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ABSTRACT

We present a multi-layer, multi-temporal flood map of the event occurred on December 2013 in
Basilicata (southern Italy), documenting the spatial evolution of the inundated areas through
time, as well as some ground effects of floodwaters inferred from the imagery. The map,
developed within a GIS and consisting of four, 1:20,000 scale, different layers, was prepared
using image processing, visual image interpretation and field survey controls. We used two
COSMO-SkyMed synthetic aperture radar (SAR) images, acquired during the event, and a
Pléiades-1B High-Resolution optical image, acquired at the end of the event. We also used
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the information derived from the satellite imagery to update some local features of the GIS
OpenStreetMap (OSM) geospatial database, and then integrated it within the flood map. A
classified multi-temporal dynamic map of inundation and flood effects has been produced in

the form of a multi-layer pdf file (Main Map).

1. Introduction

Floods are one of the most important natural hazards
because of their social and economic impact all over
the world. In the last decades, flood hazard became
particularly relevant in many Mediterranean areas
(Llasat et al., 2010), including the Basilicata Region in
southern Italy (Sole, Giosa, & Copertino, 2007),
because of climate and land-use changes (Capolongo,
Pennetta, Piccarreta, Fallacara, & Boenzi, 2008).

In particular, in Basilicata, the study of the inter-
annual variability of precipitation shows an increase
in intensity and in frequency of extreme events (Piccar-
reta, Pasini, Capolongo, & Lazzari, 2013) due to the
variation of the length of dry spells (increase) com-
pared to the wet days (decrease). On the other hand,
the farming practices and the abandonment of several
mechanized-remodeled areas for agriculture have
increased the soil erosion and desertification processes,
and this results in land degradation by rill networks
and gullying, which have a positive feedback on flood-
ing (Piccarreta, Capolongo, Boenzi, & Bentivenga,
2006).

In recent years, flood risk assessment and manage-
ment have been addressed by the EU Flood Directive,
(2007/60/EC, 2007), which requires, for each member
state, the redaction of hazard maps, the detection of
risk areas and finally an effective monitoring and

alerting system. For these reasons, interest in mapping
inundations and flood geomorphic effects is continu-
ously increasing (Santo, Santangelo, Forte, & De
Falco, 2017; Surian et al., 2016; Surian & Rinaldi, 2003).

Recent availability of high-resolution satellite
images pushed remote sensing application forward in
this field. Great improvement is provided by images
acquired in both the optical and microwave range of
the electromagnetic spectrum (Skakun, Kussul, Sheles-
tov, & Kussul, 2014). The availability of multi-source,
high-resolution remote sensing data poses the problem
of how to integrate them in ready-to-use maps. Satellite
data, compared with data acquired in situ, can meet
broader needs aimed at flood risk detection, flood
monitoring and damage assessment (Bates, 2004;
Sanyal & Lu, 2004), especially on large areas (Cova,
1999; Gitas, Polychronaki, Katagis, & Mallinis, 2008;
Khan, 2005; Nirupama & Simonovic, 2002; Serpico
et al., 2012).

High-resolution optical satellite imagery has been
used for flood mapping production (e.g. Sertit Rapid
Mapping Service section: http://sertit.u-strasbg.fr;
Copernicus Project: http://emergency.copernicus.eu/
mapping), although its use is usually limited by cloud
cover and nighttime. This problem can be overcome
by synthetic aperture radar (SAR) measurements
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from space, which are independent of daytime and
weather conditions. Thanks to its synoptic view (Hor-
ritt, Mason, Cobby, Davenport, & Bates, 2003), and the
high sensitivity of microwave backscattering to water,
that permits discriminating it from land, SAR systems
are particularly suitable for flood mapping (Pierdicca,
Pulvirenti, Chini, Guerriero, & Candela, 2013; Pulvir-
enti, Chini, Pierdicca, Guerriero, & Ferrazzoli, 2011).
Furthermore, interferometric SAR (InSAR) coherence
analysis is capable of highlighting subtle changes of
surface reflectivity between subsequent observations,
thanks to the sensitivity of the interferometric phase,
and can be of help in discriminating changes due to
flood from other types of surface change (Geudtner,
Winter, & Vachon, 1996; Refice et al.,, 2013; Refice
et al,, 2014).

