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En raison des changements climatiques et de l'urbanisation rapide, de nombreuses villes et zones urbaines norvégiennes souffrent d'inondations causées par des précipitations intenses dépassant la capacité du système de gestion des eaux pluviales. Cela se traduit par une augmentation des volumes et des débits de crête dans les réseaux de gestion des eau pluviales. En réponse à ces défis, les auteurs proposent ici un cadre pour aider les différents acteurs de la gestion des eaux pluviales à prendre des décisions informées. Le cadre se base sur des travaux antérieurs portant sur la notion d'interopérabilité, mais a été élargi afin de tenir compte de l'ensemble du processus de décision lié à la gestion d'un système d'eau pluviale. Cette étude a pour but de conceptualiser le processus décisionnel formalisant les étapes et informations nécessaires aux municipalités pour pouvoir optimiser les performances de leur système de gestion des eaux pluviales. De plus, l'étude met en évidence la différence entre diagnostiquer et définir les performances d'un système.

INTRODUCTION

Rapid urbanization and climate change impacts have resulted in frequent and severe urban flooding events in cities worldwide [START_REF] Feng | Urban flood hazard mapping using a hydraulic-GIS combined model[END_REF]. Urban areas are expected to be more influenced by climate change and land use changes due to the high concentration of population, infrastructure, and land use changes [START_REF] Kourtis | Adaptation of urban drainage networks to climate change: A review[END_REF]. Upsizing the existing drainage system in accordance with these challenges has proved costly, impractical, and unsustainable, especially for urbanized areas [START_REF] Qin | The effects of low impact development on urban flooding under different rainfall characteristics[END_REF]. In addition, traditional drainage subsurface solutions have been questioned as they lack sufficient flexibility and, more importantly, their inability to adapt to critical circumstances [START_REF] Kourtis | Adaptation of urban drainage networks to climate change: A review[END_REF]. To reduce the flood impacts and make cities more resilient to climate change, evolving the existing drainage systems and utilizing urban surface areas as integrated parts of the drainage system are essential steps [START_REF] Sörensen | Re-Thinking Urban Flood Management-Time for a Regime Shift[END_REF]. As urban areas are highly complex and comprise a system of systems, the effects of incorporating green and multifunctional infrastructure can cascade much further than their intended drainage functions [START_REF] Hoang | System interactions of stormwater management using sustainable urban drainage systems and green infrastructure[END_REF]. Thus, when adding a function to an area, the added function could also pose potential negative impacts on the primary functioning of the urban component [START_REF] Hoang | System interactions of stormwater management using sustainable urban drainage systems and green infrastructure[END_REF]. In addition, existing areas today already function as stormwater transporters naturally. Some areas and area types are more efficient in transporting, storing, or cleansing stormwater. For instance, due to the cross-section, streets are particularly efficient in transporting flood water in urban environments. Similarly, some areas are more vulnerable to large amounts of stormwater. Furthermore, there is often a spatial disconnect between flood source areas, and the benefit areas where most of the reduction in flooding occurs [START_REF] Dawson | A spatial framework to explore needs and opportunities for interoperable urban flood management[END_REF]. In Norway, the Stormwater 3-Step Approach (S3SA) is widely accepted as industry standard for climate-adapted stormwater management. The S3SA consists of three steps: (1) infiltration for light rainfall, (2) detention and retention for moderate rainfall, and (3) conveyance of stormwater in safe floodways for heavy rainfall [START_REF] Lindholm | Veiledning i klimatilpasset overvannshåndtering[END_REF]., The S3SA is often implemented on a local scale, to ensure that changes such as development and land use does not cause undesirous impact on the drainage system. Moreover, the measures and steps in the S3SA have often been designed as independent units rather than integrated systems. However, the implantation of the S3SA as a system, has not yet been implemented on city scale. Mostly, due to the complex and challenging task of mapping, identifying, and managing floodways, in addition to needed changes in legislation [START_REF] Skrede | Challenges with identification and management of floodways as stormwater infrastructure assets[END_REF].

Figure 1 -Illustration of the stormwater 3-step approach, a system scale, to guide the implementation of interconnected measures to reduce urban flooding Several frameworks, concepts and schemes have been developed in the past decades to help policymakers and stormwater managers improve the resilience of urban water systems. However, this work aims to integrate the recent advances in urban flood resilience into the Norwegian stormwater approach. This study builds on the concept of interoperability: "the ability of any water management system to redirect water and make use of other system(s) to maintain or enhance its performance function during exceedance events." [START_REF] Vercruysse | Interoperability: A conceptual framework to bridge the gap between multifunctional and multi-system urban flood management[END_REF]. Especially: (1) to implement interoperability to the S3SA; and (ii) to develop a strategic framework combining the concept of interoperability and stormwater management.

