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The project aims to develop and promote practical tools which integrate the planning and
design of Green Urban Infrastructures (GUIs) in critical urban areas of Malta and Sicily in

order to mitigate floods effects, to increase the infiltration of rainwater also improving its quality.
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Preface

Frequently, traditional drainage networks, known as "GRAY INFRASTRUCTURE," demonstrate their inadequacy in
managing stormwater, and it would be necessary to adapt them to new flow rates and runoff volumes.

“‘STREAMS as ROADS”

The main causes of the significant increase in flow rates and
runoff volumes in urban and suburban areas are due to:

*The increase in rainfall intensity, primarily due to climate change
phenomena.

*The increase in soil sealing caused by urbanization and large
infrastructures.

In the last 20 years, the extent of urbanized areas in Europe has

B

increased by an average of 20% - (ISPRA, 2020). Catania~ 25 0ct 2027 | Catania— 26 ct 2021
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Land use consumption in Italy (2006-2021)

Percentage of the total annual land use consumption at National level Total annual land use consumption at Regional level
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ISPRA (ltalian Institute for Environmental Protection and Research)
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Flood events in Sicily

NEED FOR A CHANGE OF CURRENT WATER MANAGEMENT MODELS
TO CONTROL FLOODING AREAS THROUGH THE CONCEPT OF “SPONGE CITY”
OR “PERMEABLE CITY”

Siracusa, 22 October 2021

Palermo, 5-6 October 2013 Licata, 19 November 2016 Catania, 26 October 2021
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Study area localization
Garibaldi-Nesima watershed (8.75 km?)

Catania municipality 37°30'45.786" N
Misterbianco municipality | 15°2'21.731" E
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Problem statement Saribaldi.
Hospial

Sports facilities Ring road axis

MITIGATION OF
HYDROGEOLOGICAL
RISK

Archaeological Metro
goods station

Commercial
activities
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Preliminar study: regional hystorical map 1970s

Elements of particular interest:

1. Ditch guard (- = =) facing the old Geriatric Hospital.

2. Land elevations between Acquicella stream (====) and Palermo street are about -2 m above road elevation.
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Preliminar study: diachronic analysis

Google Earth — 2013 Google Earth — 2016
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Methodology — hydraulic and hydrological modelling

Topographic Land Use and Observed Rainfall Data Images from traffic
Data Soil type Data (i.e. Oct 25t 2021) and phone cameras

L

HEC-RAS results

EPA SWMM results

Main simulation parameters

- CN lll (urban = 93; agriculture = 75)

- n Manning (urban = 0.026; agriculture = 0.08)
-la=0.2%

Main simulation parameters

- CN lll (urban = 93; agriculture = 75)

-n Manning (urban = 0.026; agriculture = 0.08)
- Impervious area = 66%

Are simulated data close
to those observed?

4

i i Hydrological modelli ith
Identification of hazard and flood . Hydraulic mgdellmg yaro ogu.:a modering Wi
risk areas with NBS location with return periods of 10, return periods of 10,50 and |«—
50, 200 years by HEC-RAS 200 years by EPA SWMM

Validation of the main
simulation parameters used
in Hec-RAS and EPA SWMM
models in other watersheds
(WIC Conference 7-9 June
2023, WETPOL Conference,
10-14 September 2023).

Are simulated data

by the two models NO

Evaluation of the NBS mitigation
effects by EPA SWMM

NBS = Nature-Based Solutions
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Hydraulic modelling — Hec RAS

Garibaldi-Nesima watershed (8.75 km?)

Precipitation data
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(Catania pluviographic stations, <
1967-2022)

Input data

| l

Digital Model Elevation
(Sicily — 2013)

Legenda
® Sczione di chiusura Bacino Garibaldi-Nesima
[ Limiti Bacino Garibaldi-Nesima
— Asta principale Bacino Ganbaldi-Nesima
Digital Elevation Model (DEM) 2 m
B 1800msim
159 16672 m slm
21544 mslm

Land Use Map

Ecopedological Map of Italy
(Corine Land Cover —2018)

Legenda

® Sezione di chiusura baldi-Nesima

[ Limiti Bacino Garibaldi-Nesima
Uso del Suolo (C
W 111 - Urbano Ca
W 112 - Urbano Dis
B 121 - Insediamenti industriali-artigianali

¢ commerciali

211 - Seminativi in aree non imgue

242 - Sistemi colturali ¢ particellari complessi

Legenda

@ Sezione di chiusura Bacino Ganbaldi-Nesima
[ Limiti Bacino Garibaldi-Ne:
Carta Ecopedologica dTtalia
[ Rilievi collinani argilloso-limosi ¢ argilloso-mamosi

della Sicilia (gruppo idrologico A)
[ Rilievi collinari con vulcaniti (gruppo idrologico B)

05 o . - 243 -Aree prevalentemente occupate da colture agrarie 1 2 km W Temazzi alluvionali antichi (gruppo idrologico B) 0 1 2 km
[ 26415 m s1m m con presenza di spazi naturali importanti B Asse i (sconnio idilogico D
31287 msim 333 - Arce con vegetazione rada Aree urbane (gruppo idrologico D) | IS S

v
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Hydraulic modelling using HEC-RAS model with return period

of 10, 50 and 200 year

A

Output: flood areas, peak flows, runoff volumes,
infiltrated and excess precipitation depth




& N\ Too3 Uni Nature-Based Solutions for flooding risk mitigation in an
IE ES Ct AGRICOLTURA, urban area: The case study of Catania (Sicily, Italy)

Closed cycles and the Circular Society 2023: ALIMENTAZIONE
' The power of ecological engineering E AMBIENTE L. Sciuto, F. Licciardello, E. R. Giuffrida, S. Barresi, V. Scavera,
At g e L. Buscemi, D. Verde, S. Barbagallo & G.L. Cirelli

Engineering Society

Hydraulic modelling — Hec RAS

Garibaldi-Nesima watershed (8.75 km?)

