
For numerical weather prediction, it is important to
correctly model the energy exchange between the
earth’s surface and the atmosphere because this
process impacts heavily on the vertical temperature
and humidity structure of the lower atmosphere. All the
components of the process (net solar radiation, net long
wave radiation, fluxes of latent and sensible heat,
momentum flux) are significantly modified when snow
covers the ground. However, existing snow input data
are not accurate enough to fulfil the requirements of the
most recent meso-scale Numerical Weather Prediction
(NWP) models. Data from conventional climate stations
are too sparsely distributed, and until recently only
polar-orbiting satellites, which monitor the surface with
low temporal frequencies, possessed the necessary
spectral channels to separate snow and clouds.

A new geostationary satellite, Meteosat-8, launched
by EUMETSAT in 2002, will help to close this gap. Its
has an unprecedented combination of high temporal
frequency (15 minutes) and spectral resolution (12
spectral channels). The spatial resolution is rather
coarse, about 5 km over central Europe, but this is still
higher than the resolution of the NWP model of

MeteoSwiss (7 km). The high frequency makes it
possible to map surface snow in short time intervals
and to reduce cloud obscurance by combing series of
images. The availabity of many spectral channels
allows a good separation of snow and clouds.
Especially, the 1.6 µm reflectance and the 13.4 µm
brightness temperature can be used to detect many
clouds that are not detectable without these channels.
However, some clouds may have the same physical
characteristics as snow, i.e. the same reflectance,
temperature and water phase (frozen), and cannot be
distinguished from snow with spectral information alone.

Additional information is therefore needed to detect
these clouds. The temporal behaviour of many clouds
(i.e. their temporal context), often makes them
recognisable to the human eye: at a time scale of
minutes to hours the surface is virtually static, whereas
many clouds are dynamic at these time scales. Here
we present a method that uses the temporal information
content of Meteosat-8 data, in addition to the spectral
information, to detect these clouds. Several test images
were classified more accurately when the temporal
information is taken into account.
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A good understanding of present state and recent
changes of land cover is essential for the manage-
ment of the forests and natural environments. The
current methods of investigation are generally ex-
pensive and time costly. Sometimes, they also can
be reproducible with difficulty if everything hinges on
the skills of a single specialist. Furthermore, they are
commonly limited to information in two dimensions
derived from aerial photography.

The use of airborne laser scanning data in forestry
has become widespread. Modelling of the canopy
combined with bare earth information, opens up new
possibilities and perspectives. At a plot scale, it is
possible to extract the average height of the trees or
the relative length of the crowns with an average
point density of 1 pts/m2 (Naesset & Okland, 2001).
With a higher point density, more details are caught
and the quality of the models increase. At that time,
it is possible to detect and measure individual trees
(Pyysalo & Hyyppä, 2002). Recent systems allow to
record multiple echoes as well. This is very useful to
extract vertical profile of multiple objects within the
laser footprint.

Figure 1. Vertical profile of lidar raw data in forest.

Apart from measuring ranges, some lasers can
also record the intensity of the backscattered laser
light. The intensity can be used for visualisation of
the scene but also to improve filtering and classifica-

tion of objects in combination with range and other
information (Wehr & Lohr, 1999). Thus, the quality of
the available information about the properties and
the structure of the forest is appreciably increased.
This study uses very high resolution aerial photogra-
phy and lidar data collected by the Helimap system,
issued from research at the laboratories of Photo-
grammetry and Topometry of the Swiss Federal In-
stitute of Technology of Lausanne. The average
point density of lidar data is 6 pts/m2. The test site is
the third forestry district of Neuchâtel.

This study aims to assess the potential of airborne
laser scanning data in forest management. The prin-
cipal goal is to extract information on the under-
growth and the vertical structure of the vegetation, in
order to facilitate the cartography of the forest crop.
In practical terms, the area mapped is divided into
regular cells. Afterwards, a statistical analysis on
every cell is performed, in order to identify particulars
structures of the vegetation. The result is finally nor-
malized to be operational as far as possible. On the
same base of analysis, a methodology to detect
automatically remarkable trees (which can be nota-
bly distinguished by their big size) was performed.
This information is helpful to acilitate the positioning
on the field during the practical interventions.
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Earth rotation is described by the transformation
between the terrestrial and the celestial reference
frames and is, on one side, defined by preces-
sion/nutation describing the instantaneous rotation
axis of the Earth in inertial space and polar motion
describing the motion of the Earth's body fixed refer-
ence system with respect to the instantaneous rota-
tion axis.

