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Abstract 
Data quality control by visualisation is a commonly applied method, but it is limited to two-

dimensional data and is not useful in very large datasets. In a case study we applied this technique 
to soil erosion caused by heavy precipitation. The data input for this erosivity study is provided by 
weather radar. Artefacts in the radar signal and errors in the processing chain have to be identified 
and filtered before feeding the radar-derived precipitation data into erosivity models. 

To highlight the future potential of FOSS geoinformatics tools for advanced 3D/4D visualisation 
we showcase a work in progress based on the tools GRASS GIS and PARAVIEW for visual quality 
control. In the future, these tools could be equipped with web service interfaces (e.g. OGC WPS) 
and could be orchestrated in a scientific work flow. The power of this processing chain could be 
enhanced by the utilisation of emerging Grid technologies. 
 
1. Introduction 

FOSS tools in the field of Geoinformatics provide options for advanced 3D/4D visualisation. To 
highlight the future potential, we showcase a work in progress based on the tools GRASS GIS and 
PARAVIEW for visual quality control for weather radar data products used in a soil erosion study 
from South Africa. 

The large bodies of data collected by observing systems cannot be assessed easily by visual 
inspection because the number of data objects is too large and often the data have more than two 
dimensions. Since most pre-view formats are limited to two-dimensions, new pre-view formats are 
needed. In our test case we used FOSS components to routinely produce pre-views of radar 
precipitation data for studies on soil erosion. 

Soil erosion is a major factor in environmental degradation processes that cause a demise of 
farming and widespread poverty. Soil erosion is influenced both by natural and man-made causes. 
Major agents of soil erosion are heavy precipitation events, e.g. thunderstorms, where the run-off 
erodes the top soil layer and cuts deep gulleys into the landscape. 

In our case study we looked at soil erosion caused by heavy precipitation, especially the rainfall 
erosivity factor which controls the active erosion process.  The precipitation data are derived from 
weather radar data, which were kindly supplied by the South African weather service METSYS 
(METSYS 2008) for previous work in this area (Löwe 2003). However, artefacts in the radar signal 
and errors in the processing chain have to be identified and filtered before feeding the radar-derived 
precipitation data into erosivity models. 



In our test case, a new  class of erosivity models was introduced (REI: Rainfall Erosivity Index), 
which includes the temporal change of precipitation input over an area (Seuffert, Busche and Löwe 
1999). This approach differs from the standard approach, which only considers the sum of 
precipitation at a given location. While the optimum parametrisation of the model remains to be 
defined, it could be demonstrated that the model output, based on radar-derived REI data, compares 
well with the expected results (Löwei, n press 2008 ). Attempting to set up proper parameters for 
the erosivity model requires rainfall maps portraying the actual precipitation. 

Maps of rainfall fields are traditionally interpolated from the observations of networks of single 
point rain gauges. Because of the limited availability of such  networks and the difficulties involved 
in the interpolation of non-equidistant data grids, weather radar provides the only available spatially 
continuous input data for such erosivity studies. 

Ground based radar stations scan the lower atmosphere for distances of up to 200km and up to 
18 km altitude. A dataset, which describes the reflectivity of the hydrometeors (i.e. rain, snow, etc.) 
within  the observed volume of space, is generated every five minutes. The volume of the resulting 
data voxels is 1 km3.  

As the most common visualisation, the vertical axis of the 3D reflectivity volume is collapsed 
onto a 2D map of maximum reflectivity. The rainfall fields are then derived from this map of 
maximum reflectivities. The resulting precipitation fields are the input for erosivity models. 

 
2. Precipitation Radar Images - Preview Formats 

The model has been set up using GRASS GIS in combination with a Clips Expert System 
(CLIPS 2008) assessed via CAPE (CAPE 2008).  

In the test case, it was necessary to monitor both the quality of the input data stream and the 
output stream of erosivity maps created by simulation.  