Many examples of satellite-derived flood extent
maps have been published recently (e.g. Bellifemine
et al., 2010; D’addabbo et al., 2016; Kravchenko et al.,
2008; Kussul et al., 2007; Pulvirenti et al., 2011; Schu-
mann, Di Baldassarre, & Bates, 2009; Skakun, 2010),
even for small- to medium-sized river catchments,
where flooding processes are very fast (Boni et al,
2009). In vegetated areas, SAR data have been used
to map flooded forests in temperate regions regardless
of season and water stage (Townsend, 2001). Recent
studies have shown the efficiency of using satellite
images for flood damage assessment also in urban
areas with both SAR (Mason et al., 2010) and optical
satellite imagery (Zhang, Zhu, & Liu, 2014).

Optical images can be useful to assess sediment
transfer processes (e.g. erosion and deposition), allow-
ing to mainly focus on the post-flood investigation, but
can also be used as an indication of the local runoff
generation (Gaume & Borga, 2008).

We present here a multi-temporal inundation map
for the flood event occurred in December 2013 in Basi-
licata [Main Map]. We used two COnstellation of
Small Satellites for Mediterranean Basin Observation
(COSMO-SkyMed), stripmap, high-resolution (3 m)
SAR images, and a Pléiades-1B High-Resolution (0.5/
2 m, PAN/XS) optical image, acquired during and at
the end of the flooding event, to map the evolution of
the inundation through time, as well as its ground
effects.

The ground effects areas were identified by visual
interpretation of the optical image. We also included
data on the elements at risk of the area, updating the
OSM open-access database, and then integrating it in
our ground effects map layer, to visualize infrastruc-
tures most affected by runoff and sediment dynamics
during the flood event. The map layer was prepared
in order to show the sediment transfer processes
related to the flood event and to determine, as precisely
as the resolution allows, the spatial distribution of the
ground effects (e.g. sediment erosion and deposition)
on the river bed and floodplain.

2. Study area and flood event

The study was conducted in an area of the Metaponto
floodplain, in the southeastern part of the Basilicata
region, which spans a stripe of about 40 km across
the ITonian coast, covering part of the Sinni and of the
Bradano river catchments. The area covers most of
the wide coastal plain representing the terminal sector
of all the main Basilicata river basins, which flow into
the Ionian Sea (Figure 1).

From a geologic perspective, the study area lies on
the eastern side of the Bradanic Trough (BT), facing
the Ionian Sea. The BT is a wide depression (Ricchetti,
1980), elongated from North West (NW) to South East
(SE), between the southern Apennines at South West
(SW), and the ‘Murge’ relief at North East (NE).
This tight Plio-Pleistocene sedimentation basin,
200 km long and from 5-20 to 50-60 km wide, is filled
by a massive Plio-Pleistocene sedimentary sequence,
up to 2-3 km thick, and by Holocene and recent allu-
vial deposits that testify that this area has experienced
recurrent flooding at least in the past 4000 years (Pic-
carreta, Caldara, Capolongo, & Boenzi, 2011).

The outcropped part of the BT succession is made
up of lowland middle Pleistocene offshore silty clays
(Ciaranfi, Marino, Sabato, D’Alessandro, & De Rosa,
1996), covered locally by coarse-grained coastal and
continental deposits, known as ‘regressive coastal
deposits of the Bradanic Trough’ (Pieri, Sabato, & Tro-
peano, 1996). These regressive deposits diachronously
developed onto the south Apennines clays formation
(Tropeano, Sabato, & Pieri, 2002), forming the well-
known staircase of marine-terraced deposits of the
Metaponto area (Cilumbriello et al., 2010; Cilum-
briello, Tropeano, & Sabato, 2008) in the southernmost
sector of the BT.

From the geomorphological point of view, the Meta-
ponto plain extends inland for about 4-4.5 km. Its
Eastern part is characterized by extensive flat surfaces,
corresponding to marine terraces. The latest terraces,
i.e. those at lower altitudes, are gently sloping towards
the sea, dissected by both the wide river valleys and
smaller, narrow and deep tributaries. Upstream, ter-
races are more engraved, and the higher ones have a
limited extension (Pescatore et al, 2009). Hills,
stretched in the NW-SE direction, dominate the
northeastern part of the landscape, whose tabular top
consists of regressive conglomeratic-sandy Plio-Pleis-
tocene cycle sediments, while slopes consist of clay
and gray-blue marl deposits, widely affected by
instability and gully erosion landslide phenomena.
The rivers are Mediterranean type streams, character-
ized by dry summers and winter floods. Recently, due
to climate change, the area was impacted by autumn
and/or spring flash floods (Piccarreta, Capolongo, Mic-
coli, & Bentivenga, 2012), some of which source from
the Apennines, while others flow from the BT.
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Figure 1. (A) Location of study area, within an overview map of Italy, annotated upon a 40 m Digital Terrain Model (DTM) hillshade
(available as WMS Display Services from http://www.pcn.minambiente.it); the yellow rectangle delimits the detail map area. (B)
Detail map, annotated upon a false-color hillshade of a Shuttle Radar Topography Mission (SRTM), 90 m DEM (available from
CGIAR Consortium for Spatial Information — CGIAR-CSI); the red rectangle delimits the study area.

