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Abstract

Digital elevation models (DEMs) are increasingly wsed for visual and mathematical analysis of topography,
landscapes and landforms, as well as modeling of surface processes. To accomplish this, the DEM must represent the
terrain as accurately as possible, since the accuracy of the DEM determines the reliability of the geomorphometric
analysis. For Cerro Sillajhuay in the Andes of Chile/Bolivia two DEMs are compared: one derived from contour
maps, the other from a satellite stereo-pair from the Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER). As both DEM procedures produce estimares of elevation, quantative analysis of each DEM
was fimited. The orviginal ASTER DEM has a horizontal resolution of 30 m and was generated using tie points (TPs)

and ground control points (GCPs). It was then resampled to 15 m resolution, the resolution of the VNIR bands. Five |
parameters were calculated for geomorphometric interpretation: elevation, slope angle, slope aspect, vertical |

curvaiure, and rangential curvature. Other calculations include flow lines and solar radiation. Although elevations

are too low above 3000 m asl., the ASTER DEM offers reliable results when analvzing the macro- and mesorelief, and

for mapping at medium scales (1:100,000 to 1:50,000).

Introduction

Digital elevation models (DEMs) are increasingly used
for visual and mathematical analysis of topography,
landscapes and landforms, as well as modeling of surface
processes (Bishop and Shroder, 2000; Dikau er al., 1995,
Giles, 1998; Millaresis and Argialas, 2000; Tucker e al.,
2001). DEMs play also an important too] for the analysis of
glaciers and glaciated terrains (Baral and Gupta, 1997,
Duncan er af,, 1998; Etzelmiiller and Sollid, 1997; Lodwick
and Paine, 1985; Sidjak and Wheate, 1999; Theakstone and
Jacobsen, 1997), Bishop er gl (2002) used a DEM of Nanga
Parbat to map glaciers in the rongh mountain terrain of the
western Himalayas. Gratton ef al. (1993) calculated the net
radiation field of mountain glacier outlets in the Rocky
Mountains from a DEM.
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A DEM offers the most common method for extracting
vital topographic information and even enables the modeling
of flow across topography, a controlling factor in distributed
maodels of landform processes (Dietrich ef al., 1993; Desmet
and Govers, 1995; Kirkby, 1990). To accomplish this, the
DEM must represent the terrain as accurately as possible,
since the accuracy of the DEM determines the reliability of
the geomorphometric analysis. Currently, the awtomatic
generation of a DEM from remotely sensed data with sub-
pixel accuracy is possible (Krzystek, 1995). A number of
researchers have studied the effects of DEM resolution on
the estimation of topography (Band er af., 1995; Chang and
Tsai, 1991; Gao, 1997; Hodgson, 1995; Schoorl e al., 2000;
Stefanovic and Wiersema, 1985).

DEMSs can be generated from electro-optic scanners such
as ASTER (Advanced Spaceborne Thermal Emission and
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Feflection Radiometer). ASTER offers simultaneous along-
track stereo-pairs, which eliminate variations caused by multi-
date stereo data acquisition. Only some results have been
published in peer-reviewed literature about using ASTER
data yet, mostly on simulated ASTER data (Abrams and
Hook, 1995; Shi, 2001, Welch er al., 1998), or on the
patential of using ASTER data in the future (Raup ef al.,
2000). Kédib (2002) and Kb er al. (2002) used ASTER
images for a monitoring of high-mountain terrain deformation
and glaciers, respectively; Wessels eral. (2002) used ASTER
images for analyzing supraglacial lakes at Mt, Everest. Cheng
and Bean (2002) published first results about the generation
of ASTER DEMs for Afghanistan. Eckert and Kellenberger
(2002) compared two ASTER DEMs from mountainous
regions in Switzerland with DEMs from InSAR data and the
Swiss DEM23. For steep, forested terrain the caleulated
mean difference between the DEMs was only 15-23 m.
This paper compares the quality of two DEMs of the
Cerro Sillajhuay in the Andes of Chile/Bolivia. One DEM
wias derived from contour maps (here; Contour DEM) and
the other was derived from ASTER (here: ASTER DEM).
Similar work has been done by Al-Rousan er al. (1997) and
Al-Rousan and Petrie (1998), who compared a DEM derived

from a SPOT sterec-pair with 2 DEM derived from contour
maps (1:50,000 and 1:250,000), and found a very good
agreement between both DEMs,

