
(geoprocessing) tools and can be accessed from the QGIS user interface.
Moreover, thanks to the QGIS plugin architecture, the GFA tool inherits
several native advantages of QGIS, e.g. interoperability, portability
(available for Windows, Linux, OS and Android), diffusion, modularity
and flexibility. This allows easy sharing of tools among users and re-
searchers, and facilitates amendments and addition of improvements
and new algorithms (Albano, Mancusi, & Abbate, 2017). The GFA tool
already offers a suit of sophisticated analytical capabilities and, because
the source code is open and modular, developers can integrate or ex-
tract and reuse some of their functionality to incorporate it into larger
more complex analytical and simulation systems of both physical and
human-environment interactions (Albano, Mancusi, Sole, &
Adamowski, 2017). For example, the proposed software can be used as
platforms to seamlessly integrate and analyse this diverse information
which can be accessed and distributed over a larger web-system in the
future.

The GFA tool has taken advantage of the integration of Python with
the well-known GDAL (Geospatial Data Abstraction Library) library
(www.gdal.org) for manipulation and elaboration of spatial data (e.g.
reading and writing raster data, such as DEMs). Furthermore, the GFA
tool uses the numeric extension NumPy (www.numpy.org) for scientific
computing to include support for powerful N-dimensional array objects.
In fact, NumPy allows the efficient manipulation of numerically in-
tensive operation on raster data. Performance measures of the linear
binary classifier have been carried out by scikit-learn numeric libraries
(www.scikit-learn.org).

3.4. GFA tool components and functionalities

A graphical user interface (GUI) has been designed to simplify the
interaction with the end-users, as shown in Fig. 3. The interface is
composed of the following boxes.

3.4.1. Input
Four layers are required as input data in the plugin interface: i)

DEM; ii) depressionless DEM; iii) flow direction; and iv) flow accu-
mulation. These layers can be selected in the pop-up menus of the tool
interface whether calculations are done using QGIS or another

software.

3.4.2. Set methodology options
Four options must be specified:

1. Flow direction coding algorithm that has been used to produce the
flow direction loaded. A pop-up menu allows users to choose be-
tween three possible algorithms: ESRI (Greenlee, 1987; Jenson &
Domingue, 1988), HyGRID2k2 (Cazorzi, 2002), TauDEM (Garbrecht
& Martz, 1997; Tarboton, 1997).

2. Criterion for drainage network identification contains two possible
choices:
i. the channel starts from locations where the area-slope factor ASk

(where A is the drained area in a point, S is the local slope, and k
is a parameter generally set equal to 1.7) is higher than a specific
threshold (see Giannoni, Roth, & Rudari, 2005);

ii. the channel starts from locations where the flow accumulation is
higher than a specific threshold.

3. Threshold for the identification of the drainage network in the
“Threshold channel” spin control.

4. Hydraulic scaling relation exponent, used for the estimation of the
water level (hr) in each cell of the basin assuming a scaling re-
lationship with the contributing area: hr≈ Ar

n. The power law
mentioned, and therefore the exponent n, can be estimated based on
hydraulic data obtained from gauging stations located within the
investigated basin (see Samela, Troy, et al., 2017), or can be taken
from literature (e.g. Engelund & Hansen, 1967; Ibbitt, 1997; Ibbitt,
Mckerchar, & Duncan, 1998; Knighton, 2014; Leopold & Maddock,
1953; Leopold, Wolman, & Miller, 1965; Li, 1974; McKerchar, Ibbitt,
Brown, & Duncan, 1998; Nardi et al., 2006; Nobre et al., 2011; Park,
1977; Rodriguez-Iturbe & Rinaldo, 1997; Smith, 1974; Whiting,
Stamm, Moog, & Orndorff, 1999).

3.4.3. Set calibration options
Here, the user is given the chance to specify the normalized

threshold (manually set threshold) which the tool will apply to the GFI
map to seek for flood-prone locations. Basin cells that have a value of
GFI higher than the imposed threshold will be targeted as flood-prone,

Fig. 2. This image shows how the GFA tool may be used to derive a preliminary, but complete, flood susceptibility map starting from incomplete flood hazard maps.