 
Figure 1. Overview over the combined use of two preview formats for radar data validation and the 

iterative improvement of erosivity model parameters. Each preview image summarises the data 



Daily preview images of the recorded radar reflectivity volumes for the test region for selected 
days were created. This allowed us to retrospectively identify erosivity model output generated 
from biased precipitation data.  

The ingestion of the radar reflectivity volumes and the derivation of precipitation maps was 
handled with GRASS GIS (GRASS Development Team 2008) . Since GRASS allows for 3D-
Volume creation and processing, the preview formats were derived from the geo-referenced input 
data. 

The NVIZ 3D-visualisation tool is part of GRASS and allows direct access to the spatial data. 
The currently available options for volume rendering are limited, which led to the use of Paraview 
for visualisation and animation (Paraview 2008). GRASS and Paraview can be used in a loosely 
coupled scenario based on using the file system for data transfer. At the current state of 
development, the only common file format is a non-binary ASCII-format, which results in rather 
large files for each preview image (600Mb). Once binary exchange file formats will be supported 
by GRASS, the transfer process will improve significantly.   

Obviously, errors and artefacts in the primary 3D data will affect the derived 2D rain rate map. 
However, erroneous data cannot be identified once they are transformed into a 2D dataset. Errors in 
the radar signal may result from atmospheric conditions (radar-beam foreshortening, attenuation 
effects, sunrise), ground target reflections (tall buildings, ships or topography), or sensor related 
data bias (processing errors within the radar sensor and data generation). Any kind of systematic 
errors or bias hidden in the input data will severely affect the model output. To improve the quality 
of erosivity models requires some form of quality control on the data input. 

Preview formats of data are commonly used tools to achieve an overview over the content and 
quality of a given set of data. However, high volume spatio-temporal data preview formats have to 
be more sophisticated than merely reducing the resolution displayed. In addition, the processing 
power needed to produce preview objects might be considerable (Klump, in press 2008). 

Visual inspection of the radar data in our study is possible, but not feasible since radar snapshots 
of the atmosphere are generated every five minutes. Thus the complete set of data for one year 
would comprise 105,120 datasets, which is clearly beyond the capacities of processing by human 
inspection. Large datasets, like in this case study, call for new pre-view formats that would allow a 
visual inspection of data quality. 

 
3. The Contoured Frequency by Altitude Diagram (CFAD) 

A common preview format used in meteorology is the Contoured Frequency by Altitude 
Diagram (CFAD) that collapses a 3D weather situation into a 2D diagram of weather intensity 
against altitude (Figure 2) (Yuter and Houze  1995). Isolines of radar reflectivity are used to contour 
the data and aid interpretation. The CFAD only shows a snapshot of the weather situation but 
requires image animation to show the dynamics of the weather processes over time. 



Figure 2. Contoured Frequency by Altitude Diagram (CFAD). Numbers on contour lines give the 
number of voxels in the observation area with a given radar reflectivity. The CFAD gives a 

snapshot of weather intensity at different altitudes in the lower atmosphere 
 

4. Adding the Time Dimension: Introducing the CFATD 
Adding the time-dimension extends the CAFD (Figure 2) to a Contoured Frequency by Altitude 

and Time Diagram (CFATD, Figure 3). Data can be contoured in space and show as “isotubes” 
instead of isolines. The CFATD gives a quick overview of the weather situation and its evolution 
over time, but also readily shows systematic errors in the data. The main benefit of this approach is 
the accessibility of the preview format to audiences beyond the field of radar meteorology. 

The use of scale planes for altitude, time and reflectivity thresholds allows to assess the provided 
information. This display of CFATD diagrams helps the observer to identify time intervals of 
relevant data of extreme weather events by defining a reflectivity threshold as a kind of filter. 

In addition, the overall shape of the isotubes provides clues towards the quality of the data. It 
allows a meteorologist to judge the state of the lower atmosphere, while non specialist are provided 
with a basic estimate of the performance of the sensor system. Preview images of systematically 
biased radar signals deviate from the rather “organic” appearance of “well formed” CFATD 
diagrams and appear more “blocky”. Analysis of the data quality based on CFATD thus improves 
the reliability of the derived erosivity data sets. 