Fieldwaork at the Cerro Sillajhuay was conducted only on
the Chilean side during March and April 1998 and focused
on geomorphological mapping after Kneisel er al. (1998)
and Schrider and Makki (1998) with special respect to
geomorphological processes as well as glacial and periglacial
forms above 4300 m asl, (Bolch and Schrider, 20017, Aerial
photographs with a reselution of approximately 2.5 m from
1961 were used for orientation and to monitor the
geomorphological mapping. As fieldwork was not possible
on the Bolivian side. a detailed, realistic geomorphological
mapping of the entire study area is only possible with the
help of DEM data.

Study Area

Cerro Sillajhuay (5982 m asl., 19°45' S / 68°42' W) is
located in the Andes of Chile/Bolivia, and represents the
highest peak of the Andes between 19 and 21 degrees south
(Fig. 1). The stratovelcano is in a horst running crosswise to
the main north-south orientation of the main Andes ridge as
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Figure 1 Location map of the study area in the Andes of Chile/Bolivia. For profiles A and B see Fig. 10,



a result of tectonic stress during uplift of the western
Cordillera. It rises ~ 2000 m above the surrounding plain
(Fig. 2), and is surrounded by several other volcanos. The
median altitude of the massif is ca. 3030 m asl., and most of
the terrain lies between 4750 and 5250 m asl. The ca. 3700-
m high Salar de Coipasa and Salar de Uyuni on the Bolivian
side represent the local erosion level. From here, the
pediments smoothly slope up to the Cerro Sillajhuay massif,
and only isolated hills break through the generally flat terrain.
The massif itself is deeply incised by steeply sloping valleys.
For example, the 2-km long Rio Blanco Valley ascends ca.
1100 m from mouth to peak. The ridge of the entire massif is
more or less complete, and from here the relief plunges
down to the valleys. In the southeast of the voleano lies
Cancosa Basin at 3900 m asl., which was formerly covered
by a lake (Schrider er al. 1999),

The study area is part of the Atacama, which is the driest
part of the Andes; precipitation occurs in summer. Bolch and
Schridder (2001) assume a precipitation of ca. 200 mm in
4500 m asl., and 300-400 mm in 5000 m asl. Cerro Sillajhuay
itself is characterized by a local mountain climate with high
diurnal variations in temperature and frequent days with
frost-thaw-cycles. Discharge is orientated to the interior in
the east. Vegetation cover is extremely sparse; grasses and
shrubs are dominating and only isolated trees (polviepis)
OCCur,

DEM from Contour Maps

DEM Generation and 3D-Visualization

Converting conlour maps 15 a common way lo create
DEMs. For the Cerro Sillajhuay, a DEM was developed by
digitizing contour lines from rectified topographic maps
1:50,000 with 30 m-equidistance {1945-6845 Pampa Lirima,
1945-6830 Cancosa, 1930-6845 Lagunas Chuncara, 1930-
6830 Villa Blanca), which represent the best available maps
lor the study area. Additionally, depth lines and some ridges
were digitized. Digitizing was carried out using a digitizing
tablet and the software ArcView GIS 3.1 from ESRI. The
DEM was developed in the Universal Transverse Mercator
(UTM) projection, zone 195, WGS 84, It covers an area of
10 x 17 km with the peak of Cerro Sillajhuay in its center,

Three calculation methods were tested for data
interpolation: triangulated-irregular-networks interpolation
(TIN), inverse-distance-weighted interpolation (IDW), and
spline interpolation. Both IDW and spline method produced
very good results for areas of high relief, but produced
artifacts such as unrealistic low slopes in generally flat
terrain. It seems that both methods had problems to handle
larger distances between topographic contours. Best results
were achieved by using the TIN method.

