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The multiplication and intensification of heatwaves due to climate change increases human thermal stress during summertime, especially in cities where urban configuration and materials enhance overheating. Street trees may lower the thermal stress of pedestrians with two main benefits: cast shadows and evapotranspiration. However, climate change is also accompanied with an increase in evaporative demand and frequency of dry periods. Street trees are thus facing water restriction, which may impact their physiology, development and thereby their climatic benefits.

With the aim of understanding the climatic benefits and behaviour of various species of trees during heatwaves and droughts, the green spaces department of the City of Paris started in 2018 the "Trees and Climate" in-situ study. 36 street trees representing 9 species and located in 5 sites in Paris, were equipped with meteorological sensors aiming at assessing the Universal Thermal Climate Index inside and outside the tree crowns. The physiological response of the trees was monitored through the branch diameter micro-variation measurement. Water availability was also measured in the tree pits and other morphological variables such as the crown density were measured using terrestrial LiDAR. Field surveys were conducted with a one-hour time-step from May 2019 to September 2022.

In summer, several trees experienced branch diameter shrinkage as their water availability was decreasing (figure 1), meaning they probably used water contained in their tissues to keep transpiration running. Nevertheless, important human thermal stress reductions were measured inside the tree crowns of all species, even during heatwaves and droughts (figure 2). Further works will try to assess the relative influence of water availability, meteorological conditions and morphological variables on the variability of the benefits over time and between species. This study is expected to help stakeholders select the most adapted species regarding the resistance to drought and the microclimate mitigation in Paris. 

Figure 1 :

 1 Figure1: Evolution of the water matric potential (the higher the water potential, the lower the water availability for the tree) and the branch diameter variation for one studied Sophora japonica and one studied Celtis australis during summer 2020.

Figure 2 :

 2 Figure 2: Evolution of the Universal Thermal Climate Index (UTCI) calculated on a reference point outside the tree crowns and inside the crown of one studied Sophora japonica and one studied Celtis australis on August 9, 2020 during a heatwave.