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Abstract

Debris flows play an important role among natural hazards in the mountainous
areas of Italy. This paper provides an overview of the recent research on debris
flows conducted in Italy, taking into account both hydraulic and morphological
studies. Moreover, the most encouraging research perspectives in this field are
briefly presented, such as the monitoring in instrumented basins, the
geotechnical analysis of the processes leading to debris flow initiation and
modelling. Finally, three study cases are reported, with the aim of outlining the
main characteristics of these phenomena and the consequent risk conditions in
representative sites in the Italian mountains.
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1 Introduction

Italy is a peninsula in southern Europe, whose territory covers 301,277 km* and
of which 75% consists of mountainous or hilly areas. Relief is high and
differentiated: peaks on the Alps (Northern Italy) range between 2,700 and 4,800
m a.s.l., while on the Apennines (Central and Southern Italy), they vary between
2,000 and 2,800 m a.s.l. The Po River is the longest water course (652 km) and it
crosses Northern Italy in an E-W direction, draining a basin of about 70,000 km?
Its average annual runoff is about 660 mm; higher peak discharges reach values
of about 10,000 m’s’ [1]. The Alps originated by compression and
foreshortening of the margins between Africa and Europe. This processes of
crustal shortening, which began in the late Mesozoic era (Upper Cretaceous) and
continues up to the present, has led to the formation of thrust nappes of the
crystalline basement and of its sedimentary cover complexes (carbonates, marls
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and sandstones) hundreds of kilometres northward since the Eocene age. Some
of the rocks suffered intense regional metamorphism and granitic intrusives rose
into the deformed pile of rocks. A subsequent compressive phase during the
Oligocene-Miocene age led to the formation of the sedimentary Apenninic
nappes, in which flysch facies prevail. Large areas of the Italian Peninsula are
seismically active [1]. Most of Italy (Central and Southern Italy and the Islands)
is characterized by a Mediterranean climate (warm, dry summer); in Northern
Italy the climate is still Mediterranean-influenced, but with sufficient
precipitation all year round. In the Alps and the Apennines, mountains strongly
affect the climate conditions. Highest annual precipitation occurs in some areas
of the Pre-alpine belt (up to about 3,000 mm) and on the western slope of the
Northern Apennine. Low annual precipitation (less than 600 mm) characterizes
widespread areas of Southern Italy; low precipitation is also found in some
locations of Northern Italy (e.g. in some valleys in the inner part of the Alps), as
a consequence of local topographic conditions. Very high excesses of
precipitation occur in several mountain ranges, resulting in favourable conditions
for occurrence of flash floods, landslides and debris flows [1].

Debris flows are amongst the most frequent and serious natural disasters in
the mountainous areas of Italy. These geomorphic processes, consisting of a
mixture of water and sediment that moves as a viscous fluid down a torrent
channel or a scree-slope, are highly destructive; their activity has caused
substantial property damage and loss of lives in recent years as in the past, owing
to the long history of human settlements in Italian mountain regions. Among the
most destructive debris flows that have occurred in the Alps during the last 150
years, some of the most relevant case histories are given hereafter:

The Gonder Torrent: a debris flow of about 500,000 m® destroyed 20 houses
and claimed 39 lives in a village lying on the lower course of the steam (Aug.
17-18, 1891) [2]. The Tina Torrent: during a storm, a debris flow of about
500,000 m’ partially buried the village of Chiusa and caused extensive property
damage (Aug. 9, 1921) [3]. The Chieppena Torrent: a very large volume debris
flow occurred during a regional flood and most of the village of Strigno was
buried (Nov. 4, 1966) [4]. The Inferno Torrent: a debris flow of about 750,000-
1,000,000 m® occurred in a basin of 0.2 km® in the Western Italian Alps,
destroying several houses (May 1983) [S]. During the May 1998 event in the
Pizzo d’Alvano massif (Sarno, Southern Italy), hundred of soil slip-debris flows
were triggered and impacted on the urbanised areas at the base of the massif,
causing serious damage and numerous victims [6]. The October 2000 flooding
and debris flow event in Valle d’Aosta: several villages were buried caused
numerous victims [41]. In this paper, the most recent research developments
relating to debris flow studies in Italy are reviewed.

