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Highlights
e The difference between first order and total effect Sobol indices was found to be significant
which recommend the use of total effect for design factors.
e Setting the most influential factor as a fixed value influences the ranking of the secondary
factors.
e The limiter height was an influential factor for all performance indicators.

Introduction

Green infrastructures can be designed with objectives from multiple fields such as hydrology, biodiversity
or greening urban space (Demuzere et al., 2014). Among this variety of objectives, different performance
indicators can be defined. For instance, in the case of green roofs, retention or detention hydrologic
performance indicators (De-Ville et al., 2018), can be linked to evapotranspiration, total overflowed
volumes or peak discharges. Since the objectives of green infrastructure are multiple, design methods or
guidelines suitable for such a task are still to be developed or improved. Specifically, it is necessary to
identify, given a green roof to be designed, which factors (e.g. the substrate depth, field capacity or
alveolar geometry) play an important role depending on the performance indicator to be analysed.

The goal of this study is, throughout a sensitivity analysis, to evaluate the influence of green roof physical
factors over different performance indicators, leading to prioritize the design depending on the design
purposes. A secondary objective is to study how this prioritization differs depending on the specific set of
physical characteristics to be considered in the analysis.

Methodology

Data and modelling

The study was conducted using Urbis software (Bertrand-Krajewski et al., 2020), employing a time series
from Orléans, France, available in the software. The time series is a 2-year long and 5 minutes timestep
series of precipitation and potential evapotranspiration computed with Penman-Monteith equation.

A virtual 100 m? flat green roof with storage layer is considered for this study. The physical factors
(parameters) to be varied for the case study are the substrate porosity and thickness, Overflow height,
void index of the storage layer, maximum regulated discharge and limiter height (Table 1).

Sensitivity analysis

A sensitivity analysis was conducted using Sobol’s first order indices and total effect (Saltelli et al., 2008).
A range was chosen for each parameter (physical factor) based on literature values (Stovin et al., 2017)
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and suggested values in Urbis. Different performance indicators were analysed: i) the total overflow
volume, ji) the total evapotranspiration volume and iii) the maximum discharge. Two scenarios were
presented: one with all parameters as degrees of freedom (case 1) and another with all but the limiter
height (position for the orifice of the discharge limiter between the bottom and the top of the storage
layer) as degrees of freedom (case 2) (Table 1).

Table 1. Boundaries for the different parameters of sensitivity analysis scenario

Boundaries Unit Case 1 Case 2
Porosity /field capacity [0.2, 0.45] [-] X X
Substrate thickness [30, 200] [mm)] X X
Overflow height [10, 200] [mm] X X
Void index [0.2,1.0] [-] X X
Discharge limiter [0.2, 5] [L/s] X X
Limiter height [0.0, 1.0] [-] X 0

Number of simulations 14000 12000

Results and discussion

The first order and total effect Sobol indices are presented in Figure 1 for the first case. Results shows that
the total volume of overflow from the roof depended, in decreasing order, on the discharge limiter height,
the void index in the storage layer and to the overflow height. The maximum discharge indicator led to
slightly different results since the discharge limiter played an important role (3" in ranking of total effects).
Regarding the evapotranspiration, the substrate thickness played the most important role, followed by
the limiter height. The field capacity might not play a relevant role due to the small range of variation
allowed, but also due to the hypothesis in the model. In Urbis, the actual evapotranspiration starts to
decrease only when the storage layer is empty. A limiter higher than zero allow permanent storage and
directly influence the evapotranspiration.

Sensitivity indices ranked the importance of a factor but did not show if its impact was beneficial:
increasing the limiter height lead to incentivise the evapotranspiration, but also the total overflow. In this
context, an optimal value should be considered for this limiter to meet two different objectives. Increasing
the substrate thickness would allow to increase evapotranspiration without increasing the overflow
significantly. The value of the discharge limiter influenced principally the maximum discharge, as can be
expected. This imply that a fixed value for this factor can be set without influencing significantly the other
performance indicators.

e S1
. . ST
Limiter height — —= ——t
Discharge limiter s —
Void index {1 —ot ——
Overflow height + — —
Substrate thickness —o— e -
Field capacity - P 3

Total evapotranspiration

Total overflow

Maximum discharge

0.0

02

0.4

06

08

1.0

0.2

04

0.6

0.8

1.0.0

0.2

0.4

06

08

10

Figure 1. Results of the 6-parameter sensitivity analysis (case 1) depending on the indicator used (total evapotranspiration, total
overflow, maximum discharge. S1 is the first order Sobol indices and ST the total effect indices.
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The first order Sobol indices and total effect of the second case are shown in Figure 2. In case 1, the void
index and overflow height had an effect on the evapotranspiration due to dependencies while in case 2,
setting the limiter height to O, the evapotranspiration was not influenced by the storage layer. In terms of
overflow and maximum discharge, the overflow height seemed to be more influential than the void index,
while it was the contrary in case 1. This can be explained by dependencies with the limiter height.
Comparisons between case 1 and case 2 showed that setting a parameter to a fixed value should be done
carefully, as this can alter significantly the ranking of influential parameters, especially when the
parameter to be fixed is one of the most influential.

Total evapotranspiration Total overflow Maximum discharge
e Sl
ST
Discharge limiter- b e
Void index 4 b
Overflow height B R
Substrate thickness i b s
Field capacity Ta b b

Figure 2. Results of the 5-parameters sensitivity analysis (case 2) depending on the indicator used (total evapotranspiration,
total overflow, maximum discharge

Conclusions and future work

The use of total effect Sobol indices allowed to evaluate the importance of some physical factors in order
to design green roofs with various objectives. Especially it revealed some hidden dependencies between
some of the factors considered in this study. Such a method could be used in order to prioritize which
parameter to adjust among the available products (i.e. different green roofs materials and storage) as a
pre-design study. It also showed that setting as a fixed value the most influential physical factor will have
aninfluence in the ranking of all factors, therefore such a method has to be applied carefully. The influence
of some factors can also be positive for some aspect and negative for others, in which case a thorough
analysis of the results is suggested. The influence of the climate variation, location, the type of green
infrastructure as well has irrigation strategies has yet to be evaluated.
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