
Soil maps give important information for land plan-
ning and serve as a base for the execution of envi-
ronmental laws. Detailed soil maps for the Swiss
Alps (and for many other parts of the Alps) are al-
most non-existent. The only available soil database
for such areas is a map with a scale of 1:200'000.
The applicability of this map is, however, very re-
stricted due to its large scale and its emphasis on
agriculture. Furthermore, the polygons do not pos-
sess unique values but are so-called complexes with
several values or descriptions depending on the
item. This concept is of extremely restricted practical
use. A further problem is to be found in the ex-
tremely high variability in the topography of Alpine
areas, this has a tremendous influence on soil prop-
erties. The rough topography makes it difficult to
perform soil mapping in the field at reasonable cost.
Almost no financial sources in the near and far future
are going to be available although a soil database
(maps) would be very valuable when implementing
environmental laws. Alternative methods are going
to be needed to achieve this (Tognina 2004).

Alpine soil properties can be modelled by several
different methods. Process-oriented modelling of
soils with GIS can be made by formulating geo-
ecological interrelationships based on the principles
given by Leser and Klink (1988). A further possibility
is to derive soil-relevant data by remote-sensing
techniques (e.g. Gauthier and Tabbagh 1994). If
enough point data is available then geostatistical
principles can be used for predicting soil properties
(e.g. Lark 2003). The mapping method consists of
classifying soil types in a reference area. The prob-
ability of the different soil classes occurring at a spe-
cific site could be used to predict soil properties at
unvisited sites using digital data sets such as DTM
(digital terrain model, raster 25m), geology and hy-
drology. Empirical models developed from DTM
have been successful in predicting horizon depths of

the topsoil. Promising results in mapping soil proper-
ties are also obtained from fuzzy functions or neu-
ronal networks (Behrens et al. 2005).

We performed a spatial analysis to model at least
one part of the information needed for a soil map in
the Alpine area Upper Engadine. The soil classifica-
tion was according to the Swiss FAL system. Among
the modelled characteristics are the soil type, pH-
value (CaCl2) in the topsoil (uppermost, surface
layer) and in the subsoil, the skeleton content in the
top- and subsoil, the soil depth relevant for plant
growth (according to the Swiss FAL-system; (= soil
volume – skeleton volume; related to depth), org. C,
particle size distribution, soil hydrology and the ter-
rain form. To a large extent, the calculations refer to
the developed soil type model that was needed for
the derivation of further properties. Due to the ab-
sence of a mapped reference area and the almost
non-existence of soil profile-data, neither geostatisti-
cal-oriented nor neuronal networks could be applied.
The modelling principle used is based on process-
oriented entity-relationships and on pedo-transfer
functions. Existing data was compiled and additional
soil profile data (in total 72) was analysed (from a
part of the whole region) to have a reliable database
background.

Soil development is roughly synonymous with
weathering. Soil types and properties can be defined
as a function of the independent state factors parent
material, climate, topography, age and organisms.
The input data was chosen according to this para-
digm. Input data sets were, among others, the DTM
(from where the topographic features such as expo-
sition, height above sea level, landform and slope
could be extracted), a geological map, a geomor-
phological map, vegetation cover maps (forest,
moor, flood-plains, etc), glacier map, snow melting
pattern (that was derived from remote sensing ana-
lysis (spot)), etc. This data set was analysed using
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entity-relationships containing Boolean and logical
functions. Soil types as well as several soil charac-
teristics (pH, skeleton content, soil water content
etc.) have been modelled using this procedure. Org.
C (kg/m2) could be derived from existing pedotrans-
fer-functions (cf. Figure 1).

The defined model structure led to a significant
improvement of the existing “soil map” (1:200000).
The raster-based map now has unambiguous,
mono-valent values in regard to soil type, landscape
form, soil properties, soil depth and soil hydrology.
The resolution of the DTM (25 m), however, was not
satisfactory for the main valley floor. The small con-
tours that often define the limits of soil properties
could not be modelled with the required exactness,
therefore aerial photographs had to be used to help
derive the relevant soil properties.

