité entre -20 % et 40 % des volumes de CSO entre les différentes structures du modèle par rapport à la ligne de base.

INTRODUCTION

Many cities are under pressure to reduce combined sewer overflows (CSO) and green stormwater infrastructure is growing in popularity to do so [START_REF] Copetti | Intensive monitoring of conventional and surrogate quality parameters in a highly urbanized river affected by multiple combined sewer overflows[END_REF]European Commission, 2000;UK Government, 2021;United Nations, 2018). Many studies rely on hydrologic simulation models, such as the Storm Water Management Model (SWMM), to quantify the ability of GSI to reduce CSO discharges [START_REF] Niazi | Storm Water Management Model: Performance Review and Gap Analysis[END_REF]. However, little attention is often given to the internal model structure, e.g., the conceptualisation of key processes using equations, numerical methods, and boundary conditions, which can lead to the variability of results for the same sewer system [START_REF] Broekhuizen | Urban drainage models for green areas: Structural differences and their effects on simulated runoff[END_REF][START_REF] Deletic | Assessing uncertainties in urban drainage models[END_REF][START_REF] Hung | Assessment of Climate, Sizing, and Location Controls on Green Infrastructure Efficacy: A Timescale Framework[END_REF][START_REF] Leimgruber | Sensitivity of model-based water balance to low impact development parameters[END_REF]. Failure to include these processes could result in an under or overestimation of CSOs, and consequently, the effectiveness of GSI [START_REF] Cook | Framework for Incorporating Downscaled Climate Output into Existing Engineering Methods: Application to Precipitation Frequency Curves[END_REF][START_REF] Kim | Considering the effect of groundwater on bioretention using the Storm Water Management Model[END_REF][START_REF] Staufer | Assessing the performance of sewer rehabilitation on the reduction of infiltration and inflow[END_REF][START_REF] Weiß | Infiltration and inflow in combined sewer systems: long-term analysis[END_REF][START_REF] Zhang | Interactions between shallow groundwater and low-impact development underdrain flow at different temporal scales[END_REF]. Although some studies analysed the impacts of SWMM model structure on a single GSI [START_REF] Hörnschemeyer | Swmm-urbaneva: A model for the evapotranspiration of urban vegetation[END_REF][START_REF] Kim | Considering the effect of groundwater on bioretention using the Storm Water Management Model[END_REF][START_REF] Zhang | Interactions between shallow groundwater and low-impact development underdrain flow at different temporal scales[END_REF], the magnitude of model structure uncertainty on a catchment scale has not yet been quantified, nor has the influence on CSO volume and duration. This paper aims to evaluate how different model structures and assumptions affect the estimation of CSO discharges at the catchment level, including groundwater, evapotranspiration (ET) and upstream boundary inflows. The effectiveness and performance of GSI, including bioretention basins, green roofs, and porous pavements, to reduce these discharges are also evaluated and compared under these different model structures. The results contribute to the literature by determining the importance of model assumptions and the integration of hydrological processes, such as GW and ET.

METHODS AND DATA

Shown in Fig. 1, the structure of an SWMM model for the combined sewer system of a medium-sized Swiss catchment (Fehraltorf) is evaluated [START_REF] Keller | Understanding the urban drainage system of Fehraltorf Enhancing the reliability of Fehraltorf's SWMM model through calibration[END_REF]Krejci et al., 1994). The base case (BC) model consists of the model developed by [START_REF] Keller | Understanding the urban drainage system of Fehraltorf Enhancing the reliability of Fehraltorf's SWMM model through calibration[END_REF] and Joshi et al. ( 2021) with an updated imperviousness and the infiltration model changed to GreenAmpt [START_REF] Rossman | Storm Water Management Model Reference Manual Volume I -Hydrology[END_REF].

The BC is compared to modified models that incorporate external flows to the system, including groundwater (GW), evapotranspiration (ET), and boundary inflows (BI). The BC model and the GW model are both automatically calibrated using a multi-objective evolutionary algorithm, NSGA-II [START_REF] Deb | A fast and elitist multiobjective genetic algorithm: NSGA-II[END_REF]. All models are simulated using 30-years of 10-minute rainfall data (1990-2020) (MeteoSwiss, Figure 1. Overview of the model structures and scenarios 2017).The model structures are first simulated without GSI elements, to represent baseline CSOs, and then simulated with three types of GSI (green roofs, bioretention basins, and pervious pavements). CSO discharges were quantified after each simulation using the annual CSO volume, duration, and number of days per year with spills.

PRELIMINARY RESULTS

Fig. 2 presents the preliminary results of the changes in total annual CSO volumes (in percentage, mean of the 30 years) obtained for the different model structures. The first column represents the effects of the model structures without GSI compared to the BC. The following columns show the results for the different module structures with GSI, and the comparison is between the model structure with and without GSI. Failure to consider boundary flows and ET could lead to a high variation in CSO volume estimation (-20% to +40% with respect to the BC). GW processes did not show a big change with respect to the BC, but this is being re-evaluated due to issues in the parametrisation of the groundwater modules in SWMM. The model structure impacts the GSI evaluation and its performance. As seen in Fig. 2, the percentage change in CSO volume when implementing GSI is similar for the bioretention cell and pervious pavement for the different structures, implying different effectiveness (as the actual CSO volume change varies). Furthermore, green roofs show little change in the impact of the CSO volume in comparison and the considered model structures cause variation in their impact. 

CONCLUSIONS

This study evaluated how different model structures and assumptions affect the estimation of CSO discharges and the effectiveness of GSI (i.e.: bioretention basins, green roofs, and porous pavements) to reduce them. The different model structures considered the inclusion of GW inflows, ET and boundary inflows. The preliminary results showed the importance of model assumptions and the integration of hydrological processes, such as GW and ET, in future work when modelling GSI. Further research will consider the impacts the structure has on the costs of GSI implementation relative to their effectiveness on CSO reduction.
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 2 Figure 2. Preliminary results with and without GSI.