At present, the area is affected by intense anthropo-
genic activities, causing the dismantling of wide sectors
of shore and sand dunes, thus modifying the natural
environment.

Several flood events occurred in the last years in the
Basilicata region and, in particular, in its coastal area
on the Jonian Sea, due to its intrinsic lithological
(Boenzi et al, 2008) and geomorphological (Benti-
venga, Capolongo, Palladino, & Piccarreta, 2015)
properties.

In particular, between 30 November and 7 Decem-
ber 2013, the whole Basilicata region was hit by
heavy and persistent rainfall, as confirmed by rainfall
and runoff data acquired by the National Civil Protec-
tion (Figure 2). This meteorological event began on 1-2
December, reaching maximum intensity from 1-3
December; after that, rainfall gradually decreased
until 5 December. The runoff data show that stream
flow water levels, both in the Bradano and Basento
river basins, recorded a sharp increase on 1 December,
reaching up to 15 m in the Basento river and 12 m in
the Bradano river. Water levels then gradually
decreased in the following days, returning to values,
recorded on 7 December, of 5 m in the Basento river
basin (Grassano and S. Demetrio river gauges) and 3
m in the Bradano river basin (Bradano SS 106 and
S. Lucia river gauges). The high water levels triggered
the overflow of the Bradano, Basento, Cavone and
Sinni rivers.

Several main roads were closed, due to mud waves,
and the southeastern part of the Basilicata region suf-
fered the most severe flood effects. The towns of Poli-
coro and Metaponto, hosting very important ‘Magna
Graecia’ archaeological sites (Gioia, Bavusi, Di Leo,
Giammatteo, & Schiattarella, 2016), were flooded
(Figure 3). Most of the local farms suffered damages,
due to the inundation of their cultivated fields.

Coupled to the heavy rainfall, a sea storm affected
Marina di Pisticci and Metaponto Lido, towns located

in the coastal area. During 1 December, the sea storm
razed a large part of the coast affecting most of the
roads and tourist facilities behind the shoreline.

3. Data and methods
3.1. Data availability

The flooded area is partly covered by one Pléiades-1B
high-resolution (0.5/2 m) optical image, with an exten-
sion of about 200 km?, acquired on 5 December 2013 at
10:05 (Table 1). The frame covers the terminal sectors
of the Bradano and Basento Rivers, with part of the
Jonian coast at East, up to the town of Bernalda at
West. A larger area is covered by a series of
COSMO-SkyMed stripmap SAR images, acquired
with a ground pixel size of approximately 3 m, in the
same geometry, polarization (VV) and incidence
angle (38°), so that InSAR processing could be per-
formed. The acquisitions were made on 2 and 3
December 2013.

Pleéiades 1-B belongs to a satellite constellation com-
posed by two very high resolution satellites. They
acquire images in panchromatic and multispectral
mode (PAN +XS), at 0.5 and 2 m ground resolution,
respectively (http://www.satimagingcorp.com; https://
pleiades.cnes.fr).

The COSMO-SkyMed constellation consists of four
satellites, each equipped with a high-resolution SAR
operating in X band. They have a revisit time poten-
tially less than 12 hours, acquiring images at various
resolutions, reaching up to about 1 m in spotlight
mode (http://www.asi.it/en/activity/observation-earth/
cosmo-skymed).

3.2. Flood map production

SAR data acquired in the same configuration can be
combined coherently into an interferogram. Phase
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Figure 2. Rainfall and streamflow gauge data recorded during the event for the (A) Bradano and (B) Basento river basins.

