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Abstract

In this study, we evaluate the potential of blue roofs (BRs) to mitigate future increases
in rainfall intensity projected by climate models. Using hourly EURO-CORDEX regional
climate model data and a scaling-based methodology, we derived rainfall depth—duration—
frequency curves for RCP4.5 and 8.5 for the future (up to 2100). The hydrological perfor-
mance of a pilot BR tray in Catania, Italy, was then simulated under future design storms.
Results show BRs can significantly reduce peak flows. Runoff volumes are reduced, but in
most scenarios, they do not fully counterbalance the increase in rainfall intensity expected
for the future. Peak attenuation ranges from 38% to 58%, depending on precipitation
features and emission pathways, confirming BRs as effective adaptation measures.
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1. Introduction

Urban flooding has increased in recent decades due to uncontrolled urbanisation,
with climate change further intensifying risks [1]. To address these challenges, sustainable
urban drainage systems (SUDs) have been widely adopted, also serving as climate change
adaptation measures [2]. Blue roofs (BRs) represent one innovative solution: replacing
conventional rooftops to reduce runoff impacts. Early trials in New York City tested
configurations such as passive drains, flow restrictors, and modular trays [3]. Comparable
to green roofs, BRs achieved retention efficiencies up to 62% [4], while full-scale installations
in Catania reached 54% retention and 72% peak attenuation [5,6]. However, little is known
about their performance under climate change. This study addresses this gap by simulating
the hydrological response of a modular tray-based BR in Catania using future rainfall
scenarios derived from EURO-CORDEX climate projections [7].

2. Methodology

The response of BRs to climate change is simulated using a modelling chain that
integrates climate scenarios with a hydrological BR model.

Future depth—-duration—frequency (DDF) curves were derived using the methodol-
ogy in [7] from annual maxima series (2005-2100) at the Catania station. Hourly data
came from three EURO-CORDEX GCM-RCM combinations: CNRM-RCA4, Had-RCA4,
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and MPIRCA4. DDFs were estimated by applying change factors to observations under
the simple scaling hypothesis. A log-normal distribution was fitted and validated with
the Anderson-Darling test. Design storms with 2-, 3-, and 5-year return periods were
selected, as BRs aim to reduce drainage loads rather than manage events associated with
extreme return periods. The BR model was tested with Chicago, rectangular, and triangular
hyetographs derived from DDFs for current and future climates. Each storm hada1h
duration, with exponent parameter n set to 0.5. Simulations assumed initially dry trays,
consistent with BRs’ response to short storms.

The hydrological model of the BR installation, developed in [6], has been used to
simulate BR response, based on experiments conducted on a real-scale experimental site at
the University of Catania, described in [5]. The blue roof is modelled as the weighted sum
of two contributions: one given by the tray-modules, the other given by the underlying
terrace (terr). The response of this second component is modelled considering an initial
abstraction and a runoff coefficient:

hi™ = C(hy — IF™) (1)

where h*™ is the net precipitation, hy, is the total amount of rain for each event and I'*"" is the
initial abstraction. The single BR model routing instead is based on the continuity equation:

AS t t

A = Qn () -Q (0 @)
where AS[]] is the variation in the volume of the tray module with respect to the time step
At, Qit;ay (t) and ngty (t) [1/s] are, respectively, the flow entering and leaving within each
tray. The outflow from the bottom orifice of each tray is computed with the equation:

Qggg’(t) = 0.0136d {1 + 1.88exp 0001t -

where d[m] is the diameter of the bottom orifice. Finally, the total outflow is computed by
simply adding the component from corridors and the outflow of the tray, multiplying the
latter by the number of total trays installed in the BR:

QBR.(t) = QS (1) + nQget (1) 4)

where n = 64 is the total number of tray modules installed in the pilot site. The BR model
was validated against 14 rainfall events with totals exceeding 4 mm, recorded between
September 2023 and June 2024. It showed satisfactory performance, achieving an RMSE
of 2.42 mm for the final stored volume and 0.02 L/s for peak outflow. The hydrological
response of the tray-module BR installation in future scenarios is assessed, comparing the
runoff volumes and peak flow reduction index. The peak flow ratio is computed for each
scenario and future period, computing the average along the return period and type of
hyetograph considered. The peak reduction index (i.e., detention index) is computed with
the following equation:

:QP_Q
Qp

where Q,, [1/s] is the peak outflow from an impulsive response of an impervious terrace,

1D

)

and Q [1/s] is the peak outflow from the tray-module BR system.