The results obtained agree well with field meas-
urements (agreement around 60 to 90% between
modelled and measured properties depending on the
characteristic modelled) and are at a scale (approx.
1:50000) that is useful in practice. The comparison
was made using the soil profile dataset. The cell unit
of the DTM raster was 25m and that from the profil-
ing approx. 2x2m. The micro-relief and, thus, soil
formation can vary in the Alps within very short dis-
tances. The exactness of soil modelling, therefore,
depends very much on the resolution of the DTM.
The modelling of soil properties using a DTM has
many advantages over field investigations (mapping)
where the complex topography and its influence on
soil properties cannot be sufficiently taken into ac-
count during soil mapping.
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Today, Geographical Information Systems (GIS) are
an essential tool for assessing and anticipating the
impact of global climate change, either through direct
GIS-based modelling or through their functions for
manipulating, analysing and visualising model in-
and output.

In this paper, a GIS is used to assess the impact
of uncertainty introduced to a large scale environ-
mental model by different aspects of topography rep-
resentation, namely the accuracy of the used Digital
Elevation Model (DEM) and the resampling process
necessary to produce topographies suitable as
model input. Ice sheet models make an excellent
case study for this purpose, as they are an important
source of estimates on the reaction of the earth’s ice
masses to climate change and its impact on global
or regional sea level change or freshwater availabil-
ity. Such models have multiple sources of uncer-
tainty including inputs describing climate forcing, the
topography on which this climate acts, and the mod-
elled responses of ice sheets to such forcing.

Up until recently, most ice sheet models at conti-
nental or regional scales have relied on a limited
number of sources of elevation data, such as those
provided at resolutions of the order of kilometers by
the USGS (GTOPO30) and the NGDC (GLOBE).
Previous experiments (Hebeler & Purves 2004)
demonstrated that quoted accuracies in such DEMs
of between 18m and 150m have significant impacts
on modelled ice sheet extent and volume for a set of
Monte Carlo simulations run on Scandinavian topog-
raphy at a resolution of 20km.

The availability of high resolution elevation data at
a near global scale provided by the Shuttle Radar
Topography Mission (SRTM) provides an excellent
opportunity to further explore such uncertainties. In
this paper we explore the sensitivity of ice sheet
model runs in southern South America to topog-

raphic uncertainty, by treating SRTM data as a
ground truth for comparison with GLOBE (compare
Jarvis et al. 2004).

A comparison of STRM with GLOBE data reveals
that along the Andean ridge, from the Pacific coast
to the Amazon basin, elevation values are highly bi-
ased with various sources of supposed error (for ex-
ample, data sources of different quality, measure-
ment, interpolation, and systematic errors, Figure 1).
Importantly, while the average differences of GLOBE
altitudes from corresponding SRTM means are
around 35m over the whole area, large patches in
the Andean Highlands, where ice sheet inception
and growth is likely, show spatially auto-correlated
differences of 80-300m.

Figure 1. Deviation of the GLOBE DEM from mean SRTM90
altitude data. Tiles of assembled GLOBE data in the centre and
eastern area are clearly visible with longitudinal stripes indicat-
ing errors introduced by measuring and assembling. In the
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central western area, random error is visible as fine grained
speckles. In the northern and southern part, large systematic
errors in the range of 80 to 300m and above are visible as
larger tiles. (Area: 29-43deg S, 74-61deg W)

In order to examine the impact these inaccuracies
have on ice sheet models, a suite of topographies
was produced from the original GLOBE data by
adding a random, spatially correlated error surface
simulating the observed uncertainties. These modi-
fied topographies were then resampled to a resolu-
tion of 10km suitable for ice sheet modelling using a
bilinear interpolator. This resampling process is a
further source of uncertainty in elevation values. To
estimate the influence of this resampling in compari-
son to uncertainties present in elevation data, SRTM
data was generalized to 10km resolution using a
range of methods implemented in commercial GIS
(ESRI ArcGIS 9) software, producing a second set of
topographies.