Polar motion was predicted already by Leonhard
Euler based on his theory of rotation of a rigid body
and was first observed by Küster at the end of the
19th century. Non-rigidity of the Earth as well as ef-
fects like tidal deformation, mass transport in atmos-
phere and oceans, and couplings between core and
mantle add an irregular variation to the Chandler
wobble and to the angular velocity of the Earth's ro-
tation. On the annual and semi-annual timescale
variations in the Earth's rotation are strongly corre-
lated with mass redistribution and winds in the at-
mosphere.

Polar motion and length of day are today moni-
tored by space-geodetic techniques such as VLBI
(Radiointerferometry using radiotelescopes), SLR
(Satellite Laser Ranging), and GNSS (Global Navi-
gation Satellite Systems). All techniques perform on
a similar level of accuracy (0.1 mas corresponding to
3 mm on the Earth surface) for polar motion and
about 20 µs/day for LOD. Comparatively inexpen-
sive techniques based on GNSS and the global
tracking network of the IGS (International GNSS
Service) allow for a subdaily temporal resolution of
Earth rotation parameters. Correlations between or-
bit and Earth rotation parameters have, in this case,
to be carefully accounted for.

The center of mass of the Earth moves with respect
to the Earth's crust due to mass redistribution in at-
mosphere and oceans and loading deformations of
the crust. Only satellite-geodetic techniques give ob-
servational access to geocenter coordinates through
the satellite's equations of motion. Correlations of
geocenter parameters with radiation pressure model
parameters in the case of the GNSS satellites
equipped with large solar generators affect the gen-
erated geocenter time series in particular for the ax-
ial component, a fact that underlines the importance
of the SLR technique for geocenter monitoring pur-
poses.

Figure 1. Motion of the rotation pole on the Earth’s surface as
measured by GPS from 1993 to 2005 covering more than 10
Chandler periods
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The resolution of laser digital elevation models al-
lows the identification of microrelief. Ways to new
geomorphological studies are open, particularly for
the determination of shapes associated to land
slides. Until now, most of the geomorphological
studies use elevation models derived from the
1:25'000 maps, by interpolation of contours.

What are the relations between the geomorphol-
ogy observed at large and small scale? A compara-
tive study might encompass both models men-
tionned above. As acquisition methods are different,
the related properties will probably be different too.
In such a case, it is possible that the relations we
want to emphasize may be strongly smoothed, in-
deed masked. In order to avoid such uncontroled
effects, it is advisable to derive lower resolution
models from the very high resolution one, making a
point of conserving the structural information of the
relief.

One solution is offered by the wavelet decomposi-
tion using the Mallat's algorithm. This approach was
first developed for image treatment purposes. Suc-
cessive approximations of lower resolution are pro-
duced using a factor of 2. The main advantage of
this filtering approach is that the wavelet fits the local
rugosity of the terrain, preserving in this way the re-
lief properties. While the theoretical principle seems
convincing its implementation faces various difficul-
ties among which are the effects of using a discrete
wavelet and the georeference of the approximations.
This study presents a detailed analysis of the nu-
merical processes and related solutions, as an appli-
cation of laser digital elevation models using multi-
scale approach for the shape analysis of land slides.

Figure 1. Wavelet decomposition of very high resolution laser
DEM
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Runoff in a catchment can be due to different proc-
esses like: Hortonian Overland Flow (HOF), Satu-
rated Overland Flow (SOF), Subsurface Flow (SSF)
or Deep Percolation (DP).

HOF occurs, if precipitation intensity exceeds the
infiltration rate into the soil. Top soil compaction, fine
grained matrix in surface layers, soil surface sealing
or soil hydrophobicity reduce the infiltration rate at
the surface. HOF areas contribute strongly to runoff.

If layers of reduced permeability within or at the
bottom soils exist, soils are saturated during large
rainfall events and surface runoff (SOF) occurs. Soils
with low storage capacity (SOF1) react directly,
whereas soils with large storage capacity (SOF3) re-
act delayed to precipitation.

