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Abstract

In the last few years, GRASS GIS has known wide popularity as it is well documented by the
recent GRASS Users conferences, both at national and international levels. It is therefore possible
to give an organized overview of a wide amount of applications of this GIS to many different
topics and problems. The range of applications goes from environmental modeling to DTM
validation, from atmosphere modeling to LIDAR data elaboration, from wildlife management to
Avalanche risk assessment, from GPS planning to geomorphol ogic modeling.

Because of the Open source and free software development model of GRASS, the development
and the applications are entwined, giving each other new momentum.

Moreover, because of the current intense development of GRASS it is possible to foresee exciting
and entirely new fields of applicability especially for 3D modeling, time series elaboration and
Data Base management.

1. Introduction

GRASS GISis currently gaining wide popularity due to its high quality and its Open Source/Free
Software nature. GRASS overall high quality is well acknowledged by its spreading within
scientific and academic ingtitutions, as well as by public administrations and professional users.
GRASS benefits from its Open Source/Free Software development model because of the
effectiveness of this model and because of the good reputation Open Source/Free Software is
gaining not only between IT technicians.

The number of GRASS applications is growing rapidly, with the typical advantage of Open
Source/Free Software projects, where applications and development are tightly entwined. In fact,
often an application leads to the development of new modules, which are then used for other
applications and so on.

A collection of GRASS applications is important because it can make GRASS users aware of its
many capabilities and it can attract new users, who can find here a reference to documentation of
GRASS useintheir application field of interest.

2. Applications overview
The main point in the compilation of a collection is the choice of a classification criterion, which
should be successful in quickly directing the reader looking for a specific application and useful
for the reader considering the overall GRASS capability at the same time.
GRASS applications are here classified simply by their scientific and/or application area, because
thisis probably the most direct way to present alist of worksin the GISfield.
The applications are organized in the following categories:

1. Environmental monitoring;

2. Geology;



Mathematical models;

LIDAR;

Solar radiation;

Climate and atmospheric models;
Landslides risk mapping;
Wildfires risk mapping;

. Glaciers;

10. Geomorphology;

11. Traffic and acoustic pollution;
12. Archeology;

13. Forest management;

14. Avaanches risk mapping;

15. Flood forecasting and management;
16. GPS planning;

17. Wildlife management;

18. GRASS and WebGIS;

19. GRASS and PDAs.
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Environmental monitoring

ISOLA project environmental information system (Aime et a., 2001): the ISOLA project, part of
the European LIFE/Environment program, provides methods and tools to assist environmental
control and planning for a medium-sized town.

Land use change maps in a developing country. Application of GRASS GISin Caia district (Ciolli
et al., 2002a): the land use change of the Caia District (Mozambique) is investigated by means of
series of satellite imagery.
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Environmental modeling
In search of Habitats ~ testing a GNU approach (Nieminem J., 2002): potential endangered
habitats have been mapped by the use of ecological criteria.
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Geology and environmental modeling

Identifying wrinkle ridges structures from Mars MGS and Viking mission data: using Grass in
planetary geology (Frigeri et al., 2002b): wrinkle structures have been identified by GRASS
raster based analysis at different resolution on the Mars surface.




Environmental Gis Database For The White Sea (Kaitala et al., 2002): a database for the White
sea, including bathymetric, hydrological, hydrochemical and hydrobiological data, is used to
validate numerical ecosystem modeling applications for the evaluation of possible effects of the
climate change and growing human impact on the ecosystem.

Geology
Construction and Visualization of Three Dimensional Geologic Model Using GRASS GIS

(Masumoto et a., 2002): describes the implementation of methodologies and algorithms for 3D
modeling and visualization of geologic models using the Open Source GRASS GI S environment.

— e
— T

T ——

3-D Geologic Modeling and Visualization of Faulted Structures (Yonezawa et al., 2002): the
estimation of surfaces and the visualization of 3-D geologic structure has been carried out using

GRASS and NVIZ.



M athematical models
New GRASS modules for Multiresolution Analysis with wavelets (Zatelli et al., 2002a): provides

GRASS of an efficient (from both a mathematical and a computational point of view) way to
represent the same phenomena at different resolutions and filter out signal features. Some
applications to geomorptlol ogic problems are presented.