The two suites of generalized DEMs can then ei-
ther directly serve as input for Monte Carlo Simula-
tions (MCS), or, alternatively, observed dependen-
cies of deviations in the suites of DEMs can be used
to create random variation in topography that serve
as input to an ice sheet model. In this case study, a
MCS of the Patagonian ice sheet during the first 20k
of the Last Glacial Maximum using the GLIMMER ice
sheet model is run. Previous experiments have
shown that the observed relative variation of mod-
elled ice extent and volume depends on the absolute
size of the ice mass and, in Patagonia, it is expected
to be of the order of 10%. The induced uncertainties
can also be compared with the system’s sensitivity to
variation in mass balance through climate forcing, in
order to assess the relative influence of these differ-
ent terms on uncertainty. Finally, the variations
caused by topographic uncertainty can be expressed
as water equivalent, enabling the calculation of the
influence on local or regional processes such as
seasonal discharge, overall freshwater availability or
relative sea level rise.
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Although the Swiss National Park is one of the best
documented research areas in Switzerland, no de-
tailed soil map is available for that region. The only
available soil database is a map with a scale of
1:200'000 focussing on agricultural productivity. De-
tailed soil maps are missing in large parts of the Alps
due the limited agricultural productivity of such soils
and to high cartography costs. Alternative methods
are therefore needed to achieve this.

Modelling with GIS can be used to derive soil
maps from existing spatial data.  Egli et al. (2004) for
example developed a soil-model for the canton of
Lucerne (Switzerland). This model was then adapted
to the Alpine region of the Upper Engadine. In both
cases a heuristic and statistical approach was ap-
plied. There exist other approaches such as a proc-
ess-oriented modelling of soils with GIS with the
formulation of geo-ecological interrelationships, re-
mote-sensing techniques or geostatistical principles
(e.g. Lark, 2003). Promising results in mapping soil
properties are also obtained from fuzzy functions or
neuronal networks (Behrens et al., 2005).

In this study we tried to derive soil types in the
Swiss National Park from existing GIS data with a
raster-based fuzzy-theory approach. Fuzzy methods
were explicitly designed to handle inexactness in a
definable way. Classification with sharp boundaries
is an essential part of the data reduction process.
The problems of class definition, the division of soil
landscape continua into classes and the assignment
of new observation to classes have, however, long
exercised the minds of soil scientists. Zadeh (1965)
developed the theory of fuzzy-logic that is based on
the definition of mathematical fuzzy sets. This is,
principally, an extension to the classic Boolean logic.
‘Sharp’, Boolean membership boundaries of classes
are blurred by defined membership-functions. Thus,
an element can be assigned to several fuzzy classes
with different membership grades. A main advantage

of fuzzy classification models compared to sharp
classification is the possibility to integrate diffuse,
thematic knowledge and soft class-transitions. Ac-
cording to Burrough (1989), the use of fuzzy sets are
appropriate whenever one has to deal with ambigu-
ity, vagueness and ambivalence in mathematical or
conceptual models of empirical phenomena. Other
advantages are the relative easy creation of models,
the flexible upgradeability of the system as well as
the transparency of the specific modelling-parts
(Schmidt, 1995).

The used GIS database of the Swiss National
Park included information about geology, vegetation
and geomorphology as well as the Digital Terrain
Model (DTM) of the area. Soil types as well as prop-
erties usually are function of the state factors parent
material, topography, time, climate and vegetation.
The time factor can be neglected as all the soils had
a similar age. A first step of soil modelling consisted
in the definition of fuzzy logics of the input variables
altitude, slope and the change of slope (profile cur-
vature) and assigning each value to one or more
fuzzy-classes. In a second step the membership
grades of each value are calculated on a set of pre-
defined rules that are derived from soil profile data or
general knowledge about the soil–landscape system.
In the last step the rule-based, calculated values are
classified backward to individual soil types (resetting
sharp boundaries). Such a fuzzy set for soil types
has been derived for each geology and vegetation
class. The corresponding rules had to be adapted
accordingly.

