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ABSTRACT

The paradigms of acentrism and paralelism that are embedded in the definition of Cellular
Automata (CA) can be easily and efficiently applied in the simulation of very complex natural
processes like landslides. This permits a phenomenological description that is able to overcome
resource computational limits, placed in a classical approach and therefore based on the resolution
of differential equation systems.

We present a general frame and the latest developments of a CA based model for the
simulation of debris flow type landslides.

Landslides are here viewed as a dynamical system that is subdivided in parts which
components evolve exclusively on the basis of “local interactions’ in a spatial and temporal
discretum, where space is represented by hexagonal cells, which specifications (namely substates)
describe the average physical characteristics of the respective area. Such a method permits to start
from simple landslides, that can be modeled using few substates and simple local interactions; a
more complex landslide can be modeled from the previous model, adding substates and local
interactions.

SCIDDICA can be considered to exhibit great flexibility in modeling and simulating debris
flows. Furthermore it can be applied in some field of intervention such as: The creation of risk
maps also with a statistical approach; the simulation of the possible effects of intervention on
flows for stream deviation, introducing data which represent alterations of the original conditions
(e.g., the construction of a canal or embankment, occlusion of a mud canal etc.). Examples of
practical applications on real events involved: the 1992 reactivation of the Tessina landslide in
Italy, the 1984 Ontake volcano debris avalanche in Japan and a first partial application to the
landslides occurred in the Sarno area of Campania Region (Italy) in the May of 1998.

1. INTRODUCTION

Generdly spesking, a debrismud flow is physcdly described by fluid-dynamics equetions
and can range rheologicaly from gpproximately Newtonian liquids to brittle solids [Johnson
1973]. Forecadting the development of a debrismud flow may involve serious difficulties,
when the damulatiions are based on differentid equation methods of solution, snce it is
extremdy arduous to solve the governing flow equations (eg. the Navier-Stokes equations for
viscous fluids) [Sassa 1988].



Devdopments in  computing science, paticulaly in padld computing, dlowed
ggnificantly the extensgon of the gpplication range of classcd methods as wel as introducing
new methods of computation. Moreover, pardld modds showed to be, in some cases, a vdid
dternative to differential equationsin smulating complex phenomena [Toffoli, 1984].

Cdlular Automata, represent such an dterndive gpproach for modedling complex naturd
gysems. Certainly, they are able to capture the peculiar characteristics of acentric systems, i.e.
sysems which evolution can be described by considering the locd interactions among their
condtituent “eementary” parts.
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Fig. 1 Typical CA neighbourhoods: Square (von Neumann) and Hexagonal (Moore equivalent).

In generd, a CA can be intuitively consdered as a three- or two-dimensond space (the
cdlular space), partitioned into cdls of uniform sze (eg., cubic, square or regular hexagond
cdls). Each cdl embeds an identicd finite automaton (fa), which Sates identify the properties
of the portion of gpace corresponding to the cell which are believed “dgnificant” in assessng
the evolution of the phenomenon. The input for each fa is given by the daes of the finite
automata in the neighbouring cells - where neighbourhood conditions are determined by a
pattern invariant in time and congant over the cdls. Fig.1 shows two typica neighbourhoods
for a sguare and hexagond regular grid CA, respectivedy the von Neumamn and Moore
neighbourhoods. At time t=0, each fa is in an “abitrary” dae (i.e. the initid Sate is defined
by the operator, snce it represents the initid conditions of the system); CA then evolves by
changing, & discrete times and Smultaneoudy, the date of dl finite automata, according to
rues invaiant in time (the s cdled “trandtion function”, depending on the cdl
nei ghbourhood).

In generd, CA were mostly developed by adopting a microscopic approach, characterised
by a smdl number of dates (not more than a hundred dates), aming a modeling systems
through a smple trangtion function. If we would instead adopt a macroscopic gpproach, we
could be able to consder as far as hillion of dates and, consequently, a more complex
trangtion function. This problem was treated by Di Gregorio & Serra [1999], which devised
an empiricadl method in order to apply CA dso to macroscopic complex phenomena; this
goproach involves a dightly different formd definition of CA, that is very usgful for the
practica implementation of the models.