Figure 3. Example of a CFATD. Note the scale planes segmenting the volume in the time (vertical 
red planes), altitude (horizontal grey planes) and reflectivity (single red plane) dimensions. The 

time-dimension spans along the volume body from the foreground of the figure to the background. 
This figure does not provide information about the location of the reflectivity counts 

 

5. Radar Reflectivity in Space and Time 
Since the output of the erosivity model is highly dependent on the quality of the precipitation 

input data both in time and in space, 2D animations were used from the start to verify the 
plausibility of the spatial pattern. Similar to weather radar animations used in weather forecasts, the 
moving precipitation fields were shown, which were trailed by ribbon like erosivity fields 
resembling shadows. However, this kind of visualisation was not suitable to provide a overview 
over the observed time span. The calculation of totals for each spatial cell would lose the specific 
temporal pattern which is unique to the model approach. Therefore, the previously animated 
erosivity/rainfall maps were stacked into another 3D-volume which provides information about the 
temporal pattern of both precipitation strength and the model response (Figures 4-6). 
 



 
Figure 4. Preview image of a full day of precipitation fields (yellow) and resulting erosivity signals 
(red). The bottom of the image shows the start of observed time span while its top shows the end. 

The vertical linear structures represent noise caused by topographical radar echos. The upward 
angle of the shown precipitation fields and the derived erosivity impulses correspond to speed of 

motion. Please note that the image does not show real louds of water vapour. The cloud-like 
structures indicate instead time intervals during which precipitation occurred at a given location 

 



 

Figure 6. Same precipitation field as shown in figure 5. Its resulting erosivity pulses shown in  side-
view. Note the temporal delay between the yellow precipitation volume and the red erosivity pulses. 

This is caused by the temporal shut-off constraint by the model. While the erosivity pulses appear 
opaque in this figure, the model-predicted strength of the erosivity signal can be used to iteratively 

improve the model output 

Figure 5. Detailed top-view of the track of a precipitation field (yellow) and the derived erosivity 
pulses (red). Note the highly localized distribution of the erosivity pulses. This information can be 

used to calibrate the interaction between point-sampling rain gauge networks, weather radar 
calibration and soil erosion plots 



6. Conclusions  
Research conducted with tools offered by information technology provide us with a wealth of 

data, too large to glimpse through the narrow formats offered by common preview formats (Klump, 
in press 2008). Our case study on radar derived precipitation data for erosivity models showed that 
new pre-view formats based on automated processing of large datasets have the potential to 
significantly increase the quality of input data fed into, and results derived from, numerical 
modelling. 

“Preview-Space” and the 4D space of the original meteorological observation can be brought 
into overlap only by reducing the number of dimensions. As demonstrated, FOSS GI tools proved 
to be suitable for populating “Preview-space” with content. The tools also showed to be powerful 
enough to be used for exploratory data analysis by charting new features hidden in the vast amounts 
of data.  

 
7. Outlook 

In this work we described a processing chain for novel pre-view formats as a dedicated structure. 
However, with a Service Oriented Architecture approach, data sources and data processing could be 
orchestrated into processing chains for on-demand production of complex data products. 

In our example, CFATDs as preview formats could be routinely generated through OGC Web 
Processing Services (WPS). WPS is a relatively new technological standard, one of its first 
implementations is PyWPS, a Python-based WPS package. This package could be used to provide a 
standardised web-service interface to access GRASS (PyWPS 2008). 

Large data volumes require powerful computing resources that are not readily at hand. The 
emerging Grid technology might be an approach to provide much more powerful processing 
services to work with large datasets. The added computational power could even be used for 
running of and for comparing the results of ensemble simulations.  

