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Abstract

With today’s high quality digital terrain models (DTM) and visualization software we can generate perspective
views of landscape sections in an impressive, photorealistic way. Often, such virtual landscape representations
are used as a new kind of topographic 3D-map. They are increasingly integrated in multimedia atlases and
other digital information systems, displayed as printed maps in journals and books, or used for illustrating
scientific results. However, the symbolization and the legend of such innovative map products are often neglected.
The comprehensive systems of cartographic principles developed for traditional 2D-maps do not apply equally
to 3D-representations.

In this paper, we isolate three conceptual aspects which are important for the design of a topographic 3D-map
with a user-oriented map symbolization: (1) Definition of the user groups with their specific knowledge and
intentions, (2) analysis of user needs connected to specific types of map use, (3) development of cartographic
principles for topographic 3D-maps. We suspect that the choice of graphic characteristics is crucial for a
correct transfer of contextual meaning to the map user, and that symbols designed according to aesthetic rules
will hold the user’s attention to the map for a longer period of time.

Introduction

Present situation

Nowadays, reasonably accurate digital terrain models (DTM) exist for most regions in the world. During the
last years, a number of visualization software packages were developed. Using such software, impressive
analytical perspective views can be created, especially when high resolution satellite images or orthophotos are
draped over a digital terrain model [Zanini, 1998]. The techniques for producing such photorealistic images
and animated sequences are being constantly refined. Perspective views, also referred to as 3D-images, have
reached a striking level (see Figure 1).

A standard feature enables the user of a digital map to interactively define the perspective view of a chosen
landscape section, e.g. by selecting an optimal observation position with an appropriate field of view under
specific atmospheric conditions. To display cartographic information, we can drape thematic layers as surface
information on to the DTM, e.g. colour scales for hypsometric layers, raster maps, or raster images of landuse
(see Figure 2). A large number of cartographic products of this type are available, either as printed medium or
in digital form on CD-ROM or on the Internet. Such 3D-images serve a broad range of applications, from
planning over tourism to education [Hurni, 1995].
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Figure 1. Analytical perspective view of the Swiss alpine region of Savognin. Visualization of a digital terrain
model coloured in a hypsometric scale (Terribilini, 1998; Terrain data: DHM25 ©Bundesamt für
Landestopographie, Wabern)

However, these products cannot replace the traditional 2D-topographic map as a topographic information tool.
Furthermore, no scientific debate concerning such innovative 3D cartographic products has taken place. This
lack is surprising because many topographic data are available for most geographic regions, both in raster form
and - more and more - in vector form. This large potential should be used for creating innovative, sophisticated
cartographic products with a high information value.

Figure 2. Section of a topographic 3D-map. The landscape section shows the Piz Kesch area, Switzerland,
with overlayed topographic raster map 1:25’000 (Raster map: Pixelkarte PK25 ©Bundesamt für
Landestopographie, Wabern; Terrain data: DHM25 ©Bundesamt für Landestopographie, Wabern)

Topographic 3D-maps

In the cartographic literature, such 3D-images are commonly classified as a perspective pictorial map, together
with block diagrams, oblique regional views or schematic maps [Hake and Gruenreich, 1994; Robinson et al.,
1995]. In this paper, we approach the topographic 3D-map in a more differentiated, comprehensive way.
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Definition

We define a topographic 3D-map as a cartographic representation of a landscape section in a perspective view,
combined with topographic information that is defined in a legend. At this point, we do not distinguish be-
tween printed maps and screen maps for computer applications. However, this difference will be of importance
when we discuss the design of map symbols for specific representations. The topographic information of a
topographical 3D-map includes all terrain characteristics (height, exposition, slope) and other topographic
elements such as lakes and rivers, settlement areas as well as other infrastructure, road and railway networks,
landuse and vegetation patterns. All necessary names and other text information should be integrated in the
view or displayed in a separate information box.

Comparison to a traditional topographic map

A topographic 3D-map inherits some important properties of traditional topographic maps as listed by Hake
and Gruenreich (1994): (1) The geographical position of all elements is defined and can be extracted by the
reader. (2) All mapped elements belong to defined categories. (3) These categories of map elements differ
clearly from each other.

