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RIASSUNTO 

Il presente lavoro illustra i risultati ottenuti nella raccolta di 
informazioni relative ad eventi franosi pluvio-indotti, utili ad una 
successiva definizione di soglie pluviometriche preliminari per il possibile 
innesco di frane superficiali nell’area del Sub-Appennino Dauno (Puglia 
settentrionale). L'attività di raccolta dati è stata realizzata in collaborazione 
tra l’Istituto di Ricerca per la Protezione Idrogeologica (CNR-IRPI) e il 
Centro Funzionale Decentrato del Servizio Protezione Civile della 
Regione Puglia. 

Nel presente contributo verranno messe in evidenza le difficoltà nella 
creazione del catalogo delle frane pluvio-indotte nel Sub-Appennino 
Dauno, e si presenteranno gli aggiornamenti sulla banca-dati sinora 
disponibile, utile al fine di definire una soglia di pioggia che, se raggiunta 
o superata, può causare l'innesco di frane.

La ricostruzione di una soglia pluviometrica per l'innesco di fenomeni 
franosi e la sua integrazione in un sistema d'allertamento nazionale può 
essere molto utile a fini operativi, ed è pertanto uno degli obiettivi primari 
da raggiungere per una ottimale gestione del territorio in riferimento a 
eventi di dissesto idrogeologico.  

KEY WORDS: rainfall thresholds, landslides, Daunia Sub-Apennine. 

INTRODUCTION 

One of the major geohazards for the safety of the Italian 
territory is the frequent occurrence of floods and landslides 
triggered by medium to extreme rainfall events. Rainfall-
induced landslides are responsible for heavy financial losses, 
and large environmental disasters, beside causing high numbers 
of fatalities, homeless and displaced people. Shallow 
landslides, even though less dramatic than the deeper and 
larger slope movements, are yearly responsible of temporary or 
prolonged interruptions along primary or secondary roads and 
railway lines. These events strongly hit the local economy and 
the quality of life of the people living in fragile territories. The 
safety of local communities, in Italy, is under the responsibility 
of the Civil Protection Offices. In Apulia, the Regional Civil 
Protection Office is collaborating with CNR-IRPI to collect 
data on shallow landslides initiated by rainfall events, aimed at 
defining empirical rainfall thresholds. This activity initially 

started within the research project “Rainfall thresholds for the 
possible initiation of shallow landslides”, signed by the 
National Civil Protection Office (DPC) and CNR-IRPI. At the 
regional scale, the project is focused on populating a catalogue 
of rainfall-induced shallow landslides occurred in the most 
landslide-prone sector of the region, that is the Daunia Sub-
Apennine, in NW Apulia. Hereafter, some preliminary results 
drawn from the on-going activity are presented, after a brief 
description of the method used to collect landslide information, 
and its main advantages and limitations.  

SHALLOW LANDSLIDES IN THE DAUNIA 
SUB-APENNINE 

The Daunia territory is the sector of Apulia at the border 
with the Southern Apennine Chain. It is characterized by hilly 
to locally mountain areas, where mostly clay deposits crop out, 
making the territory highly susceptible to development of 
shallow landslides. This part of Apulia is the most affected by 
slope movements (Parise, 2000, 2003) that typically start as 
planar or rotational landslides, and often become earthflow or 
debris flow according to the local predominant lithology. 
Furthermore, Daunia is a strategic territory for the road and rail 
infrastructures linking Apulia with the rest of the country 
(Giordan et al., 2013; Vennari et al., 2013).  

Since the eighties (Caine, 1980), empirical rainfall 
thresholds for the initiation of shallow landslides have been 
proposed for forecasting the rainfall intensity or amount that 
might cause the failure. Recently, these thresholds have been 
integrated in the Italian Early warning system devised by CNR-
IRPI, named SANF (Rossi et al., 2012). This system is 
conceived to aid DPC for alerting those regional offices in the 
territories where shallow landslides might be triggered, as a 
consequence of the forecasted rainfall. Such a warning is raised 
after combining the real time rain-gauge readings, the rainfall 
predictions over 24-48h time periods, and landslide 
susceptibility maps at the national scale. Thus, a correct and 
robust definition of the empirical rainfall thresholds can 
improve the efficiency of the early warning system.  

