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Abstract

Th is paper describes a new method for fi ltering GTOPO30 
grid data for producing hypsometric layers for small-scale map-
ping. Th e hypsometric layers should meet the quality standards 
of manually produced contour lines. Th ey will be used in an 
updated digital version of an overview map of Europe at a scale 
of 1:15,000,000 in the Atlas of Switzerland and the Swiss 
World Atlas. Since hypsometric layers derived from GTOPO30 
are too detailed, the paper introduces a new method for general-
izing digital elevation models with raster fi lters. Th e best results 
were obtained by combining lower and upper quartile fi lters. 
A drainage network, which defi nes valleys lines, was used for 
combining the two fi lters: the lower quartile fi lter was applied 
in valley areas, and the upper quartile fi lter elsewhere. To fur-
ther simplify the hypsometric layers, the drainage network is 
generalized with an algorithm that removes the shortest streams 
from the drainage system. Th e resulting hypsometric layers are 
compared to a manually generalized reference data set.

Th e map of Europe of the Swiss World Atlas1. 

Th e Swiss World Atlas contains an overview map of Europe 
at a scale of 1:15,000,000 (Fig. 1), which is currently rede-
signed and updated for the new digital edition of this atlas 
as well as for the next version of the digital Atlas of Swit-
zerland. Th e map represents relief with hypsometric tint-
ing combined with shaded relief. For the revised version of 
the map, improved hypsometric layers will be used that are 
derived from digital elevation data. Using digital elevation 
models for hypsometric tinting has the advantage that (1) 
elevation data is uniform over the whole area, (2) up to date 
and (3) geometrically accurate. An automatic generation of 
hypsometric layers considerably accelerates map production 
when compared to the manual drawing of contour lines, 
which is a demanding and time consuming task. 

GTOPO30, a freely available global elevation model, was 
chosen as source data (http://edc.usgs.gov/products/eleva-
tion/gtopo30/gtopo30.html). GTOPO30 was developed 
in the 1990s by the U.S. Geological Survey, and provides 
regularly spaced height data at a resolution of 30 arc seconds 
(approximately 1 kilometre along the equator). We estimate 
that the medium resolution and the geometric accuracy of 

this data set are suffi  cient for hypsometric tinting at a scale 
of 1:15,000,000.

Th e new version of this map should adopt the style of ear-
lier editions and meet their high standards of cartographic 
representation. In particular, the same colour scheme and 
the same hypsometric steps are used. Th e hypsometric tint-
ing follows a geometric progression with steps at 0, 100, 
200, 500, 1000, 2000 and 4000 meters above see level. 
Th is progression corresponds with the steps recommended 
by Imhof (1982). Steps in non-equal intervals are common 
in small-scale hypsometric mapping: low relief areas can be 
well diff erentiated, and the large vertical intervals for higher 
elevations appropriately diff erentiate the small patches of 
high mountain areas.

Contour lines from digital elevation models2. 

Hypsometric layers generated from the original GTOPO30 
elevation data (Fig. 2A) are much too detailed for a map at 
a scale of 1:15,000,0001. Th ey cannot be used at this scale 
unless their geometry is considerably simplifi ed. We used a 
set of manually generalized elevation layers for evaluating 
our automatic algorithm (Fig. 2B). Th ese reference con-
tours lines were manually derived by Ernst Spiess from the 
GTOPO30 contour lines shown in Fig. 2A. Ernst Spiess is a 
Professor Emeritus of the Institute of Cartography of ETH 
Zurich, long-time editor in chief of the Swiss World Atlas, 
and author of various publications on cartographic gen-
eralisation. We are therefore fortunate to have a manually 
produced reference data set of high quality that is derived 
from the same elevation model that was used for our auto-
matic attempt. A comparison of Fig. 2A and 2B strikingly 
illustrates the excessive amount of geometric details of the 
hypsometric layers obtained from GTOPO30 without gen-
eralization.

Th e development of our automatic method was steered 
by guidelines for the generalization of small-scale contour 
lines, which are generally applied in cartography. Horn 
(1945) and Imhof (1982) formulated the most important 
guidelines:

1 Hypsometric layers in all fi gures are shown at 200% of their original size. 
Contour lines are depicted at an even larger scale.
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- Main landforms should be accentuated, while secondary
   features should be eliminated.

- Contour lines should retain their original position and 
   form as far as possible. Th ey should only be displaced for 
   improving map readability.

- Each landform should be treated as a whole, i.e. all  
   contours forming a landform should be either retained 
   or completely removed.

- Positive forms (i.e. mountain ridges) have priority over 
   negatives forms (i.e. valleys); all positive forms should be 
   retained; the smaller ones can be aggregated if they 
   belong to the same bigger form.

- Small negative forms are to be omitted.

