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ABSTRACT

The paper describes a case study of the Tuccio River, which models and analyses its discharge, sediment
transport and morphological evolution, and also identifies the possible causes of evolutionary and
flooding phenomena. The Tuccio River is situated in the southern extremity of Calabria, on the Ionian
coast, about 30 km from Reggio Calabria. Adjacent to the river there is a town (Melito Porto Salvo), an
aqueduct, and varied economic activity, most of which is related to agriculture and breeding. This is an
interesting case study because the riverbed has displayed several morphological changes, many of
which were recent and related to the construction of hydraulic works. The entire riverbed study area
was divided into two sub-sections. The downstream sub-section is about 3.5 km long, it is heavily
anthropised and has an elevation from the riverbed. Flooded areas were evaluated for this section. The
second sub-section is located about 10 km upstream from the river mouth, its length is over 3 km long
and it is characterised by an erosive phenomena. The sediment transport in the section was modelled
and the modelling became complex. In fact, the following software was used: MapWindow (to
characterise the river basin), Google Earth Pro, QGIS and the GPS Visualizer application (for the
reconstruction of the DEM), HEC-HMS (for hydrological modelling), HEC-RAS2D (for hydraulic and
sediment transport modelling). From the results of the HEC-RAS2D modelling it was possible to
observe that in the mountain section, 50,000 t/year were eroded on average. Moreover, a significant
percentage of this material was deposited downstream. This situation, together with the presence of
hydraulic structures, caused an elevation of the river bed, with an increase in flood risk. In conclusion,
it is possible to state that large-scale modelling as described above is particularly useful for an effective
understanding of river dynamics.
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1 INTRODUCTION

The increase in anthropogenic pressure observed in Italy over the last 50 years has increased
the vulnerability of the territory under the action of natural events such as floods [1]-[3],
debris flow [4], storms [5], [6] and coastal erosion [7], [8]. In fact, the increase in
anthropogenic pressure has mainly resulted in an increase in soil waterproofing [9], with a
consequent reduction in hydrological losses and an increase in river discharge with the same
rainfall event. Moreover, the increase in anthropogenic pressure has altered the river
dynamics due to the construction of hydraulic structures which interfere with fluvial
dynamics such as levees, dams [10], [11], inert drains from river beds, and soil erosion by
water [12], [13]. The alterations of the river dynamics, and therefore of the river transport,
has also modified coastal dynamics [14]. Indeed, the shoreline position is an important factor
in coastal dynamics [15]-[17] and is related to natural and anthropogenic factors [18], [19].
The most important anthropogenic factors [20] are the construction of buildings,
infrastructure, ports and coastal defence works [21]-[27]. Among the natural factors, the
most important are the action of wave motion [28]-[32] and the interaction between
longshore and river transport [33]-[37]. Therefore, an accurate knowledge of river [38] and
coastal morphodynamics [39], [40] and of its causes [41]-[43] are important for river and
coastal zone planning and management [44].

This paper describes a case study related to the terminal area of the Tuccio River, located
in the southern part of Calabria (Italy). In this paper the discharge, the sediment transport and
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the morphological evolution of the riverbed are analyzed and possible causes of these
phenomena are also identified.

2 SITE DESCRIPTION

The study area is situated in the southern part of Calabria (Italy), and its mouth is on the
Ionian Sea near Melito Porto Salvo, a town 30 km distant from Reggio Calabria (for this
reason the river is also called the “Melito River”). An aqueduct and various economic
activities are also situated near the river, most of which are related to agriculture and
breeding. The river has undergone several morphological changes, both longitudinally and
transversally, most of which have been concentrated in the last twenty years and are related
to the construction of various types of hydraulic works (weirs, embankments). These
structures have caused both erosion and elevation of the riverbed. For example, such erosion
can be seen at the bridge piers in Prunella (Fig. 1). Moreover, it is possible to observe the
collapse of an embankment (Fig. 2) and the elevation of the riverbed that has exceeded the
altitude of the inhabited area in Pallica (Fig. 3).

Figure 1: The Tuccio River: erosion at bridge piers in Prunella.

Figure 2: The Tuccio River: collapse of an embankment.
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Figure 3:  The Tuccio River: elevation of the riverbed that has exceeded the altitude of the
inhabited area in Pallica.

3 MODELLING
The discharge, the sediment transport and the morphological evolution of the Tuccio River
were modelled using HEC-RAS 2D and the relative sediment transport module. Before
carrying out this modelling it was first necessary to identify and morphometrically
characterise the catchment area using Map Window, to reconstruct the DEM using the
procedure described below, and to perform hydrological modelling with HEC-HMS.

3.1 Catchment area properties and DEM reconstruction

The identification and morphometric characterisation phase of the catchment area was carried
out by starting from the data available in the OpenData section of the Geoportal of the
Calabria Region (http://geoportale.regione.calabria.it/) using Map Window and its
Watershed Delineation plugin. The results obtained are shown in Fig. 4 and in Table 1.