SCIDDICA (Smulation through Computational Innovative methods for the Detection of
Detris flow path usng Interactive Cdlular Automata - to be read “’sheddreca’, as the
acronym was devised to mean “it dides’ in Scilian), is a Cdlular Automata modd devel oped
in order to smulate the behaviour of landdides that can be typologicdly defined as “flows’
[Cruden & Varnes, 1996]. These are a good application field for CA, as they can be
consdered in terms of an acentric system.

Ealy rdeases of SCIDDICA were firg successfully applied to the landdides of Tessna
[Avolio et d., 1999a; 1999b; 2000] and Mt. Ontake [Di Gregorio et a., 1999]. Starting from
the peculiarities of the sdected landdides, the basc mode was modified and extended in
order to better smulate specific landdide features. The firt versons of SCIDDICA were
based on a square grid (i.e. “square’ cells). However, old experiments done in the same area
with a square grid have confirmed the necessty to have a better detall of smulation to avoid
ourious symmetries due to the two privileged directions northrsouth and east-west. The
introduction of sx flow directions (i.e the use of hexagond cells), more than usng smdler
square cdls (rigng inevitably the computer eaboration time), has proven to be a good choice
to avoid such symmetries.

In the next section, the principal conditions concerning the macroscopic Smulation of fluid
dynamics for landdides are discussed. The second chapter, after a brief overview on previous
atempts of landdide smulation by CA and smilar methods, presents the details of the mode
SCIDDICA. The third section shortly describes early applications of SCIDDICA to Tessna
and Mt. Ontake cases. The first atempts of smulating a debris flow [D’Ambroso et 4.,
2001], chosen as case of study among the whole phenomena occurred a Sarno in May 1998,
are then presented in the end of this section. Some considerations and conclusons are a last
given in the lagt section. Note that problems, concerning data precison, advised us to peform
firdg amulations of a Sarno landdide on a square verson [D’Ambrosio et d., 2001], deduced
from the hexagonad CA modd.

2. THE HEXAGONAL CA MODEL SCIDDICA

We now illugtrate the basic concepts of the SCIDDICA modd. The first subsection introduces
shortly the context of the problem, concerning the modeling and smulation of debris flows,
the previous atempted solutions (to our knowledge) in terems of CA or Smilar models. The
second subsection presents the general frame of SCIDDICA, then the third subsection defines
the hexagona SCIDDICA trangtion function.

21THE PROBLEM OF MODELLING DEBRISFLOWS

Andyticd solutions to the differentia equations (e.g. the Navier-Stokes equations) governing
debris flows are a hope ess chalenge, except for few smple, not redistic, cases.

The posshility to successfully apply numericdl methods for the solution of differentid
equations have been devated consderably because of the continuous rise of computing
power, even if there are ill difficulties to obtain high performances in the implementation on
pardle computing machines to exploiting the maximum computational power. It must been
sad that CAs are a particular modd that can be easly mplemented in parald computing [Di
Gregorio et d., 1996].

Moreover, the complexity of the problem resdes both in the difficulty of managing
irregular ground topography and in complications of the equations, that must aso be able to



account for flows that can range, rheologicdly, from nearly Newtonian fluids to brittle solids
by means of water |oss.

Some authors proposed CA or CA-like models for landdides of type flow.

Barca et al. [1986, 1987] designed 3dimensond CA modes with a cdlular space divided
in cubic cdls, but computationa high complexity and codts did not permit to gpply the mode
to the amulation, except for few cases of samdl and smple landdides.

Sassa [1988] adopted the numerical method to finite differences for a smplified solution of
debris flow equations and applied it to the M. Onteke landdide. Finite differences imply a
discrete time and space in a way very smilar to CA. Space is tessdlated in square cdls of sze
200 m. His approach wel accounts for the physics of the phenomenon, but the smulation
suffered because of the dimenson of cdls (too large to obtain a highly accurate description of
the phenomenon), congtrained by computational resource limits.

