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Preliminary results of invest igations conce rn ing the app lication of
Fractal analysis to the study of the main geomor phic features of different
Ita lian areas show several cause-effect relat ionsh ips betw een str uctu re,
morphogenesis and fracta l properties of relief. In pa rticular , the fractal
study of contour lines and topographic surfaces clarifies some aspects re ­
gardi ng the recen t morphologic evolution of these areas .
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In questa nora vengono esp osti i risulrari preliminari d i una serie d i
rice rcbe Inceu rrare sull'a nalisi frat tale di ulcune delle principal! cararter i­
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Fractal analysis has been successfully app lied over the
last decades to the study of a variety of natu ral complex
phenomena (Mandelbrot, 1977; Turcotte, 1992; Tok una­
ga, 2000). The develop ment of this analysis has to be cor­
related to the clear inadeq uacy of tradit ional methods,
based on the Euclidean geometry, in pro viding satisfying
genetic and evolutionary model s.
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In fact, numerous landscape features, such as drainage
patterns, coastlines and some karst ic morphosculptures,
show an intrinsic geometric irregularity significantly yuan­
rifled by the fractal dimension W J).

Several Authors discussed the fractal nature of drain­
age basins and netwo rks (Tokunaga, 1984, 2000; Mara n!
& alii, 1991; Masek & Turcotte, 1993; Beer & Borges,
1993; Nikora, 1994; Del Monte & alii, 1999, and referenc­
es therein; Cheng & alii , 200 ]), as well as of topograp hic
surfaces (Sung & alii, 1998, and references therein).

In thi s note prelimina ry results of long lasting inve­
stigations are presented ; these investigations concern the
fractal analysis of the main geomorphic features of some
Italian areas. Parti cularly, the fractal study of contour
lines and top ographic surfaces has concurred to clarify
some aspec ts of the recent morphologic evolution of these
areas, supporting and integrating results issued by previ­
ous analyses perform ed on drainage network s (Del Mont e
& alii, 1997).

The contour lines of each examined area have been
digitised at an operat ing scale of 1:25,000, and relative
OEMs have been generated . The following method s have
been used to calculate D/ values: box-coun ting (Goodchild,
1982), compass-walk (Carr, 1995), deriving from the line­
divider one (Mandclbrot, 1967), and uartogram method
(Mark & Aron son, 1984).

Analysing the fracta l dimension of contour lines the as­
sumption has been mad e that contour lines may show line­
ar fractal behaviour as well coastlines (Mandelb rot, 1967).

Obtained results seem to be encouraging: the values of
Dj param eter calculated with different methods are clearly
related to the kind of processes that shape the relief and to
the time interval in which the various exogenous agents
have been active. From the geomorphologic point of view
th is represents one of the most importa nt outcomes,

As an example, the fractal analysis of the contour lines
of the Salina Island (Eolie Archipelago, Sicily), morpho-
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logically chara cter ised by the pre sence of two main volcan­
ic cones (figs. 1, 2), has evidenced the relation between Dj

values and the topographic effects prod uced by different
exogenous processes active in the past as well as at present
times.

Th e analysis of contour lines between 0 and 900 m
a.s.l., sampled at an interval of 100 Ill , clearly shows that
the geometry of these lines varies with the elevation, ac­
cording to the predo minant exogenous process. Th e coast­
line shows the less indented geometry, outlined by a Dj
value close to 1 (tab, 1). Th is is a consequence of marin e
erosion that induces the progressive simplification of the
shoreline geometry, in the lack of significant oppon ent
processes. O n the contrary Dj values progressively increase
with sinuosity and linear irregularities of contour lines
where the landmass is dissected by fluvial incision. More
precisely, in the altimetric range between 100 and 900 m
a.s.l., where erosion by channeled surface waters is pre-

do minant , the geometr y of contour lines becomes more
complex. (It is noteworthy that Dj values at elevatio'ns of
700-900 III a.s.l. could be influenced by the small length of
contour lines. Thus Dj values have been considered signifi.
cant when L > 7 km and the probability that R1 values are
accidenta l is < 0.1%.) .

In areas where argillaceous lithologies crop out fluvial
deepen ing can be easily accompanied by the effective bad­
lands erosion and , as a result, contour lines appea r ma rk­
edly indented. This is the case of Torrcntc Brctta drainage
basin (Marchc, Adriatic slope of Central Italy), where bad­
lands are concentrated in a range of altitu des between 250
and 400 m a.s.1. : the highest values of Dj have been calcu­
lated for the contour lines right within this altitude range
(tab. I) .