The significance of the orchestrating data sources and complex web services, such as those 
offered by the Grid, into digital work flows is expected to grow in the foreseeable future (Klump, 
Löwe, Häner and Wächter 2007). Two examples of such endeavours are the Grid project GDI-
GRID (2008) and the e-science project WISENT (2008). 

 
Literature 

CAPE (2008): Clips and Perl with Extensions, http://cape.sourceforge.net/ 
CLIPS (2008): C Language Integrated Production System,    http://clipsrules.sourceforge.net/ 
GDI-GRID (2008): Geodateninfrastruktur-Grid, http://www.gdi-grid.de/ 
GRASS Development Team (2008): Geographic Resources Analysis Support System (GRASS) Software. 

ITC-irst, Trento, Italy. http://www.grass.itc.it  
Klump J. (2008): Anforderungen von e-Science und Grid-Technologie an die Archivierung 

wissenschaftlicher Daten. nestor-Materialien. Kompetenznetzwerk Langzeitarchivierung (nestor), Frankfurt 
(Main).  

Klump J.,Löwe P., Häner R., Wächter J. (2007): Continuous digital workflows for earth science research, 

http://metsys.weathersa.co.za/


German e-Science Conference, Max-Planck Digital Library, Baden Baden, ID: 316578.0 
Löwe P. (2003): Methoden der Künstlichen Intelligenz in Radarmeteorologie und 

Bodenerosionsforschung, Dissertation, Universität Würzburg 
Löwe P. (2008): Niederschlagserosivität – Eine Fallstudie aus Südafrika, basierend auf Wetterradar und 

Open Source GIS. VDM-Verlag Dr. Müller, Saarbrücken.   
METSYS (2008): South African Weather Service, http://metsys.weathersa.co.za/ 
Paraview (2008): Parallel Visualization Application, http://www.paraview.org 
PyWPS (2008):Python Web Processing Service),http://pywps.wald.intevation.org 
Seuffert O., Busche D., Löwe P. (1999): Rainfall Structure – rainfall erosivity: new concepts to solve old 

problems. Petermanns Geographische Mitteilungen, 143, 1999/5+6 
WISENT (2008): Wissensnetz Energiemeteorologie, http://wisent.offis.de/ 
Yuter S., Houze A. (1995): Three-Dimensional Kinematic and Microphysical Evolution of Florida 

Cumulunimbus. Part II: Frequency Distributions of Vertical Velocity, Reflectivity and Differential Velocity. 
Mon. Weather Rev.,123: 1964–1983. 

http://metsys.weathersa.co.za/

	CONTENTS: ACADEMIC PRESENTATIONS
	FOSS GIS TOOLS and COMPONENTS 
	Calculating NADCON Grids using GeoTools
	Multi-Environment General Purpose Applications Built with Terralib
	An Extensible, Interface-based, Open Source GIS Paradigm: MapWindow 6.0 Developer Tools for the Microsoft Windows Platform
	PAL - A Cartographic Labelling Library

	LAND CLASSIFICATION and CLIMATE CHANGE
	Using Airborne Laser Scanner Data and Open Source Software for a Glacier Inventory
	Open-source Versus Proprietary GIS on Landscape Metrics Calculation: A Case Study
	Urban Spatial Growth and Land use Change in Riyadh: Comparing Spectral Angle Mapping and Band Ratioing Techniques

	STANDARDS and INTEROPERABILITY 
	The South African Address Standard and Initiatives towards an International Address Standard
	Can the South African Address Standard (SANS 1883) Work for Small Local Municipalities?
	Editing XML Metadata Files with the Aid of the Open-Source Editor MEE
	Multipurpose Metadata Management in gvSIG

	SOFTWARE ENGINEERING and GIS PRODUCTION
	Using Supply Chain Management to Enable GIS Units to Improve their Response to their Customers' Needs
	Factors Leading to Success or Abandonment of Open Source Commons: An Empirical Analysis of Sourceforge.net Projects
	Open Source Software: Risk Management from an Intellectual Property Perspective
	FOSS4G Certification Issues in the Development of a Large Telecommunication Application