A part of the modelled soil type map (in the valley
Val Cluozza) is depicted in Figure 1. The modelled
soil types agreed exactly to about 55% with soil
types derived from soil profile data. An additional
major part agreed satisfactorily. The cell unit of the
DTM raster was 10m and that from the profiling ap-
prox. 1x1m. The micro-relief and, thus, soil formation
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can vary in the Alps within very short distances. A di-
rect comparison with profile data was under such
circumstances difficult and not always without ambi-
guity. The absence of a high amount of soil profiles
hindered, furthermore, a detailed verification of the
model. In contrast to other model approaches such
as geostatistically, heuristic and statistically based
ones the implementation of fuzziness with zones of
gradual transition rather than sharp boundaries is
made possible. Such a procedure might be a prom-
ising base for assessing the variability of soil proper-
ties in Alpine areas.

Figure 1. Modelled soil types in the valley Val Cluozza.
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The analysis of Earth by hyperspectral images
(recorded by airplanes or satellites) is an emerging
field in remote sensing. Imaging spectrometry
provides large data sets with significantly increased
spectral resolution combined with high spatial and
radiometric resolution. Remote sensing becomes
therefore interesting for new geoscience fields like
limnology or glaciology. Because of their huge data
size and large number of spectral channels known
analysis methods for multispectral images (e.g.
clustering algorithms (Schowengerdt 1997)) are hard
to apply to hyperspectral data sets. New adequate
analysis methods have been developed and provide
good results. These techniques are well established,
nevertheless they cost a lot of computing time and
cannot be applied without previous filtering.
Common methods for the exploration of high-
dimensional data sets are restricted to two
dimensions and are therefore less appropriate for
studying such huge data sets. A high dimensional (3
or 4D) visual exploration of data sets is strongly
recommended for working with such data. It allows
to gain insights interactively and iteratively by the
user with his specific scientific background
(Uhlenküken et al. 2000). Actually there exists no
software fulfilling these needs. Therefore adequate
new methods are needed for visualising and working
with imaging spectrometer data.

We would like to present here a concept for new
methods, implemented in a prototype software
system that allows exploring a hyperspectral data set
in a new way. The visualisation application VERS
(Virtual Exploration of Remotely Sensed data) will
help to simplify scientist’s work in several steps of
the research cycle on imaging spectrometer data.
For this purpose the design of VERS is divided into
two parts. The main working environment handles
the visualisation of the imaging spectrometer data
cube. Dedicated to special tasks within the

processing chain, four special focus modules
(calibration, acquisition reconstruction, quality
control, presentation) can be called. VERS will have
an efficient data management system with one data
basis for all modules and the main working
environment. Thus data consistency can be ensured.
A graphic representation of the system design of
VERS is shown in Figure 1.

In the main working environment the data set will
be visualised as a data cube. This data stack
consists of multiple 2D-plots overlaid in the third
dimension. For remotely sensed data this means
normally a collection of measured per-wavelength-
images (x and y) piled in the third dimension by the
wavelength (λ) (e.g. in figure 1). In some cases
other combinations are useful. Data cubes can be
considered from many perspectives and can be
modified by slicing and picking, which allows to
explore the data set in an intuitive way. Additional
linked views (e.g. an additional 2D overview) will
enhance this exploration window.

The four focus modules will handle special tasks
within the research cycle of hyperspectral data:

- Sensor calibration

The joint Swiss-Belgian ESA-PRODEX project APEX
(Airborne Prism Experiment) aims at developing a
state-of-the-art pushbroom imaging spectrometer
under the lead of RSL. It will record hyperspectral
data in approximately 300 bands in the wavelength
range between 400 nm and 2500 nm and at a spatial
ground resolution of 2 m to 5 m. The calibration of
APEX will be a main research topic during the next
two years. State-of-the-art methods of calibration are
dealing with a lot of 2D-plots of responses of the
sensor. The aim within the research package VERS
is to develop new visualisation methods improving
and simplifying the calibration.

VERS –
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- Acquisition reconstruction Alps

For gaining insights into remotely sensed data it is
valuable to consider the acquisition baseline of a
data set. Methods will be developed displaying
additional information, linked with the visualised data
set. This additional information (e.g. digital elevation
model) can change the appearance of the data set
directly or just provide additional information (sensor
position, flight direction, sun position).