A new approach to the polygons rasterization in GRASS (Biagi et a., 2001): new techniques for

LIDAR

Spatio-temporal monitoring of evolving topography using LIDAR, Real Time Kinematic GPS and
sonar data (Mitasova et al., 2002): presents the spatial interpolation and topographic analysis of
different types of high resolution data, such as LIDAR, GPS and sonar data.



Managing and processing LIDAR data within GRASS (Brovelli et al., 2002a): describes a
procedure for the automatic detection and removal of features over an high resolution DSM from
LIDAR.
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Solar radiation
The solar radiation model for Open source GIS implementation and applications (Hofierka et
al., 2002): presents a new, substantially improved solar radiation model r.sun implemented in
GRASS GI S and two applications.
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Climate and atmospheric models

2D/3D GRASS modules use and development for atmospheric modeling (Zatelli et al., 2002¢):
reports the use and the development of GRASS 3D raster modules to develop loca
meteorological models.

Modelling of evaporation processes over tilted slopes by means of 3D GRASS raster (Zatelli et
a., 2002b): exploits the power of the 3D GRASS map algebra (r3.mapcalc) to implement a
simplified model generalizing Prandtl model for sloping valleys winds taking into account
humidity and evaporation processes on the soil.

Development of a complete climate database using a new GRASS module (Shoarina, 2002):
presents the development of a gridded topographic and monthly mean climate database for the
Trentino region. A specific GRASS module, r.clim, has been implemented.
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Landslidesrisk mapping

A GRASS GIS based Shell script for Landslide Susceptibility zonation (Clerici et a., 2002):
describes a script that, starting from a Landslide Inventory map and a number of factor maps,
automatically carries out the whole procedure resulting in the construction of a Landslide
Susceptibility map.
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Using GRASS in evaluation of landslide susceptibility in Handlovska Kotlina basin (Paudits et
al., 2002): reports the procedure to develop a map representing the degree of potential hazard for
the Handlovska K otlina basin.
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Wildfiresrisk mapping

Valutazione del rischio da incendio utilizzando le capacita di analisi dei GIS (Ciolli et al.,
1999a): describes the use of GRASS map algebra to implement wildfires hazard models, as well
as some wildfires spreading simulations by the r.ros module.



Wildfire simulation maximum spread velocity

Glaciers
Scale-dependent geomor phometric analysis for glacier mapping at Nanga Parbat (Bonk, 2002):
reports the use of hierarchically modeling to delineate alpine glaciers on the landscape.
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Geomor phology
Horton: a new set of tools for geomorphological analysis ported into GRASS (Rigon et al., 2002):
describes many new GRASS routines for the analysis of DEMs and the geomorphologic analysis.
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Potential erosion map for Bagmati basin using GRASS (Raghunath, 2002): reports how the LS
factor of the Revised Universal Soil Loss Equation (RUSLE) equation is evaluated by the
watershed function of GRASS for the Bagmati basin (Nepal).
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Traffic and acoustic pollution

Modelling emission and dispersion of road traffic pollutant for the town of Trento (Cemin et al.,
2002): reports how both 2D and 3D GRASS capabilities have been used to implement a traffic
pollution model and to represent spatial data distribution.

Uno strumento GIS per I'analisi della sofferenza acustica in territorio urbano (Brovelli et al.,
2001): describes how GRASS has provided support to the acoustic suffering analysis, defined as
the comparison between measured noise values and largest values allowed by the laws in force,
with the use of existing modules and the devel opment of new ones.
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Archeology - Forestry

An archaeological web GIS application based on Mapserver and PostGIS (Brovelli et al.,
2002b): shows how a web-GIS of a natural and archaeological park in the Como area (Italy) has
been set up by using Open Source Mapserver system.

Valutazione tramite fotogrammetria e GIS della dinamica della copertura forestale e della
prowigione legnosa (Ciolli et al., 1999b): reports how the joint use of GRASS and of analytical
photogrammetry techniques has been used to assest the forest dynamics.



