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ABSTRACT: CAPOLONGO D., GIACHETTA E. & REFICE A., Numerical
framework for geomorphological experiments. (IT ISSN 0391-9838, 2011).

In this work we present a numerical framework for simulation of
surface processes and landforms. The model is called SIGNUM (Sim-
ple Integrated Geomorphological NUmerical Model) and is a Matlab,
TIN-based landscape evolution model.

We use the model to show a few examples of simulated topographic
surfaces evolved through application of mathematical expressions for hill-
slope and fluvial erosion, channel sediment transport and surface uplift.

A particular example is shown to reproduce a topographic feature
similar to real landscapes, namely the approximately regular spacing of
valleys at linear mountain fronts.

Although work in the field of computer simulation of geomorpholog-
ical processes of landscape evolution is at its beginning, results and in-
sights from models such as the ones we present are gaining more and
more attention in the scientific community, justifying and encouraging 
increasing research efforts.
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INTRODUCTION

Geomorphology is undergoing a period of great devel-
opment, driven mainly by the availability of high-reso-
lution topographic data, geochronological measurements
and high-performance computing environments (Summer-
field, 2005). Nowadays, geomorphologist are able, in an
unprecedented manner, to analyze the Earth surface at the
scale of the geomorphological processes acting on hill-
slopes and in fluvial systems (from 100s of m down to 1 m
or less), to measure rates of landform evolution and to ex-
plore how physics and chemistry of surface processes in-
fluence different paths of landscape development. In addi-

tion, new methods in geochronology, such as cosmogenic
nuclide and carbon-14 analysis, or optical stimulated lumi-
nescence, allow geomorphologists to date deposits, land-
forms, timing of events and rates of erosion and tectonic
deformation with a time resolution not available before. Ul-
timately, these data can be used to derive and test theories
of landscape evolution and to explore in a quantitative
manner complex process dynamics, as for example how cli-
mate influences erosion, transport and deposition (Bull,
1991; Molnar, 2001), or the complex interplay between cli-
mate, tectonics, and erosion in mountain belts (e.g. Willet
& alii, 2006; Boenzi & alii, 2008; Schiattarella & alii, 2008).

The necessity of linking surface processes and the re-
sulting landforms in a quantitative manner, in complex
and non linear geomorphological systems, is important al-
so for prediction of future landscape evolution in term of
geomorphological hazards and planning (Anderson 2008;
Tucker, 2009).

This issue has driven researchers to develop several ana-
lytical and numerical models of landscape evolution in the
past ten years. Analytical models have given important in-
sights on how geomorphological systems operate, yet they
suffer the distortion due to the reduced spatial (laboratory
scale landforms) and temporal scale (few days or weeks of
simulation correspond to thousands of years in real land-
scapes, Schumm & alii, 1987; Bonnet & Crave, 2006).

Since at least the 1980s, the term landscape evolution
model (LEM) has been used to mean a description of the
evolution of landscape over geologic times (Pazzaglia,
2003; Tucker, 2009). In the last two decades of the 20th
century, several numerical models have been developed to
describe the evolution of the Earth surface over time at
different spatial and time scales. Recently, scientists com-
ing from different disciplines (geomorphologists, hydrolo-
gists, biologists, physicists, etc.), are collaborating to wide
joint international research efforts in numerical modeling
such as the Community Surface Dynamic Modeling Sys-
tems (CSDMS, http://csdms.colorado.edu), to understand
how topography, hydrology, vegetation and climate coe-
volve, through investigation of the combined effects and
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