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FRACTAL STRUCTURE OF SPATIAL DISTRIBUTION OF LANDSLIDES
TRIGGERED BY NOVEMBER 1994 HEAVY RAIN
IN THE PIEDMONT REGION (NORTH WEST ITALY)

Pietro Aleotti', Giovanni Polloni'

ABSTRACT

At the beginning of November 1994 an heavy rainfall affected the Piedmont
region (North West Italy) triggering many shallow failures (soil slips) and rock block
slides. The spatial distribution of the landslides was not homogeneous mainly due to the
non-homogeneity of topography, since geology and climate can be assumed as constant.
As pointed out by many authors, the two-dimensional spatial distribution of soil slips is
expected to have a fractal structure. In this paper, on the basis of a very detailed
landslide map obtained by the analysis of aerial photos, the authors have analysed the
distribution characteristics of shallow landslides and the fractal dimensions have been
estimated by means of the exponential relations between scale of sampling and number
of failures. Fractal dimension is very useful in indicating the spatial pattern of failure
distribution and as quantitative index of the degree of complexity.

INTRODUCTION

Fractal, from latin “fractus” (that expresses the state of decomposed pieces of
material after fragmentation), is a general concept for self-similarity (Mandelbrot,
1983). Such a concept implies that each part of a shape is geometrically similar to the
whole (exact fractals).

In the last years, fractal analysis has been applied to many geosciences
including geophysics (spatial distribution of hypocenteres) and geomorphology
(drainage network geometry) (Unwin, 1989). Most recently researchers have
investigated on both activity and distribution characteristics of the landslides (Hiura and
Fukuoka, 1996; Omura, 1995, Shunmin and Huiming, 1996).
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In this paper the authors present the results of the analysis performed on the
two dimensional spatial distribution of the shallow landslides and the rock block slides
that were triggered by the dramatic hydrologic event in the Piedmont Region (NW Italy)
in November 1994.

GENERAL SETTINGS

On 4th-6Gth November 1994 the North West Italy, and in particular the
Piedmont Region, was affected by an exceptional hydrologic event that triggered both
soil slips (Aleotti et al, 1996; Polloni et al, 1996) and rock block slides (Aleotti et al,
1997). Almost 3000 surficial landslides were inventoried in the studied area (Cherasca -
Seno d’Elvio, Talloria and Rea basins) with an average density of 20 per Km’®, with
higher concentrations in the upper portions of the basins where values up to 40 shdes
per km® were recorded. In addition about 150 rock block slides were observed in the
same area and in particular in the Rea Basin.
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Fig. 1. Landslide map of the Cherasca and Seno d’Elvio Basins
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Fig. 2. Landslide map of the Talloria Basin
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Fig. 3. Landslide map of the Rea Basin
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The spatial distribution of landslides is not homogeneous owing mainly to the
non-homogeneity of topography where asymmetrical hillslopes are frequently observed:
in fact, the morphological feature of the studied area is controlled by the geological
settings, characterised by a regional monoclinalic structure dipping toward WNW
usually with very low dip angle (5°-10°) (Figs. 1, 2, 3)

DETERMINATION OF THE FRACTAL DIMENSIONS

The fractal dimension of the spatial distribution of the surficial failures and of
the rock block slides in the studied area was calculated by means of two different
approaches: the Box Counting method and the method based on the Measure Relation.

Box Counting method

The landslide map was, firstly, overlayed by a large square that enclosed the
whole studied area and, subsequently, such a square was divided by an arbitrary size of
square unit elements (cells). The number of cells that include one or more landslides
were counted. The calculations were repeated several times by using other meshes of
squares of different sizes. Numbers of cells that involve failures (U) were plotted against
corresponding square size on the log-log diagram where the x-axis, S, indicates the
division number of the initial square.

If the distribution has the fractal structure, the relation between U and S has the
following power-law form [1]:

[1] U=cS®

where: U = number of cells that include landslides (even a cell that involves
only one failure has to be counted), S = scale of cell (division number of initial square),
D = fractal dimension, ¢ = coefficient.