Avalanchesrisk mapping

GIS and dendrochronological techniques for avalanche hazard mapping with GRASS (Bezzi et
a., 2002): GRASS-GIS has been used to obtain an avalanche risk map based on morphological
and vegetation features and to create maps of different avalanche paths through the years,
recognized by the use of dendrochronological techniques.
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Traffic management
Traffic database management with GRASS and PostgreSQL (Ciolli et al., 2003): GRASS and
PostgreSQL have been used to manage and map atraffic database of the city of Trento (Italy).

BICIE] K - d.what.v.pg output  [ERIENES]
Terminated .
Executing Ay
SELECT * from coemissvis
}-rhere 1d strada=62
id inp-uinante I Co
i data I Z0O0Z-04-05
P IAZZ-HL q t:i.po_giorno 3 e
§ id strada I &2
DA WINCI neame, strada I wia prepsssitura
emlssicne e (001 T 543 .394440
smissicmne wre 1 2 I 175.1026&644
emissicme <ore 2 3 I 224.133924
emissione ore 3 4 T 321 635022
emissicme ore 4 5 T 541745703
emilssiome ore 5 6 I 1226.33455
emilissione —re & 7 I 4173.51357
emlssicne e T8 I 5125.65136
missicne e @9 I 5390 ,28683
emissione ore J 10 I 4396 ,.3212
emissiome <re 10 11 I 4247375
emilissiome ore 11 12 I E780.373
emissiomne ore 12 13 I Z0898 . 5585
emlssicne e 13 14 T 2356,.677
smlssicme e 14 15 I X932.940
emissicmne e 15 16 I ET79&.945
emissione ore 16 17 I EZB20.669
emilissicme ore 17 18 T 41406567
emissicme ore 185 19 I ET726.178
emilssione —re 19 20 I 2903 .536
emlssicne e 20 21 I 2831 .372
smlssicme e 21 22 I 28261 .652
emissicme <re 22 23X I Z2T755.672
emilssiomne ore 23 0 T 1207.2992
unita misura I [g/Km]
lunghezza I 120
1 rows selected £
4 I} -
Cniit Sare Clear
I I




GPSplanning
Planning GPS automatico con ostruzioni realistiche (Fruet et a., 1999): reports how GRASS
has been used to automatically perform GPS and GLONASS planning in urban and non urban

areas.
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Wildlife management

Remote Sensing/GI Stechniques for risk assessment of Borrelia burgdorferi infection (Altobelli et

a., 2001): the risk of Borrelia burgdorferi infection has been evaluated using remote sensing data
processed in GRASS.

WEB GIS

GRASS on the WEB (Hess, 2002): proposes a design based on a combination of PHP, GRASS

scripts and other Linux standard tools for the access to geocoded data through a standard web
browser.
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Using Mapserver to Integrate Local Government Spatial Data (Greenwood, 2002): describes the

use of Mapserver to integrate spatial data from severa county and municipal governmental
departments.
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Wildlife Management and Landscape Analysis in the GRASS GIS (Menegon et a., 2002):
describes how new GRASS GIS resources have been developed and integrated for centralized

data archiving and predictive modeling in severa wildlife management tasks in Trentino, Italian
Alps.

Implementing an online spatial database using the GRASS GIS environment (Raghavan et al.,
2002): describes a prototype Spatial Information System for Geological Modeling (SISGeM)
where the spatial data management is carried out using GRASS.



GRASS and PDA

Low cost PDA/Gps based field logging solution for GRASS data (Frigeri et al., 2002c): reports the
set up of a ssimple Personal Digital Assistant (PDA) based field log system to store point data to
be imported directly in GRASS as a site-file.

Experimental Mobile Wireless GRASS based GIS for Handheld computers running GNU/Linux
(Stankovic et al., 2002): describes a stripped down GRASS version (baby GRASS) for the use on
aLinux handheld computer.
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6. Conclusions
This paper collects recent (as of february 2003) GRASS applications with bibliographic
indications. Thiswork is not meant to be definitive but an overview of the GRASS applicationsis
provided, and it can represent a starting point for people inquiring about GRASS and related
software capabilities. Moreover this witnesses the vitality and wide range of application of the
GRASS project.
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