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In the canton Ticino the watersides 
of the Verbano Lake are particularly 
prone to flood hazard, due to the large 
catchment area (6599 km2) compared 
to the small lake surface (212 km2) 
and the limited outlet capacity. The 
flood events are usually concentrated 
but very intensive, especially during 
the fall season.

Past disastrous natural phenomena 
evidenced the need for a hydrological 
and meteorological management sys-
tem, so, in the 1997, a working group 
composed by Meteoswiss (MS), Isti-
tuto Scienze della Terra (IST), civil 
protection agency (PC), Dipartimento 
del territorio (DT),  and other cantonal 
authorities was established in the Ti-
cino Canton.

The role of the IST is to assure 
a hydro-meteorological monitoring 
and warning service for the Verbano 
basin: at the present time a lumped 
event-based rainfall-runoff model, 
developed for different sub-basins, 
is running during a flood event. By 
using measured and predicted rain-
fall data, a quantitative forecast of 
the lake water level (3 days ahead) is 
produced and distributed to cantonal 
authorities.

During the last flood (October 
2000) the lake reached the level of 
197.56 m a.s.l. (mean lake level: 
193.52 m a.s.l.), and caused consider-
able damages especially in the city of 
Locarno, where offices, houses and 
hotels are built directly at the lake 
shore. 

This event raised up a renew 
interest in the improvement of flood 
warning, that take shape in a new 
research project (EU Interreg Project 
between Italy and Switzerland) where 
a modern system for hydrological 

monitoring and forecasting is pres-
ently developed.

Such a system has to include 
sub-systems for (i) meteorological 
measurements and estimation acqui-
sition and storage, (ii) data processing 
and forecasting, and (iii) analysis to 
derive information and warnings for 
community and administration.

The first sub-system is realized 
with an Oracle® database, where spe-
cific programs written in Pearl allow 
to upload the following data (received 
via modem transmission or via ftp):
a) point-wise observations measured 

at meteorological and discharges 
stations and belonging to four 
different networks (MeteoSwiss, 
Federal Office of Water and Geol-
ogy, Ticino Canton and Piemonte 
Region in Italy); 

b) spatially distributed observations 
such as hourly rainfall estimates 
map obtained from the Monte 
Lema MeteoSwiss meteorological 
radar; 

c) output fields of the regional 
weather forecast model aLMo of 
MeteoSwiss with forecasting lead 
time of 72 hours and spatial grid 
resolution of 7 km. 
The core of the system are the 

processing and forecasting algorithms: 
they have to access the acquired data 
and validate it, extrapolate distributed 
meteorological and thematic maps, 
model the different hydrologic cycle 
components (e.g. evapotranspiration, 
interception, snow accumulation and 
melting, runoff, etc.) and store esti-
mated maps.

All these procedure are being 
developed in the open source world 
by using the integrated environment 
based upon the statistical software (R) 

and the geographical information sys-
tem (GRASS) interoperable through 
the existing interface GRASS-R.

Input maps to the model are de-
rived either by using already avail-
able GRASS commands (r.sun and 
s.surf.idw for sun radiation and wind 
maps) or by developing new ones 
(e.g. for temperature interpolation as 
function of the terrain morphology, 
for evapotranspiration and intercep-
tion calculation). Snow accumulation 
and melting is modelled according to 
the Energy Balance Snow Accumula-
tion and Melt Model proposed by D. 
Tarboton. The runoff module draws 
inspiration from the Topkapi model 
introduced by Todini.

At this stage of the project, several 
modules are already implemented and 
presently checked for plausibility 
with real data.

The third part of the system con-
cerning the analysis for the informa-
tion sharing is already developed and 
applied by using a web-GIS applica-
tion within the Sit-Gap project.

References
Allen R. G., Pereira L.S., Raes D., 

Smith M. 1998: FAO Irrigation 
and Drainage Paper No. 56 Crop 
evapotranspiration (guidelines 
for computing crop water 
requirements). 290 pages, ISBN 
92-5-104219-5.

Bivand, R., Neteler, M. 2000: Open 
Source geocomputation: using 
the R data analysis language 
integrated with GRASS GIS and 
PostgreSQL data base systems. 
Proceedings 5th conference on 
GeoComputation, 23-25 August 
2000, University of Greenwich, 
U.K.

2nd Swiss Geoscience Meeting, Lausanne, 2004

- 1 -



Ciarapica, L., Todini, E. TOPKAPI: 
a model for the representation 
of the rainfall-runoff process at 
different scales. Hydrological 
Processes 16, pages 207-229, 
2002.

Karssenberg, D. 2002: The value 
of environmental modeling 
languages for building 
distributed hydrological models: 
Hydrological Processes, v. 16, p. 
2751-2766,.

Rutter, A. J.,  Kershaw K.A., 
Robins P.C., and Morton A.J., 
1971: A predictive model of 

rainfall interception in forests: 
I. Derivation of the model from 
observations in a plantation of 
Corsican. Agric. Meteorol. 9,  
pages 367-384.

Tarboton, D. G., Chowdhury T. 
G. and Jackson T. H. 1995 : A 
Spatially Distributed Energy 
Balance Snowmelt Model, in 
Biogeochemistry of Seasonally 
Snow-Covered Catchments. 
Proceedings of a Boulder 
Symposium, July 3-14, IAHS 
Publ. no. 228, p.141-155.

Van Deursen, W.P.A. 1995: 

Geographical Information 
Systems and Dynamic Models: 
development and application of 
a prototype spatial modelling 
language. Doctor’s dissertation, 
Utrecht University, NGS 190.

Wesseling, C.G., Karssenberg, 
D., van Deursen, W.P.A.  and 
Burrough P.A. 1996: Integrating 
dynamic environmental models 
in GIS: The development of a 
Dynamic Modelling language. 
Trans. GIS 1:40–48.

2nd Swiss Geoscience Meeting, Lausanne, 2004

- 2 -