METHOD AND MATERIALS

Framework for interoperable urban flood management

Building on the concept of interoperability, we address the optimization of S3SA on a city scale, highlighting opportunities for interoperability between the existing infrastructure system and the natural water system. The framework for interoperability was first introduced by Vercruysse et al. 2019 to identify different systems' possible contributions to the stormwater management system. Subsequently, the existing systems have the potential to function as a part of the stormwater management system to retain, relieve, and resist flood water [START_REF] Vercruysse | Interoperability: A conceptual framework to bridge the gap between multifunctional and multi-system urban flood management[END_REF]. In the context of the Norwegian S3SA, step 3 can be considered the function of both relieving and resisting by diverting flooding water between different areas. [START_REF] Dawson | A spatial framework to explore needs and opportunities for interoperable urban flood management[END_REF] further developed the framework for Interoperable Urban Flood Management (IUFM) to map: (i) flood hazard areas; (ii) flood source areas; and (iii) the interoperable potential of different systems. The IUFM results in (i) flood intervention zones based on the source-to-hazard flood and (ii) interoperability opportunities [START_REF] Dawson | A spatial framework to explore needs and opportunities for interoperable urban flood management[END_REF].

Framework for strategic urban flood management

In this study, the IUFM framework is expanded to a strategic urban flood management (SUMF) to include an overall flood resilience strategy, defining today's performance in comparison to the wanted performance of the system. Thus, highlighting the gap between today's performance and the provided performance wanted in the future. While interoperability is an excellent strategy to achieve the ideal performance of the current stormwater system, it could also be applied to diagnose today's system performance as performance indicator. However, for full alignment on a city scale, there is a need to evaluate the expected and define the wanted performance of a system before diagnosing the current system. The ideal performance of today's system might not be the wanted performance in the future or the one most suitable to address climate change and further city development. The strategic urban flood management was developed with an iterative process to fulfil the following objectives: (i) adaptable for different strategic goals and values; (ii) deterministic and transparent, (iii) adaptable to users with different computational maturity and available data, (iv) consider the stormwater management system as a system and components, (v) evaluate how changes in land use and development affect the system; (vi) promote continuous monitoring, updating and evaluation of the system. The preliminary framework is presented in Figure 2.

Figure 2 -Framework for strategic urban flood management, Adapted from [START_REF] Fenner | Achieving Urban Flood Resilience in an Uncertain Future[END_REF] 

RESULTS AND DISCUSSION

The concept of interoperability allows water managers to see the potential benefits of intervening with the existing system and, more importantly, to prioritize their efforts to achieve the highest flood reduction in impact and hazard. However, from a management perspective, it also highlights the potential area conflicts between the primary function of the surface and the secondary added stormwater function. Not all areas can maintain all functions without interruptions. However, it is crucial to define the needed level of function and at what time.

The preliminary results from mapping all contributing infrastructure systems that already interact with the stormwater system (mostly green areas and street network) highlight the risk from unmanaged properties that today are not actively managed. The proposed framework can be considered a multi-system framework, finding which areas already contribute to stormwater management and thus should not be altered. More explicitly, managing connections between infrastructure systems could also reduce the pressure on vulnerable points in the system [START_REF] Vercruysse | Interoperability: A conceptual framework to bridge the gap between multifunctional and multi-system urban flood management[END_REF].

This study aimed to conceptualize the needed decision process by including the information and steps municipalities need before optimizing the performance of their stormwater system. There is a need for an objective process to evaluate the current stormwater system (diagnose the system), where we want it to perform to be in the future, and if the cost of improvement is higher than the cost of doing nothing. Municipalities must first define their goals, then diagnose where they are now, and then assess the gap between the expected service today and the future. What type of service should the stormwater system perform during dry periods and extreme events? The preliminary result from the development of the framework is summarized in 1.

Table 1 -Defining the system and system performance

Defining system performance

What service do we deliver?

What performance do we want in the future?

What assets are a part of the system today?

What assets and systems could or should be a part of the system?

Where are our assets?

Who owns the assets?

How does it perform today?

The concept of interoperability is a great tool to reduce the gap between existing and optimized performance by utilizing already existing infrastructure. Primarily by connecting the link between which areas contribute most to urban flooding and which areas are most vulnerable to urban flooding. As most of the city is already built, precise retrofitting and finding the right place to intervene are needed. Also, finding areas and systems that have a potential to either reduce flood hazard or flood sources. Areas that must be protected from changes should also be mapped and considered. It is not enough to replace an asset's function after land use changes; its place in (different) systems must also be considered. The proposed framework provides insights into the hydrological processes and spatial interactions within the urban catchment, in addition to the challenges with managing assets and systems crossing different properties and ownership. Areas, zoning plans and urban planning should be linked to their place and function in the urban drainage system and their impact on the system.

CONCLUSION

The concept of interoperability allows water managers and urban planners to find the right type of area with the right function at the right place in the system. However, its limitations are based on optimizing the current stormwater system and its interactions and possibilities with other systems. Therefore, the concept should be expanded to include a more strategic beginning. It is crucial to define both the system and the expected service from the system.