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Overview
� Spatial data types, representation and formats

� X and Y axes, and offsets

� Projections

� Data management principles

� Metadata

� Data analyses

� Storage/Curation of data



“… data is every scientist’s second priority. When 
scientists are evaluated … their efforts in 
curating, managing and quality assurance of data 
sets that future generations of researchers can 
use are not taken into account … .”

Dr J-B Minster, Chair: ICSU World Data Center System.



Collecting and analysing spatial data during Disaster 
Risk Assessments is generally seen as a relatively 
easy one where data is collected and thereafter most 
of the actual project work revolves around the 
analysis of the data and modeling the risks…

However, the time and effort that it takes to get the 
spatial data into a usable format and eventually 
give it back to the end-users in a way that they 
would be able to utilize it effectively in future 
exercises/projects, is generally underestimated…



Spatial Data types
Notable commercial or proprietary GIS software

CAD / GIS (vector/raster):

Autodesk – MapGuide and AutoCAD. 
Intergraph – photogrammetry. 
ERDAS IMAGINE – Remote Sensing, and Photogrammetry by Leica

Geosystems Geospatial Imaging. 
ESRI – ArcView 3.x, ArcGIS, ArcSDE, ArcIMS, ArcServer, ArcPad (for 

GPS).
IDRISI – imagery/remote sensing by Clark Labs. 
MapInfo – MapInfo Professional. 
MapPoint – by Microsoft. 



Caliper –Maptitude, TransCAD and TransModeler. GIS for transportation. 
Pictometry – allows oblique images to be draped with shapefiles. 
Black Coral Inc —geospatial collaboration capabilities that enable better outcomes for 
personnel and tactical teams operating in emergency response and military 
environments. 
CARIS (Computer Aided Resource Information System) – GIS systems for hydrography
and cadastral systems. 
DeLorme – GIS tools, data, and GPS hardware. 
GMS – 3D environment for building geologic and groundwater models 
Manifold System – Low-cost GIS software package. 
Planet GIS – SA-based, – low cost package
Oracle Spatial. 
Orbit GIS Generic and multi-purpose GIS toolkit, 100% Java-based. 
Safe Software – Spatial ETL products including FME, SpatialDirect and the ArcGIS Data 
Interoperability Extension.
Smallworld – developed in Cambridge, England (Smallworld, Inc.) and purchased by 
General Electric and used primarily by public utilities.



Free and Open-source GIS software:

Many GIS tasks can be accomplished with free or
open-source software.

With the broad use of open data formats such as the Shape 
File format (.shp) and the Geotiff (.tiff) format for raster data, 

the development of open source software continues to 
evolve, especially for web and web service applications. 



Open source software:

•GRASS(a complete GIS)
•MapServer– Web-based mapping server. 
•gvSIG– Open source GIS written in Java. 
•ILWIS – ILWIS (Integrated Land and Water Information System)
•JUMP GIS– Java Unified Mapping Platform. 
•MapGuide Open Source– Web-based mapping server. 
•OpenLayers– open source AJAX library
•PostGIS– Spatial extensions for the PostgreSQLdatabase
•Quantum GIS– QGIS runs on Linux, Unix, Mac and Windows. 
•TerraView
•uDig
•MapWindow GIS



Data representation
GIS data represents real world objects (roads, land use, elevation) with digital data. Real 
world objects can be divided into two abstractions: discrete objects (a house) and 
continuous fields (rain fall amount or elevation).

There are two broad methods used to store data in a GIS for both abstractions: Raster 
and Vector.

Vector: Raster:



Each of these geometries are linked to a row in a database that describes their 
attributes. For example, a database that describes lakes may contain a lake's 
depth, water quality, pollution level. This information can be used to make a 
map to describe a particular attribute of the dataset. For example, lakes could be 
coloured depending on level of pollution.

Contour linesand triangulated irregular networks(TIN) are used to represent 
elevationor other continuously changing values. TINs record values at point 
locations, which are connected by lines to form an irregular mesh of triangles. 
The face of the triangles represent the terrain surface.



Advantages and disadvantages: vector vs raster

•Raster data allows easy implementation of overlay operations.

•Raster data will appear as an image that may have a blocky appearance for object 

boundaries.

•Vector data can be easier to register, scale, and re-project. This can simplify combining 

vector layers from different sources.

•The file size for vector data is usually much smaller for storage and sharing than raster 

data. Image or raster data can be 10 to 100 times larger than vector data depending on the 

resolution.

•Vector data can be easily updated and maintained. 

•Vector data allow much more analysis capability especially for "networks" such as roads, 

power, rail, telecommunications, etc. For example, with vector data attributed with the 

characteristics of roads, ports, and airfields, allows the analyst to query for the best route or 

method of transportation.

Non-spatial data

Non-spatial data can be stored besides the spatial data represented by the coordinates of a 

vector geometry or the position of a raster cell. In vector data, the additional data are 

attributes of the object.



