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RÉSUMÉ

Un nombre croissant de recherches a démontré la capacité des cellules de biorétention (ou biofiltres), l'une des mesures de contrôle des eaux pluviales les plus courantes dans le monde, à réduire les volumes de ruissellement et à atténuer les débits de pointe à des niveaux qui ressemblent aux conditions hydrologiques de pré-développement. Les conceptions de biorétention sont souvent basées sur les modèles climatiques passés, où les objectifs de traitement (par exemple, retenir le ruissellement de la tempête au 90e centile sur le site) dérivés des enregistrements historiques sont utilisés pour déterminer les paramètres clés tels que la surface de pratique. Cette approche repose sur l'hypothèse de stationnarité climatique ; cependant, les déviations par rapport aux conditions historiques, telles que celles associées au changement climatique mondial, remettent en question cette approche et menacent de submerger les systèmes existants, risquant de diminuer les performances et/ou de provoquer une défaillance opérationnelle. Cette étude a utilisé une approche de modélisation d'ensemble pour montrer comment les performances de biorétention varieraient à l'avenir, sur la base des spécifications de conception actuelles, à plusieurs endroits aux États-Unis. Sur les 17 emplacements examinés, il a été démontré que les volumes d'infiltration annuels diminuaient dans tous les emplacements, tandis que le débordement de la biorétention devait augmenter dans 15 emplacements. Cependant, des différences régionales étaient apparentes, certains emplacements montrant des changements substantiels dans la performance et certains emplacements montrant des changements relativement mineurs. Ces résultats soulignent que les impacts du changement climatique sont très variables dans l'espace, nécessitant des plans d'action localisés pour faire face à l'évolution des régimes de précipitations.

ABSTRACT

A growing body of research has demonstrated the ability of bioretention cells (or biofilters), one of the most common Stormwater Control Measures worldwide, to reduce runoff volumes and mitigate peak flow rates to levels that resemble pre-development hydrologic conditions. Bioretention designs are often based on past climate patterns, where treatment objectives (e.g., retaining runoff from the 90 th percentile storm on-site) derived from historic records are used to determine key parameters such as practice surface area. This approach relies on the assumption of climate stationarity; however, deviations from historic conditions, such as those associated with global climate change, challenge this approach and threaten to overwhelm existing systems, risking diminished performance and/or operational failure. This study used an ensemble modeling approach to show how bioretention performance would vary in the future, based on present day design specifications, in multiple locations throughout the United States. Of the 17 locations examined, annual infiltration volumes were shown to decrease across all locations, while overflow from bioretention was projected to increase in 15 locations. However, regional differences were apparent, with some locations showing substantial changes in performance and some locations showing relatively minor changes. These results emphasize that climate change impacts are highly spatially variable, requiring localized action plans to address changing precipitation patterns.
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INTRODUCTION

Cities around the world are increasingly turning toward green infrastructure (GI) stormwater control measures (SCMs, also known as Water Sensitive Urban Designs or WSUDS) to mitigate the effects of urbanization and land development on receiving water bodies and aquatic ecosystems. Climate change studies rely on future projections based on outputs from general circulation models (GCMs), the outputs from which are frequently downscaled using a variety of methods, such as regional climate models (RCMs) to meet the fine spatial and temporal scales suitable to urban hydrologic assessments. Studies to-date have relied on several techniques to assess climate impacts on GI, including delta change factors, augmented design storms, and numerical models (e.g., Wang et al., 2019, Zhang et al., 2019). Results have ranged from improved future performance in scenarios where GI is implemented, to recommendations for larger practices in order address the large variability that exists between projections of future climate. Given that climate change impacts are highly regional and uncertain, and the mixed results of previous studies, there is a need to examine the ability of these systems to maintain their functionality in future conditions. The objective of this study was to use a probabilistic approach with a novel technique to correct model bias to characterize bioretention hydrologic function under multiple climate scenarios to that of a baseline period.

METHODS

Climate Change Projections, Bias Correction, and Performance Analysis

Ten dynamically downscaled projections of hourly rainfall data for 2040-2044 were downloaded from the North American Coordinated Regional Downscaling Experiment (NA-CORDEX) Program and served as inputs to hydrological models. Kernel density distribution mapping (KDDM), a novel nonparametric technique developed by McGinnis et al. (2015), was implemented to correct climate model bias using the "climod" package for the statistical software, R. Three components of the annual water balance (surface overflow, infiltration, and drain outflow) were used to compare future (2040-2044) bioretention performance in the New Build and Retrofit scenarios against levels achieved under past climate conditions, characterized from simulations performed using observed climate data from 2010-2014.

Model Design, Scenarios, and Design Configurations

The study focused on hypothetical catchments which consisted of a completely impervious, 0.4 ha area draining to a single bioretention cell. Models were constructed using USEPA SWMM 5.1 to assess bioretention performance under future conditions. Simulations were performed for the years from 2040-2044, representing the final five years of a 25-year service life for a bioretention cell constructed in 2020. Although design specification vary locally across the United States, the bioretention design was held constant for all simulations. The design was based on the work of Tirpak et al. ( 2021) which incorporated guidance from a number of references and was comparable to design standards in most locations across the country. An underdrain was included in the design. Outputs from the model were parsed into the following hydrologic pathways: infiltration, underdrain outflow, and overflow (i.e. bypass).

RESULTS AND DISCUSSION

Across 17 locations and 10 climate models (170 total combinations), losses in infiltration, increases in underdrain outflow, and increases in outflow (relative to present day conditions) were observed across 71.2%, 95.9%, and 88.8% of the combinations, respectively. Examples are shown in Figure 1 for a representative location in the Southern, Midwest, and Northwest portions of the country. Despite this, changes in bioretention hydrology were not shown to be substantial in some locations. That is, regional differences were observed based on differences in rainfall patterns. In the southern United States, increases in high intensity storm events are likely, resulting in substantially more overflow occurring in these locations. Conversely, sites in the western and northwestern portions of the country showed relatively similar bioretention hydrology in the future as under current/observed conditions. 

Southern

Midwest Northwest Figure 1 :

 1 Annual Volume (1000 cu yd/yr) -shown in center of each donut chart for observed (top) and future (bottom). Hydrologic endpoints shown as : overflow (grey), underdrain outflow (orange), and infiltration loss (blue)4 CONCLUSIONSDeviations from historic hydrologic regimes brought on by climate change pose risks to the ability of GI such as bioretention cells to effectively manage urban stormwater runoff in the coming decades. Using a probabilistic approach, hydrologic simulations of a hypothetical, completely impervious catchment were used to understand how bioretention cells may function in the face of future climate uncertainty.Results indicated that while changes in hydrologic partitioning occur in bioretention cells, these changes vary by region, with some locations seeing substantial changes (Southern United States) and some seeing relatively small changes (Northwest and Western United States). Thus, localized plans for addressing changes in precipitations patterns as a result of climate change are needed.
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