A fur ther interesting result of the researches so far ca r­
ried out is the «fractal zonation» of the study areas. In the
case of Salina Island contour lines of the eastern and older

T ABLE 1 - fractal dimension of contour lines for study areas, calculate d using two d ifferent method s (box-counting and cumpnss-IlNdk). Along with R'
values , the degree of freedom (Deg . frccd.) Ilsed for the linear regression is indicated

SALINA ISLAND
Box

0 100 200
300 400 500 600 700 800

900
count ing \VI E \VI E \VI E \VI E \VI E \VI E

VI 1.06 1.10 1.14 1.14 1.09 1.06 1.23 1.07 I. 14 1.06 1.13 0.66 0.9 3 0.62 1.11 1.00
R' 0.980 0.999 0.995 0.996 0.999 0.999 0.994 0.999 0.993 0.996 0.996 0.916 0.998 0.962 0.98 1 0.950

Deg . freed . 7 5 5 5 5 5 5 3 5 3 5 5 3 5 4 4
Compass

200
300 400 500 sno 70U 800

900
walk

0 100
\VI E \VI E \VI E \VI E \VI E \VI E

VI 1.04 1.10 1.15 1.16 1.18 1.13 1.14 1.10 1.18 1.07 1.18 1.27 1.13 l.J5 1.28 1.44
R' 0.999 0.998 0.998 0.999 0.999 0.996 0.998 0.997 0.998 0.999 0.995 0.988 0.997 0.996 0.982 0.98

Deg . freed . 3 3 3 3 3 3 3 3 3 3 3 · 3 3 1 3 3

TORRENTE BRETTA BASIN
Box

100 150 200 250 300 350 400 450 500 550
counting

VI 1.06 1.07 1.14 1.20 1.20 1.10 1.09 1.04 1.02 1.02
R' 0.99-1 0 .996 0.999 0.997 0.998 0.999 0.999 0.995 0.998 0.999

Deg. freed . 2 5 5 4 4 5 3 5 4 4
Compass

100 150 200 250 300 350 400 450 500 550
walk

VI 1.08 1.10 1.22 1.28 1.22 1.27 1.26 1.2 1 1.18 1.2I
II ' 0.988 0.993 0.996 0.998 0.976 0.997 0.996 0.997 0.997 0.997

Deg. freed. 2 3 3 3 2 3 3 3 3 3

FOSSO DELLA MOLA BASIN
Box

25 50 75 100 t2 5 150 m 200 225 250
co unti ng

VI 1.11 1.03 I. I I 1.17 1.14 1.11 1.09 1.17 l.J I 1.15
R' 0.995 0.998 0.996 0.995 0.99-1 0.999 0.999 0.998 0.992 0.997

Deg. freed . 5 5 5 5 5 5 5 5 5 5
Co mpa ss

25 50 75 100 125 150 t7 5 200 225 250
walk

VI 1.12 1.14 1.12 1.15 l.J l 1.21 1.18 1.17 1.17 1.18
R' 0.997 0.992 0.999 0.991 0.989 0.985 0.989 0.993 0.997 0.995

Deg. freed. 3 3 3 3 3 3 3 3 3
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contour interval: 100 m

FIG. 1 - Schematic map of Salina
Island showing analyzed contour lines. Salina Island
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Salina Island

F IG. 2 - 3D views of the Salina Island DEM.
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po rtion of the volcano clearly show V j values higher than
those relat ive to the western and younger one {tab. O.
Taking into account the similar erodibility of outcropping
deposits (Barca & Ven tura, 1991), this d ifference can be
att ributed to the longer time interval in which the exoge­
nou s morphogenetic agents have been operat ing in the
eastern por tion of the volcano.

To bett er define the relationships between time availa­
ble for denudarional processes and fractal properties of re­
lief, the area of the Somma-Vesuvio Volcanic Com plex
(Ca mpani a, Snuthern Italy) has been examined. In th is
case fractal dimension of contour lines has been calculated
within unit areas (I km' I, using the box-counting method.
Obtained results ou tline that D{values arc directly propor­
tional to the age of outcropping de posits. In par ticular, D{
values higher than 1.1 have been registered where hetero­
geneous de posits with an age of 20,000 BI' . 79 AD crop
ou t. On the contrary, the portions of the volcano covered
by younge r lava [lows (emplaced between 1631 and 1944)
have D/ < I.I (fig. 3; Davoli & alii, 200 !).

