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Abstract
This short note presents a review of some studies carried out in 
the last ten years in the region of Southern Apennines, facing the 
problem of flooding in small catchments and related piedmont 
areas. This kind of drainage basin are generally prone to flash 
flood events and many of them recorded in the last years seri-
ous damages. Unfortunately, they are often not monitored and 
the lack of information on rainfall and flow data makes more 
difficult to apply hydrological and hydraulic models to evalu-
ate hazard and risk condition. In these contexts, a preliminary 
geomorphological study may be useful to identify the flooding 
prone areas and to depict the main flooding scenarios. This ap-
proach includes field surveys, morphometric analysis in GIS 
environment, air-photo interpretation and thematic mapping 
elaboration.

Keywords
flash flood, flooding scenarios, geomorphological analysis, 
Southern Italy

Introduction 
A flash flood is a flood caused by heavy or excessive rainfall in a 
short period. This phenomenon is very frequent in Europe and 
in the Mediterranean area [1-5], where generally occurs in small 
catchments (few hundred square kilometres wide) with short re-
sponse times (a few hours or less). These catchments often are 
not monitored and the lack of information on rainfall and flow 
data makes more difficult to apply hydrological and hydraulic 
models to evaluate hazard and risk condition. In this meaning, a 
geomorphological approach may be useful to identify the flood-
ing prone areas and to depict the main flooding scenarios.

Along the Southern Apennines (Figure 1), drainage basins with 
high relief energy belonging to the category of small Mediter-
ranean catchments, are a widespread geomorphic unit. These 
basins are generally characterized by low runoff rates, but dur-
ing rainfall events of high intensity and short duration, mainly 
occurring during autumn and spring, may be subject to flash 
floods. The delivery areas of these basins are represented by pied-
monts made up by single or coalescent alluvial fans (Figure 2A). 
During the last few centuries until now, these fans have been af-
fected by severe flooding that had produced serious damage and 
loss of life. Cause to the relatively long-time lags between floods 
and the consequent loss of historical memory, development of 
urban areas in recent decades has not taken into account the 
presence of alluvial fans (Figure 2B). This great urban expansion 
implies that the local communities has to face with the problem 
of flash flood. This problem is getting worse taking into account 
the real increase in the frequency of violent convective storms in 
Mediterranean areas, producing rainfall patterns of high inten-
sity within small space-time scales [6], which are critical for the 
initiation of flash floods. 

During a flash flood, the sediments captured by the stream may 
be transported down valley according to different flow condi-
tions and sediment concentrations, ranging from debris flow to 
water flood [7-9]. These phenomena may induce highly erosive 
flows and impact forces due to the mix of water, soil, boulders, 
trees and debris, but they also may have a very high rate of aggra-
dation, due to the deposition of large particles. The identification 
of the specific hydro-geomorphic process is a central problem 
because each process has different intensity/magnitude (Fig-
ure 3). The impact of a debris flow is significantly higher than 
a water flood of the same volume and velocity, given the higher 
bulk density of the debris flow [10,11]. In this framework, the 
reconstruction of the potential flooding scenario may represent 
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Figure 1: Location map and geological setting of the study area.

Figure 3: Examples of flooding scenarios.
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Figure 2: An Example of piedmont area (Maddalena Mts, Salerno province) and related geomorphological map; B detail 
of the urbanized portion of the piedmont (Sala Consilina town). From [14 and 20], modified.
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Figure 4: Flow chart for the geomorphological approach used to define flash flood prone areas in Southern Apennines. From 
[15 and 20], modified.
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a significant contribution to studies aiming at risk evaluation and 
mitigation. This goal may be reached by means of geomorpho-
logical analysis at different scale including field surveys, mor-
phometric analysis in GIS environment, air-photo interpretation 
and thematic mapping elaboration.

Discussion
Flash flood hazard can be defined as the probability that such 
event may occur in a precise place, on a precise moment and 
with a known intensity. This statement imply that hazard studies 
have to deal with three simple question: where, when and how a 
flash flood event may occur.

The contribution of geomorphological analysis may help in an-
swering two of these questions: where could flooding occur and 
how severe it could be (Figure 4A).