Data collection for reconstructing empirical rainfall thresholds for 
shallow landslides: challenges and improvements in the Daunia Sub-
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DAUNIA GEOLOGICAL SETTING 

The Daunia Sub-Apennine belongs to the Eastern sector of 
the Apennine Chain, corresponding to the main front of its 
thrust belt. It is constituted by allochthonous units, that overlay 
the terrigenous succession of the Bradanic Basin. 

The study area is formed by two different geological units, 
the Daunia unit and the Fortore unit (Dazzaro & Rapisardi, 
1996). These units consist of flyschioid formations with 
different degree of tectonization and lithological composition, 
typically showing a high content in clay. The main tectonic 
structures identified in the area are characterized by 
compressional activity with Adriatic vergence. The units have 
been influenced by tectonics for a long period; the high 
susceptibility to instability is one of the effects of the tectonic 
stresses experienced by the rock masses. 

As concerns the most typical slope movement types in 
Daunia, given the prevailingly clay presence within the 
successions the main typologies are represented by earth- and 
mud-flows, that often are the downslope evolution of rotational 
slides (Parise, 2003; Cotecchia et al., 2009; Parise et al., 2012). 
Soil slips, typically of small length and involving thicknesses 
lower than 3 meters, are extremely frequent after heavy 
rainstorms. Occurrence of rock falls is limited to the more 
competent members of the geological formations. Since most 
of the landslides consists of reactivations of larger and older 
movements, multi-temporal analysis (through production of 
landslide activity maps; see Parise & Wasowski, 1999; Parise, 
2001) is a crucial point in the understanding of the slope 
evolution in a context such as the Daunia Sub-Apennine. 

 
POPULATING THE ARCHIVE OF RAINFALL-

INDUCED SHALLOW LANDSLIDES 

CNR-IRPI collected so far information about 1981 rainfall 
events, which caused 2408 shallow landslides occurred over 
the Italian territory in the time period 2002-2012 (Brunetti et 
al., 2015). The geographical distribution of these events is not 
uniform. In order to enlarge the archive in Apulia, a joint effort 
is being produced by the Regional Civil Protection Office and 
CNR-IRPI. Several different sources of information have been 
scrutinized, such as scientific papers, chronicles, print and on-
line newspapers, and firefighters reports from the Provincial 
Office of Foggia. Furthermore, reports from the CNR National 
Group for the Defense against the Hydrogeological 
Catastrophes (GNDCI), and from the CNR-IRPI archive in 
Bari have been critically analyzed and evaluated. The collected 
landslide events are described through few relevant spatial and 
temporal features: geographical coordinates, time (from hourly 
to daily precision), slope movement type (according to Cruden 
& Varnes, 1996, classification). All these data are relevant for 
identifying the representative rain-gauge for the rainfall event 
that initiated the landslide: this has to be located at a distance 
lower than 10 km from the landslide, possibly at a similar 
altitude. The rainfall event responsible for the landslide onset is 
characterized by Duration D (h), Cumulate E (mm) and 
Intensity I (mm/h). According to the aforementioned features, 
252 landslide events have been identified in the time span 
1930-2012 (Loiacono et al., 2014). Unfortunately, these 

landslide events cannot all be used to define the thresholds; in 
fact, only those carefully and precisely described in time and 
space can be considered for being accounted into the database, 
as illustrated by Peruccacci et al. (2012) and by Vennari et al. 
(2014). The pre-1990 landslides were not taken into account 
because the rain-gauge readings were available only on paper 
format. Moreover, other 70 landslide events were excluded due 
to the lack of rain-gauge measures or their being out of service. 
Eventually, out of the 252 possible landslide events occurred in 
Daunia, only 52 shallow landslides initiated by 22 rainfall 
events contributed to populate the archive. Differences in the 
number of the rainfall events and landslides point out that 
multiple landslides can be initiated by a single rainfall event, 
described by one representative rain-gauge. 

According to Peruccacci et al. (2012), a minimum number 
of 175 rainfall events is needed to trace an empirical rainfall 
threshold site-specific. Thus, our initially 22 rainfall data could 
not be used to define a statistically-significant Apulian rainfall 
threshold. Nevertheless, a preliminary indication of the 
regional threshold for rainfall-induced shallow landslides has 
been presented by Loiacono et al. (2014); it is interesting to 
note that such threshold does not differentiate very much from 
that established for the whole Italian territory (Brunetti et al., 
2010). 