Di Gregorio e d [1994a, 1994b] developed a smple 2-dimensond CA modd (first
release of SCIDDICA) and vaidated it by smulating the M. Ontake landdide (cf. section 3.2)

Segre & Deangdi [1995] presented a 3-dimensond numeric modd, based on CA, for
debris flows. It has strong andogies with CA of type lattice Boltzmann automata [Succi et d.,
1991]; empiricd flow laws were adopted; flows were obtained usng difference equations.
The mode was vadidated on the M. XiKou landdide, capturing its main characteristics.

SCIDDICA was further improved, introducing a hexagond tessdlation and corrdating
empiricd parameters of the modd to physca ones, and gpplied agan to the M. Ontake
landdide [Di Gregorio et d. 1997b; Di Gregorio et a. 1998; Di Gregorio et d. 1999].

Avalio et a. [1999a; 1999b; 2000] applied a modified release of SCIDDICA to the Tessina
landdide (cf. section 3.1), dso performing arisk andyss for the threatened area.

Malamud & Turcot [2000] presented a very smple CA “sand pil€’ model to be applied to
landdides from a datistica viewpoint in order to forecast the frequency-area didtribution of
landdides triggered by earthquakes.

Finadly, a prdiminary square verson was developed in order to capture the characteristics
of the extremely complex landdides of Sarno [D’ Ambrosio et d., 2001].

2.2 THE GENERAL HEXAGONAL MODEL SCIDDICA

The latest hexagonad verson of SCIDDICA is a dgnificant extenson of the modds gpplied
successfully to the landdides of Tessna and Mount Ontake. Such extenson involves new
substates, new procedures, new parameters because of the landdides of Sarno appear to be a
more complex phenomenon, especidly for their avdanche effect in soil eroson during the
phenomenon evolution.

The hexagond CA modd SCIDDICA isthe quintuple

SCIDDICA= <R, X, Q, P, s>, where

* R ={(X Y)| x y TN, GExEly, CEyEly} identifies the regular hexagons covering the finite
region, where the phenomenon evolves. N isthe set of naturd numbers.

e X identifies the geometricd pattern of cdls (Fig.2) which influence any state dange of the
centra cell (the centra cdl itsdf and the adjacent cdlls):

X= {(070)! (071)! (0!'1)1 (1!0)! ('1!0)1 (11'1)! ('111)}1



Fig. 2 Hexagonal neighbourhood.

* Q is the finite st of dates of the fa it is equa to the Cartesan product of the sets of the
considered substates:

Q= Qa' ch ’ Qr ’ Qadh ’ Qd, Qm ’ Qms, QW' Qoel me6
where:
- Qaisthe cdl dtitude
- Qi isthe thickness of landdide debris
- Qr is the “run up” height (depends on the potentia energy and expresses the height that can
be overcome by the debris flow)

- Qadh s the adherence (of flowing debris with the basa surface)

- Qg is the maximum depth of detrita cover, that can be transformed by eroson in landdide
debris (it depends on the type of detrital cover)

-Qm is the propagation width of the “mobilisstion” (i.e. of the change of detritd cover in
landdide debris)

- Qw isthewater content in the landdide debris

- Qo isthe debris outflow from the centra cell to an adjacent cell (Sx components)

- Qms isthe“mobilisation flow” from the centrd cell to an adjacent cdl (Sx components)

The dements of Q, express the vaue of the dtitude; the dements of Qin, Qah, and Qq
represent the materid quantity insde the cdl, expressed as thickness, dso the dements of Q
are expresed as a length; Qns, Qm have a pogtive integer vaue, Q. expresses the water
content in terms of thickness because of homogeneity with the expresson of the debris
vaues.

