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A palette of modelling to support a planning narrative for multi-functional Blue Green Infrastructures Une palette de modélisation pour soutenir un récit de planification pour des infrastructures bleues-vertes multifonctionnelles
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Malgré leur adoption croissante comme moyen d'adaptation aux impacts du changement climatique et à la perte de biodiversité, les infrastructures bleues et vertes sont toujours planifiées pour différents services écosystémiques de manière isolée. Ici, nous démontrons l'utilisation de cinq outils de modélisation différents pour créer une image intégrée de la façon dont une solution BGI proposée pour un développement sur site vierge à Berne, en Suisse, peut offrir de multiples avantages. À l'aide de trois scénarios directeurs (avant, après le développement et la solution BGI), nous avons simulé les impacts du développement sur le cycle de l'eau, les impacts de la collecte des eaux de pluie sur les infrastructures d'approvisionnement en eau, les risques d'inondation, la chaleur urbaine et la connectivité écologique. Les résultats ont démontré comment, à travers les processus à l'échelle locale, les différents types d'infrastructure bleue et verte et leur emplacement stratégique dans le quartier affectaient ces services écosystémiques. En adoptant une telle approche d'évaluation intégrée, fondée sur chacune de leurs disciplines respectives, cette combinaison libre de modèles a permis à un groupe diversifié de parties prenantes d'améliorer leur compréhension de la multifonctionnalité de l'infrastructure verte bleue, mais aussi de soutenir un récit de planification pour une mise en oeuvre à plus grande échelle dans des projets futurs.

INTRODUCTION

Nature-based solutions or Blue Green Infrastructures (BGI) are ecosystem-based approaches that deliver a range of stormwater management, urban climatological and biodiversity improvements in urban environments to cope with the impacts of climate change (Cohen-Shacham et al., 2016;Probst et al., 2022). Despite gaining increasing momentum worldwide, their strategic planning and implementation still lacks considerable support due to their multi-disciplinary and multi-functional nature. A range of planning-support models exist that can provide quantitative evidence and support for the adoption of these systems, however, only provide simplified insight into their impact. Fortunately, advancements to considering BGI for different water, climatological and biodiversity benefits have been made in their respective disciplines in isolation from one another (e.g., Broadbent et al., 2019;McRae et al., 2008). Their joint consideration is a natural next step in better supporting BGI planning in practice and engage the multiple stakeholders often involved in the decision-making.

The aim of this study is to demonstrate how a collection of models across the urban water, climate and ecological disciplines can be used to provide quantitative evidence and guide an integrated planning narrative for multifunctional BGI solutions in urban neighbourhoods. Rather than building a wholly integrated simulation tool, we tackle the multi-functionality assessment of BGI from first principles in each respective discipline and highlight how different results can be analysed from the different perspectives.

METHODOLOGY

Case Study

Our integrated assessment is based on the Viererfeld/Mittelfeld greenfield development in Bern, Switzerland (shown in Figure 1). This new 0.19 km 2 development comprises two major zones (Viererfeld and Mittelfeld) with a projected population of 3,000 and strives to deliver a high standard of sustainability and quality of life for the city's growing housing needs. The area is subdivided into 50% living and 50% communal space. One third of developable land is designated green open space. The project underwent a design competition and master-planning exercise and a mix of BGI options (see Figure 1left) were selected and proposed for the site, primarily for the purposes of stormwater management, urban heat mitigation and protection of biodiversity. The project is supported by a diverse group of stakeholders based in the City of Bern (in the departments of water and energy, drainage, green spaces, planning and housing).

Data & Models for integrated assessment

Despite considering a multitude of aspects in the planning of the site, the project lacked an integrated overview of how proposed BGI solutions would deliver their multi-functional potential. et al., 2008). To ensure consistency between interpretation of model outputs and guide discussion with stakeholders, we based our models on three scenarios: pre-development (current state of the greenfield site), post-development (immediately after construction) and BGI (after full establishment of all BGI solutions).

Each scenario was set up using data from cadastral data created of the masterplan and obtained from the municipality as well as existing design reports for the BGI solutions. Models were calibrated based on the best available data. For example, SWMM was set up based on the proposed drainage network and calibrated against existing drainage plans for the City of Bern as well as the findings from the initial scoping study by the appointed consultants. Urban heat was calibrated at the city level using private weather station data for the historical heat wave (26 th June 2019) selected for our assessment.

