» Understanding of hydrological behaviour of green roof under various design configurations towards
different model responses at multiple perturbation scale iIs crucial to Improve Its design at unit-scale,
which leads to enhance collective efficiency and effectiveness at a catchment-scale.

* Optimal selection of design parameters of green roof (l.e., In SWMM modelling and In practice) can
significantly contribute to achieve different target design goals (i.e., stormwater runoff and peak flow
reduction, urban flood reduction, peak flow control, etc.) by Improving Its design efficiency with
maximization of Its infiltration and storage capacities.
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Figure 1. Conceptual unit-area of green roof
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Sensitivity method: variogram analysis of response surfaces (VARS)
Hydrological and hydraulic model: PySWMM

Table 1. Green roof design parameters with their short

Sensitivity analysis set-u names and ranges

Hypothetical catchment’s area: 0.01 km# (100m< x 100m>?) o heioht () o an-hia
Green roof area: 50% of catchment area o Vegetation volume (fraction) W, 0 1
Number of design parameters: 14 A surface roughness (Manning'’s n) SSR 0.01 0.4
_ Surface slope (%) SS 0.01 2.6

Numer of _samples. 13,999 | | | Soil Thickness (mm) SOT 51 152
Design rainfall: 5-year return period with 6hrs duration Porosity (volume fraction) P 0.50 0.60
. . : . . Field capacity (volume fraction) FC 0.30 0.50
Sampling teChn'que' thln hypercube sampling Soil Wilting point (volume fraction) WP 0.05 0.2
Bootstrap confidence size: 1000 Conductivity (mm/hr) C 1016 3556
. . : 0 Conductivity slope CS 30 55

Bootstrap confidence intervals: 90% Suction head (mm) =1 10
Orai Thickness (mm) DT 13 51

"a'”?ge Void ratio (Voids/Solids) VR 0.2 0.4
ma Seepage rate (mm/hr) SR 0.01 0.03

Methodology
Firstly, the VARS toolbox generates 13,999 random samples of 14 design parameters of green roof

according to their pre-defined factor space by using Latin hypercube sampling technigue. These set of
design parameters are iteratively simulated on a conceptual catchment of 0.01km# (100m< x 100m#) with
50% treatment area by using PySWMM to calculate different model responses responses (e.g., surface
Infiltration, surface outflow, storage volume, and peak flow). Lastly, VARS calculates different sensitivity
Indices Including directional variograms and Integrated Variogram Across a Range of Scales, here only
showed with 50% perturbation scale (IVARS50) with associated uncertainties.
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Figure 2. Directional Variograms of green roof design parameters Figure 3. IVARSS50 indices with 90% confidence Iintervals
Overall, soil thickness, vegetation volume and berm height are highly sensitivity design parameters
compared to others. The engineering soll mixture, type and density, and height of berm need to carefully
design to achieve higher design goals (l.e., surface runoff reduction, urban flood reduction, peak flow
control, etc.) .Furthermore, directional variogram results (Figure 2) represent that sensitivity of design
parameters significantly increases for higher perturbation scale compared to lower. Moreover, higher
sensitivity design parameters have lager uncertainty level compared to lower, Indicating careful
consideration Is required to optimally select design parameters’ value of green roof for IiImprovement of Its
effectiveness and design efficiency at the unit-scale, which ultimately significantly contribute to enhance
benefits at a catchment-scale.
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» Soll thickness, vegetation volume and berm height have significant contribution on model responses
compared to other design parameters.

* Understanding of hydrological performance of different design parameters towards different model
responses at multiple perturbation scale helps to optimally select design parameters during planning,
designing, modelling, optimization and implementation of green roof.
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* Tansar, H., Duan, H.-F., & Mark, O. (2023). Global sensitivity analysis of bioretention cell design for
stormwater system: A comparison of VARS framework and Sobol method. Journal of Hydrology, 617.
nttps://dol.org/10.1016/].Jnydrol.2022.128895.

 Tansar, H., Duan, H. F., & Mark, O. (2023). Statistical evaluation on hydrologic performance of
pbioretention design parameters under different rainfall conditions. In IOP Conference Series: Earth
and Environmental Science (Vol. 1136, No. 1, p. 012024). IOP Publishing.

 Tansar, H. & Duan, H.-F.(2022). Sensitivity analysis of bioretention cell design parameters for LID-
pbased urban stormwater system. 3rd |IAHR young professionals congress, 28 November - 2
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