2 Debris flow research

2.1 Debris flows distribution

Debris flows result from the mobilisation of loose debris by landsliding or by
large water influxes, generally during high-intensity local precipitations,
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sustained regional rainstorms or rapid snowmelt. Once mobilised, the debris
moves either down a torrent channel (channalised debris flows) draining
watersheds which seldom exceed 10-20 km?, or on scree-slope (hill-slope debris
flows) varying its paths from event to event. In the Alps, both types of debris
flows (channalises and hill-slope) occur. In Central Apennines, debris flow can
have the same characteristics of the Alpine ones, if occurring in carbonatic
complexes, and very large boulders may also be present. In those cases where
debris flows occur in flysch formations that extensively outcrop in the
Apennines, the debris consists prevailingly of fine materials and can therefore be
defined as mud-flows. Thus, debris flows can occur more or less anywhere in the
mountainous areas of Italy, provided that the slope is steep enough an there is
suitable amount of loose debris to be mobilised [1].

2.2 Hydraulic studies on debris flows

A review of the research in the field of debris flow mechanics and control was
performed by Seminara and Tubino [7]. Experimental research on physical
modelling of debris flows was carried out at the University of Trento, with
particular attention both to theoretical aspects, such as the investigation
similarity criteria, and to practical problems concerning torrent control works
(e.g. the analysis of the dynamic impact of debris flows on structures and the
development of more effective check dams) [8-10]. Tubino and Lanzoni carried
out observations of flow depth, average velocity and bulk concentration in the
flow of water and granular mixtures along a laboratory chute [11]. Lamberti and
Schippa developed and experimental rheometer in order to analyse the
rheological properties of debris flows [12]. A mathematical model for
movements of debris flows, based on the kinematic wave theory, was devised by
Arattano and Savage [13]. Other numerical models were developed during the
last two decades based on different assumptions [14-19]. Studies and researches
on critical conditions of bed sediment entrainment due to debris flow, factors
triggering debris flow, the determination of rheological characteristics of debris
flow, configurations of debris-flow fan and run-out distances, based on flume
tests, numerical and dimensional analysis, has also been carried out in Italy by
many Authors [20-26].

2.3 Geomorphological studies on debris flows

Geomorphological fields investigations on debris flows are referred to in several
technical and research reports concerning floods events in the Italian Alps [27-
29]. Geological and geomorphological settings of the affected areas are outlined,
with reference to morphologic and sedimentologic characteristics of the debris
flow and a description of the damage caused. These fields studies, combined
with morphometric analysis of the drainage basins and alluvial fans and
including historical investigations on past flow events, contributed to our
knowledge of debris flow distribution and characteristics in the Italian Alps [30-
31]. Of course, more detailed documentation is available in the event that
involve urban settlements. Among these case histories, data related to 159 debris

WIT Transactions on Ecology and the Environment, Vol 90, © 2006 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



138 Monitoring, Simulation, Prevention and Remediation of Dense and Debris Flows

flow events were selected and analysed, providing the following general
considerations [30]:

1) 66 % of debris flow events occur from July to September.

2) Affected basins mostly lie in areas having a continental precipitation
regime, characterized by greatest precipitation in summer and minimum
precipitation (mostly occurring as snowfall) in winter. This precipitation
regime is typical of the inner part of the Alpine Range

The observation conducted on the most severe debris flow events that occurred

in the last five decades outlines that [32]:

1) 85 % of affected basins have areas ranging from 0.5 km? to 13 km®.

2) 55 % of the channels have an average slope ranging from 11° to 22 °,

37 % reach gradients of 35 °.

3) 45 % of triggering mechanisms are represented by shallow landslides in
the valley heads; 43 % is represented by dam breakage of check dams or
debris deposits clogging the channel.

4) 42 % of debris flow events reoccur in the same streams with a period
equal to or higher than 50 years, whereas 6 % ranges from 5 to 15 years.
In the remaining percentage, based on available information, it is only
possible to establish that at least one event occurred in the last five
decades. This fact is of utmost importance in identified hazards sites,
because the return intervals of debris flows could be sufficient long in
relation to the development of an urbanized area, so that debris flow
hazards may not be perceived.