The existence of lateral flow paths above imper-
meable layers on hillslopes leads to lateral subsur-
face flow (SSF). SSF areas contribute slower to run-
off than SOF areas.

Water, infiltrating directly into the underground
(DP), is negligible for the formation of the flood
maximum.

The reaction of a river on precipitation depends on
the distribution of these runoff processes in the
catchment. Soil conditions, topography and geology
determine, which runoff process occurs. Processes
that contribute directly to flood formation are more
relevant than processes that react delayed.

A decision scheme was developed to determine
the dominant runoff processes (Scherrer & Naef
2003) and maps can be produced to delineate the
different processes in catchments (Fackel-
Schmocker 2004). This methodology has been ap-
plied to over 50 catchments, covering a wide range
of sizes, topography, geology and flood producing
precipitation regimes.

The decision scheme uses parameters like
macroporosity or differences in lateral conductivity
that are usually not available in soil maps and have
to be evaluated in the field. To enable an automated
process determination, the decision scheme had to
be adapted to use only data that is available in digital
form like soil types, water content, storage capacity
or conductivity of matrix. The dominant runoff proc-
esses can then be automatically determined in a GIS
(ArcInfo). The methodology of process-oriented en-
tity-relationships determines the runoff processes
combining datasets like geology, storage capacity,
slope, permeability of matrix and applying the deci-
sion scheme cell by cell.

Dominant runoff processes were automatically
determined in several small- and mesoscale catch-
ments where a large-scale database (soil map
1:5’000 and DEM 1:25’000) was available. Differ-
ences between manually and automatically deter-
mined runoff processes are discussed.

The automatically determined runoff processes
represent the characteristic hydrological behaviour
correctly in 50% to 70% of the area. In the other ar-
eas the runoff processes could not be allocated with
certainty. Runoff simulations using the automatically
and manually derived maps will be compared.

As large-scaled maps of soil properties or geology
exist only for some areas, a method was developed
to improve small-scaled soil maps (1:200’000) that
are used in an automated determination of dominant
runoff processes. In a GIS-application the units of
the soil map were enhanced with information of ge-
ology, topography and geomorphology (Egli & al.
2004; Margreth 2004). The potential of this approach
is discussed.
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During the past two decades Alpine glaciers experi-
enced accelerated decline (Paul et al. 2004). This
signal has been confirmed by direct measurements
of mass balance and annual length variations as well
as area changes determined from multispectral sat-
ellite data. It indicates increasing glacier down-
wasting and partial collapse rather than an active
dynamic response (tongue retreat) to a changed cli-
mate (Paul 2004). The extraordinary hot and dry
summer of 2003 has not only caused record break-
ing negative mass balances, but also further en-
hanced ongoing processes like albedo lowering,
newly emerged rock outcrops, separation from
tributaries, disintegration into smaller glacier parts
and melting of firn/snow reserves. Hence, a number
of glaciers have disappeared in 2003 and others will
continue to shrink in the near future (Paul et al.
subm.).

In this contribution we summarize the latest de-
velopments on an Alpine-wide scale and visualize
recent observations on glacier decay by means of
multitemporal Landsat Thematic Mapper (TM) and
Terra ASTER images from 1985 to 2004. In particu-
lar data from August 2003 and September 2004
show the bad overall condition of most glaciers at
first glance. Animated false colour images of two
dates are used as an efficient tool for rapid change
detection analysis, allowing to follow the formation of
new pro-glacial lakes or the detachment of glacier
tongues. Most of the observed changes are related
to positive feedbacks, i.e. there is a trend for self ac-
celeration once the process is initiated. This includes
the additional melting of glacier ice by heated rock
outcrops and pro-glacial lakes, the lose of high ac-
cumulation areas due to separation, as well as the
gradual albedo lowering in years of negative mass
balance.

The observed rapid changes result in a number of
consequences for future glacier monitoring strate-
gies as implemented in the Global Hierarchical Ob-
serving Strategy (GHOST) of tiers within the frame-
work of the Global Climate Observing System
(GCOS). The system of tiers covers the full range of
glacier observations from detailed process studies,
to mass balance and length change measurements,
to satellite-derived inventories (Haeberli et al. 2000).

