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In response to the looming climate and biodiversity crises, many are turning to the use of blue green infrastructure (BGI) to improve the resilience and sustainability of cities. However, analyses of BGI performance in a future climate are still in their infancy, in particular with respect to the type and combinations of BGI that are explored to alleviate combined sewer overflows (CSOs). This study investigates the ability of a range of blue green infrastructure combinations, including bioretention basins, porous pavements, green roofs, and urban ponds, to reduce combined sewer overflows in a future climate. Several bias-corrected future rainfall timeseries (2070 and 2099) are used as input to a hydrologic simulation model for a catchment in Fehraltorf (Switzerland), finally comparing the results with simulations obtained with observed data . Preliminary results for a single climate scenario show that extreme rainfall events could double annual average CSOs volume. BGI could considerably reduce CSOs volume under current climate; while in a future climate, an extensive implementation of bioretention basins would maintain the status-quo of CSOs volume of roughly 400'000 m 3 /yr.

RÉSUMÉ

En réponse aux crises imminentes du climat et de la biodiversité, beaucoup se tournent vers l'utilisation d'infrastructures bleues et vertes (IBV) pour améliorer la résilience et la durabilité des villes. Cependant, les analyses de la performance des IBV dans un climat futur n'en sont encore qu'à leurs débuts, en particulier en ce qui concerne le type et les combinaisons des IBV préférables pour limiter les débordement d'égouts unitaires (DEU). Cette étude examine la capacité d'une gamme de combinaisons d'IBV, comprenant les bassins d'infiltration, les chaussées poreuses, les toits végétalisés et les étangs urbains, à réduire les DEU dans un climat futur. Plusieurs séries de précipitations futures (2070 et 2099) sont utilisées comme input dans un modèle de simulation hydrologique pour un bassin versant à Fehraltorf (Suisse). Les résultats des simulations obtenues sont ensuite comparés avec des précipitations observées . Les résultats préliminaires pour un seul scénario climatique montrent que les événements pluvieux extrêmes pourraient doubler le volume annuel moyen des DEU. Les IBV seraient en mesure de considérablement réduire le volume des DEU dans le climat actuel, tandis que dans un climat futur, une implémentation fréquente des bassins d'infiltration maintiendrait le volume courant des DEU (environ 400'000 m3/an).

INTRODUCTION

In response to the looming climate and biodiversity crises, cities are seeking solutions to improve the resilience and sustainability of urban infrastructure [START_REF] Farrelly | Rethinking Urban Water Management: Experimentation as a Way Forward?[END_REF]. One such solution are blue-green infrastructure (BGI) [START_REF] Ghofrani | A Comprehensive Review of Blue-Green Infrastructure Concepts[END_REF], which include green and blue spaces such as green roofs, bioretention basins, porous pavements and retention ponds. Due to their ability to retain and infiltrate stormwater, BGI can reduce the risk of flooding as well as combined sewer overflows (CSOs) [START_REF] Fischbach | Robust Stormwater Management in the Pittsburgh Region: A Pilot Study[END_REF], which are one of the leading causes of urban surface water pollution [START_REF] Copetti | Intensive Monitoring of Conventional and Surrogate Quality Parameters in a Highly Urbanized River Affected by Multiple Combined Sewer Overflows[END_REF][START_REF] Eckart | Performance and Implementation of Low Impact Development -A Review[END_REF]. They can also provide habitat for numerous aquatic and terrestrial species [START_REF] Filazzola | The Contribution of Constructed Green Infrastructure to Urban Biodiversity: A Synthesis and Meta-Analysis[END_REF].

Recent studies have made progress evaluating the potential for BGI to reduce CSOs (e.g., [START_REF] Joshi | Not All SuDS Are Created Equal: Impact of Different Approaches on Combined Sewer Overflows[END_REF][START_REF] Luan | Evaluating Green Stormwater Infrastructure Strategies Efficiencies in a Rapidly Urbanizing Catchment Using SWMM-Based TOPSIS[END_REF][START_REF] Randall | Evaluating Sponge City Volume Capture Ratio at the Catchment Scale Using SWMM[END_REF]; however, these studies typically consider the effects of a limited number of individual BGI elements, often overlooking different BGI combinations or inclusion of permanent water retention (e.g., ponds). Compared to BGI elements that quickly infiltrate water, permanent water pools bring additional benefits including heat mitigation, aquatic species habitat, and water treatment [START_REF] Zhen | Optimal Location and Sizing of Stormwater Basins at Watershed Scale[END_REF]. These aspects will be increasingly important as climate change is expected to bring more extremes [START_REF] Cook | Framework for Incorporating Downscaled Climate Output into Existing Engineering Methods: Application to Precipitation Frequency Curves[END_REF], yet the ability of BGI to increase resilience and reduce CSOs in a future climate is seldom explored (e.g., [START_REF] Rodriguez | The Impacts of Climate Change and Porous Pavements on Combined Sewer Overflows: A Case Study of the City of Buffalo, New York, USA[END_REF]. These shortcomings lead to results that do not fully represent the complexity of urban systems.

The goal of this study is to evaluate multiple configurations of BGI to reduce CSOs in a future climate, in the city of Fehraltorf (15 km East of Zurich, Switzerland). To do so, a set of BGI scenarios (e.g., a combination of green roofs, bioretention basins, urban wetlands, porous pavements, and urban ponds) are used as input to the hydrological simulation model, PCSWMM model (CHI 2022). To understand how CSOs will change in the future, we consider multiple future rainfall scenarios, obtained by bias-correcting regional climate model output (from EURO-CORDEX; WCRP 2021) following [START_REF] Cook | The Effect of Modeling Choices on Updating Intensity-Duration-Frequency Curves and Stormwater Infrastructure Designs for Climate Change[END_REF].