An important difference to traditional topographical maps is the visualization of topographical context. In the
orthogonal perspective of a 2D-map, the topography is symbolized by contours, terrain points and shaded
reliefs. In the topographic 3D-map, the topographic context of a map element is visualized directly in the
perspective view, as long as the elements are visible. Thus the interpretation of landscape forms becomes much
more intuitive.

However, the topographic 3D-map has typically three shortcomings: (1) As consequence of the perspective
view, the geometry of a topographic 3D-map cannot be interpreted. (2) Because the scale is not constant within
a view, distance measurement is not possible, except for the direction rectangular to the view direction and in
the absolute foreground of the representation. (3) Elements or points of interest may be hidden by the terrain or
other elements.

Problems

Most examples of topographic 3D-maps suffer from three typical problems in map design:

1. Ignorance of user needs. There is often an explicit target group, but the needs of the end users are not taken
into account. The reason for this deficit seems very simple: We know very little about the specific needs of
the different user groups of topographic 3D-maps [Haeberling, 1998]. Often, we do not know what kind of
information the users are really looking for. Why does somebody consult a 3D-map instead of a traditional
topographic map? Furthermore, there are no empirical studies concerning how users read and analyse 3D-
maps.

2. Neglect of map symbolization and legend. We notice that symbolization and legends of topographic 3D-
maps are often neglected. Many map symbols are not fully designed according to objective. Some producers
rely on their own subjective preferences of map symbols without examining whether they are appropriate for
their purposes.

3.  Missing cartographic principles for topographic 3D-maps. One reason for the neglect of map symboliza-
tion and of the legend is that there are no cartographic principles for designing map symbols for cartographic
perspective views. Such principles would enhance consistency between design and meaning of map sym-
bols. Cartographic principles are needed to define the shape of symbols (geometry, colour, outline), to mas-
ter the complexity of perspective views (level of detail), and to position and label all map elements. Assisted
by cartographic principles for topographic 3D-maps, we could adapt the symbolization of these innovative
map products to the needs of specific cartographic customers.
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Conceptual aspects for designing topographic 3D-maps

Each new project of topographic 3D-map should follow three conceptual aspects: (1) determination of the user
groups, (2) specification of user needs, and (3) derivation of requirements for map symbolization.

User groups

The thematic outline should match the target groups. The clearer we define a target group and its characteris-
tics, the better we can account for its habits and behaviour. An important criterion is the thematic knowledge of
the map users. It is significant to know their professional, intellectual and social background. We must take into
consideration whether they are experienced users of geographical data (e.g. professionals such as geoscientists,
planners, teachers) or if they are occasional map users with limited thematic knowledge. Depending on the
experience and thematic knowledge of the target group, we would then choose an appropriate map complexity.
The second but also important criterion is the intention of map users who consult a topographic 3D-map. Are
they looking for specific information, or are they merely curious to explore the map? Is the map their only
source of information, or is it accompanied by written text or TV-presentation? If the map forms part of a larger
product, which role does it play? Should the map provide detailed information and facilitate further analysis, or
does it serve mainly orientation purposes or merely for catching the user’s attention? Figure 3 resumes the
context of the different user
groups and their intentions which
should be respected when plan-
ning a new topographic 3D-map
project.

Naturally, the definition of a tar-
get group does not fully deter-
mine the map content. Yet, when
designing a 3D-map product, es-
pecially of a topographic 3D-
map, it is important to be aware
of differences in user background
and intentions. Therefore, a map
producer has to decide carefully
which purposes a new product
should be designed to serve.

User needs

The analysis of user needs is linked very closely to the definition of the target group [Haeberling, 1998].
Although every user has his own intentions for consulting a topographic 3D-map, there are some general types
of interests:

1. Determination of topographic features. A primary need is certainly to identify the topographic features that
occur within the selected landscape section. This requires that every map element be classified, and that the
class of any mapped element can be determined by comparison with a legend.

2. General orientation. Very often, the map user wants to have a perspective overview of the chosen landscape
section. This gives him control over all visible topographic features within the map limits. The overview
must be rather complete than accurate. Generally, it is sufficient to distinguish broadly all landscape features,
but no detail is needed.

Figure 3. Context between user group, user knowledges, user intentions
and topographic 3D-map
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3. Localisation of details. When a map user consults a topographic 3D-map meticulously, he expects to extract
many details from the cartographic representation. E.g., he wants to know the exact height or geographical
position of a topographic feature. Possibly, the user is interested in the official classification of roads and in
their attributes like material, exact width, equipment etc. Or he may have a professional interest in the field
names.