Hydraulic simulation — 200 year return period

M erm ZBNS \Oﬂl_‘.u

The largest contribution in
terms of runoff comes from
Carlo Marx, Montepalma
and Lineri streets




IEES , Toos Uni Nature-Based Solutions for flooding risk mitigation in an

AGRICOLTURA, . ia (Sici
Closed cyeles and the Circular Society 2023: C N MCOLTURA. urban area: The case study of Catania (Sicily, Italy)

The power of ecological engineering E AMBIENTE L. Sciuto, F. Licciardello, E. R. Giuffrida, S. Barresi, V. Scavera,
International Ecological

Engineering Society L. Buscemi, D. Verde, S. Barbagallo & G.L. Cirelli

LEGEND

Runoff Depth Maps T 200 years
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Drawing Title: Garibaldi-Nesima Runoff Depth 200y Maps
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How is Hec-RAS model tested?

Hec-RAS is tested at flood event scale by using images from traffic and phone cameras of an extreme rainfall event occurred in Catania on

the 25" October 2021.

Cumulative rainfall (mm)

Nature-Based Solutions for flooding risk mitigation in an
urban area: The case study of Catania (Sicily, Italy)

L. Sciuto, F. Licciardello, E. R. Giuffrida, S. Barresi, V. Scavera,
L. Buscemi, D. Verde, S. Barbagallo & G.L. Cirelli
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Time (h) return periods of the Catania pluviographic
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-®-Tr5 -0-Tr1l0 -e-Tr50 -0-Tr200 @ 25/10/2021 SIAS, 2021).
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How is Hec-RAS model tested?

The observed runoff depths
in correspondence of some
fixed points (i.e. cars
headlights, bumpers and
wheels) are compared with
those simulated with the
hydraulic model for the
same T of the rainfall event

occurred in October.
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The testing process showed
satisfactory results. At the
four randomly chosen test
points, the observed and
simulated runoff depth are
very close to each other with
a difference in the range of
0.01 m-0.10 m.

A) Observed runoff depths by using
an image of the event occurred in
October from Garibaldi-Nesima
hospital security camera; B) Google
Maps image; C) Simulated runoff
depths by using HEC-RAS model;
D) Fixed point, back bumper of an
Alfa Romeo 147.
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Flood risk map for Garibaldi-Nesima watershed

LEGEND

[ catchment borders
I Built Up Areas
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A) Flood risk map for
Garibaldi-Nesima catchment;
B) Risk areas in the area of
Nature-Based Solutions (NBS)
implementation.
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NBS implementation for Flood Risk Mitigation

EPA SWMM model

The NBS mitigation effects (in terms of peak flow and runoff reductions) into the identified risk areas are evaluated at sub-catchment scale
(0.20 km?). Model simulations are performed by considering an area of 0.07 km? of NBS (in EPA SWMM model) that means 36.8% of the sub-

catchment area.

LEGEND
QOutlet
[ Catchment borders
W Area of Nature-Based Solutions (NBS) impl

~ [ Area of Nature-Based ! Rain barrels
3 Green Roofs £33 Infiltration basins
* Rain Gardens
A

A) Area of Nature-
Based Solutions (NBS)
implementation within
the Garibaldi-Nesima
watershed; B) Location
of the different NBS
typologies within the
sub-catchment
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NBS implementation for Flood Risk Mitigation

EPA SWMM model

RESULTS
Table &
Peak flow at the outlet of the Garibaldi-Nesima watershed (m’/s)
T 10 year T 50 year T 200 year
HEC-RAS
35.3 62.4 107.5
Current Scenario
EPA SWINIM
. 7.3 62.7 107.3
Current Scenario
EPA SWMM with NBS 32.0 56.4 99.5
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Conclusions

» The approach proposed to evaluate NBS mitigation effects in flood risk urban data scarce areas through the application of
Hec-RAS and EPA SWMM models, based on images from traffic and phone cameras, is promising. The preliminary
testing process of Hec-RAS model to simulate observed peak flows in different points in the areas and at the outlet of the
Garibaldi-Nesima watershed showed satisfactory results.

« The model EPA SWMM is able to simulate the effects in terms of peak flow and runoff volume reduction due to the NBS
implementation at sub-catchment scale.

« The proposed approach is easy to apply and has high replication capacity in urban hydrological data scarce areas.

« The results confirm that the integration of NBS with grey infrastructures in urban area could have hydrological and
hydraulic positive effects, in terms of peak flow and runoff volume reduction.

« The proposed approach could be used as a tool to support decision makers, planners and stakeholders to investing in

NBS as a green adaptation strategy against climate change in Mediterranean Regions.
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