* P is the st of the globd physicd and empirical parameters, which account for the generd
frame of the mode and the physical characterigtics of the phenomenon:

P={Pc, Pt, Padh1, Padh2, Padn3, Pf, Prs Pri, Pmas Pmiws Pmt, Pmdt, Pmads Psols Pawes Pw, Pwa}
Where:

Pe edge of the cell

P, tempora correspondence of a step of SCIDDICA
Pogra  Minimum adherence vaue

Padnz  Maximum adherence vaue

Pans relatesthe adherence value to the run up value



o friction angle

o relaxation rate of debris landdide outflows

Py run up loss

Pna  Mobilisation angle

Priw  iNitid vaue of the Qm for the mobilised cells a beginning of the smulation

P,  adtivation threshold of the mobilisation; it isreferred to the run up multiplied by
debris thickness

Pt adlethreshold, used to determine if the mobilisation can propagate with the same
width value of centra cell

Prag  @dlethreshold, used to determine if the mobilisation can propagate with the
maximum initid wicth value

Py,  Water content threshold for the occurrence of debris solidification

Pgc  initia water content of the detrital cover

P,  Wwater loss parameter in the landdide debris for each step of the CA

P,  debristhicknessdiminution, asaconsequence of water content loss, for each step of
the CA

* 5: Q°® Qisthe deterministic state transition for the cllsin R.
The basic dements of the trangtion function will be sketched in the next section.

At the beginning of the smulation (t=0) we specify the dates of the cdls in R, defining the

initid configuration of the CA; the initid values of the substates are so initidised asfollows

Qi is zero everywhere except for the detachment area, where the thickness of landdide mass
determinesits values, of course, dl initid values of outflow of landdide debris are zero;

Qa has the morphology vaues except for the detachment area, where the thickness of the
landdide mass is subtracted from the morphology vaue;

Qr hasinitid vaues equd to the subgtate Qp;

Qq hes initid vaues corresponding to the maximum depth of the mantle of detrita cover,
which can be eroded;

Qah has vaue only in cdls, whose Qi isnot zero; it iS Pagni;

Q,, is zero everywhere, except for the detachment area, whose cells have Q, vaue equd to
Pmiw; Of course, Al initid vaues of “mobilisation flow” are zero;

Qw is a congant vaue (greater than zero) only for the cdls of the detachment area (where
landdide debrisisinitidly located).

Qo and Qm¢ are zero everywhere.

At each next gep, the function s is applied to dl the cdls in R, s0 that the configuration
changes in time and the evolution of the CA is obtained.

23.MAIN CHARACTERISTICSOF THE TRANSITION FUNCTION s

The main mechanisms of the trangtion function are specified in this section.

We suppose that these mechanisms to be dl-independent. This means that we only
congder the values of the substates at the previous step (t-1) of the CA in order to obtain
vadues a the successive dep (t), complying with the genera definition of a Cdlular
Automata.



s:S*® S s the deterministic State transition. The main procedures of this function are: the
debris/mud flows, run-up and mobilisation propagation caculations.

2.3.1 DebrigMud outflows

The outflows depend on the hydrogtatic pressure gradients due to differences in height (cel
dtitude plus debrigmud thickness) between a cdl and its Sx neighbours. The outflows of a
cdl are computed in order to minimise the differences in height (dtitude plus debris
thickness). A relaxation rate p; depending on p. and p; limits the computed outflows. [Di
Gregorio & Serra 1999]. In the case of high speed of debrigmud flow, we must subdtitute the
debrigmud run up to debrimud thickness [Di Gregorio et d., 1999, D’Ambroso et
a.,2001]. Because of the friction between debrigmud mass and soil and the friction internd
to the debrigmud mass, we assume that flows can occur between the cdl and the neighbour
only if theloca dope angle between the cdll and the neighbour is larger than the threshold p.

2.3.2 Run-up determination

Congdering the high speed of debrigmud flow, we may not neglect the kinetic energy, as is
the case of classcd problem of dope stability [Di Gregorio et d., 1999]. Indeed, debrigmud
flows, egpecidly in the form of "debrigmud avdanche', may reach high speed so tha they
ae ale to overide topographic highs, or to run up the opposite sde of a vdley after
reaching its bottom. In this case, the kinetic energy of the up-running meass is transformed
into potentiad energy, reversng the process that occurs during the dide-down, apart the
fraction disspated by nonconservative processes. In order to account for the transformation
of kinetic energy in potentid one, we "blow up" the debrimud volume, reducing & the same
type the dendty (the volume is increased, but the mass is consarved). That is redised,
subdtituting the red debrimud thickness with the run up, i.e. with the blown thickness. The
new run up height is determined by the weighted average of dl the contributions of the
debrigmud inflows from the neighbours and the contribution of the centrd cdl itsdf, which
represents the resdua debrismud thickness in the cdl, not lost because of outflows. The