The DEM reconstruction procedure, to be used as input for HEC-RAS modelling,
involved various software and applications. In particular, starting from the satellite images
available, two DEMs were created using the Google Earth Pro Path function, which related
to two different time periods, being October 2005 and September 2017. The points identified
were then processed with the Elevation function of the GPS Visualizer application, in order
to assign the relative coordinates and elevations to each point. These points were then
imported into QGIS in order to create a unique DEM for each time period using a triangular
interpolation function. The results obtained are shown in Fig. 5.

Table 1: Morphometric parameters of the Tuccio River basin.

Parameter Value
Area (Km?) 80.0
Perimeter (Km) 59.0
Main stream length (Km) |30.2
Average height (m) 673.2
Average slope (%) 36.7
Horton’s order 6
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Figure 4: The Tuccio River basin.

Figure 5: On the left there is the DEM of 2005, on the right that of 2017.

3.2 Hydrological modelling

The hydrological modelling was carried out using HEC-HMS in order to estimate the design
hydrographs with a return period of 200 years, starting from the rainfall data recorded by the
three gauges (Melito Porto Salvo, Roccaforte del Greco, Croce San Lorenzo) present in the
Tuccio River basin or near it (Fig. 6 and Table 2). For each station, the rainfall depth-duration
curve was obtained by analysing the annual rainfall maxima of 1, 3, 6, 12 and 24 hours. The
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rainfall depth-duration curve of the entire basin was obtained by taking into account the

influence area of each station and assessed by the Thiessen polygon method. The results
obtained are shown in Fig. 7.

Figure 6: Gauges located in or near the Tuccio River basin.

Table 2: Gauges featured.

Gauges Elevation (m) Years available Weight (%)
Croce San Lorenzo 656 36 16
Melito Porto Salvo 10 17 66
Roccaforte del Greco 937 13 18

200

100

B hyetograph =——hydrograph

Figure 7: Design hyetograph and hydrograph of the Tuccio River basin.
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3.3 Hydraulic and sediment transport modelling

The study area was divided into two parts, one near the river mouth with a length of about
3.5 km. This part is the most anthropised and mainly flood areas were studied (Fig. 8). The
second part is located about 10 km upstream from the mouth and is over 3 km long. This part
is the one most subject to morphological changes and mainly sediment transport was
modelled (Fig. 9). For the modelling of both areas, HEC-RAS 2D was used and the river
geometry was obtained using HEC-RAS Utilities, a Map Window plugin. In particular, this
plugin generated the shapefiles of the cross-sections and characteristic elements (Channel,
Banks, Levees) using the DEMs described above. To identify the flood areas, the RAS-
Mapper application was used. Regarding the sediment transport, the evolution trend of the
river was identified using the SIAM (System Impact Assistant Model) model. Furthermore,
the equilibrium profile was identified using the tangential effort method (Stable Channel
Design).

Figure 8: Flooding areas of the Tuccio River basin.
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Figure 9: Sediment transport of the Tuccio River basin.
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4 CONCLUSIONS
The paper describes a case study of the Tuccio river whose discharge, sediment transport and
morphological evolution were modelled and analysed, and the possible causes of
evolutionary and flooding phenomena were identified. The river is an interesting case study
as it has undergone several morphological changes both longitudinally and transversally,
most of which have been concentrated in the last twenty years and are related to the
construction of various types of hydraulic works, weirs, embankments, etc.

The study area was divided into two parts, one near the river mouth with a length of about
3.5 km. This part was the most anthropised and mainly flood areas were studied. The second
part is located about 10 km upstream from the mouth and is over 3 km long. This part is the
one most subject to morphological changes and mainly sediment transport was modelled.
The modelling reached a high level of complexity and required the joint use of different
software and applications: Map Window to identify and morphometrically characterise the
catchment area, Google Earth Pro, QGIS and the GPS Visualizer application to reconstruct
the DEM, HEC-HMS to perform hydrological modelling, and HEC-RAS 2D to perform
hydraulic and sediment transport modelling.

From the results of the hydraulic modelling it is possible to observe that in the terminal
part of the Tuccio river floods can occur near the inhabited areas. In this part the riverbed is
at higher altitudes than the adjacent territories, and this increases flood risk. The modelling
of solid transport showed that in the upstream section over 50,000 t/year was lost on average,
causing a lowering of the riverbed. This situation can also be observed by comparing the two
DEMs. A significant percentage of the eroded material was deposited downstream and this
contributed to the emergence of the phenomena described above.

In conclusion, studies and modelling carried out on small portions of a river basin, without
taking into account the other river basin parts, can lead to partial or misleading results of the
fluvial dynamics. It is therefore necessary to perform basin scale studies using hydraulic,
hydrological and morphological modelling, as is the case described in this paper.
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