The first raw DEM contained many artifacts, mainly flat
areas caused by the triangles, which are used by the TIN
method for interpolation. Schneider {1998) and Rickenbacher
( 1998) published first solutions for their elimination, but the
development of real 3D-breaklines is still a problem.

Figure 2 View scross Cancosa Basin to Cerro Sillajhuay, a 3982-m high
stratovoleanao in the Andes of Chile and Bolivia: (A) photograph;
(B} ASTER DEM, (Phota: G, Kriher, March 1998).

Therefore, in a second step some contour lines were manually
added using information on elevation from sterecscopic
analysis of the aerial photographs from 1961 with a resolution
of 2.5 m. In the resulting DEM, nearly all artifacts could be
eliminated. A disadvantage of the triangulation is the so-
called diamond effect, i.e. each triangle has its own inclination
and exposition, which impedes differentiation of such
locations. Thus in a third step the TIN-DEM was converted
into a grid-based DEM using the software ArcInfo 7.2 from
ESRI. The grid-based DEM was smoothed two times using
the ‘guintic’ filter, a nearest-neighbor algorithm of Arcinfo,
and the ‘grid generation tool’, a nearest-neighbor filter of
ArcView, The horizontal DEM grid resolution was set to 50
m, matching the underlyving topographic map. It is a common
preblem in DEM generation that smoothing operations lead
to generalization, i.e. a loss of some topographic details. For
instance, Cerro Sillajhuay peak with a height of 3982 m in
reality is only 5968 m high in the DEM. Also, some
geomorphological forms such as edges, frost cliffs, and
gorges disappear. All in all, the final DEM satisfactorily
reflects reality and is of good use in visualization and
mesoscalic geomorphologic analysis (Fig. 3a).

First, 3D-views of the DEM were created using the *3D-
analyst” of the ArcView software (Fig. 3b). Unfortunately,
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these 3D-views lose sharpness while zooming-in. Therefore
further 3D-views were developed using an advanced terrain
rendering approach as proposed by Rotiger er al. {1998),
Most terrain data sets are far too large to be rendered
interactively, since the number of mesh triangles easily
exceeds the amount that can be handled by modern graphics
accelerators. As a work around the continuous-level-of-
detail (C-LOD) technique { Akenine-Miller and Haines, 2002)
simplifies the underlying triangular mesh such that the
resulting reduced number of triangles can be processed
interactively. This is accomplished by starting with a coarse
representation of the mesh. Then the mesh is refined as long
as the local error of the triangulation exceeds one pixel in
screen space coordinates. Thus, the refinement of the mesh
is performed in a view-dependent fashion, ie. far distant
details are represented by lesser triangles than those who are
nearby. In this way the mesh is adapted to each specific point
of view in an optimal way. Since the screen space error is
kept below one pixel, the shape of the modeled terrain is
completely preserved for visualization, while at the same
time the number of generated triangles is reduced
significantly. This property is essential for a thorough
comparison of the DEMs. Typically, the achieved frame
rates of this C-LOD algorithm are well beyond the critical 25
hertz, such that interactive explorations of the terrain data
sets are made possible. By simulating a grid resolution of 5
m, the aerial photograph, which was overlaid on the DEM,
preserves ils sharpness. “Fly-by' simulations provide
additional information about the topography, morphometry
and landforms of Cerro Sillajhuay.

Results

Generating DEMs from contour maps is easy, and the
results provide reasonable information for geomorphological
or hydrological interpretation. Unfortunately, it is often
very time-consuming. Depending on the available
topographic maps, DEMs of higher resolution and detail
can be produced, which allows an analysis of the macro-
and mesorelief, e.g. rock glaciers (Fig. 3c). For analyzing
the micrarelief, interpretation of aerial photographs produces
better results,