	WATER RESOURCE MANAGEMENT 
	Using Keyhole Markup Language to Create a Spatial Interface to South African Water Resource Data through Google Earth
	How Open Source GIS and Related Tools can Help in African Project and Projects can Help to Develop New Tools: The Case of Rwanda and the New GRASS-Epanet Interface
	Efficient Constrained Delaunay Triangulation Implementation in Java for SpatialHydrological Analysis

	DISASTER MANAGEMENT 
	The Andean Information System for Disaster Prevention and Relief: A Case Study of Multi-National Open-Source SDI
	GIS: A Rapid Deployment GIS Framework for Humanitarian Relief Operations
	Natural Hazards and Risk Assessment: The FOSS4G Capabilities
	GIS-based Atmospheric Dispersion Modelling

	SPATIAL DATA
	MonetDB, A Novel Spatial Column-Store DBMS
	A Data Model for Efficient Address Data Representation – Lessons Learnt from the Intiendo Address Matching Tool
	A Comparison of Data File and Storage Configurations for Efficient Temporal Accessof Satellite Image Data
	Providing Access to Terabytes of Earth Observation Data in an International Organization - Infrastructure and Services

	MODELS, SIMULATIONS and RISK ASSESSMENT
	An Open Source Model for the Simulation of Granular Flows: First Results with GRASS GIS and Needs for Further Research
	Optimal Exploration Target Zones
	Quality Management for 3D/4D Meteorological Data with Paraview and GRASS GIS

	COLLABORATIVE GIS
	Development of Real-time Tracking and Log Management System using Free and Open Source Software
	Participatory Free and Open Source GIS in the Web 2.0 - Exploring Trends in GIS in Times of Collaborative Creation

	ENVIRONMENTAL MONITORING and WIRELESS NETWORKING
	GEM-PP: A GIS EMissions Pre-Processor to Ingest European Emission Inventory (EMEP/CORINAIR) into Photochemical Transport Models
	On-line Air Quality Monitoring and Warning Support System for Bucharest Urban Area
	NAMGIS – A Context-Aware Mobile Web GIS
	Assessment of Location Sensitivity of Voronoi-based Sensor Deployment and Reconfiguration using GIS

	HEALTH, NATURE CONSERVATION and BIODIVERSITY
	Free GIS Software meets Zoonotic Diseases: From Raw Data to Ecological Indicators
	Spatial Analysis and Visualization of Genetic Biodiversity
	Application of Open Source and Proprietary Software to Optimise Meadow Bird Management Schemes in the Netherlands

	SDI
	Beyond FOSS 3D GIS Technologies: A Chance for Developing Countries
	urbSAT: from Spatial SQL to Urban Indicators
	Implementation of the Elements of the Polish National Spatial Data Infrastructure based on Open Source Software
	A Review of the Status of Spatial Data Infrastructure Implementation in Africa

	EDUCATION AND TRAINING, FOSS in CORPORATES and GOVERNMENT
	Corporative Applications Built with TeCOM: A TerraLib Microsoft Visual Component
	Student Recruitment for Transformation at the University of Cape Town: A Spatial Analysis of the Alternative Admissions Research Project, 2000 – 2005
	The Challenges of GIS Education and Training: GIS use by Municipal Urban and Regional Planning
	Challenges Affecting the OSS Adoption Rate in the SA Government

	WEB SERVICES
	An Open Service Network for Geospatial Data Processing
	Integration of GRASS Functionality in Web based SDI Service Chains
	World Wide Access to Amazon Forest Inventories of Non-Timber Products
	Semantically Enabled SOS with Topic Maps

	SEARCH
	Welcome Addresses
	Review Process and Referees
	Organising Team
	Sponsors and Exhibitors
	Assistance / Help
	Disclaimer
	Exit

	page0: 247
	page1: 248
	page2: 249
	page3: 250
	page4: 251
	page5: 252
	page6: 253
	page7: 254
	page8: 255