Model outputs were then collated through Geographic Information Systems (GIS) software and analysed across scenarios to understand not only overall impact of BGI solutions on various ecosystem services that they would provide, but also how these differed locally across the development.

Stakeholder engagement workshop

Following the modelling of various BGI performance measures, we presented modelling results in a stakeholder workshop with representatives from the project. The session engaged stakeholders across different departments in the City of Bern (including the involved consultant who undertook preliminary assessment and design of the BGI options adopted herein). The half-day workshop comprised a presentation of modelling results followed by a discussion on the potential synergies between different stakeholder groups and a reflection on new lessons learnt through the model results.

RESULTS & DISCUSSION

Model Results

Urban drainage simulations of the pre-, post-development and BGI scenarios indicated that significant urban development in the neighbourhood will increase stormwater runoff and that different proposed BGI options will be able to significantly reduce this impact either through enhancing on-site infiltration, retention of stormwater runoff or through increased evapotranspiration. On-site retention using large storage tanks was proposed in the initial plan but have not necessarily been designed for stormwater harvesting and reuse. Our modelling showed that whilst BGI solutions would not significantly mitigate extreme flooding, local stormwater harvesting could nevertheless contribute to enhancing retention in addition to providing irrigation water for local climate and biodiversity improvement.

Figure 2 illustrates results for modelled night-time air temperature, peak flood depths and species movement for the BGI scenario. Despite a clear heat island effect that will emerge due to urbanisation, maintaining soil moisture and water availability within the development ensures that night-time temperatures remain at tolerable levels. The development is also expected to significantly alter major flood corridors due to changes in topography. The presence of retention basins and stormwater harvesting options near buildings can, however, provide some level of management for critical flood depths in addition to available water for irrigation and maintaining vegetation health. This additionally enhances potential species movement in the development, thereby creating a corridor for terrestrial species to use the development as a stepping stone compared to its current greenfield (and mostly agricultural land use).

Stakeholder engagement outcomes

Discussions of the results with stakeholders provided further validation of modelling results based on local knowledge and experience from the individual departments. However, a presentation of the integrated picture not only provided participants at the workshop with a better understanding of how their design decisions are likely to influence each other, but also further highlighted the important role that the proposed storage systems on-site would play, especially if stormwater harvesting was more actively considered. The exercise not only built confidence in current design decisions for the development, but also for future BGI projects that the city is expected to embark on as part of their future vision. 

CONCLUSION

This study demonstrated the use of five different models covering aspects of urban drainage, water supply, flooding, heat, and biodiversity to assess the impact of a new greenfield masterplan and BGI scheme in an urban neighbourhood in Bern, Switzerland. Modelling results showed significant benefits of the proposed BGI solutions in providing these ecosystem services without major impacts on water supply infrastructure. Despite significant alteration of the natural drainage, proposed designs would be able to attenuate stormwater on-site and that local stormwater harvesting could further enhance irrigation of green spaces, which have a net positive effect on urban heat mitigation and biodiversity enhancement. Engagement with stakeholders throughout the process showed that, even with the use of individual modelling tools, an integrated perspective can lead to not only a better understanding of how BGI solutions deliver multi-functionality, but also build confidence in current practice to adopt and effectively design BGI in future projects.
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 1 Figure 1. Overview of the Viererfeld/Mittelfeld greenfield development masterplan, location in Switzerland and municipality of Bern, topography and proposed Blue Green Infrastructures

Figure 2 .

 2 Figure 2. Urban heat (left), flood hazard (centre) and ecological connectivity (right) results of the Vierefeld/Mittelfeld Masterplan and BGI strategy

  As such, we set up a series of models relating to different water, climate, and biodiversity aspects of BGI in an attempt to provide this integrated picture: urban drainage (using the Stormwater Management Model SWMM -Rossman, 2010), water supply (using the EPANET2 model -Rossman, 2000), surface flooding (with the CADDIES model -Guidolin et al., 2016), urban heat (usingTARGET -Broadbent et al., 2019) and ecological connectivity (using Circuitscape -McRae
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