ASTER DEM

Instrument and Data Set

ASTER is a high-spatial resolution, multi-spectral imaging
system flying aboard TERRA, a satellite launched in
December 1999 as part of NASA’s Earth Observing Svstem
({EOS). An ASTER scene covering 61.5-km x 63-km contains
data from 14 spectral bands. ASTER is comprised of three
separate instrument subsystems representing different ground
resolutions: three bands in the visible and near infrared
spectral range (VNIR, 0.5-1.0 pm) with 15 m spatial
resolution, six bands in the shortwave infrared spectral range
(SWIR, 1.0-2.5 um) with 30 m resolution, and five bands in
the thermal infrared spectral range (TIR, 8-12 um) with 90
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m resolution. In the VNIR one nadir-looking (3N, 0.76-0.86
wum) and one backward-looking (3B, 27.6° off-nadir, taken ~
60 sec. later) telescope provide black-and-white stereo
images. which generate an along-track stereo image pair
with a base-to-height ratio of about 0.6. The potential accuracy
for the DEM from ASTER could be on the order of £7 to £30
m RMSE,,, (Long and Welch, 199%9). ASTER is capable of
recording 771 digital stereo pairs per day, and cross-track
pointing out to 136 km allows viewing of any spot on Earth
at least once every sixteen days.

One ASTER-level 1A scene, which, as per ASTER L1A
specifications contains visible/near-1R, mid-IR, thermal-IR,
and the matching aft looking near-IR data, acquired on May
28, 2001, was downloaded directly from the USGS EROS
Data Center (EDC) EQOSDIS Core System (ECS), Forunately,
Cerro Sillajhoay 18 located in the center of this image, which
is absolutely cloud-free.

DEM Generation and 3D-Visualization

ASTER scenes are distributed in HDF-EOS format, which
can be imported by the software OrthoEngine as part of the
Geomatica 8.2 package from PCI Geomatics. Using this
software, DEMs can be generated automatically. For DEM
extraction only the VNIR nadir and backward images (3N
and 3B) are used. The geometric model is a rigorous one; it
reflects the physical reality of the complete viewing geometry
and corrects distortions that occur in the imaging process
due to platform, sensor, earth, and cartographic projection
conditions. After rigorous models (collinearity and
coplanarity equations) are computed for the 3N and 3B
images, a pair of quasi-epipolar images is generated from the
images in order to retain elevation parallax in only one
direction. An automated image-matching procedure is used
to generate the DEM through a comparison of the respective
gray values of these images.

The quality of ASTER DEMs depends on the availability
of tie points (TPs) and ground control points {GCPs) (PCI
Geomatica User's Guide Version 8.2 October 2001). In this
study, 12 TPs and 11 GCPs were collected between the
stereo-pair using geo-rectified maps and aerial photos for
identification of characteristic landforms such as moraines,
rock glaciers and ridges that were surveyed in the field. The
total horizontal RMS was < 1.17 pixel or < 17.5 m. The
DEM was generated using PCl Geomatica, the only software
at the time designated compliant with NASA's ATBD for
ASTER DEMs, at 30 m resolution choosing the ‘highest
possible level of detail” function, and the holes were filled
by choosing the ‘automated interpolation’ function. The
overall quality of the DEM was outstanding, with only few
artifacts mostly representing lakes. The DEM was re-sampled
to 15 m to exploit full ortho-image resolution (Fig. 4a). The
three-band VNIR nadir-looking image (1, 2, 3N) was
orthorectified using the extracted DEM. Several perspective
scenes and “fly-by’ simulations were developed showing the
Cerro Sillajhuay from different views and in different seales
(Figs, 4h, c},
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Figure 3 (A) Digital elevation model {DEM) of Cerro Sillajhuay derived from contour
maps. (B) Viral 3D-vigw. (C) ¥iruwal 3D-view combined with aerial
picture showing rock glaciers in the Tacurma Valley.
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Figure 4 (A} Digital elevation model (DEM) of Cerro Sillajhuay derived from ASTER
data. (B Virtwal 30-view. {(C) Virtual 3D-view of Rio Blanco Valley.

Results

The elevations in the ASTER DEM are of
good accuracy and allow analysis of the macro-
and mesorelief. Above 5000 m asl., elevations are
oo low due o internal smoothing procedures of
the Geomatica software (elevations derived from
ASTER DEMs in general are known to be often
little too low; personal communication, PCI).
Although particular elevation values may be too
low, the developed 3D-views demonstrate the high
quality of the DEM and the potential for more
detailed morphometric image interpretation.