quantity p, is subtracted to the val ue obtained.
2.3.3 Mobilisation propagation

The mobilisation effect concens the draum fluidification, which is tranformed in

debrismud, the propagation of mobilisation (mobilisation flows Q) occursin two cases:

a) the centra cdl is mobilissd and the angle between the centrd cdl and the neighbour
(congdering the dtitude difference) is less than a fixed threshold angle .. In this case the
vaue of the mobilisstion flows is reduced by an unit in comparison with the vaue of the
mobilisation width Qn, of the cdl. The same vaue Qn, is propagated for the neighbour with
maximum dope if the dope angle is larger then p,., then the value ,;,, is propagated; if
the dope angle is larger than p,, then the mobilisation width Qn of the centrd cel is
propagated.

b) the pressure of the inflows (it is a function of the run up vaue of the inflows) overcomes a
fixed threshold p, ., referred to the run up multiplied by debris thickness.



2.34 Internal transfor mations

The previous three mechanisms of the trandtion function regad the so cdled local
interaction pat, that is, methods that condder an interaction between the cel and the
neighbouring cells. Other mgor processes of the trandtion function regard instead
trandformations that occur only within the cdl (i.e. the neighbouring cdls do not influence
these transformations).
The dtitude and thickness variation by solidification occurs when the water content (Qu) IS
ether equd to or less than a solidification threshold (psp1): in such a case, the dtitude is
increased by the thickness of landdide debris (Q:n) and then the vaues of thickness of
landdide debris and the run up (Q;) are set to zero.
The drop in water content (Q.) is due to losses occurring a the surface of the landdide;
these are proportiond to a first empirica parameter of water loss (p,,), which depends on
the type of debris and on the clock of the CA. The surface, where the water losses happen,
may be approximated to the cell area (pc * [); the correspondent thickness variation is
approximated to a linear dependence by a second empirical parameter for the thickness
loss (pw1), depending aso on the type of debris. The adherence (Qain) IS computed
according to an inverse exponentia law, so that Qun has a maximum vaue py,,, when the
water content is a the minimum vaue (i.e. the olidification threshold psp1); Qadn tends
asymptoticaly to the minimum vaue p,,, ,, according to a parameter p_, ..
The mobilisation effect concerns the fluidisation of the mantle of detritd cover, which is
transformed in landdide debris. The thickness of landdide debris (Q:n) and the run up (Qr)
is incressed by the thickness of the avalable detritd cover (Qg) and then the vaue of the
available detrital cover is st to zero. The mobilisation occurs when the propagation width
substate (Qm) is larger than 0 and the cdl is affected by the landdide (i.e. Qy, is larger than
0).

3.PREVIOUS SCIDDICA APPLICATIONS

3.1THE 1992 TESSINA LANDSLIDE

The Tessna landdide, which was firgt triggered in October 1960, is a complex movement
with a source area affected by roto-trandationd dides in the upper sector; downhill the dide
tuns into a mud flow through a deep channd. The lithotypes involved in the landdide
belong to the Hysch Formation (Eocene). The mud flow skimmed over the village of Funes
and dretched downhill as far as the village of Lamosano Fig.3). After more that thirty years,
during April 1992, the Tessna landdide was reectivated, causng Stuations of high risk for
two villages in the northern part of Itady. In tha occason, dso adequate measures to
safeguard the people exposed to the risk had to be considered, besides the need to monitor
and check the movement' s evolution.

The collapsed sector of the April 1992 event occupies a 40,000 n? wide area, on the |eft
hand-sde of the Tessna dresm, with an approximate volume of 1 million m3. The
movement corresponds to a rotationd dide with a 20 to 30 m deep falure surface, affecting
aso the flysch bedrock. At firg it caused the formation of a 15 m high scarp and a 100 m
displacement downstream with consequent disarangement of dl the ungable mass and
destruction of the drainage systems set up some years earlier.
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Fig. 3Tessinareal event.