4. Measurements. Another favourite group of user interests consists of all kinds of measurements. A user may
wish to determine the distance between two map elements or the extension of an area; he may need to extract
the angle of a slope or the compass direction from a specific point to another landscape element.

Requirements of map symbolization for topographic 3D-maps

A basic principle of map symbolization is that every topographic feature which occurs in the real landscape is
represented by a map symbol within a defined legend [Imhof, 1968; Hake and Gruenreich, 1997]. Further-
more, it is essential that the contextual meaning is interpreted correctly by the map user [MacEachren, 1995;
Robinson et al., 1995]. For a topographic 3D-map, we demand a user-oriented map symbolization. Careful
consideration of user behaviour and different types of user needs has a strong influence on the graphic design
of a topographic 3D-map and its symbols. The map symbolization must be designed so that the map user can
perceive the map content as corresponding to his own background and intentions. It should enable the map
users to satisfy for their information needs as closely as possible. This guarantees user satisfaction and a lasting
interest in the map.

For these requirements of topographic 3D-maps, we should take a closer look at three special topics:

1. Graphic appearence of map symbols. In a traditional topographic map, the graphic appearence of every
symbol is fixed and depends only on the scale and the legend. This is different in a topographic 3D-map. In
perspective representations, map symbols appear positioned at different distances [Albertz, 1997]. Thus,
some aspects of the graphic appearence, like shape, size, line width, colour shade or shadows, are variable.
The graphic appearence depends on the position of the elements in the landscape section, on the spatial
arrangement or neighborhood, of symbols, and on the chosen parameters of the environment (e.g. lighting,
background colour, atmospheric effects). Last but not least, both artistic and graphic aspects of symboliza-
tion should be considered, too. However, these aspects should not have priority over the symbolic character-
istics [Spiess, 1996].

2. View parameters. The perspective view provides an overview of the landscape section and its elements. In a
three-dimensional view, we see mountain ranges, valleys, settlement areas or a river network more clearly,
and the spatial context is easier to interprete than in the orthogonal view of a traditional topographic map.
Furthermore, we can adapt the view parameters of different purposes, like for an overview or for detailed
local views [Albertz, 1997].

3. Flexible map content. The following two concepts have been proposed for determining and manipulating
map content:

(a) In the Level of detail concept, the foreground of an image is furnished with numerous, and more detailed,
elements. In the background, however, landscape forms are generalised, fewer elements are displayed,
and the symbols are more abstractly designed, although they have the same meaning [Terribilini, 1998].

(b)  The intelligent zooming concept means that the closer our observation point is to the represented land-
scape section, the more detailed the cartographic elements appear. Nevertheless the density of the image
remains the same [Sieber and Baer, 1997].

The two concepts can be applied both for printed and screen topographic 3D-maps. They are especially valu-
able to digital applications with interactive functionalities, e.g. in multimedia atlases.
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Cartographic principles

For designing traditional topographic maps we apply well-established cartographic principles. These princi-
ples have defined a state-of-the-art map tradition for decades. Generations of cartographers all over the world
were influenced by such traditions [Imhof, 1968; Hake and Gruenreich, 1994; Hurni and Leuzinger, 1995].

However, no cartographic traditions or principles have been evolved as yet for topographic 3D-maps. Thus, we can
seize the opportunity to derive rules systematically by analysing the results of empirical experiments and observa-
tions of user behaviour, user intention, user needs, and map perception [Sieber, 1996]. Later on, the new principles
could be integrated in a system of general cartographic principles for different types of printed and screen maps.

When designing a new topographic 3D-map product, we could apply these principles when choosing the
favourite perspective for a landscape section, for determining the general layout, for adjusting colour tables,
for arranging line and point symbols or for positioning text elements. Many processes of cartographic design
could thus be simplified and unified. We are convinced that such principles are an indispensable basis for
creating not only impressive, but also useful topographic 3D-maps targeting any user group.

Examples

The following two examples of topographical 3D-maps illustrate the spectrum of representation types and
highlight the problem of a user-oriented map symbolization for potential producers and users. The examples
are created with different types of data, one with raster-based information, the other with vector-based infor-
mation.