The fractal analysis app lied to the dra inage basin of
Fossu della Mola (Lazio, Tyrrhenian slope of Cent ral Italy)
afforded interesting results too, supporti ng the hypothesis
that fractal dimension of contour lines is influenced both
by the type of process and the time elapsed since it began
to operate. In this basin D{ values obtaineil using method s
proposed by Guudchild ( 982) and Carr ( 995), arc qui te
similar for all differcnt contour lines, generally remaining
slightly above 1.1 . The homogeneity of these values can be
related to the existence of a single geomorphic p rocess sen­
sihly influencing the recent morphogenesis of the area, that
is fluvial erosion. Moreover, a main morphostructural style
domin ates this landscape: a tabular relief slightly dipp ing
towards the Tyrrhenian Sea and dissected hy ~1 series of val­
leys of different sizes. This relief is constitu ted by the pyro­
clastic products coming from the Sabat ini Volcanic Com ­
plex; the summit structural surface corresponds to the top
of the Bracciano pyroclastic now erup ted abou t 0.177-0.09
My agu (De Rita & alt!, 1993) and represents the common
reference plain for the heginning of fluvial deepening.

Somma-Vesuvio Volcanic Complex

x

• A
n 2 4 km-

eluvium - colluvium

younger volcanic products l Df < 1.1)

older volcanic products (/~f > I. J)

o examples of unit areas

contour in terval; 100 m

FIG. 3 · Schcnuuic map of the Somm a-Vesuvio Volcanic Complex. Fractal d imension has been calculated within unit areas (1 km').
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FIG. -t - Variograrn plots of topograp hic surfaces computed fur stud)'
areas.
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Future researches will be focused on the geomo rphic
significance of Dt values with the aim of developing a
quant itat ive integrated meth od suitable for th e fracta l
characterization of singlc features of rel ief as well as 10 ­

pographic sur face as a whole. To th is end the uariogram
me/bod seems to be particular ly appropriate . In th is co n­
text , the planned fractal ana lysis of the Arcina zzo kurst ic
plateau (Lazio, Centra l Italy), where also the allnmet ry
of do linas is going to be studied, seems pa rticu larly
promising.

On the whole fluvial deepenin g has cut the relief sur­
face of this area unifo rmly in space and for the same time
spa n, giving rise to a self-similar morphology for a wide
portion of the basin .

Confirming the cause-effect relationship between mol"
phogenesis, st ruc tu re and fractal proper ties of relief, unu ­
sually high values of D, have been calculated. within the
mentioned basin, for those contour lines representing the
rhyolitic domes. Th ese dom es, of older age, emerge from
the volcanic pla/eoll and arc quite un iformly spaced withi n
th e drai nage basin, Th erefo re they interrup t the mor pho­
logical co ntinuity uf fluvial land scape and induce a furt her
geo metric complication of contour lines.

T he fractal analysis of top ograph ic surfaces has been
tentatively perfo rmed. Its outcomes were in agreement
wit h the results of contour line analysis; moreover they
allowed defining quantita tively some differences in the
morphodynamic conditions of the study areas.

\X'here den udation by surface runn ing waters is not
par ticularl y effective, the value s of Dj , calculated th rough
the oanagmm metbod (Mark & Aro nso n, (984), arc low­
er tha t those obtained in areas affected by ma rc int ense
e rosional processes performed by th e saunc exoge no us
agent. In [act. in the case of Salina Island the value of D1
is 2.32, whereas in the 'I'o rre nte Breua basin it att ains
2 .54 (rig. 4).

T he expe rimental variognun (fig. 4) com pute d for the
Fosse della Mola basin has a characte ristic shape fitt ing
with a bole-effect mod el ICressic, 1991), thu s making it im­
possible to determine the Dj para meter using the graph.
According to Cressie (199 I) this typical shape of the vario ­
g ram suggests that processes generat ing morphological
features with spatial period icity influence the spatial varia­
tion of altitu des within the top ographic surfaces of the
stu dy area. Analogously to the results obtained fo r-con tour
lines in the same area, th is topographic d istribution can be
explained by means of the presence of rhyolitic domes
previously mentione d. These domes negatively interfere
with the scale-invariant plano-altimetric model that the
present topographic surface tend s to, under the effects of
erosion by surface running water ,

Summarizing, D[ values of conto ur lines and topo­
graphic surfaces so tar conside red seem well related to the
type and the effectiveness of the geomorphic processes
that shaped the relief, as well as to the present morphoe­
volutive trend s. Condi tions being equal, fractal ana lysis of
contour lines gives the opportunity of estimating the rela­
tive time spent by exogenous agen ts to exe rt the ir model­
ling activity in di fferent areas.

Actua lly, results so far obtained encourage invcsrigat ­
ing more deeply the relations between Dt values and mor­
phoevolutive cha racte rs of drainage basins.
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