The movements in this area continued with a certain intengty up to June, causng the
mobilisation of another 30,000 m2. The materid from this area, which is intensdy fractured
and dismembered, was candised dong the river bed where, owing to its continuous
remoulding and increase of water content it became more and more fluidified, thus giving
rise to smdl earth flows converging into the main flow bodly.
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Fig. 4 Tessina simulated. event.



After these events the inhabitants of Funes and Lamosano were evacuated [Avolio et 4.,
1999, 1999b; 2000].Some congderations and condraints, which guided us in planning the
moddling and smulation of the 1992 Tessnalanddide are exposad in the following.

The smulation accounts aso for the very initid phase of the landdide, which can be
conddered with larger vaues of viscodty, before that a complete fluidification concludes the
detachment phase. A control concerning the dtitude is introduced to modd this first phase:
viscogty vaues are larger when mud is over a certain dtitude, otherwise the values are lower.
It accounts of the detachment process. when the mud resches a certain dtitude the mud
fluidification process can be consdered completed; we chose 1050 meters as such critical
dtitude, immediately under the detachment area. The larger viscodsty is modeled using larger
values of the friction angle.

Because of the high degree of sauration of the materids during dl the evolutionary stages
of the landdide, water content is conddered congtant in time and this assumption smplifies
furthermore the modd.

The tempora correspondence of a step of the CA was determined subsequently to the

smulation tests; it can be fixed to 40 minutes.
An example among the best smulations is reported in Fig.4. A comparison between the rea
event (Fig.3) and the smulation (Fig.4) evidences a subgtantid agreement in the landdide
development, the mud path is well individuated and dl the area covered by the mud is
incdluded in this dmulation. However, a smdl aea covered by the mud in the smulaion
doesn't have the correspondent in the redlity. So a future event of landdide in the Tessna area
could be forecasted with parameters found for the gmulaion, snce the physcd
characterigtics of the landdide do not change sgnificantly in time.

32 THE ONTAKE VOLCANO LANDSLIDE.

The Mount Ontake landdide was chosen as a study case in the past years because of the large
base of information and data before, during and after the event in comparison with other cases
to our knowledge (in Fig. 5 the morphology previoudy the event); another reason was the
possibility to compare our results directly with the results of the method developed by Sassa
[1988].

Fig. 5 Mt Ontake real event.

In 1984, an earthquake triggered a 3.6x10° nT landdide on the Sopes of the Mount Ontake
Volcano, Japan €ig.5); it moved aong the Denjo river a about 20-26 m/s, with a jump of
1625 m. The landdide initiated its movement as a trandationa dide; the debris immediatdy
broke down and the movement continued as a debris flow of huge sze, which flowed into the
Denjo River for arun out of ca. 13 km.
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Due to the rugged morphology of the volcanic flanks, the movement of the mass was
actudly very complex; as soon after bresking down the debris hit againgt the opposite dope of
a tributary valey of the Denjo River, and a smdl pat of it overtopped the dope ridge. The
most of the debris flowed downstream and at a distance of ca 5.5 km from the scar, reaching
a shap bent of the river. Due to its gret momentum (i.e run up), pat of the flowing mass
climbed up the externa wal of the bent, overtopped the ridge and flowed down in the sding
veley. As the two sreams joined a a confluence 2 km downstream, the two branches of the
landdide regjoined at this confluence, and continued flowing into the valey to thefind rest.

The phenomenon was surprisingly fast and long-reaching with respect to the volume of the
moving mass. This obsarvation fact is due to the effect of sudden un-draned loading of soil
by the flowing mass, and actudly it is difficult to find any other physcaly logic explanation.
Those landdide particularities judtify that the debris water content is consdered congtant and
the spooning effect is negligible.

A comparison between the red event and the smulaion (Fig. 6) evidences a subgtantid
agreement in the landdide devdopment. The debris path is wdl individuated, but the
gmulated flow widths ae a the beginning larger while, later, narrower since the initid
cohesion is not consdered (dl the debris is detached smultaneoudy); furthermore the deposit
thickness are 15% smaller [Di Gregorio et a.,1999].

Fig. 6 Mt Ontake simulated event.

