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Can we use urban runoff to mitigate street tree water stress? An analysis of annual water demand of street trees and resulting pollution loads

Peut-on utiliser le ruissellement urbain pour atténuer le stress hydrique des arbres de rue? Une analyse de la demande

INTRODUCTION

The urban environment is confronted with extreme weather events like droughts or flash foods. Especially the urban vegetation suffers from dry periods in the highly sealed surrounding [START_REF] Haase | Effects of heat and drought stress on the health status of six urban street tree species in Leipzig, Germany[END_REF]. At the same time storm water overflows into surface waters have a severe impact and can cause damages to infrastructure (Orta-Ortiz and Geneletti 2022). To deal with this increasing exposure to heavy rainfalls within the city and counteract water stress for urban vegetation, current discussions emphasize the importance of decentralized drainage systems [START_REF] Walsh | Urban stormwater runoff: a new class of environmental flow problem[END_REF]. The runoff water, usually collected in centralized system and disposed off to a treatment plant (a), is now infiltrated at site (b) (Figure 1), increasing infiltration and evapotranspiration and therefore reducing runoff [START_REF] Paton | Merging patterns and processes of diffuse pollution in urban watersheds: A connectivity assessment[END_REF]. However, the long-term effect of changes in pollution pathways and resulting deposition patterns, have not been considers fully. Therefore, the aim of this study was (1) is to identify the additional water amount needed to prevent water stress for trees of different ages in a wet and a dry year, and (2) to calculate resulting yearly pollution loads of TSS, Zn, Cd and Cu from two relatively clean urban surfaces (tile roof and residential road).

METHODS

In order to identify variations in water stress period length for one of various urban vegetations, the water demand of lime trees with different ages (young, adult-age, old) were calculated for a wet year (2017) and a dry year (2018) for urban street trees in Germany. To calculate potential and actual evapotranspiration the UrbanTRee model was used [START_REF] Tams | Impact of shading on evapotranspiration and water stress of urban trees[END_REF]. The model uses the R package "water" based on Penman-Monteith [START_REF] Allen | Crop evapotranspiration. Guidelines for computing crop water requirements[END_REF][START_REF] Olmedo | water: Tools and Functions to Estimate Actual Evapotranspiration Using Land Surface Energy Balance Models in R[END_REF]. Plant water availability and runoff processes of the tree pit are described with a bucket model implemented in R (R Core Team 2021) and includes routines for interception, infiltration, runoff and percolation losses. For the model input, the climate data from the German meteorological station Potsdam (DWD 2022) was used. Depending on tree age, different variables for canopy size and rooting depth and Kc factor were used (Wessolek and Kluge 2021, Table 2). Furthermore, Wessolek and Kluge developed thresholds to categorized water stress based on the ratio of potential evapotranspiration (𝐸𝐸𝐸𝐸0) and actual evapotranspiration (𝐸𝐸𝐸𝐸 𝑎𝑎 ):

𝑐𝑐 𝐷𝐷 = 𝐸𝐸𝐸𝐸 𝑎𝑎 /𝐸𝐸𝐸𝐸0 (1) 
With cD as the deficit factor, describing the state of water stress. Depending on tree age, a cD of 0.4-0.6 refers to moderate water stress (ibid.). We used the mean of cD = 0.5 to calculate additional water needed to prevent water stress and the resulting water deficit (D):

D = ET0 * 𝑐𝑐 𝐷𝐷 -ET 𝑎𝑎 (2) 
In order to avoid water stress, irrigation with surface water can be a sustainable solution. To calculate the annual pollutant loads (unit/tree/year) that could result from surface water irrigation, we used the determined water deficit amounts (Table 2) and pollutant concentrations from the literature (Table 1). In this study, we compared two relatively clean surfaces: a roof with concrete tiles and a residential road, focusing on total suspended solids (TSS) and three heavy metals: zinc (Zn), copper (Cu) and cadmium (Cd). For the calculation the mean concentrations from two studies were used [START_REF] Charters | Untreated runoff quality from roof and road surfaces in a low intensity rainfall climate[END_REF][START_REF] Göbel | Storm water runoff concentration matrix for urban areas[END_REF].

Table 1: Mean pollution concentrations of total suspended solids (TSS), zinc (Zn), cadmium (Cd) and cooper (Cu), from a field study of [START_REF] Charters | Untreated runoff quality from roof and road surfaces in a low intensity rainfall climate[END_REF] and a review of [START_REF] Göbel | Storm water runoff concentration matrix for urban areas[END_REF], for a tile roof and a residential road.

TSS (mg/l) Zn (μg/l) Cd (μg/l) Cu (μg/l) Source Tile roof 22.9 261.5 0.8 56 [START_REF] Charters | Untreated runoff quality from roof and road surfaces in a low intensity rainfall climate[END_REF][START_REF] Göbel | Storm water runoff concentration matrix for urban areas[END_REF] Residential street 106.6 251 1.2 56 [START_REF] Charters | Untreated runoff quality from roof and road surfaces in a low intensity rainfall climate[END_REF][START_REF] Göbel | Storm water runoff concentration matrix for urban areas[END_REF])

RESULTS AND DISCUSSION

The simulations showed that the additional water needed to avoid water stress heavily depended on weather conditions and tree age (Figure 2), where the cumulative sums of required water ranged from 700 l to 4000 l in 2017 and 2400 l to 14.200 l in 2018 (Figure 2, Table 2). Resulting pollution loads showed the same pattern with a considerable higher pollution for the big tree in the dry year (Table 2). The distribution within the tree pit nor the size of the tree pit were considered yet. In further discussions of pollution distributions within the tree pit, the pollution compatibility of trees with different ages needs to be discussed additionally, because younger trees have a less pronounce rooting system and might therefore be more vulnerable [START_REF] Wessolek | Predicting Water Supply and Evapotranspiration of Street Trees Using Hydro-Pedo-Transfer Functions (HPTFs)[END_REF]. 

Figure 1 :

 1 Figure 1: (a) Centralized versus (b) decentralized urban drainage (Red line: drainage network, red arrows: stormwater outlet points into rivers, blue arrows: street runoff, infiltration and evapotranspiration (Paton and Haacke 2021).

Figure 2 :

 2 Figure 2: Cumulative sum of additional water needed to prevent water stress for street trees of three different ages: young, adult, old during a wet year (2017) and a dry year (2018).
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 2 

	Crown	Rooting	Kc-	Water	Pollution load (unit/tree/year)				
	size		depth	factor	deficit	Tile roof			Residential street	
	(m²)		(m)	(-)	(l)	TSS	Cd(mg) Zn(mg) Cu	TSS (g) Cd	Zn	Cu
						(g)			(mg)		(mg)	(mg)	(mg)
	Young tree												
	2017	12	0.8	1.6	695	15.9	0.6	181.8	56.1	74.1	0.8	174.5	38.9
	2018	12	0.8	1.6	2369	54.2	1.9	619.4	191.0	252.5	2.8	594.5	132.6

Water deficit for all tree ages: young, adult, old in 2017 and 2018 and resulting pollution loads from surface water of a tile roof and a residential street, focusing on: total suspended solids (TSS), zinc (Zn), cadmium (Cd) and cooper (Cu).

CONCLUSION

In conclusion, pollution load was determined by tree age (characteristics), climate conditions and resulting water deficits. In this study, only a small number of the possible runoff pollutions were mapped. In a next step, we will gather detailed spatial information on a much wider range of typical urban surface combinations, that can be used for irrigation, considering contaminant accumulation processes and actual rainfall-runoff relationships to determine pollution load dynamics, transfer processes into lower soil layers and potential adverse effects on tree health.