The problem of flow type identification on alluvial fans (i.e. debris flows or
bedload transport), which is relevant for defining hazard types was analysed in
Northeastern Italy through a morphometric procedure combined with field
surveys [33-35]. The study followed a similar approach developed in the
Canadian Rocky Mountains [36]. The analysed sample (52 cases) made it
possible to classify alluvial fans into three groups: debris flow dominant fans,
mixed fans and fluvial fans. In mixed fans, bedload transport and hyper-
concentrated flow as well as debris flow phenomena may occur, the latter
generally with lower frequency. Three groups are separated clearly enough in a
plot of the fan slope versus a basin gradient index (Melton ruggedness number),
providing a graphical implement for preliminary discrimination of alluvial fans
on the basis of the expected prevailing flow processes. The comparison of
expected behaviour with flow processes known from historical information in
several basins confirms the suitability of this method.

Debris flows in the area of the Central Apennines were investigated taking
into account several hazard and risk assessment aspects, such as historical
events, rainfall characteristics and the evolution of debris flow gullies [37].
Morphological characteristics of debris flows in Southern Italy were studied by
different Authors [6], [22], [38], outlining the main causes. In all cases, besides
the tectonic and lithological conditions which undoubtedly contributed to these
processes, other anthropogenic causes, such deforestation and the processes of
abandoning arable lands, thus causing alteration of local groundwater hydrology,
play an important role in developing debris and mud flows [22].
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2.4 Debris flow research perspectives

Sediment transport in steep, small (<10 km?) catchments of the Alps is often
represented by both Newtonian (water floods with suspended and bedload
transport) and non-Newtonian (debris and mud flow) behaviour, passing through
hyper-concentrated flood events, characterized by intermediate characteristics.
Despite significant diversity as to their transport mechanics, the monitoring
activity of such impulsive, high-energy processes in remote areas poses problems
that are similarly complex. Further, the availability of long-term series of data
(e.g. volumes, discharge, velocity) is crucial in order to provide statistically
significant analysis and predictions, thus making experimental measuring
stations highly valuable for the scientific community as well as for the local
agencies dealing with torrent control and land use planning. Field observations
and experimental data on debris flows (e.g. debris flow magnitude, flow velocity,
sequence and shape of surges) recorded in instrumented streams are of utmost
important for the development of research works. In Italy, like in other European
countries, there is a lack of such experimental data, with a few
exceptions [44-48]. Field data on debris flows and the estimation of debris flow
magnitude are essential steps in the assessment of debris flow hazards, and also
for both modelling and development of attenuation measures. These topics need
an improvement in the future. Studies having implications of geotechnical nature
have been carried out in other countries [39, 40-42, 43], whereas they have so far
undergone limited development in Italy. However, recent contributions to the
mechanics of debris flow initiation has investigated the influence of the
mechanical behaviour of sediments at the onset of a debris flow, particularly
analysing the shear resistance variation of a granular soil in relation to the initial
densities and to the collapse potential of the soil [20]. Other recent researches
have been carried out in Italy on incipient sediment motion at high slopes [23,
49,50] but need more applications.

Mathematical models, based on systems of differential equations, are widely
used for simulation of debris flow initiation, propagation and deposition, both in
field applications (prediction of run out, design of countermeasures, etc.) and in
laboratory research. The numerical solution of the equations can be very
difficult, due to the complexity of the models themselves and to the variability of
physical unknowns in time and space, consequently many numerical methods
have been developed. However, the choice of the most reliable rheological
model could be more important than the choice of numerical method [51, 52].

In the approach to the matter of hydro-geological risk is also very important
to know the requirements expressed by institutional bodies dealing, at different
levels, with land planning, soil protection and civil defence [53]. Technicians
working for regional Administrations and basin Authorities highlighted that, if
the necessity is clear to ensure people safety and to safeguard the territory from
more and more frequent landslides and floods, there is not, on the other hand, a
comprehensive understanding of general criteria imposed by law, regarding
methodologies to objectively recognize and outline areas at risk for floods,
landslides and debris flows. Directions springing from these laws are generally
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well detailed in terms of hazard’s classes definition, especially for hydraulic risk,
but show considerable lacks in the determination of field survey and event-
modelling methodologies for an objective outlining of areas at risk.