Due to the rapid down-wasting and disintegration
trends observed, several parts of the observing
strategy will have to face new challenges. This in-
cludes mass balance determination from space
(missing snow cover) or in the field, the representa-
tivity of length change measurements in times of pre-
dominant down-wasting, as well as the required up-
date period for repeated glacier inventories (a few
decades) in times of rapidly changing geometries
(Paul et al. subm).
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Figure 1. Glacier changes in a part of the Gran Paradiso mountain range (covering 6.9 km by 9.9 km) from 1985 (left) to 2003 (right).
The used band of the Landsat Thematic Mapper (TM) satellite in the middle infrared part of the spectrum allows a good discrimina-
tion between glaciers/ snow (in black) and clouds (white) or rock (grey). This small region includes most of the changes observed,
the abbreviations denote: O: rock outcrops, S: tongue separation, D: disintegration, L: lake formation, R: strong retreat, C: cloud
shadow.



The large variety of landscape features on a small
area is typical for a high mountain environment such
as the Upper Engadine. Many of these features such
as glaciers, permafrost, vegetation or soils are very
climate-sensitive and will be affected by distinct
changes in the future. As a consequence, the poten-
tial starting zones for natural hazards, the dynamics
of processes, the areas that are potentially affected
by natural hazards and the landscape attractiveness
will change. The high mountains can be seen, thus,
as a complex system, in which different features re-
act with different intensity and velocity to increasing
temperatures.

Scenarios about future changes are a necessary
decision basis for planning. A geo-information sys-
tem was now built that integrates several datasets
about the landscape of the Upper Engadine from
different sources. 14 models, so called modules,
simulate the present-day and future distribution of
landscape features and processes. One principal
step of the GISALP-project consists of an overlay of
vegetational, geomorphological, glaciological and
pedological processes (Figure 1). Its implementation
in the GISALP enabled the modules to be run for a
certain year (2000, 2025, 2050, 2075 or 2100). The
calculations are based on a temperature increase of
+ 3°C until 2100 according to an IPCC scenario
(IPCC, 2001). The results of the modules of different
years can be visualised with a satellite image or with
a 3D presentation using a digital elevation model.
The combination of time (landscape evolution) and
space (3-D representation) allows a 4D – geo-
information system of the Upper-Engadine.

GISALP makes it for the first time possible to
model not only one specific landscape feature or
natural hazard processes itself, but also to present
the landscape as a ”whole” and to estimate its reac-
tion to increasing temperatures. Landscape attrac-
tiveness can, furthermore, be derived from the re-

sults obtained from the module calculations. Areas
with changes (landscape features, processes) can
be identified on the basis of these module calcula-
tions over a given time span. A comparison of the
areas with changes among themselves allows
statements about the velocity and spatial distribution
of the specific changes. The results of the natural
hazard modules can be combined with infrastructure
to detect potential future problem areas. The way
landscape is perceived essentially determines the
economy of the Upper Engadine that is essentially
dependent on the tourism. The GISALP allows, fur-
thermore, to determine future problem areas re-
garding the landscape attractiveness.

The GISALP has to be understood as a tool to
measure the landscape changes over the next 100
years. These results give valuable information for
authorities, offices, politicians, nature protectionists,
cable car companies, tourist companies and regional
planning and contribute to make spatial relevant de-
cisions with long-term effects such as new building
projects.

Own observations during the extraordinary hot
summer 2003 gave an additional idea of how the
landscape could look like with increased tempera-
tures.
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Figure 1. The synthesis shows the linkage of the modules. The modules are represented in rectangles and the module results in
cylinders.



Figure 1. From the raw laser point cloud to the final geo-product: (from right to left) Raw point cloud colour-coded after elevation /
Classified point cloud / Digital Surface Model (DSM) / Digital Terrain Model (DTM) and derived contour lines

The use of digital terrain models (DTM) for spatial
analysis and modelling is widespread and well ac-
cepted within all fields of geosciences. In the last
decades, these DTM’s where often derived by dig-
itizing existing topographic maps, by using photo-
grammetric plotters (3D digitizing of aerial photo-
graphs) or by field surveying (GPS, total stations).
The establishment of such terrain models was of-
ten time consuming and very costly. The break-
through of the airborne laser scanning technology
(LiDAR) some years ago completely revolutionized
the establishment of DTM’s. Nowadays, LiDAR can
provide landscape or urban models with a very
high density of 3D points, what was not envisaged
a few years ago.