Thematic Analysis of the DEMs

Geomorphometry

The quality of both DEMs from contour maps
and ASTER data was compared focusing on
topography, geomorphology, morphometry, and
landforms. Five geomorphic parameters, which
are useful to identify and describe geomorphologic
forms and processes, were extracted using the
software ArcInfo and ArcView: elevation, aspect,
slope angle, vertical curvature, and tangential
curvature. Flow lines and the catchment areas of
rock glaciers were extracted using the “hydrologic
modeling’ tool 1.1, an extension of the ArcView
software.

The elevation is graphically presented in a
hypsometric map with eight classes, which at
Cerro Sillajhuay at the same time represent
altitudinal belts (Figs. 3a; 4a), e.g. the green class
is vegetation cover, the yellow class is a transition
zone, and the gray class represents firn fields.

Topography can be generalized into eight aspect
classes, and this may also help to identify
geomorphologic features (Fig, Sa). For example,
differences in aspect may be an indicator of valley
asymmetry.

Another map demonstrates the slope angle in
six classes (Fig. 5b). The class with the lowest
slope has a relatively steep upper boundary (57) in
accordance with the general relief, which
comprises nearly no flat areas, Other slope classes
may be useful to identify specific geomorphic
forms: for example, rectilinear slopes (German:
‘Glatthiinge’) have a slope of 25-35" per definition
and should be found in the corresponding two
classes of the slope map.

Slope curvature is of special interest for
morphological and hydrological problems. Both
curvatures are shown in maps of five classes: The
vertical curvature is the second derivation of
elevation regarding slope (Fig. 3c); and the
tangential curvature is the second derivation of
elevation relating to aspect (Fig. 5d). Obviously,
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Figure 5 Morphometric parameters of Cerro Sillajhuay deriving from the
Contour DEM {left), and from the ASTER DEM (right): {a)
aspect, {(b) slope angle, (¢} vertical curvature, {d) tangential
curvature, For elevation see Figs. 3a and 4a.

ridges have (very) convex and divergent profiles, and valleys
have mostly (very) concave and convergent profiles.
Mesoscale objects such as rock glaciers can be identified in
several locations; the rock glacier front is characterized by a
convex profile curvature and convex tangential curvature,
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A special interest of the study was a focus on the
periglacial forms at Cerro Sillajhuay. A periglacial map
could be produced using the DEMs (Fig. 6), and the area of
each periglacial form was calculated (Table 1). Rectilinear
slopes cover most of the study area. Non-vegetated
solifluction mainly appears on the rectilinear slopes; slightly
vegetated solifluction reaches up to the lower limit of the
rectilinear slopes: and vegetated solifuction is very
exceptionally. Also, rock glaciers occur very rarely in
general, but in some valleys they may cover up to 5 % of the
area. Striated and patterned ground, breaking blocks, and
firn cover smaller areas.

Solar Radiation

In the study area, the solar radiation is of special interest
as some authors suppose that the Atacama may have the
highest solar radiation rates on Earth. Schmidt (1999)
mentions radiation values of 95 % of the solar constant for
ca. 3700 m asl., and of 98 % at the Sairecabur, a velcano in
northern Chile (5971 m asl., 22°43’S / 67°53'W). The
reasons for these high values are low latitude, high elevation,
dryness, and lack of nearly any clouds.

The solar radiation at Cerro Sillajhuay was computed
using the software SAGA developed by Bohner ef al. (19971,
which enables an integration of estimated or measured
atmospheric water vapor content and atmospheric pressure,
In the map of solar radiation, areas of high radiation are
easy to differentiate from areas of low radiation (Fig. 7). It
is plausible that northern slopes receive higher radiation
rates than southern slopes. The influence of the relief is
plainly recognizable: the highest values appear on the
summit, which is nearly always exposed to the sun; the
lowest rates can be found at southern exposed escarpments
and a large field of permanent snow. The lowest rates were
calculated for steep slopes, and the highest rates for slope
angles of ~ 13° These values correlate with field
measurements. For 21 June (winter) absolute radiation values
range between ~ 20 and 3000 Jjem'® and for 23 December
{summer) it is between ~ 2000 and 3600 J/em™. On 23
December high rates can be found on slightly sloping
surfaces such as the summit area, ridges, valley bottoms,
and pediments.