Data formats

� Hard-copy only data?: Digitise / Digital Pen-
technology

� Spreadsheets: what to aim for when collecting 
data to ensure seamless integration with GIS.

� Software differences/conversion of formats
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Projections
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Map projections are attempts to portray the round surface of the earth or a portion of the 
earth on a flat map surface. Some distortions of conformality, distance, direction, scale, and 
area always result from this process. Some projections minimize distortions in some of these 

properties at the expense of maximizing errors in others. Some projection are attempts to 
only moderately distort all of these properties. 

Conformality 
When the scale of a map at any point on the map is the same in any direction, the 

projection is conformal. Meridians (lines of longitude) and parallels (lines of latitude) 
intersect at right angles. Shape is preserved locally on conformal maps. 

Distance
A map is equidistant when it portrays distances from the center of the projection to any 

other place on the map. 
Direction

A map preserves direction when azimuths (angles from a point on a line to another 
point) are portrayed correctly in all directions. 

Scale
Scale is the relationship between a distance portrayed on a map and the same distance 

on the Earth. 
Area

When a map portrays areas over the entire map so that all mapped areas have the 
same proportional relationship to the areas on the Earth that they represent, the map is 

an equal-area map.



Map projections can be constructed to preserve one or some of these 
properties, though not all of them simultaneously. Each projection 
preserves or compromises or approximates basic metric properties in 
different ways. The purpose of the map, then, determines which projection 
should form the base for the map. Since many purposes exist for maps, so do 
many projections exist upon which to construct them.

Another major concern that drives the choice of a projection is the 
compatibility of data sets. Data sets are geographic information. As such, 
their collection depends on the chosen model of the earth. Different models 
assign slightly different coordinates to the same location, so it is important 
that the model be known and that chosen projection be compatible with that 
model. On small areas (large scale) data compatibility issues are less 
important since metric distortions are minimal at this level. In very large 
areas (small scale), on the other hand, distortion is a more important factor to 
consider.



Different map projections result in different spatial 
relationships between regions: e.g.
• Three Different Map Projections of the United 
States

• Albers Equal Area and Lambert Conformal Conic 
Projections of North America







Map projections fall into four general classes:

•Cylindrical projections result from projecting a spherical surface onto a 
cylinder.

•Conic projections result from projecting a spherical surface onto a cone. 

•Azimuthal projections result from projecting a spherical surface onto a plane. 

•Miscellaneous projections include unprojected ones such as rectangular 
latitude and longitude grids and other examples of that do not fall into the 
cylindrical, conic, or azimuthal categories















Projections commonly used in South Africa:

Geographic

Transverse Mercator: LO (Rtb/Jhb: 27) – (CT 31); 
Datum: WGS84; Hartebeesthoek 1994 (meters)



Data management principles

� Data flow (diagram)

� Tracking hard copies, conversations and digital data

� Procedures (Capturing Methodology)

� Directory management

� File naming standards (Naming Convention)



Procedures
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Metadata
� Title of the dataset 
� Creation date
� Abstract – description of dataset and any methods 

used to derive it
� Metadata author – details on user and 

organization creating the data or capturing the 
metadata

� Themes/categoriesrelevant to the data
� Coordinate system and geographic bounding
� Authorised Distributor
� Publication format – Software version and 

extensions used to create the software



Data analyses

� Document the models that are used (mathematical 
formulas and actual programs/tools/scripts)



OECD Principles and Guidelines

(ORGANISATION FOR ECONOMIC CO-OPERATION AND 
DEVELOPMENT)

� Declaration on Access to Research Data from Public 
Funding

� Facilitate cost-effective access to the data

� RSA adopted the Declaration – leader country for 
Africa: “Observer member”

Storage/curation of data



OECD Principles:
motivation for sharing and promoting access to 

spatial data
� Openness

� Flexibility

� Transparency

� Legal conformity

� Protection of intellectual property

� Formal responsibility

� Professionalism

� Interoperatibility

� Quality

� Security

� Efficiency

� Accountability

� Sustainability



Africa’s Data:

� List of core data sets for Africa is available on EIS website 

www.eis-africa.org/EIS-Africa/publications/

� A lot of this data is available in repositories outside of Africa; a lot of 
data is still only available in hard copy maps. One problem with all this 
data is that there is lack of metadata.  The best metadata often comes 
from the foreign repositories.



Whose responsibility is the 
curation of data ?

•Researcher / individual / (organisation) need to have the means
to curate

•Organisation needs to have the work flow to manage the data

•Centralised vs Decentralised; where and who should curate?

•Networking is important within a distributed model: standards 
and a clearing house is necessary for the country/per province?



Concluding remarks

� Spatial data types, representation and formats

� X and Y axes, and offsets

� Projections

� Data management principles

� Metadata

� Data analyses

� Storage/Curation