In the last 5 years EPFL-TOPO has developed a
small, flexible and accurate airborne mapping
system integrating a laser scanner with navigation
sensors (GPS/INS) for direct geo-referencing. The
small size and weight of the system allows the em-
barking on a helicopter within a few minutes (see
figure 2).  The system can provide autonomous

surface mapping of an area of interest with high
precision (<0.1m) and resolution (>4pts/m2).

Figure 2. The handheld airborne mapping system in opera-
tion

The special setup and flexibility of this mapping
system offers considerable advantages for various
applications within geosciences, especially for
mapping of challenging terrain (mountainous ar-
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eas, forests, rock faces). The presentation intends
to highlight these advantages with the following
outline:

• As the system excels by its very short installa-
tion-time, it is predestined for all kinds of sur-
veys that must be carried out on a short notice
(e.g. natural hazards, flooding). Additionally,
airborne laser scanning is a non-intrusive
mapping method (no ground control points are
needed within the survey area), therefore the
system can be used for rapid mapping and
monitoring of natural hazards, even in remote
regions, where the road infrastructure is limited
or access is just too dangerous.

• As the system is mounted on a helicopter,
mapping and monitoring of natural hazards,

such as landslides or mudrock falls (events
that normally occur remote and steep terrain),
can be carried out at low flying height. This re-
sults in very high point density (up to 10pts/m2)
and a high raw point cloud accuracy. Accord-
ingly, height models within 5 to 10 centimetres
accuracy can be derived. This quality is more
and more expected for applications based on
precise DTM’s (i.e.: hydrological modelling,
volume determination,..). Additional hillshading
of such high resolution DTM’s enables to high-
light micro-reliefs and geomorphologic struc-
tures undetectable by other means.

• The system can be used in an oblique setup.
Airborne mapping of (almost) vertical rock
faces and steep terrain can therefore be car-
ried out with constant precision.



The earthquake of Dec. 26, 2003 in Bam, Iran
caused massive loss of life and property:  tens of
thousands of people died in the catastrophe.  Al-
though the earthquake's magnitude (6.5) was not
exceptionally large, the location of its epicentre in-
creased its deadliness.

Since the launch of ENVISAT by the European
Space Agency (ESA) in 2002, its advanced synthetic
aperture radar (ASAR) sensor has been available for
measurements of the Earth's radar reflectivity.  Ear-
lier sensors such as the ERS satellites, Radarsat-1
operate(d) using similar principles.  The radar trans-
mits microwave pulses at C-band frequency (wave-
length 5.6cm) and records both the amplitude and
phase of the echoes reflected back from the Earth's
surface.

The satellite is maintained within a repeat orbit
configuration: ENVISAT returns to the same track
every 35 days.  If one compares the phase of echo
returns recorded from multiple passes, then a high
fidelity estimate of en bloc surface movement be-
tween acquisitions can be made.  That is, assuming
that the scattering mechanism within each resolution
cell does not change in the intervening time, and one
can compensate for other known influences - e.g.
topography, using a digital elevation model (DEM).

The first ASAR interferograms showing the Bam
earthquake signature were reported in (Small 2004).
We have now generated ASAR interferograms using
two descending and two ascending images acquired
in ASAR's image mode (IM) with beam IS2.  Figure 1
shows an interferogram generated from ESA-
standard image mode single look complex (IMS)
products derived from two descending orbit acquisi-
tions. Topographic effects on the phase measure-
ments were modelled and subtracted to generate a
DEM-flattened interferogram, which was then un-
wrapped and terrain-geocoded. The relative distance
between the two satellite paths (baseline) was ex-

tremely small (less than 3m). The SRTM3 DEM was
used for reference.  A rewrapped interferogram (4π
interval) is shown for visualisation purposes.

Figure 1. The image shows a DEM-flattened interferogram cal-
culated using a pair of ENVISAT ASAR image mode acquisi-
tions (descending orbits):  the interferogram was first un-
wrapped, then rewrapped with a 0-4π colour cycle and terrain-
geocoded using the SRTM3 DEM.

Figure 2. The image shows a DEM-flattened interferogram cal-
culated using a pair of ENVISAT ASAR image mode acquisi-
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tions (ascending orbits):  the interferogram was first un-
wrapped, then rewrapped with a 0-4π colour cycle and terrain-
geocoded using the SRTM3 DEM.