- Main valleys (negative forms) can often only be depicted 
   if they are broadened at the expense of smaller forms 
   lying on both sides.

Th e developed method for the production of generalized 
hypsometric tints is based on raster fi lters and requires ele-
vation data in regular grids. A raster fi lter computes a new 
value for each cell based on the value of the cell itself and the 
values of its neighbouring cells. Th ree diff erent smoothing 
fi lters were applied to the original grid model: low-pass fi l-

ter, Gaussian fi lter and non-linear median fi lter with a fi lter 
size of 5 × 5 cells. To obtain the desired level of general-
ization the fi ltering was performed several times. Th e three 
methods mentioned above provided quite similar results. 
Fig. 3 shows the results of 10 passes of the median fi lter 
with a size of 5 × 5 cells. A visual comparison with Fig. 2B 
shows that simple median fi ltering is not satisfactory, as 
small, but important features tend to disappear, while big-
ger forms are fl attened, i.e. mountain ridges are lowered and 
valleys are raised. Hence, the area of hypsometric layers at 
high altitudes is shrunken (some small parts even disappear 
completely), while valleys are shortened or split into small 
depressions.

Combining upper and lower quartile fi lters3. 

To improve simple median fi ltering as presented above, 
we searched for a method that better preserves the origi-
nal heights of valleys and ridgelines. Th e proposed method 
applies diff erent fi lters for the valleys and ridges. Th e upper 
quartile fi lter was found to be an acceptable solution for fi l-
tering ridge areas. Th is fi lter assigns the 75 percentile of the 
neighbouring values to each cell, which preserves important 
heights and aggregates isolated small hills and mountain 
peaks (Fig. 4 A, C). Hypsometric layers at high altitudes 
are expanded, which is consistent with the guidelines for 

Map of Europe from the Swiss World Atlas (2006), reduced scale.Fig. 1: 
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manual generalization. For lower areas situated in valleys 
bottoms, the lower quartile fi lter is used, which assigns 
the 25 percentile of the neighbouring values to each cell 
(Fig. 4 B, D). Th is fi lter deepens valleys and eliminates some 
of the spurious little hills from valley bottoms, which exist 
in the original elevation data. Th ese small elevations cause 
problems when deriving contours, since they can split val-
leys and create unnatural depressions.

We use skeleton lines (valleys and ridgelines) to combine the 
lower and upper quartile fi lters. Th ere are several methods 
for extracting skeleton lines from a digital elevation model. 
As proposed by Soille and Gratin (1994) the algorithms can 
be grouped into two classes: either based on morphological 
features or on a hydrological analysis. 

Some of the morphological algorithms can be easily com-
puted using popular GIS software. A common algorithm 

Hypsometric layers: (A) generated from GTOPO30 data, (B) manually generalized.Fig. 2: 

Median fi ltering (5 × 5 cells, 10 passes). Left: hypsometric layers; right: enlarged contour lines (thin black contour lines Fig. 3: 
from unfi ltered GTOPO30).
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calculates the DEM curvature, which allows for diff erenti-
ating between convex and concave surfaces. Grid cells with 
extreme curvature values can be classifi ed as valley bottoms 
or ridgelines. Edge enhancement fi lters are another class of 
fi lters that are easy to compute (e.g. high-pass fi lters). Böhm 
(2000) computes changes of aspect and defi nes skeleton 
lines by cells with a sudden change. Zakšek and Podob-
nikar (2005) propose a diff erent method based on an edge 
detection technique applied to an analytically shaded relief 
image.

More eff ective methods for the detection of valleys are based 
on hydrological analyses, for example the D8 (determin-
istic eight-node) algorithm, which is a hydrological algo-
rithm for the extraction of drainage networks developed by 
O’Callaghan and Mark (1984). Th e D8 algorithm is avail-
able in many popular GIS packages. Th is method computes 
a drainage network by simulating the fl ow of water on the 
DEM. First a fl ow direction is defi ned for each cell, which 
is the direction of the steepest path fl owing into one of the 
eight nearest neighbours. Th e value of accumulation fl ow is 

 Results of upper quartile (A, C) and lower quartile fi ltering (B, D) (thin black contour lines from unfi ltered Fig. 4: 
GTOPO30).
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always the case with other methods. Furthermore, with the 
D8 algorithm the number of small drainage segments can 
be reduced by selecting a suitable threshold. 

Th e D8 algorithm was applied to the original elevation data, 
and cells with more than 50 contributing cells were assigned 
to the network. Th e network is shown on Fig. 5. In the 
next step, buff ers were built around the cells of the drain-
age network. In this way the lower quartile fi lter, which is 
suitable for valley bottoms, can be applied not only to the 
thin drainage network, but also to its surroundings. When 
using buff ers, weights for both fi lters can be assigned and a 
smooth transition can be generated between areas where the 
lower and the upper quartile fi lter is applied. Th e resulting 
hypsometric layers and contour lines are shown in Fig. 6. 
When comparing with the median fi lter of Fig. 3, the fol-
lowing advantages can be identifi ed: (1) valleys are not 
shortened or split into parts; (2) some disconnected valleys 
are joined, and (3) small hills and mountain peaks do not 
disappear, but are rather aggregated. Despite the fi ltering, 
however, the layer contours are still very detailed.