signal visibility is encoded in a quality figure, called
coherence, which gives information about the vari-
ations occurred in the microscopic arrangement of
the individual scatterers composing the scene (Biirg-
mann, Rosen, & Fielding, 2000). SAR interferometric
coherence has been proven to be a viable tool to detect
subtle changes due to the passage of water on one or
both the acquisition dates (Geudtner et al., 1996). To
map the inundation time sequence from the SAR
data, a red—green—blue (RGB) image has been created,
where each of the RGB channels is assigned to a differ-
ent image as follows: the red channel to the SAR back-
scatter intensity acquired on 2 December, the green
channel to the intensity acquired on 3 December, and
the blue channel to the interferometric coherence
between the two images (for further details, see Refice
et al, 2014). Figure 4 shows the adopted conceptual
scheme. Often, pre- or post-flood SAR imagery is used
together with acquisitions during the event, to facilitate

the recognition of, e.g. permanent water bodies or other
areas potentially identified as false positives. In our case,
since the small size of the imaged river w.r.t. the SAR res-
olution does not allow to recognize easily the normal river
course in pre-flood images, and no land cover types such
as rice paddies or wetlands, which could be flooded for
significant periods of time, are present in the area, the uti-
lity of such approach would be negligible.

To map inundated areas on 5 December, the nor-
malized differential vegetation index (NDVI) image,
together with the pan-sharpened RGB spectral bands
of the Pleiades image, has been considered. The
NDVI was computed as defined in Rouse, Haas, Schell,
and Deering (1973):

Lir—L
NDVI = -R* R
Lir + Lr
where Lig and Ly are the terrain reflectivities in the

infrared and red spectral bands, respectively.
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tidiano della Basilicata). (A-D) detail maps of the archeological area inudation during all the observation period: (A) overview
location map, highlighting in the yellow rectangle the area of interest detailed in (B-D); (B,C) water evidence, respectively, on 2
and 3 December 2013 from RGB SAR composition, (D) water evidence on 5 December 2013 from Pléiades-1B HR.
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Table 1. Image data availability.

Image data
Acquisition Number of
Data Acquisition Sensor Resolution Explanation mode bands
Pléiades-1B 5 December 2013 Optical 2 m (multispectral) + 0.5 m Post-flood Pan + Multi 4+1
(panchromatic)
COSMO- 2,3 December Synthetic aperture radar 3 m (azimuth) x 3 m (ground range)  During flood Stripmap 1

SkyMed 2013 (SAR)

Reflectivities were derived from digital numbers, pro-
portional to radiances, through a standard atmospheric
correction procedure.

The NDVI image allows to distinguish water-cov-
ered areas (in conditions of clean or slightly turbid
water) from other land cover classes, thanks to their
different response in the red and near-infrared
bands. Other indices can be computed from the

multispectral bands of the Pleéiades image, such as
the normalized difference water index (NDWI)
(McFeeters, 1996). NDWI is used to identify water
thanks to the difference between the water reflectance
in the green band and the one in the NIR band. NDVI
is usually exploited to detect vegetation, but it can be
useful in water detection (Jawak, Kulkarni, & Luis,
2015). In our case, no significant difference could be

RGB SAR Composition
INTENSITY

2 December 2013

COHERENCE

2-3 December 2013

3 December 2013

YELLOW

RED GREEN

RGB SAR 2-3 December 2013

Figure 4. Scheme of the RGB SAR image composition, obtained from the two intensities and the coherence images of the InSAR
pair. In the composite image at the bottom-right, areas flooded on 2 December and not on 3 December appear greenish (low red
and blue components), areas flooded on 3 December and not on 2 December appear reddish (low green and blue components),
while brown-dark areas represent areas affected by the flood event on both days (low R, G and B components).



seen in a map obtained from NDWI than that
obtained from the standard NDVI.

To facilitate visual interpretation, a so-called pan-
sharpening operation was performed as well, consist-
ing in fusing together the panchromatic high-resol-
ution and the multispectral images from the
Pléiades sensor, through the Gram—Schmidt spectral
sharpening algorithm (Laben & Brower, 2000),
obtaining a pan-sharpened, true-color image at an
effective resolution close to that of the panchromatic
image, i.e. 0.5 m.

To create the thematic flood maps, all the satellite
images were georeferenced and projected in the UTM
33N, WGS84 reference system, and then loaded into
the QGIS open source software.

To map the flood using the above-mentioned sat-
ellite images, we prepared a grading (classification)
map of the apparent ground effects, and a multi-tem-
poral inundation map, using as reference the high-
resolution optical image and the RGB image compo-
sition of SAR intensities and coherence. Both maps
were drawn through visual interpretation of the satel-
lite data. Flood maps at 1:20,000 scale were prepared,
digitizing the inundation limits of the coastal sectors
of the Bradano and Basento rivers, and their effects.
The latter were determined on the Pleiades image
with different confidence levels expressing the uncer-
tainties related to potential error sources. The obser-
vations and surveys have been conducted at a more
detailed scale.