Similar processing was performed using two as-
cending orbit ASAR IM acquisitions.  Fortunately, as
in the descending case, the ENVISAT repeat orbit
provided a near zero metre baseline, minimising the
influence of topography on the interferometric phase.
Unfortunately, in the ascending orbital track, the
earthquake event is situated close to the near-range
border of the acquired data - substantial portions of
the earthquake's signature west of the city of Bam
are cut off in standard IMS products.  We therefore
relied instead on RSL's SAR processor MSP to fo-
cus level 0 (raw) signal data to single look complex
(SLC) level 1 products.  If one relaxes a widespread
constraint (full chirp requirement) during the range
compression step, then additional coverage (with
progressively reduced local resolution) can be made
available.  A DEM-flattened interferogram from the
pair is shown in Figure 2.  Coverage is increased
compared to that reported in (Jónsson et al. 2005).

Each unwrapped interferogram provides an esti-
mate of the relative motion of the Earth in the direc-
tion of viewing of the satellite.  That direction is dif-
ferent for the ascending and descending satellite
tracks – we retrieve sample-by-sample 3D vectors
during the geolocation step.  That knowledge en-
ables estimation of 3D vectors describing the total
relative motion of the Earth's surface in the course of
the earthquake event.

A relatively new ASAR data product (made avail-
able by ESA in 2005) is the wide swath single look
complex (WSS).  ASAR's wide swath (WS) acquisi-
tion mode differs from image mode (IM) in that it
uses the ScanSAR technique to increase the avail-
able swath width.  In ScanSAR acquisitions, the
Doppler spectrum used to generate the synthetic
aperture is split into bursts with only a subset of the
full spectrum acquired - the along-track resolution is
therefore reduced in comparison to IM.  WSS prod-
ucts provide burst-by-burst records of the radar ech-
oes.  Figure 3 shows an example of the WSS prod-
uct's image structure for the area of the city of Bam.
Note how the same area is covered by multiple
bursts:  time along-track does not increase mono-
tonically, as with conventional SAR products.

Given that the bursts from the two passes are fa-
vourably synchronised, two such products may be
combined to generate interferograms. After inter-
ferogram generation multi-looking may be applied to
produce smaller and simpler products.  Figure 4
shows an overlay of detected and multi-looked ter-

rain-geocoded IMS and WSS products, indicating
that the generally high geometric quality of ASAR
products (Small et al. 2005) may be extended to the
WSS case.

Processing methodologies necessary to generate
interferograms from WSS products covering the Bam
earthquake are reviewed.

Figure 3. Wide Swath Single Look Complex (WSS) product im-
age structure – Bam city area

Figure 4. Overlay of terrain-geocoded Image Mode and Wide
Swath Single Look Complex (WSS) products
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Due to the slow process of the melting snow, it nor-
mally acts as a suitable water resource in hydrologi-
cal budget. MODIS instrument onboard TERRA sat-
ellite, provides high temporal resolution data along
with providing vast regional coverage, reasonable
spatial resolution and significant spectral resolution.
In order to monitor snow cover in this study, MODIS
images taken in the period of 1999-2002 while Iran
was experiencing a drought problem have been
used.

MODIS Snow Data Production Algorithm pro-
posed by Riggs and Hall was initially implemented.
In the first stage of the algorithm, Liberal Cloud
Masking was performed. In the second stage, an
NDVI-NDSI compound method for snow detection
was applied. (Riggs and Hall 2002)

Since snow presents very low radiance at mid-
infrared bands, its importance has also been taken
into the consideration in the proposed method by
calculation of the ratio of NDSI to brightness tem-
perature at 3.9 µm as a new index.

The two methods present very similar results re-
garding vegetation cover characteristics in Iran. But
the second algorithm’s advantage is that it is less
computationally expensive. In addition, the results
are well-matched with the drought pattern of those
years observed in the region which confirms the effi-
ciency of the proposed snow cover detection
method.
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30 permanent GPS stations of the automatic GPS
network for Switzerland (AGNES) and 200 geodetic
control points (Landesvermessung LV95) are the
backbone of the geodetic reference frame of Swit-
zerland and the national geodata infrastructure. The
Federal Office of Topography (swisstopo) has in-
stalled and started with the first measurements of
these points using GPS in 1988. As a quality check
as well as for the study of tectonic movements swis-
stopo has re-observed the whole network in 2004 for
the third time with millimetre precision. The compari-
son of the new horizontal coordinates with its earlier
determinations proved the stability of the reference
frame on the cm level. The detection of tectonic
movements of less than 1-2 mm year-1 should be
possible in the near future.