As regard as the first question, current literature provides sever-
al approaches to this issue. According to the Federal Emergency 
Management Agency of the USA [8], detailed geomorphological 
mapping at small and medium scales (1:50000 – 1:10000) and in-
tegrated field surveys represent the best tools to identify the areas 
susceptible to flooding. It is based on the identification of the ac-
tive portions of the fan (Special Flood Hazard Areas), which are 
those located down-fan in respect of the intersection point (Fig. 
2A) [12,13]. The geomorphological analysis carried out along the 
Southern Apennines chain [14,15] pointed out the presence of 
102 basin/fan systems located in carbonate massifs that may be 
prone to flash flood events.

In order to give further information about the intensity of poten-
tial flooding (magnitude evaluation), many studies [16-19] have 
shown that relationships between morphometric attributes of 
alluvial fans and morphometric attributes of the corresponding 
upslope basins can be effectively exploited for classifying alluvial 
fans with respect to the two different dominant flooding mech-
anisms, i.e. either debris flows (Df) or water floods (Wf). In the 
case of the geological and geomorphological setting of Southern 
Apennines, the Authors [14] found out that the best discrimi-
nation between debris flow (Df) and water flood (Wf) processes 
is achieved by means of two related variables, one for the basin 
(feeder channel inclination, Cg) and one for the fan (fan length, 
Fl). A morphometric index of the alluvial fan (Fx) can be de-
rived by a linear equation applied to these two variables and may 
be easily used to identify the most critical situation at a regional 
scale. They also outlined that 48% of the Df fans and 20% of the 
Wf fans of the region is in coincidence with densely inhabited 
areas, thus envisaging the most potential high-risk situations.

Geomorphological analysis can be also carried out at larger scale 
(1:2,000 or higher, Figure 4B) especially in the case of extensive-
ly urbanized fan systems. This kind of approach entails detailed 
geological and geomorphological field surveys, historical data 
analysis on past floods and the reconstruction of the interaction 
between natural drainage directions and the urban infrastruc-
tures (main roads, buildings, bridges, etc). These points in fact, 

may represent critical conditions during flood propagation. In 
the case of the Sala Consilina town (Figure 4B), several thematic 
maps representing the main predisposing/critical factor for flood 
propagation were produced and then overlaid by means of a GIS 
procedure based on a susceptibility matrix [20,15]. The result 
was a flood susceptibility map representing different degrees of 
danger within the fan system. 

The collection of a database on past flash floods is another signif-
icant step in study aiming at defining flash flood hazard. In the 
case of Southern Apennines, a data set of about 500 historical 
events from 1540 up to now, which is constantly updated [21] 
is available to the Author. These data have been useful to depict 
a regional scenario on the spatial and temporal distribution of 
flash floods in the region.

The reconstruction of flooding scenarios may also involve, when 
possible, detailed post-event surveys of recently occurred events 
[22,23]. In these cases, the acquisition of remotely sensed data by 
means of UAV (drones) represent and useful tools to obtain a lot 
of information regarding the real extent of the damaged area and 
the kind of erosional and depositional processes occurred during 
the flood. By coupling the field and remote sense information, it 
is possible to draw a detailed post-event geomorphological map, 
which can be very useful for the assessment of the real magni-
tude of the event. In the case of the Buccino event [22], occurred 
in 2011 in the Marzano Mts area, it was possible to assess the vol-
umes of material transported down valley during the flash flood 
event. Collecting as more information as possible on recently 
occurred events may also be useful to perform back analysis in 
order to apply physical based model aiming at simulating future 
similar scenarios in different triggering conditions.

Conclusive Remarks
Geomorphological analysis may provide significant contribution 
in flash flood hazard studies. 

More in detail, it can be useful in the following topics:

1.   To identify the areas prone to this phenomenon (active por-
tion of fan systems)

2.   To analyse the basin/fan system by means of a morphomet-
ric approach aiming at distinguish between debris flow vs water 
flood dominated fans (collecting information about flood mag-
nitude)

3.   To study recently occurred events in order to better under-
stand the extent of damaged areas and the kind of processes oc-
curred.

These data may be employed for identifying the main hazard/risk 
scenarios. Collecting such data represents a fundamental tool for 
several studies, mainly aiming to define hydraulic models of flow 
propagation.

In particular these contributions can be useful to: 
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1.   Better understand the disaster processes and further improve 
flood prediction and hazard map 

2.   Plan monitoring, early warning and risk mitigation strategies

3.   Test and calibrate hydraulic models 

4.   Enhance local and regional capacity to mitigate against such 
events in the future. 
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