We also made a field campaign after the event, to
compare selected mapping details with the terrain
reality, in order to infer information about uncertain-
ties. The observations were important to assess
flooded areas, especially where the vegetation altered
the expected SAR signal response (e.g. vegetated
levees), or in case of relatively elevated terraces,
which were not inundated, although located in the
floodplain areas. The observations and surveys have
been reported on the map, at a more detailed scale
(up to 1:5000).

3.3. SAR-derived flood layers

To map the evolution of the flood, we analysed inten-
sity and coherence of the COSMO-SkyMed images
acquired on the 2 and 3 December 2013, pre-processed
using the techniques proposed in Refice et al. (2014). In
the RGB composite image, areas flooded on 2 Decem-
ber appear greenish (low red and blue components),
while areas flooded only on 3 December appear reddish
(low green and blue components). Brown-dark areas
represent fields affected by the flood event on both
days (low R, G and B components). Using this RGB
image as a guide, we digitized flooded areas for each
of the two days, creating two flood classes (SAR 2/12/
2013 and SAR 3/12/2013).
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3.4. Optical-derived flood and ground effects
layers

Photo interpretation and detection of the ground
effects were made observing flood evidences like traces
of water erosion or stagnation on the pan-sharpened
Pléiades image and the derived NDVI, described
above. We compared the state in which the same
areas were before (using as ancillary data a pre-event
Worldview image, available through GoogleEarth,
and a GeoEye image available through Bing) and
after the flood (from the Pléiades image). We mapped
the areas affected by inundation evidences, mostly
characterized by low values of the NDVI, and geo-
morphic features like sediment erosion and deposition
along the river banks, the riverbed and the floodplain,
for the Bradano and Basento rivers. We classified the
areas mapped on the optical image into three confi-
dence classes: the first one, named ‘very high confi-
dence’, includes the areas where water was directly
observed in the Pleiades image on 5 December. The
second confidence class, ‘high confidence’, includes
areas in which water was not directly observed, but ero-
sion traces of its passage or stagnation on the ground
could be found. Finally, the last class, ‘Medium confi-
dence’, concerns areas where evidences due to the flow
or stagnation of water, even if very inconspicuous, are vis-
ible only at very large map scales (e.g. 1:5000 or higher).
The ‘very high confidence’ areas are reported in the
map layer named ‘Water evidences on 5 Dec 2013’, the
other two are in the ‘Ground effects’ map layer.

3.5. Updated base map layers

We included in the maps base vector data, such as
administrative limits, archaeological sites and other
infrastructures (Table 2). We also used the OSM data-
base and amended it with updated observations, invol-
ving features such as country lanes and field
boundaries, which have been mostly affected by inun-
dations during the flood event.

In field features in OSM are represented by using
‘tags’, that are pairs of ‘keys’ and ‘values’ (also
named KV attributes). The keys describe broad classes
of land use features (e.g. aerial way, amenity, barrier,
etc.). Each of those keys can be set to one of many poss-
ible values, following common-sense or community-
driven ontologies (e.g. for the highway key: motorway,
trunk, primary, secondary, tertiary, etc.). A full list of

Table 2. Vector data availability.
Base map data

Data Source

OpenStreetMap dataset  https://www.openstreetmap.org

Main roads https://www.pcn.minambiente.it
Administrative https://www.eea.europa.eu and https://www.
boundaries gadm.org

Contour line map (5 m)  https://www.rsdi.regione.basilicata.it



https://www.openstreetmap.org
https://www.pcn.minambiente.it
https://www.eea.europa.eu
https://www.gadm.org
https://www.gadm.org
https://www.rsdi.regione.basilicata.it
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features is available at http://wiki.openstreetmap.org/
wiki/Map_Features.

We updated the OSM existing dataset by using a
2012 orthophoto, available as open data at the
Italian national geoportal website (http://www.pcn.
minambiente.it/GN/), Worldview imagery acquired in
2013 and GeoEye imagery acquired in 2011 (Figure
5). This update affected mainly the features tagged
with the ‘highway’ key, and particularly the ‘track’
and ‘service road’ values. The first feature sub-group
(‘track’) includes roads for mostly agricultural or for-
estry uses, while the second one includes access roads
to or within industrial estates, camp sites, business
parks, car parks, etc.

4. Results

The multi-layer, multi-temporal flood map shows the
spread and evolution of the flood event throughout the
river plain, in the period from 2-5 December 2013.