3. Results and Discussion

The BR system may effectively reduce the runoff volumes under future emission
scenarios for scenario RCP4.5 in the near future (NF, 2021-2050), as shown in Figure 1. The
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type of hyetograph does not affect the performance significantly. For this scenario, the
BR not only compensates for the impacts of climate change but also allows a reduction in
runoff volumes with respect to the absence of the BR in the current climate, even given the
increase in rainfall intensity in the future scenario. In the RCP8.5 scenario, the benefits of
the BR do not always compensate for the increase in rainfall intensity, as shown in Figure 1,
lower panel for the far future (FF, 2071-2100).

No BR vs BR RCP 45 NF

1400 r
1200 + xOA
- xOA xOA
‘@ 1000 - xOA
£ xOA
3 xOA
800 xOA xOA
xOA
600 +
400 , ; ‘
No BR (Baseline) No BR (Future) BR (Future)
No BR vs BR RCP 85 FF
1400 X [ A
xOA
1200 +
xOA xOA
=
@ 1000 xOA
g xOA xOA
G
>
800 | X O xOA
600
400 : ‘ !
No BR (Baseline) No BR (Future) BR (Future)
b4 Chicago — T2
O Rectangular -— 13
1.5

A Triangular

Figure 1. Runoff volumes: without BR in the present climate (left), without BR in the future climate
(centre), with BR in the future climate (right).

The peak reduction done by the tray-module BR installation, with respect to the impul-
sive terrace response, is consistent across all the combined scenarios, with a range between
38% and 58%, depending on the magnitude of the precipitation inputs and the inherent
characteristics of each type of hyetograph. In future scenarios, the precipitation patterns
could strongly influence the peak attenuation response of the tray-module installation.
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Indeed, where the inputs are in the form of the highest peak, there is a higher reduction. The
highest reduction is registered for the Chicago inputs with an average peak attenuation of
58%, close to the triangular one 55% and the lowest average of 41% for the rectangular ones.

Regarding future changing scenarios, using the Chicago hyetograph inputs as an
example, it is projected that peak attenuation will be lower for the intermediate emission
scenario, RCP 4.5 and the near future (NF), with an average peak attenuation (ID) of 58%.
This scenario shows a higher tendency for peak attenuation in the middle (MF) and far
future (FF) periods. For the rectangular and triangular hyetographs, the trends remain
similar with respect to emission scenarios and future periods.

4. Conclusions

This study aimed to assess the hydrological behaviour of a pilot tray-module blue roof
(BR) under future climate scenarios. The system’s response was simulated for design storms
with 2-, 3-, and 5-year return periods, considering multiple emission scenarios. Hydrologi-
cal performance was evaluated through runoff volume reduction and peak flow attenuation.
Results show that BRs consistently reduce runoff compared to impervious surfaces, though
retention remains limited, confirming their design is more suited for detention. Peak atten-
uation, however, proved significant and strongly dependent on precipitation characteristics.
Chicago hyetographs produced the highest average attenuation (58%), while rectangular
hyetographs showed the lowest (41%). Under future scenarios, attenuation trends vary:
for RCP 4.5, performance decreases in the near future but improves in the mid and far
future, whereas RCP 8.5 shows stable performance with maximum attenuation in the far
future. These results highlight the BR’s robustness under short, intense storms and its
effectiveness in mitigating peak runoff during more severe precipitation events. Overall,
the tray-module BR emerges as a promising SUD intervention for urban flood mitigation,
supporting climate adaptation strategies through innovative rooftop solutions.
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