C. Samela et al.

This image shows how the proposed model may be used 

to derive a complete water depth map starting from 

incomplete flood hazard map.

Introduction

Most part of existing large-
scale flood risk maps
are incomplete, and there is a
wide variety of models used
and level of detail adopted.

Large-scale analyses often face
a range of practical difficulties,
for example, due to:
- the significant amount of data
and parameters needed for
traditional models;
- the coarse resolution of data
available at a global scale and
the sparse availability of high-
resolution data.

Samela et al., 2018
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Figure 1. A schematic description of the parameters used to derive the GFI and the water level depth estimated 

in a hypothetical cross-section.  

 

3. The study area and dataset: the Bradano River in southern Italy 

The study was carried out on the Bradano River, one of the major rivers of the Basilicata 

Region (southern Italy). It has a drainage basin of about 2,765 km  with an upper portion 

characterized by a marked topography and a terminal portion characterized by smooth hills and flat 

valleys. Annual average precipitation ranges from 300 to 700 mm, concentrated in winter between 

November and January. The mean altitude is about 385 m with about 70% of the basin ranging 

between 200 and 600 m, and the average slope is about 12% (Canora et al., 2015). It has a torrential 

regime with a mean annual discharge of about 7 m3/s, with severe floods in autumn and winter and 

almost no river flow during summer. 

The portion of the basin near the outlet to the Ionian Sea is one of the richest of the region, with 

urbanized areas, agricultural activities (with intensive production of fruit, cereals and vegetables), 

tourist activities (with associated resorts and bathing facilities), and also conservation areas. The 

same area is also one of the most critical in terms of flooding for both Basilicata and the contiguous 

Puglia Region, having been hit by several floods in the last few years.   

For the present study, we focused on this critical portion near the outlet, investigating an area of 

about 80 km2 (Figure 2). We analysed one of the most recent and severe flood events which 

occurred on 2-3 December 2013. It was induced by heavy rainfall that reached about 100 mm in one 

day (measured at Matera city gauging station upstream from the study area), producing a peak flow 

discharge recorded in the early hours of 2 December of about 800 m3/s (Scarpino et al., 2018). 
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Methodology
The present study proposes a cost-
efficient method for a large-scale
analysis and mapping of direct
economic flood damage at medium
resolution in data-scarce environments.
The proposed methodological
framework consists of three main stages:
i. deriving an hazard map through a

DEM-based geomorphic method
using a linear binary classification;

ii. generating an exposure land-use
map developed from multi-spectral
Landsat 8 satellite images using a
machine-learning (Artificial Neural
Network) classification algorithm

iii. performing a flood damage
assessment using a GIS tool based
on the vulnerability (depth-
damage) curves method.Manfreda et al., 2019

Albano et al., 2017
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In addition, the pan-European flood hazard map by Alfieri et al.
(2014) was adopted as standard map to calibrate the classifier. The map
was determined for a return period of 100 years by applying a

combination of distributed hydrologic and hydraulic models, and it
provides a rough description of flood hazard along the main pan-Eur-
opean rivers with a resolution of 100m. To carry out the binary

Fig. 4. Panel 1 represents the five major drainage basins identified to study the entire Romania. It also shows the 100-year flood-prone areas identified using the GFA tool (depicted in
dark blue). The following two couples of images provide a more detailed comparison between these geomorphic flood-prone areas and the pan-European flood hazard map (Alfieri et al.,
2014) used to calibrate the linear binary classification. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Panel 1 represents the five major drainage basins identified to study the

entire Romania. It also shows the 100-year flood hazard areas.

The two couples of images (panels 2 and 3) provide a more detailed

comparison between geomorphic flood-prone areas and the JRC pan-
European flood hazard used to calibrate the linear binary classification.

Application for 
Romania

The proposed integrated
method was applied over the
entire country of Romania
(including minor order basins)
for a 100-year return time at 30-
m resolution.
This shows how the proposed
method can enhance the
completeness and spatial
details of existing flood hazard
and damage maps.
The use of global datasets
enable rapid assessments of
flood risk for policymakers in
regions where there is little data
available.

Samela et al., 2018
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