Method based on Measure Relation

A square of arbitrary size was positioned on the landslide map where the
failures were most densely concentrated: the number of landslides inscribed in the
square was counted and such a computation was repeated for squares of different sides.

The number of counted landslides N (separately soil slips and rock block
slides) was plotted, by using a log-log diagram, against the corresponding square sides.
In order that the distribution is fractal, the number of landslides N must satisfy the
following power-law relation [2]:

[2] N=ks®

where: N = number of landslides in a square; S = square side; D = fractal
dimension; k = coefficient.
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RESULTS

Fractal dimensions, D, estimated by using the above-mentioned methods, are
summarised in table 1.

As shown in table 1 and in figures 4 and 5, the distribution of landslides in the
studied area has a fractal structure. In particular, with respect to the shallow failures, the
values based on the Measure Relation range from 1.47 and 1.72, while by using the Box
Counting Method the fractal dimension varies from 1.61 and 1.72.

Fractal Dimension, D - Correlation Index, r”

Cherasca- Rea Rea Talloria
Seno d’Elvio (s.s.) (r.b.s.)
Measure Relation D 1.466 1.720 1.357 1.554
v 0.989 0.996 0.967 0.995
Box Counting D 1.720 . 1.612 1.312 1.767
r 0.989 0.983 0.945 0.991

Table 1. Fractal dimensions (D) and corresponding correlation index (r°) in the basins
(s.s. = soil slip; r.b.s. = rock block slides)

Broadly speaking, these values are comparable to the fractal dimensions
calculated, by using the Channel-Computing methodology, for basins with
(sub)dendritic and/or pinnate drainage networks (Del Monte et al., 1998).

Regarding the rock block slides in the Rea Basin, the calculated fractal
dimensions, D, have lowest values, substantially similar using both the Box Counting
method (1.31) and the Measure Relation method (1.36).
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Fig. 4. Relation between scale of cell and number of cells involving landslides (Box
Counting method)
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Fig. 5. Relation between number of landslides and scale of cell (length of side)
(Measure Relation method)

DISCUSSION

The fractal nature of the landslides distribution triggered by the November
1994 heavy rain in the Piedmont Region (North West Italy) has been discussed by
application of the Box Counting method and of the method based on Measure Relation.

The research pointed out that the spatial distribution of both the surficial
failures and of the rock block slides has a fractal structure with fractal dimensions
ranging from 1.47 to 1.77 for the former and from 1.31 to 1.36 for the latter.

To better explain the meaning of these numbers, it is necessary to specify that
the fractal dimension of a line can take on any number between 1 and 2, depending on
its tendency to fill the plane (whereas in the Euclidean geometry a line has the fixed
dimension of 1). Thus the values obtained in this study signify that the distributions of
the landslides in the analysed hydrological event has a characteristic comprised between
the linear state and the planar state.

In particular, with reference to the shallow landslides, the following aspects
should be underlined: (i) the calculated fractal dimensions are very similar to those
computed by other researchers in similar situations (Omura, 1995; Hiura and Fukuoka,
1993, 1996); (ii) in our opinion the estimation based on the Box Counting method
should be recommended because the calculated fractal dimensions in the different
basins are very similar (1.72, 1.61 and 1.77 for the Cherasca - Seno d’Elvio, Rea and
Talloria basin respectively) in agreement with the general homogeneity of both
lithology and tectonic trend of the whole area.

Concerning the rock block slides, the computed values, so close to 1, reflect the
linear pattern of landslide distribution: in fact, as shown in figure 3, rock block slides
are mainly aligned along the watershed, on the inside of a narrow belt (Aleotti et al.,
1998).
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In general it is possible to conclude that the fractal dimension is useful as
quantitative index of the complexity of the two-dimensional landslide spatial
distribution. The soil slip distribution appears to be more complex than the distribution
of the rock block slides because it is most strictly linked to the pattern of the drainage
network.
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