METHODS

The SWMM model used in this study represents the 95-hectare combined sewer system of Fehraltorf (15 km from Zurich, Switzerland), a typical example of a suburban, small European town. Fehraltorf is a well-studied catchment (see "Urban Water Observatory" initiative (EAWAG 2022)) with comprehensive sensor network in the sewer system used to calibrate the SWMM model.

In this study, we evaluate several different combinations of BGI using the total available surface area for each type. Four different scenarios have been simulated thus far, including bioretention basins, porous pavements and green roofs. Urban ponds will be included in a next step. The potential surface availability for each BGI element was quantified using GIS (QGIS 3.16 Hannover (QGIS 2022)) and LiDAR data from SwissTopo (SwissTopo 2022). Bioretention basins are assumed to be implemented on pervious surfaces (i.e., gardens, traffic islands), porous pavements on impervious surfaces (i.e., sidewalks, cycling lanes, agricultural roads) and green roofs on flat roof buildings. The spatial analysis resulted in the identification of a maximal BGI implementation surface of 68.3 hectares, which is equal to 71.8% of the catchment (Table 1). The scenarios used in this study assume 100% coverage of the single BGI type on the available area. Although this assumption is unlikely, it gives the maximal potential of the BGI scenario (best case). More realistic scenarios will be developed in the next months. The SWMM model, developed by Rodriguez et al. [START_REF] Rodriguez | The Impacts of Climate Change and Porous Pavements on Combined Sewer Overflows: A Case Study of the City of Buffalo, New York, USA[END_REF], is used to model the performance of the urban drainage system in a historical and future climate. Observed data between 1990 and 2019 was obtained from MeteoSwiss for the closest station to Fehraltorf, Kloten (Zurich airport). Future timeseries between 2070 and 2099 are generated by bias-correcting EURO-CORDEX regional climate models. Only the representative concentration pathway (RCP) 8.5 is evaluated to represent the worst-case scenario (business-as-usual).

Preliminary results detailed here use output from the modeling combination RCA4 as the Regional climate model and ICHEC-EC-EARTH [START_REF] Samuelsson | The Rossby Centre Regional Climate Model RCA3: Model Description and Performance[END_REF] as the General Circulation Model (GCM).

Three different metrics (volume, duration and frequency) are used to characterize system-wide CSO events across the seven outfalls. Total annual volume is the sum of all time periods with CSOs discharge per year. Otherwise, a CSO event is considered to be larger than 1 L/h. A new event is defined if the time since the last CSO outflow is larger than the catchment residence time (2-hours). The metrics are aggregated annually over 30 years of simulations.

RESULTS

Figure 1 presents the volume, duration, and frequency of CSOs for the observed (orange) and future (red) time periods. The future climate scenario leads to shorter, yet higher intensity CSO events at a similar frequency as before. This is because simulated precipitation is concentrated into shorter time periods. These increasing trends in short, high-intensity precipitation events are consistent with findings across the world [START_REF] Ban | Heavy Precipitation in a Changing Climate: Does Short-term Summer Precipitation Increase Faster?[END_REF][START_REF] Fowler | Anthropogenic Intensification of Short-Duration Rainfall Extremes[END_REF]. Figure 2 shows how much BGI can alter the volume, duration, and frequency of CSOs in a future climate. BGI scenarios can potentially reduce the CSOs volumes. Under the current climate, the most effective BGI are bioretention basins, which could reduce the volumes up to 70%, followed by porous pavements (25%) and green roofs (10%). Interestingly, BGI do not relevantly reduce duration and number of events. This can be explained by the fact that BGI mainly reduces and delays the peak of stormwater entering the sewer, however CSO events will still occur. It is also important to consider that the total implementation surface differs between BGI types (Table 1). Normalizing the results by the available area, it results that 1 hectare of bioretention basins can reduce CSOs volumes by 2%, porous pavements by 1% and green roofs by 0.5%. Therefore, also normalizing the results, bioretention basins are the most effective in reducing CSOs volume in a current and future climate.

It thus makes sense that the only scenario that can avoid an increase in future CSO volume is an extensive implementation of bioretention basins. Porous pavement and green roofs are even less effective in future climate because they can store limited amounts of water compared to bioretention basins. As rainfall intensities increase, the ability to retain large amounts of water will be the most effective. 

CONCLUSIONS, LIMITATIONS AND FUTURE WORK

The results point to strategies that focus on implementing BGI with higher storage capacities to account for highintensity rainfall events that are expected in the future. These preliminary results only show a single climate scenario; however, to fully account for uncertainty, a range of possible climate scenarios should be evaluated. Moreover, scenarios that assume a BGI implementation on the total surface availability are not realistic.

Future work will evaluate the sensitivity of these results to additional BGI elements, including urban ponds, and a more comprehensive set of BGI scenarios and a range of future climate scenarios.
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 1 Figure 1: Comparison between CSOs metrics obtained with observed rainfall timeseries (orange) and synthetic rainfall (red) that represents future climate. Both scenarios consider the current land cover of Fehraltorf.

Figure 2 :

 2 Figure 2: CSOs volume, duration and frequency for the period between 2070 and 2099, for different BGI scenarios. The red dashed line represent the simulated present values of the scenario with no BGI.

Table 1 :

 1 Potential BGI surface in Fehraltorf catchment.

		Bioretention cell	Porous pavement	Green roof
	Total Surface [m 2 ]	350'034	229'845	103'082
	Percentage of the catchment [%]	36.8	24.2	10.8