We created an interactive map in the form of a
multi-layer pdf file, in order to allow observing

620000 630000 640000

simultaneously the various flood evidences and effects.
Each layer contains a single feature and can be turned
on and off by the user.

The base layer shows the base map as background
and contains the map layout and the topography.
The other layers can be activated as overlays.

In particular, from the ‘Layer Map’ label (on the left
side of the map), the other five levels can be activated,
which are, from top to bottom: the ‘OpenStreetMap
Data’ level, the ‘Flood effects 5 Dec.” level, and the
three different Water evidence levels, respectively, for
5, 3 and 2 December 2013.

The first level contains mostly OSM vector data (e.g.
roads, river, buildings, leisure and archaeological sites,
etc.), with other few vector data taken from the Italian
‘Geoportale Nazionale’ site (see par 3.6).

The ‘Flood effects 5 Dec. 2013’ level shows ground
effects, at different confidence levels (as reported in the
legend below the map) detected after the flood on 5
December 2013.

The last three levels show water evidence on the
ground, respectively, for 5, 3 and 2 December.
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Figure 5. (A1) screenshot of the new Track and Service Highway data as visualized in the OSM database, with some of the changes
in the database highlighted in the detail inset (A2). (B) Enlargement of the map in (A1) around an area close to the Bradano River
(yellow-shaded rectangle in A1). Brown dotted lines represent the track roads, while grey lines represent service roads, mostly hit by

flood effects.
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http://www.pcn.minambiente.it/GN/

‘Water evidence 5 Dec’ level shows only the
areas with water visually identifiable on the Pléiades
image.

‘Water evidence 3 Dec’ and ‘water evidence 2 Dec’
levels show the inundated areas mapped on the RGB
combination of the COSMO-SkyMed SAR images.

The possibility of visualizing the layers as transpar-
ent overlays makes it possible to follow the evolution of
the flood event (activating each layer in sequence), and
also the ground effects related to each inundation level.
The OSM Data level allows observing the most vulner-
able and damaged areas.

5. Discussion

The two SAR acquisitions, together with the optical
one, offer a useful observation data set to follow the
temporal evolution of the flood wave phenomenon,
which was in the peak phase on 2 December and in a
decreasing one on the following day, while residual
flooded areas and ground effects were still visible on
the ground on 5 December. Looking at the maps, a
few areas can be noticed which result inundated on 5
December, but are not labelled as flooded on 2 or 3
December. SAR datasets. In our opinion, as these
areas presented high coherence (which means that no
change occurred during these two days), water traces
could be attributed to the peak event beginning on 1
December, as shown by rainfall/runoff basin data (see
Figure 2).

Our updates to OSM data have been necessary
because most of the areas affected by inundation
appeared to be agricultural fields or their annexed
infrastructures (e.g. paths, tracks and footways). The
overlays of the inundated area map and the elements
at risk map show how flood has intensely hit the
rural countryside.

6. Conclusions

An experimental map is presented, whose aim is to
convey to the reader multi-temporal information on
flood dynamics and induced ground effects for an
extreme event in a semiarid area of Southern Italy.

We created an interactive map in the form of a
multi-layer pdf file, in order to observe simultaneously
the various layers, as well as flood evidence and effects,
for the available dates.

The use of high-resolution remote sensing images
and advanced image processing techniques allowed to
map three very important kinds of information during
the flood event, such as the event dynamics, the
elements at risk on the area and the flood effects
occurred on the ground. Thanks to an RGB SAR/
InSAR composition, NDVT and a pan-sharpened opti-
cal image, a precise spatial delineation of the extents of
flood effects was possible, differentiating areas which
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have been flooded in each of the three days, 2, 3, and
5 December 2013.

We believe that such kind of ‘dynamic’ map can con-
vey useful information for flood management, with
respect to more traditional products, which are often
limited to ground effects mapping or spot eye-witness
reports, giving only a partial view of the phenomena.

Disclaimer

This map has been produced only for research pur-
poses and to match only those finalities. It cannot be
used with any other aims or in other contexts.

Software

Quantum GIS (QGIS) was used for the digitization of all
the features recognized from the satellite data, satellite
photointerpretation and cartographic work. The Java
OpenStreetMap Editor (JOSM) was used to edit some
new OSM base vectors. The latter software is an exten-
sible editor for OSM written in Java, through which
users may load GPX tracks, background imagery and
OSM data from local sources as well as from online
sources, and edit the OSM data (nodes, ways and
relations) and their metadata tags. Both tools are dis-
tributed as open source and licensed under GPL.
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