Generalisation of the Drainage Network4. 

To further simplify the layer contours, the shortest streams 
must be removed from the drainage system. Increasing the 
threshold for assigning cells to the network is not an option, 
because this not only removes the shortest lines, but also 
truncates longer streams. To simplify the drainage network 
we should rather imitate the process of river generaliza-
tion: the lines that are shorter than a predefi ned threshold 
should be removed as a whole – while longer lines should 
be retained. Th is was achieved by developing a customized 
algorithm. Th e input data for the algorithm is a raster grid 
storing values of the accumulation fl ow. For each raster cell 

then calculated for each cell as a number of cells draining 
into this cell. Cells with a value that exceeds a given thresh-
olds can be qualifi ed to be part of the drainage network. Th e 
higher the chosen threshold, the lower the density of the 
resulting network will be (Wilson and Gallant 2000).

After experimenting with diff erent ways of extracting skel-
eton lines, the hydrological method (D8 algorithm) was 
found to give the most satisfactory results. A fundamental 
advantage of this approach is the continuity of resulting val-
ley networks (i.e. valleys are always connected), which is not 

Results of lower and upper quartile fi lter combination, (thin black ontour lines from unfi ltered GTOPO30).Fig. 6: 

Drainage network extracted from GTOPO30 data.Fig. 5: 
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with a value higher than a threshold (we chose 50), the algo-
rithm extracts the downstream path by following the path 
with the smallest negative diff erence. If the path is longer 
then a predefi ned threshold it is stored in the output raster. 
Th e value of this second threshold depends on the desired 
level of generalization. In this way all paths shorter then the 
threshold are removed from the drainage network. Exam-
ples of diff erent levels of drainage generalization are shown 
on Fig. 7. In order to defi ne a length threshold appropri-
ate for further DEM processing, diff erent levels of drainage 
generalization were compared with the manually general-
ized contours. Finally a threshold of 80 pixels was chosen 
to create a generalized drainage network for combining the 
lower and upper quartile fi lters. 

Fig. 8 shows the resulting hypsometric layers (left) and 
enlarged contour lines (right). A lot of small valleys are 
removed, while the bigger ones are preserved. Hills and 
mountain peaks are much more aggregated and the high-
est elevation layers form more compact areas. Th e level of 
detail of Fig. 8 is similar to the manually generalized result 
of Fig. 2B.

However, a comparison with manually generalized contours 
shows that valleys are too narrow and therefore not readable 
enough at the fi nal map scale. In order to further broaden 
valleys, larger buff ers were built around the drainage net-
work. Th ough results are not perfect (Fig. 9), as some of the 
mountains peaks disappear.

Conclusion5. 

Hypsometric layers derived from digital elevation mod-
els that are generalized with the presented method are of 
good quality and can be used for small-scale mapping. Th is 
automatic procedure is carried out in a fraction of the time 
required for a manual generalization. Although the fi nal out-
put can be judged as quite acceptable, there are still several 
shortcomings that need to be improved. For example, the 
discontinuities in the upper parts of valleys (small depres-
sions) are a rather disturbing problem. Th ey are caused by 
errors in GTOPO30. Th e problem could probably be solved 
with an algorithm that removes pits from digital elevation 
models. Such an algorithm could also help extract a more 

Drainage network generalization, increasing length threshold value from top-left to bottom-right.Fig. 7: 
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Still other problems arise when simplifying convex terrain 
forms, since not all mountain peaks and hills are properly 
processed during fi ltering. Some of them are excessively low-
ered and therefore removed from the layer contours. Th is 
especially happens with extremely small areas, which are fi l-
tered by the upper quartile fi lter. Also, the shapes of small 
separated hills may become overly rounded and smoothed. 
Th eir original shapes could possibly better be retained when 
using generalized ridgelines that could also be extracted 
from the digital elevation model.

accurate drainage network, which would improve the selec-
tion of valleys to be removed or preserved. 

Furthermore, improvements could be achieved with a spe-
cialized way of fi lling valleys. Especially deep valleys are dif-
fi cult to completely remove from a DEM with the presented 
method. Also, testing other algorithms for simplifying the 
drainage network could be worthwhile, e.g. an algorithm 
calculating the area of watersheds instead of river lengths.

Results of fi lter combination after generalizing drainage network (thin black contour lines from Fig. 6).Fig. 8: 

Results of fi lter combination: broader valley bottoms.Fig. 9: 
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