3 Papers in this session

Four papers are presented in this theme; these will be presented in turn. One
paper regards the long-term series on sediment volumes (17 and 20 monitoring
years) in two instrumented channels in the Eastern Italian Alps (Moscardo and
Rio Cordon torrents, featuring debris flow and bedload events respectively).
Three study cases, representative of different situations occurring in the
Dolomites in the Western Italian Alps and in Gargano watersheds (Southern
Italy), are briefly referred to in order to outline the basic characteristics of debris
flows and consequent risk conditions. The remarkable differences in the
frequency and characteristics of debris flow phenomena have to be referred to
the strong variability in local geological and geomorphological conditions.

3.1 Mao et al.

Mao et al. [54], reports results from experimental stations located in two streams
of the Eastern Italian Alps: the Rio Cordon creek (5.0 km?) and the Moscardo
Torrent (4.1 km?). The former is a monitoring station for water and sediment
transport rates operating since 1986, whereas the latter was set up in 1989 to
record data on debris flows. The measuring station installed on the Rio Cordon
works based on the separation of coarse bedload from water with suspended
sediment and fine bedload. The equipment installed in the Moscardo Torrent for
monitoring debris flows includes ultrasonic sensors for the measurement of flow
stage, ground vibration sensors that record ground vibrations caused by debris
flows, and a video camera. Overall, 21 bedload-transporting events have been
recorded by the Rio Cordon station from 1986 to 2004. In the Moscardo Torrent,
from 1990 to 1998 15 debris flows occurred, 14 of which were recorded by the
installed gauges. A comparison between the two basins is reported by the
Authors, based on magnitude, peak discharge and frequency of occurrence of the
flood events.

3.2 D’Agostino and Tecca

D’Agostino and Tecca [55]. The two-dimensional flood routing model FLO-2D
[56, 57], with the capabilities of simulating non-Newtonian sediment flows, is
becoming more widely used to route debris flows over alluvial fans of alpine
torrents and to delineate hazard areas of inundation. Nevertheless the different
applications described in literature are not suitably comparable, because they
base on different assumptions related to the numerous parameters governing the
debris flow simulation. D’Agostino and Tecca reports the applications of the
FLO-2D computer model and discusses the assumptions made for the replication
of two well documented debris flow events in the Dolomites, Eastern Italian
Alps. These two applications have enhanced the experience for the requirements
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of model input data in small alpine catchments, in particular the assessment of
the main rheological parameters of flows, that are crucial in the design of debris
flow countermeasures; they lead to propose a simplification in choosing the
FLO-2D rheological parameters.

3.3 Segato et al.

Segato et al. [58], used three different methodologies for the determination and
the outlining of areas prone to debris flow risk. The first is based on a
comprehensive analysis of all variables (morphological, geological,
geomorphologic, hydraulic, hydrologic, and topographic) involved in the
definition of basin and fan characteristics, integrated with a modelling
application. The second methodology maintains the first modelling application,
which individuates the overflowing points of the flow from the main channel,
and is then based on the definition of the “geomorphologic attitude” of the fan
area to convey the moving material in a certain direction, as a function of fan
morphology (topography, slope, etc.), main channel features and land use. The
third method applies the mathematical model FLO-2D. The outputs of the three
methodologies have been compared by the Authors, in order to evaluate limits
and highlights of each one of them, and to compile a methodological procedure
for fan-mapping.

3.4 Gentile et al.

Gentile et al. [59], describes the southern side of the Gargano promontory
(Puglia Region, Southern Italy), crossed by several torrents shaped in calcareous
formations prone to mechanical erosion caused by heavy rainfalls. In this area,
characterized by typical Mediterranean conditions, no monitoring is provided.
During heavy rainstorms materials, including blocks of rock, move from the hills
lopes and reach the valley areas. The detachment of coarse materials is also
favoured by the lack of vegetal cover and the exposition of hills slopes. As a
consequence of catastrophic events, some watersheds have been objects of
management works (check dams, gabions or concrete banks, sills). Gentile et al.
describes an overview of debris flow events with regard to the Pulsano torrent, to
characterize the debris flow phenomena and related hazard. The risk assessment
procedure took into consideration the hazard mapping, the vulnerability
evaluation through the estimation of the properties and structures exposed to
damage. A comparison between alternative scenarios was also made by the
Authors to evaluate the influence of the hydraulic works on debris flow hazard
using the two-dimensional model FLO-2D.
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