 - Characterising and validating (quality control)

Quality control is an essential step in every data
processing chain. Various methods are used for
remotely sensed data sets. Normally statistical
information of the data set is provided and presented
(often printed out separately for each channel). Few
software exists which visually links these results of
statistical calculations with the data itself [e.g.
(Bastin et al. 2002)]. Methods will be developed
which allow displaying several calculated results
(e.g. histograms, SNR, statistic information and band
intercorrelation) derived from and directly linked to
the visualised data set.

- Presentation Alps

Today’s products of hyperspectral analysis (e.g.
level 2 products) are presented in several ways to
the community. Normally the results are displayed as
georeferenced 2D maps without any connection to
the original data. Since all of them are based on
measurements, they are subject to uncertainties and
errors. Methods for the visualisation of uncertainty
and validity of the data sets and the obtained results
will be developed. These techniques will help to
distinguish between facts and probabilities.

VERS will be developed within a PhD-thesis at
the Remote Sensing Laboratories during the next 3
years. The implementation of the novel methods will
be based on an open source framework like
ParaView (Ahrens et al. 2005), which itself is based
on the Visualisation Toolkit (Schroeder et al. 2000).
Since this prototype software system will be
designed for the use within the APEX project, an
application-oriented validation of the methodological
outcome is feasible.

The recent progress in the development of
modern optical sensors leads to high-dimensional
remote sensing data sets with significantly increased
spectral and radiometric resolution combined with
high spatial resolution. Current methods applied for
the exploratory analysis of such data sets are
insufficient due to the complex spectral information
and geometry of the acquired data. This study will
focus on the development of new visual methods
dedicated to exploring high-dimensional remote
sensing data. The combination of current knowledge
about information visualisation, geoscientific
visualisation, computer graphics and hyperspectral
remote sensing will lead to new interactive
possibilities for exploring imaging spectrometer data
sets. In this context hyperspectral data analysis
could become even more interesting for several
topics within geoscience (e.g. discrimination
between firn and new snow). In a further step the
developed methods and prototype software system
could be adapted to other research topics in which
large multivariate data sets have to be investigated.

Figure 1. The picture shows the system design of VERS with its
main working environment and the four focus modules, which
all are based on the same hyperspectral data set.
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Mountainous ecosystems are, for several reasons,
likely to be especially responsive to changing envi-
ronmental conditions such as global warming, acid
deposition or nutrient cycling. The direct response of
glaciers to climate change occurs through changes
to the mass balance and ultimately through varia-
tions in glacier length and size (Jóhannesson et al.
1989). Landscape itself may respond very noticeably
and differentially to climate change as it integrates all
ecological and historical factors. A key or "interface"
function must thereby be attributed to soils. Despite
numerous studies on the effects of climate warming
on single processes, little is known about the reac-
tion of a whole soil ecosystem (Rustad et al. 2001).
Many soil properties change continuously over time.
The soil, however, can only be measured at a finite
number of places and times and usually on a very
small budget. Any statement concerning the soil at
other times or places involves assumptions and pre-
dictions. Variations in soil are so complex that no
description of them can be complete, and so predic-
tion is inevitably uncertain (Heuvelink and Webster
2001). The main aim of this investigation was to pre-
dict future soil development over the next 100 years
in the existing and new proglacial area of the
Morteratsch glacier (Upper Engadine, Switzerland),
taking the retreat of the glacier into consideration.
The findings from chronosequences and statistical
analyses from this area were used for the purpose.
The border of the proglacial area is defined by dis-
tinct moraines deposited in the 1850’s during the ‘lit-
tle ice age’. The actual length of this proglacial area
is approx. 2 km, its area is approx. 1.8 km2. The al-
titude ranges from 1900 to about 2150 m a.s.l. For
the area of interest, by the year 2050, a temperature
increase of +1.6°C is assumed, by the year 2100 it is
+3°C. Additional areas will become ice-free and
subject to weathering and soil formation in the next
few years. The most evident soil changes in the Alps
will occur in proglacial areas where already existing

young soils will develop more rapidly and new soils
will start to form due to Glacier retreat.

