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WPS tools to support geological and geomorphological
mapping
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The Open Geospatial Consortium (OGC) Web Service (WS) standards are
technical documents developed for World Wide Web applications designed
to share information, and facilitate the inter-operability of geospatial data.
In particular, Web Coverage Service (WCS), Web Mapping Service (WMS),
Web Feature Service (WFS), and Catalogue Service for the Web (CSW)
are part of the Information Management Web Services Tier [17] to share
metadata, and raster and vector thematic maps. An increasing number of
Spatial Data Infrastructures (SDIs) is being developed and implemented
to provide effective access to geospatial data exploiting OGC services.

Examples are available for disaster research and risk management [12] [15]
[20], monitoring of glaciers [18], marine administration [25], e-Government
[10], and the management of groundwater resources [11], coal mines [23],
and generic environmental data [29].

The Web Processing Service (WPS) is a specific OGC standard for the
design of interfaces to facilitate the publication of geospatial processes [13].
Implementation of WPSs remains less common than the implementation
of WMS, WFS, and WCS, and is practiced chiefly by the Open Source (OS)
community [27]. Multiple software can be used to deploy a WPS, including
Deegree (http://www.deegree.org), 52°North (http://52north.org/),
GeoServer (http://geoserver.org/), and the Zoo Project (http://zoo-project.
org/) [5]. For uDig (http://udig.refractions.net/) and QGIS (http://www.
qgis.org/) client GIS software, specific WPS plugins are available. GRASS
GIS 7 offers a method to create a WPS, and can be integrated in a WPS
server through the “wps-grass-bridge” framework (http://code.google.
com/p/wps-grass-bridge/). Multiple WPS processes can be linked in a
single processing chain [4], and can be run on a cloud or a grid infrastructure,
for improved performance [6]. WPS implementations can provide “standard”
GIS processing capabilities (e.g., [2]), or can deploy complex modelling tools
[7] [14].

The Geo-Hydrological Hazard Protection Research Institute (IRPI), of the
Italian National Research Council (CNR), has implemented an SDI dedicated
to disseminating geospatial data and information on geo-hydrological hazards,
in Italy. The SDI exploits Open Source Software [24] and in particular:
(1) PostgreSQL 9.0 + PostGIS 1.5 (http://www.postgresql.org/, http://
postgis.refractions.net/), (ii) GeoServer 2.0.2 (http://geoserver.org) (iii)
GeoNetwork OS 2.6 (http://geonetwork-opensource.org/), (vi) ExtJS 8.4
+ GeoExt 1.0 + OpenLayers 2.11 (http://www.sencha.com/products/extjs,
http://geoext.org/, http://openlayers.org/). The system is implemented
using more than 20 virtual machines hosted on four phisical servers.
Moreover, to deliver map services to different types of users, the CNR IRPI
SDI exploit a specific thematic Web portal (http://geomorphology.irpi.chr.
it/map-services) that portal gives access to geographical and thematic data
and information on landslides and floods, including: (i) landslide inventory
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maps at different scales and covering different geographical areas, (11) landslide
susceptibility, hazard, and risk maps, (iii) information on historical landslide
and flood events in Italy, and (iv) a prototype system to forecast the possible
occurrence of rainfall-induced landslides in Italy [9] [21] [20].

SDIs provide chiefly data discovery, retrieval and visualization capabilities, i.e.
cataloguing and data sharing services [6]. The published thematic maps are
most commonly obtained through complex procedures implemented using
different programming languages and software. The software is not always
available to scientists, students, public administrators, or the general public.
The adopted procedures are occasionally described in scientific articles, or
technical reports, but rarely the software code is available. When the code is
available, it may be difficult (or impossible) to use because of incompatibility/
portability problems, or dependence on additional external libraries. Limited
or incomplete understanding of software, procedures, or programming
languages, further restricts widespread use of the resources.

To overcome some of these problems, we have developed and deployed
software tools, and associated processing procedures, to support geological
and geomorphological mapping. Based on GRASS GIS 7 (grass.osgeo.org/
grass70/), R (www.r-project.org/), and Python Web Processing Service
(PyWPS), the tools are implemented as standard WPS, and allow for: (i)
statistical modelling of the distribution of landslide areas, (ii) estimation of
the attitude of bedding planes from the corresponding bedding traces, (iii)
production of maps showing the geometrical relationship between bedding
planes and terrain slopes, and the (iv) automatic delineation of hydrological
slope units.

The first tool estimates the probability density and the frequency density
of landslide areas shown on landslide inventory maps. The tool implements
parametric and non-parametric statistical approaches, including Histogram
Density Estimation (HDE), Kernel Density Estimation (KDE), and Maximum
Likelihood Estimation (MLE), and produces a document listing statistics of
the original data, parameters of the estimated distribution functions, and
charts showing the estimated distribution functions [19] (see Figure 1).
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The second tool can be used to determine the attitude (dip direction and angle)
of single of multiple bedding planes in area, using a digital representation
of the terrain (Digital Elevation Model, DEM) and a map showing “bedding
traces” i.e., lines representing the geometrical intersection between bedding
planes and terrain, obtained chiefly through the visual interpretation of aerial
photographs, or through field mapping. The tool outputs a geographical
vector layer of points and associated information on the dip direction, the dip
angle, and the related uncertainty, for each point [16]. The output can be used
to prepare structural maps.

The third tool implements a method for the interpolation of bedding planes
to obtain spatially distributed information on the geometrical relationship
between bedding planes and local terrain slope [22]. The tool outputs a
geographical vector layer of polygons classified on five morpho-structural
domains, including: (i) “anaclinal”, (ii) “orthoclinal”, (iii) “cataclinal under-
dip”, (iv) “pure cataclinal”, and (v) “cataclinal over-dip” slopes. The output
aids geological field mapping [1], and can be used as an input terrain variable
to determine landslide susceptibility [3].

The last tool partitions a territory into slope-units, hydrological terrain
subdivision bounded by drainage and divide lines [3], exploiting a digital
representation of the terrain (DEM). The size and geometrical characteristics
of the slope-units are controlled by user-defined modelling parameters,
including the minimum half-basin surface area, and the maximum aspect
standard deviation. The terrain subdivision obtained by the tool can be used
to model landslide susceptibility [3] or hazard [8].
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