As a consequence of what stated above, the data collection 
is still on-going. We are at present enlarging the territory of 
interest by including portions of the confining Molise Region, 
showing similar characters to Daunia. Accordingly, new 
sources of information are being considered, as the firefighters 
reports from the Provincial Office of Campobasso. Thirty-six 
new reports of rainfall-induced landslides were thus found, that 
are at the moment under validation. 

 

 

Fig. 1 – a) Printed rainfall reading from Apulian rain-gauge before 1990; b) 
enlarged view of the pluviogram. 
 

In addition, the pre-1990 Apulian landslide events are now 
considered after reporting the data from paper (see Fig. 1) on 
digital sheets. These data are available at the Regional Office 
of Civil Protection, and a great effort was done to digitalize the 
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rainfall readings. So far, ten new events have been collected in 
the archive despite the large amount of time spent in the print 
source analyses and in the rain-gauge selection. Furthermore, 
in order to increase the number of events, sources of 
information are consulted daily to find new records about 
landslides events that occur in the study area, in order to 
achieve in the shortest time possible a consistent number of 
events. 

At the present the catalog consists in 32 rainfall events 
responsible for the onset of 62 shallow landslides. 

 
AUTOMATED PROCEDURES FOR COLLECTING 

THE RAINFALL EVENTS 
 

The CNR-IRPI group has developed two automated 
methods (Melillo et al., 2014; Vessia et al., 2014) to calculate 
the duration, cumulate and intensity of the rainfall events likely 
to be responsible for shallow landslide initiation. The two 
methods are derived from the “expert method” by the CNR-
IRPI group (Brunetti et al., 2010) and enable non-expert users 
to select within the representative rain-gauge readings those 
portions related to the landslide onset. These two contributions 
fill the gap in the scientific literature, where so far only expert 
methods had been proposed using site-specific procedure and 
parameters to select the rainfall events. Nonetheless, the 
repeatability of the rainfall selection criteria guarantees a much 
higher objectivity and enables to compare the worldwide 
datasets collected in different geographic and climate settings.  

 

  

Fig. 2 - A five-step flowchart that describes the automated method to select 
Duration, Cumulate and Intensity of the rainfall events that are responsible for 
shallow landslide initiation (after Vessia et al., 2014). 

Among the two automated methods above, that proposed by 
Vessia et al. (2014) is hereafter used. Figure 3 shows the 
flowchart of the five-step method. It will be used together with 
the expert method to calculate the new datasets of rainfall data 
by which tracing the empirical rainfall thresholds for the 
Apulia Region. The first application of this automated method 
to the 62 shallow landslides identified in the Daunia Sub-
Apennine enables to state that pairs of durations D and 
cumulates C calculated by means of the automated method 
correspond to 50% of the pairs calculated by means of the 
expert method (Fig. 3). 

 

Fig. 3 - Duration vs cumulated rainfall plot for the Daunia Sub-Apennine: red 
squares are calculated by the automatic method (Vessia et al., 2014), blue 
diamonds by the expert method (Brunetti et al., 2010). 

 
The two methods select the rainfall events by different 

criteria: 
1) The automated method is based on the minimum 

difference between two C values in a time span of 48 
or 72h; 

2) The expert method is based on the minimum rainfall 
height in a time span of 48h in spring-summer season 
and 96h in winter-fall season. 

In addition to the differences in selecting criteria the 
automated procedure makes the same choices in similar 
conditions, while the expert method uses the expert judgement 
to apply the selecting criteria properly case by case. These 
main features of the two methods, in these D,E pairs result in 
higher differences in D values than in C values. 
 

FINAL REMARKS 

At present, the number of collected rainfall-induced 
shallow landslides data do not enable to draw a statistically-
significant regional threshold for the Daunia Sub-Apennine. 
The low density of rain-gauges installed in the investigated 
territories, combined to the frequent malfunctioning, made the 
data collection a difficult task, and a time-consuming work. 
This is especially true for the pre-1990 landslide events. The 
need to collect precise information in time and space forced to 
exclude many landslide events, as reported by newspapers and 
firefighters. Another disadvantage is the strong demographic 
decrease affecting Daunia (Dragone & Parise, 2014), that 
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reduces the possibility to get information on the shallow 
landslides occurred outside the inhabited areas. 

The on-going work, which includes analysis over a wider 
area, with similar geomorphological and lithological 
conditions, and a longer time window for collecting landslide 
data, will hopefully provide new events needed to gain a 
statistically meaningful dataset for tracing Empirical Rainfall 
Threshold for the foothill Apennine territories of Apulia and 
Molise regions.  
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