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Consideration of the natural local water balance and the influence of climate change in housing construction Considération du bilan hydrique local naturel et de l'influence du changement climatique dans la construction de résidences
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Le développement de nouveaux quartiers urbains a un impact important sur le bilan hydrique local. Étant donné que le bilan hydrique local dans les zones urbaines est fortement modifié, le bilan hydrique à long terme (bilan hydrique sur au moins dix à quinze ans) de l'état naturel avant le développement est utilisé comme objectif pour la planification urbaine. L'aménagement urbain sensible à l'eau vise à maintenir les taux d'évapotranspiration et de recharge des eaux souterraines. Cette étude se concentre sur une zone d'étude extrêmement vulnérable à la sécheresse et à la chaleur à Schweinfurt, en Allemagne, ce qui devrait être exacerbé par le changement climatique. En utilisant le modèle numérique SWMM, y compris l'extension SWMM-UrbanEVA, nous étudions le bilan hydrique local de la zone d'étude par rapport à l'état naturel. L'impact du changement climatique sur le bilan hydrique local est examiné à l'aide des données de l'ensemble des projections climatiques du projet ClimEx. Cette étude examine comment une optimisation ciblée et un rapprochement de l'état naturel avant le développement peuvent être réalisés au moyen d'un aménagement urbain sensible à l'eau.

INTRODUCTION

The consequences of anthropogenic climate change are also visible in Bavaria, Germany and, depending on the level of future global emissions, will have significant impacts in the coming decades. In some regions, climate change exacerbates water-related risks such as droughts or floods (IPCC 2021). Accordingly, the urban environment, the construction and design of buildings and open spaces must already meet the changing external circumstances and adapt to the challenges today.

Within the scope of the research project "Accompanying research: Climate-friendly construction -model projects", ten model projects in Bavaria are accompanied scientifically regarding urban climate adaptation (adaptation) and climate protection (mitigation) in planning of municipal housing construction. The research project is a subproject of the Centre for Urban Ecology and Climate Adaptation (ZSK) and funded by the Bavarian State Ministry of the Environment and Consumer Protection (StMUV). The aim of the research project is to demonstrate the feasibility of water-sensitive urban design and other climate adaptation measures in municipal housing, considering long-term economic viability, which will have a positive impact in times of climate change and the associated increase in extreme weather events. To this end, quantitative and qualitative aspects from a water management perspective will be investigated during the project.

In this study, the case study in Schweinfurt, Bavaria, Germany, is examined exemplarily as one of the ten model projects in relation to the water balance. Schweinfurt is located in one of the driest regions of Bavaria. In the future, it will be increasingly affected by long periods of heat and droughts [START_REF] Bbsr | GIS-ImmoRisk Naturgefahren[END_REF][START_REF] Lfu | Bayerisches Klimainformationssystem[END_REF]. The model project comprises the development of a new residential neighbourhood on an area of approx. 9.3 ha on a former military site of the US Armed Forces, on which mainly infrastructure facilities and sports grounds are now located. The area is located on poorly permeable subsoil. For the residential development of the area, extensive roof and façade greening, infiltration swales and cisterns for the storage of rainwater are planned. Herein, it is examined how the local water balance in the study area will be influenced by the impact of climate change and how a targeted improvement and approximation to the reference state (natural state before development) can be achieved with the tools of the water-sensitive urban design.

NATURAL LOCAL WATER BALANCE

Reference state as a goal for urban planning

An important component of climate-friendly building is on-site stormwater management. The water balance in urban areas is highly modified compared to cultural landscapes. Surface runoff is increased compared to the natural state before development. Due to a high proportion of impermeable surfaces, groundwater recharge and evapotranspiration are significantly reduced. By increasing the proportion of green spaces, evapotranspiration can be increased. This can contribute to reducing the urban heat island effect as it lowers the temperature due to its energy demand (e.g. Balany et al. 2020;[START_REF] Rahman | Spatial and temporal changes of outdoor thermal stress: influence of urban land cover types[END_REF]. Therefore, water-sensitive urban design, e.g. applying green roofs, vegetated infiltration swales, tree-pitches, etc. (cf. [START_REF] Rosenberger | Sustainable stormwater management under the impact of climate change and urban densification[END_REF], aims to reach the water balance of the natural state before development.