The determination of a kinematic model of recent
crustal deformations in Switzerland is the main goal
of the swisstopo project Swiss4D. The horizontal
velocities derived from high precision GPS meas-
urements shall be combined with the vertical veloci-
ties calculated from the results of different levelling
campaigns related to the definition of the Swiss
height system (Landeshöhennetz LHN95) during the
last century. The velocity vectors of the small move-
ments (~1 mm/year), which define a set of con-
straints for a kinematic model of crustal deformation
in Switzerland, are used to calculate a three-
dimensional discrete velocity field on the surface of
the Earth’s crust. The strain rate field can then be
obtained from the velocity field.

An introduction to a kinematic model of Switzer-
land derived from geodetic measurements, first re-
sults and its relation with geophysical data have
been presented on the 2nd Swiss Geoscience Meet-
ing. This paper gives a status report on the project
and an update using the 2004/05 data. Yet to be re-
alized is the optimal combination of the horizontal
and vertical velocity components and their geophysi-
cal interpretation.
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The presented study is embedded in the EU-funded
project ALP-IMP "Multi-centennial climate variability
in the ALPs based on Instrumental data, Model
simulations and Proxy data" (www.zamg.ac.at/ALP-
IMP).

Fluctuations of mountain glaciers are among the
best natural indicators of climate change (IPCC
2001). Thereby, glacier mass balance is the direct
and undelayed signal of annual atmospheric condi-
tions. The Equilibrium Line Altitude (ELA) on glaciers
is a theoretical line, which defines the altitude at
which annual accumulation equals the ablation. It
represents the lowest boundary of the climatic gla-
cierisation.

Here we present an empirical relationship be-
tween precipitation and temperature at the steady-
state ELA (ELA0), derived from direct glaciological
mass balance measurements provided by the World
Glacier Monitoring Service (www.wgms.ch). Using
modern GIS-techniques, this relationship is applied
to a distributed modelling of the regional climatic
ELA0 and the climatic accumulation area (cAA) of
1971–1990 over the entire European Alps. Accord-
ing to a moderate climate change scenario for the
second half of this century as published by the
OcCC (2004) based on IPCC (2001), temperature
and precipitation are altered by a uniform rise of 3
°C and 10 %, respectively. With these new input
data sets, ELA0 and cAA are computed to demon-
strate the impact of such a change on present gla-
cierisation.

The modelled cAA of the reference run
(1971–1990) amounts to 1950 km2, corresponding to
plausibly 67 % of the total measured area of Alpine
glaciers in the 1970s. The scenario run predicts a
rise of the regional climatic ELA0 by about 340 m
and a reduction of the cAA by almost 75 % by the
end of this century.The presented approach is an

excellent complement on currently developed dis-
tributed mass balance models (e.g. Klok & Oerle-
mans 2002, Paul et al. subm., Machguth et al.
subm.). Since the distributed ELA0-model only needs
a minimum amount of required input data to compute
the regional ELA0 over the entire Alps, distributed
mass balance models can then be used for individ-
ual glaciers to account for further important compo-
nents of the energy balance and local topographic
effects.

The empirical relationship holds the potential of
estimating precipitation at glacier locations, when the
glacier ELA0 and the temperature at the ELA0 are
known.

Distributed modelling of the regional climatic ELA0

can potentially contributes to the current efforts to in-
clude past, present and future glacier states into re-
gional climate models.

Figure 1. Synthetic 3D-perspective of the upper Aare basin,
Switzerland, generated from a digital elevation model overlaid
with a satellite image from Landsat TM (1998), the cAA of the
reference model run (1971–1990; black) and the cAA of the
scenario model run (white). The line of sight is towards south,
with the lake of Brienz in the foreground and the Junfrau region
with Upper and Lower Grindelwald glaciers in the centre of the
scene. The scenario model run leads to a rise of the regional
climatic ELA0 by more than 300 m and consequently to a dis-
tinctive shrinkage of the cAA.
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