Comparison of the both DEMs

Geomorphometry and Solar Radiation

When comparing elevation by using a difference image
(Fig. 8), both DEMs show similar values up to ~ 4600 m
asl. and nearly the same value for the minimum elevation
(Table 2). Above ~ 5000 m asl., the caleulated elevation
trom both DEMs differ increasingly with elevation, and the
ASTER DEM elevations are slightly to low. In general, in
the ASTER DEM elevations on overshadowed southern
slopes are lower than on northern slopes. Highest ditferences
do not occur at the peak but beneath the peak in southeast
exposition. Beside this shadow effect the snowfields that
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Figure 7 Map of the solar radiation at Cerro Sillujhuay derived from the Contour
DEM (left) and the ASTER DEM {right).

set in above 5000 m influence the calculation. Other reasons might be
the small number of available GCPs, and smoothing procedures of the
Geomatica software.

Although the slope angles of both DEMSs are generally similar (Fig.
5b), the ASTER DEM is more precise and reflects reality better. For
example, the maximum slope angle of the steep cliff in the Tacurma
Walley is 63°-70° from field measurements; in the ASTER DEM it 15
617, and in the Contour DEM it is only 52°. Compared to results from
field mapping profile and tangential curvature are realistic in both
DEMs, even though the ASTER DEM contains a few artifacts caused
by perspective.

Topographic profiles were developed: one for the Tacurma Valley
(Fig. 9a), and another one runs from W to E north of the summit (Fig.
Ob). In general, the difference in calculated elevation from both DEMs
increases with elevation. Whereas nearly no difference can be noticed
in elevations below 4300 m asl., the difference increases above 4300

Table 1  Arcas for different periglacial forms.

 Periglacial Form Areain %
Rectilinear slopes 5.0
Reck glacier 0.3
Mon-vegetated solifluction 100

- Slightly vegetared solifluction 1.0
Vegetated solifluction 1
Striated and patterned grounds L5
Breaking blocks 2.5
Firn 2.0

Tahle 2 Main calculated indices for elevation from both
Contour and ASTER DEMs. See also Fig. 11.

ASTER DEM Contour DEM
Mean Elevation 4842 m asl. 4831 m asl.
Maximum Elevation 5743 m asl. 55969 m asl.
Minimum Elevaticn 4182 m asl. 4189 m asl.
Standard Deviation 348 m 404 m

Difference ASTER DEM - Contour DEM

Mean - 80 m
Maximum + 52 m
Minimum -291m
Standard Deviation S m

m asl. The ASTER DEM offers more detail of
mesorelief.

A more detailed analysis was undertaken for
the rock glaciers in the Tacurma Valley. The slope
angles of the catchment areas are similar for bath
DEMs, whereas the ASTER DEM offers more
detail. By comparing the morphometry of the rock
glaciers itself, the ASTER DEM shows more
realistic results: the minimum slope angle of 3°
matches the field measurements, and the maximum
slope angle of 34° represents the general slope
angle of active rock glaciers (35-407). Knowledge
about the geomorphometry is also impoertant for a
hydrologic modeling. Flow lines and surface run-
off were calculated to delimit the catchment areas
of the rock glaciers. In the measurement of area
both DEMs show similar results, especially for the
most active rock glaciers (Table 3: B] and B2),
even though the ASTER DEM seems to be more
precise regarding the flow lines by comparing it
with the virtual image (Fig. 100,

At Cerro Sillajhuay solar radiation is very high
and extinction is very low according to its
geographic position. The calculation of the mean
daily solar radiation led to nearly the same rates
for hoth DEMs (Table 4). For rock glaciers and
especially their catchment areas, the lower
minimum daily solar radiation rates for steep slopes
calculated with the help of the ASTER DEM are
more reliable.
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Figure 8 Difference image of elevation derived from ASTER and Contour DEMs, Ses also Tahle 2.

