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Introduction: Geographic information systems
(GIS), and more specifically remote sensing, have been
used within the geosciences for well over two decades.
In that time, the ability to handle a variety of increas-
ingly voluminous data (both vector and raster) has al-
lowed continued data analysis and exploitation within
mainstream GIS. The uptake and use of GIS has not
been mirrored within the planetary sciences, partly
because of: 1. the origin of much research within as-
tronomy; 2. lack of digital data; 3. the geo-centric na-
ture of many GIS. The rapid advancement in the quan-
titative facilities of GIS has seen extensive application
on Earth, with more limited use within planetary re-
mote sensing. This abstract briefly explores how we are
now seeing a convergence between the use of GIS,
application of new techniques and availability of data.

Software:  GIS software products were historically
based around their application domain (e.g. remote
sensing). Generically, this meant software oriented
around raster (e.g. Clark Labs IDRISI) or vector (e.g.
ESRI ARC/INFO) processing. Developments over the
last decade has seen the integration of vector and raster
data models in to single, unified, products, that can
handle large data sets, in different coordinate systems
and consistently apply quantitative processing. It is
particularly notable that ESRI’s ArcMap integrates
raster and vector visualisation and processing within
one graphical user interface. With the release of ver-
sion 9.0 ArcMap natively supports coordinate systems
of planetry bodies. However commercial GIS are pro-
prietary systems and support of planetry bodies is lim-
ited. For example, within ERDAS Imagine there is
currently no way that a Martian coordinate system can
be added by the user. It is hopeful that work by the
Open Geospatial Consortium (OGC) [1] will make the
inclusion of coordinate reference systems easier.

Quantitative Techniques:  One of the benefits
brought through the use of mainstream GIS applica-
tions is the simplified working environment and im-
plementation of a variety of quantitative techniques.
This can involve simple procesing such as contrast
enhancements or convolution filtering [2], through to
more complex techniques like principal components
analysis or fourier transforms [3]. In understanding the
evolution of planetary bodies, it is necessary to map the
geographic distribution of surface features. A
1:200,000 scale series of topographic maps was
planned for the Mars96 mission [4]. The loss of the
mission meant that this project was delayed until the

successful deployment of the High Resolution Stereo
Camera (HRSC) on board Mars Express [5]. This proj-
ect will provide a base line from which further topo-
graphic analyses can proceed and will use satellite
based photogrammetry. The deployment of technolo-
gies that have been successfully applied on Earth (e.g.
use of stereo ASTER data [6]) will mean the acquisi-
tion of stereo imagery and generation of high resolu-
tion digital elevation models (DEM). This will allow
detailed visualisation [7] and analysis that has already
been successfully used with Mars Oribter Laser Al-
timeter (MOLA) data (e.g. slope asymmetry [8]).
DEMs have been used extensively within geomorphol-
ogy from measurements of surface roughness [9], to
hydrological modelling [10] and hypsometric studies
[11]. Many of the quantitative advances that are being
made using geographic data are implemented within
GIS and are therefore easily transferrable to other
planetary bodies.

Remote Sensed Data:  Perhaps one of the biggest
advances in the use of GIS within planetry remote
sensing has been the increasing ease of access to pro-
jected digital datasets [12]. This is in part due to suc-
cess of many recent (e.g. Mars Express, Mars Odyssey,
Mars Global Surveyor) and on-going (e.g. Mars Re-
connaissance Orbiter, Venus Express) missions. In
particular, HiRISE (aboard MRO) will offer very high
resolution imagery [13] that is better than the best
Earth orbiting commercial systems. This will provide
unprecented detail of the effects decimetre scale sur-
face processes. In addition to the panchromatic and
multi-spectral imagery that is currently available, sur-
face elevation in the form of DEMs has been made
available by the MOLA and the on-going HRSC mis-
sion.  The MOLA data sets are significant in that a
near-global DEM of Mars, at resolutions up to ~468 m
per pixel, are available offering a detailed description
of the Martian topography. Such data sets form impor-
tant inputs to GIS for subsequent analysis and model-
ling.

Example Application:  Figure 1 shows an example
of the visualisation of MOLA data for the region be-
tween Olympus Mons and Pavonis Mons. Whilst a
standard grey-scale image (A) shows little topographic
detail, a relief shaded image (B) offers insight in to
variations in morphology. However this image is bi-
ased as a result of the azimuth of illumination [14].
Non-azimuth biased visualisations are presented in C
(slope) and D (local contrast stretch). The additional
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information presented allows the evalua-
tion of considerably more morphological
detail.

For example, the volcanic cones
shown in Figure 1 show evidence of both
impact deformation (cratering) and also
eruption, the latter represented by a small
flow that produces a distinct asymmetry
in cone geometry seen in slope image
(Figure 1c). The structure of the surface
around the cones is also clearly high-
lighted. Linear features running approxi-
mately N-S may be collapsed dykes that
both terminate and emanate from the vol-
canic centres. Closer examination may
reveal cross cutting relationships and also
information on dyke widths, a critical
parameter governing magma flow rate.
The high resolution images shown here
can also be used as the basis for finite
element numerical models aimed at quan-
tifying cone collapse and lithospheric
stress fields. Integrating structural, vol-
canic morphology and numerical data into
a GIS should allow more complex models
of Martian magma systems to be made in
future.

Conclusions:  This abstract has
briefly presented how the use of GIS has been adopted
in the study of surface features on Earth. When com-
bined with appropriate remotely sensed data and tech-
niques for the analysis and modelling of terrain,
geoscience can take full advantage of the research
methodologies available. Planetry science has been
slower at adopting this technology, partly a result of
the geo-centric  focus of GIS and partly due to the
availability of digital data. Planetry coordinate systems
are slowly being adopted by commercial GIS vendors
and, with readily available projected digital data, the
full application of GIS techniques will be available to
all planetry researchers.
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Figure 1: MOLA DEM data for two volcanoes south-east of Olympus Mons. A. Grey-
scale image. B. Relief shaded visualisation (from 225º). C. Slope image. D. Local contrast
stretch [7].
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