The soil in the proglacial area was mapped at a
scale of 1:10 000 by means of aerial photographs
and field investigations. The items included soil type,
soil depth (relevant for plant growth), parent material,
vegetation, topography, soil hydrology, terrain form,
pH-value, org. C content, soil skeleton, granulome-
try, aggregates and humus form. Area calculations
and statistics were performed with ArcGIS 8.3
(ESRI). The modules were programmed in Visual
Basic for Applications (VBA). Input data sets were
from a digital soil map, the glacial states and a digital
elevation model. The calculations were raster based
(GRID, 25m resolution). Soil types were not only re-
lated to time but also to landscape form, slope and
north- and south-exposition. Relative area calcula-
tions refer to the area between two isochrones of
deglaciation. The soil map revealed that, within the
last 150 years, (1850 – 2000) significant soil forming
processes have taken place such as accumulation of
organic matter, the begin of parent material altera-
tion and the formation of weathering products (weak
B-horizons in Ranker). Statistical and geographical
analysis of the soil map has shown several signifi-
cant time-trends that have been used to further
model soil evolution. Using these analyses a model-
ling of the soil dynamics in the proglacial area was
made possible. After about 20 years of deglaciation,
Skeletic/Lithic Leptosols (FAO 1998) began to de-
velop. Humi-skeletic Leptosols (including Ranker)
started to replace them after about 100 years.
Dystric Cambisols will only start to develop after
about 250-300 years of deglaciation. Slope, exposi-
tion and, to a lesser extent, landform influence this
development. The role of the individual parameters
could be described using regression analysis. The
probabilities of a soil type occurring (index T) have
been calculated as a function of the slope WS, the

Melting glaciers and soil development in a
proglacial area of the Alps:
present and future states

Wernli, M. & Egli, M.

Glaciology and Geomorphodynamics Group, Department of Geography, University of Zurich, Switzerland



exposition WE and the shape of the landscape WL.
Furthermore, these probabilities are related to t, the
time needed for soil formation. The semi-empirical
factors a, b and c have been derived from the re-
gression equations:

    

€ 

WS,T (t) = a1t
2 + b1t + c1

    

€ 

WE,T (t) = a2t2 + b2t + c2

    

€ 

WL,T (t) = a3t2 + b3t + c3

The factors investigated are independent. To calcu-
late the probability of a soil type occurring (WT) with
a certain age at a specific point, the following equa-
tion had to be used:

    

€ 

WT (t) =WS,T (t) ×WE,T (t) ×WL,T (t)

The present-day topographical situation will change
when the Morteratsch glacier retreats further. To
model soil properties in a future proglacial area (an
area that is still covered by ice) information about the
surface underneath the glacier is essential because
one of the important model inputs is topography. The
glacier-bed morphology as well as the different gla-
cier states over the next 100 years were taken from
Biegger (2004) who developed a 4-D model of the
Morteratsch glacier and the corresponding glacier
bed.

Several soil characteristics have been modelled.
Among the modelled characteristics are the pH-
value (CaCl2) in the topsoil (the uppermost surface
layer) and in the subsoil, the skeleton content in the
top- and subsoil and the soil depth relevant for plant
growth (= soil volume – skeleton volume; related to
depth). Ranker will be the dominant soil type in the
front of the proglacial area at the end of the 21st

century (Figure 1). In the upper part of the proglacial
area will be found mostly Skeletic/Lithic Leptosols
and Humi-Skeletic Leptosols. Additional Fluvisols will
develop in the flat parts close to the main river . A
considerably part of the upper proglacial area does
not have any soil cover. The Lithic/Skeletic to Humi-
Skeletic Leptosols are therefore modelled on the
young lateral moraines.

One main problem for all model-based mapping
techniques is the absence of a time scale, which is
particularly important in the presented case study.
Chronosequences and therefore the relationship of
soil properties to time as a function of topographic
properties are vital in making any (4D) predictions of
soil evolution in proglacial areas. The statistically
and probabilistically based model also has its weak-
nesses. The modelling of the present-day situation of
soil distribution gave ‘only’ an agreement of about
73% with the soil map although some highly signifi-
cant correlations with the individual soil types and

topographic features over time could be found. One
major problem concerns the sediment bed of the
glacier that was sometimes extremely thin or even
absent. In such a case, soil modelling failed. Another
major problem was related to the lateral moraines
that may be unstable and consequently hinder soil
development. Erosion or small debris flows from
such moraines occur randomly and are not easily
predictable.