Table 3 Catchment areas of rock glaciers caleulated from the Contour = =
DEM and the ASTER DEM, Discussion

Both DEM generation procedures have advantages as

Rock Glacier Contour DEM ASTER DEM : :
T TERT R well as disadvantages. Regarding the Contour DEM, the
3 ] e T r . - - ]
Bl 79.5 ha 79.3 h: dtgltuhz_mg process of _the contours is rel_am:el!}' time-
B3 8.6 ha 6.7 ha consuming. Although software packages, which include an
B4 69.8 ha 62,0 ha antomated or semi-automated digitizing tool such as a line-
B3 12.7 ha 14.9 ha

following algorithm, are available, manual corrections are

Tahle 4 Solar radiation calcelated from the Contour DEM and the ASTER DEM (in W/m2).

Daily Solar  Contour DEM ~ ASTER DEM  Rockglaciers Rockglaciers Catchment Catchment

Radiation iin Wim") {im Wim®) Contour DEM ASTER DEM  Area Contour  Area ASTER
fin Wim®) in Wim®} DEM DEM
{in Wim") {in Wim’)
Mean 267 266 238 239 224 226
Minimum 134 e 193 189 134 R
Maximum 3l 312 267 271 2098 303

kL1
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mostly necessary. The base maps themselves
represent secondary data, which might contain
errors. Furthermore, the interpolation methods,
such as [DW, spline, or TIN, are more suitable for
raster data than for vector data. On the other hand,
it 15 easier to make changes in the interpolation
algorithm such as using a different weight factor
while developing a Contour DEM than while
developing an ASTER DEM.

While developing an ASTER DEM by using a
special commercial software package, the DEM
developing alzorithm cannot be changed easily.
Often, the software offers only a few parameters
for free selection by the operator. For identifying
TPs, the operator needs experience in landforms
and land covers, because the quality of the TPs/
GCPs is essential for the DEM quality. But when
familiar with the software, an operator can develop
an ASTER DEM relatively quickly. ASTER DEMs
are excellent for virtual-reality visualizations,
because they represent quasi ortho-images.

Lang and Welch (1999) suggest that RMSExyz
values for ASTER DEMs should be on the order
of £7 to %30 m. DEMs produced in other
mountainous areas have a preferential failure mode,
i.e., facets with an aspect of 340 to 140 degrees or
slopes over 35 degrees. This is likely due to two
factors. First, relative to the ground being
examined, the aft looking ASTER sensor is set at
an azimuth of roughly 10 degrees, making slopes
with an aspect of 10 degrees the least likely to be
well imaged. Second, these slopes receive the
least direct solar illumination, which, by reducing
image contrast, increases the probability of image-
to-image correlation failure.

Figure 10 Map of flow lines at Cerro Sillajhuay using the Contour DEM (left) and ASTER DEM (right).
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Conclusion

For Cerro Sillajhuay, a volcano in the Andes of Chile/
Bolivia, DEMs were developed and analyzed by using contour
maps and ASTER remote sensing data. The results presented
here demonstrate that hoth DEMs are uwseful for morphometric
analysis. The scale of a DEM sets the limits for the level of
detail for geomorphologic analysis. Today, DEMs from
ASTER remote sensing data and contour maps are reliable
sources for an interpretation of the macro- and mesorelief,
whereas ASTER DEMs offer more detail, are often easier to
develop, and available for many parts of the Earth. The
actual purchase price (2003) of an ASTER scene is $35. In
general, the ASTER DEM is more accurate, ¢.g. cliff faces
and steep slopes are easier to identify. Analyzing the
microrelief requires a level of detail, which today's DEM
resolutions deriving from satellite data do not offer. Here,
aerial photographs still are the hetter choice.

ASTER data provides the opportunity for extracting
elevation information from nadir and aft images. The
simultaneous along-track stereo data eliminates radiometric
variations caused by multi-date stereo data acquisition while
improving image-matching performance. ASTER data might
be useful for geomorphological mapping especially at
medium scales {1: 100,000 and 1:50,000),
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