Topographic 3D-maps
with raster-based data

A digital terrain model (DTM)
can easily be draped with
raster information (Figure 4).
The raster data can be either a
digital topographic map in
raster format, or another the-
matic layer like a map of geol-
ogy, landuse, or vegetation.
But if we drape the bare raster
data, we are unable to interac-
tively change the map content,
since the topographic 3D-map
contains only the static image
of the input map.  When we
change the perspective or
zoom in or out, the map ele-
ments are not affected.  This is an important disadvantage, especially for small or fine-textured symbols, such
as settlement symbols, traffic network and text elements.  Another drawback is that the raster structure can be
seen in the printed map or on the screen if the resolution of the raster map is small.  Nevertheless, this kind of
topographic 3D-map may provide useful information to the reader, as long as the landscape section is reason-
ably oriented and focused.  The technical process of map creation is simple and inexpensive.

Figure 4. Topographic 3D-map with raster-based information. Section of a
hilly urban area at the Lake of Zurich, Switzerland, with overlayed topographic
raster map 1:25’000 (Raster map: Pixelkarte PK25 ©Bundesamt für
Landestopographie, Wabern; Terrain data: DHM25 ©Bundesamt für Landes-
topographie, Wabern)
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Topographic 3D-maps
with vector-based data

With vector data, we have
greater flexibility in design-
ing an adequate map sym-
bolization.  Vector data can
be manipulated independ-
ently of the visualized DTM.
The manner in which data is
visualized largely depends on
the visualization software
and on computer perform-
ance.  Thus, the vector-based
map symbols can be designed
graphically and adjusted for
different purposes and for
different perspectives. Shape,
size, colour, shadow, position
and orientation of a map ele-
ment or text are not fixed.
Hence we can attempt to assemble symbols and text in the most effective way (see Figure 5).

Discussion

New branch of mapping theory

The problem of symbolization in topographic 3D-maps is highly complex. The principles of symbolization
developed for traditional topographic maps can not be applied to this new map generation. The use of perspec-
tive views of landscape sections as topographic information tools introduces additional aspects, such as flex-
ibility of design, visibility, or spatial arrangement, that should be considered in the design of any map symbol
or text element [Buziek, 1998]. Even today, topographic 3D-maps are often designed according to the cartog-
rapher’s subjective preferences, without any guidelines derived from a theory of 3D mapping. Therefore, we
aim at developing a broad set of cartographic principles for topographic 3D-maps. Furthermore, we suspect
that user characteristics and user needs are often neglected in the map creation process. We firmly believe that
information pertaining to the user groups is essential for a successful map design.

Further investigations

Before we can develope a new branch in map design theory, scientific research must be conducted in the
following areas:

1. Map users: We often lack detailed information about the typical characteristics of a target group. Systematic
knowledge is needed on how different groups actually use topographic 3D-maps. In which situations, and
for what purposes do they consult a topographic 3D-map? Do users rely solely on the topographic 3D-map,
or do they use it in addition to a traditional topographic map?

2. Map perception: We require data on the perception of 3D-representations in general and specifically on
topographic 3D-maps and their symbols. The effect of alternative maps with different symbols and symbol

Figure 5. Topographic 3D-map with vector-based information. Section of a
mountainous landscape in the Bietschhorn area, Switzerland, with cottages,
topographic points and with the integrated thematic layer of the glacier devel-
opment (Terrain data: DHM25 ©Bundesamt für Landestopographie, Wabern)
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combinations on various types of users could be compared in experiments. This would help answer ques-
tions such as: What shape and pattern should be chosen for symbolizing various types of surface elements?
Which line colour and width is perceived best by the map user? In case of a digital map, at what position on
the screen should a point symbol be placed, and at what level of detail?

Conclusions

Before a topographic 3D-map is designed and technically produced, three conceptual aspects should be con-
sidered. (1) We must know the important characteristics of our target groups. (2) Once we understand the
behavior and the intention of the users, we can evaluate the specific user needs. (3) From the knowledge
concerning different types of users, we should derive cartographic principles for symbolization in topographic
3D-maps. We strongly recommend that map producers take into account these conceptual aspects to facilitate
the construction of helpful topographic 3D-maps that suit the needs of their users.
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