LYON 2023-Modélisation de l'évapotranspiration et du comportement de la teneur en eau du sol dans les toitures végétalisées Modelling evapotranspiration and soil water content behaviour in green roofs
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cm). • Monitoring program

The experimental site is a modern technological system fully equipped with sensors for on-site meteorological, hygrometric and flow rate measurements (Palla et al., 2009). The monitoring period selected for this study ranges from September 2008 to April 2010 (19 months): 22 dry weather periods -well distributed all over the solar year -have been selected for study purpose ranging from 5 to 18 days

• Objectives

The main objective of this paper is to assess the role of the actual evapotranspiration in restoring the water holding capacity of green roofs in the Mediterranean climate.

The evapotranspiration (ET) process that is responsible for the restoring of green roof waterholding capacity (e.g. Piro et al., 2018). Recently methodological approaches are proposed to properly account for the actual ET (AET) in continuous simulations (e.g. Palla and Gnecco., 2020) while experimental study are addressed in order to properly account the role of the local climate, vegetation and specific conditions (e.g. Stojkov et al., 2018).

The observed water holding capacity is evaluated as an average value of the soil water content according to the measurement vertical profile:

𝐴𝐸𝑇 𝑡 𝑜 = 𝑆 𝑡-1 𝑜 -𝑆 𝑡 𝑜 -𝑅 𝑡 𝑜
• the superscript O refers to the observed data • the subscript t refers to the time steps.

𝐴𝐸𝑇 𝑡 = 𝐾 𝑠 𝑃𝐸𝑇 𝑡 𝑆 𝑡-1 𝑆 𝑀𝑎𝑥

• 𝑃𝐸𝑇 𝑡 is the potential evapotranspiration estimated through the Hargraves equation • 𝑆 𝑀𝑎𝑥 is the maximum water holding capacity (mm)

• AET prediction

The AET is simulated by using the Soil Moisture Extraction function (Zhao et al., 2013):

The water holding capacity, S is predicted using the daily water balance as follows:

• 𝑆 is the water holding capacity (mm) • R is the outflow depth (mm)

𝑅 𝑡 = ቊ 0 𝑆 𝑡-1 -𝑆 𝑀𝑎𝑥 -𝐴𝐸𝑇 𝑡 𝑆 𝑡 = ቊ 𝑆 𝑡-1 -𝐸𝑇 𝑡 𝑆 𝑀𝑎𝑥 for 𝑆 𝑡-1 -𝐸𝑇 𝑡 ≤ 𝑆 𝑀𝑎𝑥 for 𝑆 𝑡-1 -𝐸𝑇 𝑡 > 𝑆 𝑀𝑎𝑥 for 𝑆 𝑡-1 -𝐸𝑇 𝑡 ≤ 𝑆 𝑀𝑎𝑥 for 𝑆 𝑡-1 -𝐸𝑇 𝑡 > 𝑆 𝑀𝑎𝑥
The 𝐾 𝑠 is assessed by minimising the square error on the prediction of the water holding capacity (Berretta et al., 2014) Fig. 4: Predicted Vs. observed Water Holding capacity for the selected dry weather period.

Fig. 5: Predicted Vs. observed daily Actual-evapotranspiration rates for the selected dry weather period.

• AET observation

The daily water balance equation is used to assess the actual evapotranspiration (AET O observation) losses during dry periods:

The green roof system factor 𝐾 𝑠 results equal to 0.77 (see Fig. 4 ).

• CONCLUSIONS

This simple procedure based on the analysis of monitored dry weather periods could be used to estimate seasonal or long-term 𝑲 𝒔 along with observations for different plant species for defining empiric equations of a generalizable correction factor value. The model is validated by assessing the coefficient of determination (R 2 ) and the Root Mean Square Error (RMSE) on the actual evapotranspiration prediction respectively equal to 0.91 and 0.468 mm (see Fig 5).

• 𝐾 𝑠 is the green roof system factor 𝑆 𝑀𝑎𝑥 = 𝐹𝐶 -𝑤𝑝 𝑑 𝑡𝑜𝑡 = 76 𝑚𝑚 𝐹𝐶 = 0.215, 𝑤𝑝 = 0.05
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 1 Fig. 1: The green roof experimental site of the University of Genova (Italy).
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 3 Fig. 3: Outline of the measurement vertical profile with the TDR probe locations.
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 2 Fig. 2: Scheme of the monitoring equipment