The reference state as the natural state before development is proposed by [START_REF] Henrichs | Model Based Estimation of a Natural Water Balance as Reference for Planning in Urban Areas[END_REF] as the water balance of the landscape of the associated natural area unit with current cultivated land use based on the CORINE land cover (cf. Copernicus Programme 2022) without settlement development. The longtime local water balance of this reference state is stated as a target for urban planning. The result of determining the natural local water balance in the above-mentioned literature and the German worksheet DWA-M 102-4 (2022) are long-term annual mean values for evapotranspiration, surface runoff and groundwater recharge as percentage of annual precipitation.

Figure 1 shows the respective results for one time period from 1973-2000 in the past and exemplarily for the period 2041 to 2070 for both emission scenarios RCP 4.5 and RCP 8.5. Representative Concentration Pathways (RCPs) are defined by the Intergovernmental Panel on Climate Change (IPCC) and are used to make climate projections based on different factors like energy use, climate policy or popluation size. The RCP 4.5 describes an intermediate scenario with a likely increase of global mean surface temperature from 1.4 to 3.1°C and the RCP 8.5 a high greenhouse gas emission scenario with a global mean surface temperature increase of 2.6 to 4.8°C (IPCC 2014). The water balance presented in Figure 1 is determined based on long-term average values for precipitation and potential evapotranspiration, soil types, groundwater table and slope among other things. Historic precipitation data were examined and the corresponding reference evapotranspiration according to Penman Monteith (potential evapotranspiration over grass according to Allen et al. 1998) was determined. It shows that the evapotranspiration is dominant for the study area, which corresponds to the low permeability of the soil. In addition, the results show that the groundwater recharge rate is expected to increase slightly on an annual average and the evapotranspiration rate is likely to decrease. However, the annual means do not give further information about significant differences throughout the year. Therefore, a further analysis of climate data over the course of the year are needed to explore specific planning requirements for the area. 

Local climate data analysis

With the analysis of the climate data seasonal differences became visible. To analyze monthly climate projection data in the first step, climate projection data of the emission scenarios RCP 4.5 and RCP 8.5 (LfU 2021) were evaluated. The data show a median increase in temperature over the whole year compared to the past. An increase in temperature leads to an increase in reference evapotranspiration (Allen et al. 1998). At the same time, although an increase in annual precipitation is projected in the median, the distribution of precipitation is projected to change. Thus, the water availability in the winter and autumn months tends to be higher in the future and the water deficit in spring and summer will worsen. Figure 2 shows the climatic water balance of the study area. 

OUTLOOK

The analysis of the climatic water balance for Schweinfurt shows that seasonal differences in water
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 1 Figure 1 -Determination of the annual water balance of the refence state based on DWA-M 102-4 as a goal for urban planning in the study area

Figure 2 -

 2 Figure 2 -Climatic water balance for the study area Schweinfurt for historic and projected climate data2.3 Water balance modellingThe climatic water balance shows the necessity of the consideration of the water balance over the course of the year under consideration of the projected climate changes. Therefore, the planning area and the reference area are modelled with the physically based Storm Water Management Model (SWMM) for investigating the water balances in more detail. The extension SWMM-UrbanEVA (cf.[START_REF] Hörnschemeyer | SWMM-UrbanEVA: A Model for the Evapotranspiration of Urban Vegetation[END_REF]) is used to generate more detailed results regarding evapotranspiration of green infrastructure elements by implementing transpiration and vegetation-specific components. For the historic period, meteorological data with a high temporal resolution are available from 2006 from the closest climate station of the German Weather Service. To model future climate impacts on the local water balance, temporally high-resolution data are needed. For this, data from the ClimEx Project will be used. The ClimEx Project provides 12 km resolution climate ensemble data with hourly precipitation

availability and deficit are significant for the study area or respectively in areas in a similar climatic zone. Therefore, these differences need to be considered when planning neighbourhoods regarding watersensitive urban design. Further, climate projection data show per month that future water demand and availability will change. To investigate the impact of future climate on the local water balance and its implications for planning, the ensemble data of the ClimEx Project will be used. The aim of the analysis is to develop recommendations for the water management of the study area regarding climate change impact as well as the approximation of the water balance of the study area to the reference state.
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