Figure 1. Soil area and glacier extent today (Morteratsch, Swiss
Alps) and in the year 2100.
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Today Swiss geoscientists have access to rasterized
geological maps for their studies and analyses. Up to
now, only few vector maps are available (Jemelin &
Beer 1999). Based on this report, creation of geo-
logical vector maps started within a joint venture
project involving FOWG, IGAR and Canton Vaud.
Since the main goal is to match as well as possible
the existing raster maps, a fully automatic vectoriza-
tion process was not taken into account due to lack
of accuracy. Generally, a manual drawing approach
was applied. When color-specific layer films were
available semi-automatic vector extraction was used.
It was essential to be able to quantify the accuracy of
the data created. For this purpose hardware (tactile
screen, pen tablet) as well as software tools were
used (ET GeoTools extension for ArcGis© www.ian-
ko.com).

The method used for creating geological vector
map is based on CREALP's research on GIS (Sartori
& Ornstein 1997, Metraux & al. 2004,
www.esrifrance.fr/sig2005/communications2005/crea
lp/crealp.htm) and software (TOOLMAP). It involves
the drawing of all geological lines (faults, lithological
limits, borrow pits, geomorphic features...) in a single
GIS layer. At each intersection, a new line is started.
Two attributes are assigned to every line using key-
board shortcuts. The first value is a numerical code
describing the kind of line, the second indicates if
line will be used for polygons construction or not.

Once all the lines are drawn and rigorously
checked, script and ArcGis toolbox were used to ex-
tract and build polygons automatically. Thereafter
polygons get their attributes from a superposed point
layer containing the lithological and tectonic de-
scriptors. This method allows iterative correction
(modification of lines and reconstruction of polygons)
without losing polygons attributions (Figure 1).

Figure 1. The picture shows three-step geological map con-
struction. Left: original raster map, middle: lines drawn and at-
tributed, right: constructed polygons with overlapping attribution
point layer

Main problem was to obtain a product of constant
quality. Firstly, a reference scale was selected and
maintained to allow a high accuracy drawing, sec-
ondly a four-step checking process was set-up: (1)
Line snapping is controlled with a visual and auto-
matic verification. The ETGeowizard from ET
GeoTools shows graphically all nodes not snapped,
while ArcGis does not create polygons if not all lines
are correctly snapped together. (2) Line attributions
are visually controlled to detect and correct errors.
(3) Polygons are checked to ensure that all polygons
were created and correctly attributed. (4) As final
control, the entire map is examined searching for in-
consistency and errors.

To achieve the vectorization of a standard size
map, implying drawing of lines, creation of polygons
and complete verification, about two weeks for a

Processes, tools and methods used for the
vectorization of Swiss geological maps

Schreiber, L., Dessimoz, M., Roth, A., *Sartori, M., Jaboyedoff, M., **Jemelin, L.,
**Österling, N. & **Kuehni, A.

Institute of Geomatics and Risk Analysis, Faculty of Geosciences and environment (IGAR), University of Lausanne,
Switzerland

 * Research center on alpine environment (CREALP), Sion, Switzerland

** Swiss Federal Office for Water and Geology (FOWG), Bern, Switzerland



three people team are needed. Six days are used for
drawing vectors, one for polygons attribution and at
least three days for checking and correction.

The created product reproduces the geological
raster map and does not pretend to be an exhaustive
geological GIS. Therefore, polygons are in the same
GIS layer, like in a paper map. Vector data allow,
however, easier updates, easier display and last but
not least spatial and geological analyses. Figure 2
shows an example for spatial analyses on metadata
linked to the vectorized map of "Le-Sentier".

Figure 2. Tectonic outline, created from vectorized map of “Le-
Sentier”, bold lines showing faults.
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