3.3THE CURTI (SARNO, ITALY) LANDSLIDE.

The third and last study concerns the landdides that occurred in the Sarno area (Campania,
Itay) inthe May of 1998 [D’ Ambrosio et al., 2001].

The Curti landdide developed a Chiappe di Sarno (the mud flow darting at bottom of Fig.
7), on the SW-facing dope of Mt. Pizzo d' Alvano, as a reault of a prolonged rainfdl period
that hit Campania region on 5-6 May 1998. On the whole, ca 150 debris dides (as for
landdide classfication, see Cruden and Varnes, [1996]) were triggered in the study area by
the same meteoric event: many of them trandformed into fas moving debris flows and hit the
urbanised aress at the foot of the dopes, killing unfortunately 161 people and leaving more
than 1,000 others homeless.

May 1998 debris dides manly involved the entire volcanic detritd cover, down to the
bedrock, increasing the initid volume by scraping off soil and vegetation aong their paths.

In particular, the source area of the Curti mudflow was a& ca 780 m asl. The moving mass
rapidy trandformed into a fast flowing mud-debris, and run down the dope for ca. 375 m.
After encountering a convex break in dope, related to a bedrock outcrop ca 75 m high, the
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flow dightly enlarged and entered the main channel, changing its propagation direction from
SSW to SW. Then the phenomenon flowed down for a length of ca 325 m, triggering some
minor (“secondary”) debris dides on both flanks of the channel. After tha, influenced by the
pre-exising morphology, it made a left turn, enlarged again and subdivided into two distinct
flows. Approximady 675 m down dope, after a gentle right turn, the flows merged again and
the hit the uppermost urban area of Curti.

The tota length of the Curti debris dide — mud flow is greater than 150 m; the eevation of
the urbanised area at the foot of the dopeisca 115 masil.

step 15000
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Fig. 7 Comparison between the simulated and real event of Curti (Sarno)

The fact that the Sarno landdides are usudly more complex than the previous ones implies
that we need a larger precison on data. The edge of the cell was chosen to be dm 25; the
precison of the dtitude vaues for such a dimendgon of the cdls is low, conddering the
avallable data A reduced verson of the trandtion function was gpplied to the smulation of
the red landdide of Curti, in the Sarno area.
The detail leve of morphology and detritd cover didn't permit to put the detachment area

a the right place, but it was shifted in a lower area, s0 that the eroded mud volume n the
smulation was reduced. Moreover, it must been said that we have used a square grid CA and
that the present Sarno model does not take into account any water lost.

In spite of the limitations of the modd implementation and daa precison, the man
behaviour of the landdide was captured in Sgnificant way, because the main peculiarities of
the Sarno landdides were reproduced.
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If we compare Fig.7, the smulatiion results acceptable especidly if the full mud path is
consdered. Of course the suitability of the parameters may not be guaranteed for this reduced
modd; methods of optimisations (eg. genetic dgorithms) will be necessxry for the
aoplication of the full modd with precise data, but this reduced modd together with the
results of the applications represents the basis for further improvements.

4. CONCLUSIONS

Three digtinct cases of debris flows, occurred in Ity and Japan in the last decades and
characterised by different morpho-evolutive characteristics were presented.

The cdlular-automata model SCIDDICA has proved to be a reliable tool in assessing the
susceptibility to the consdered types of landdide. Previoudy applied releases of the moded
dill form the core of the latest verson: this latter was, in fact, obtained by consgtently adding
more functions (i.e. subroutines) to the pre-existing software. In this way, the “run up” and
erodve abilities of the flowing materiad were implemented in order to progressvely smulate
more complex, real phenomena

Frd, prdiminay smulations of a selected debris flow, occurred a Sarno in May 1998,
proved to be conssent with the observed path of the actuad landdide, suggesting that
SCIDDICA could be usgfully applied in debris-flows susceptibility anadyses. However,
generd edimates of the modd parameters can not be assessed from this firdt, smplified
application of the modd.

Future work provides to apply the mode sketched in this paper to more precise data
concerning the Sarno landdides: the hexagond mode permit better smulations, where a more
significant comparison will be performed.
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