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Introduction

Foreword

This publication is the outcome of the work of contributors who participated in the 8th ICA Mountain Cartography Workshop from 1-5 September 2012, in Taurewa, New Zealand. This meeting brought together cartographers, artists, practitioners and geoscientists who focused their attention on enhancing special issues of mountain
cartography in order to evaluate current trends as well as to provide innovative ways of sharing geospatial information. The main intention of the workshop was to investigate how on the one side mountain cartography is
being currently addressed and on the other side how to enhance the possibilities of developing new theories and
techniques for design and transfer of geospatial information that is embedded in a mountainous environment.
The relevance and significance of the workshop, and this subsequent publication is to be seen as a further initiative for research and development in cartography and neighbouring disciplines. It also provides the stimulus for
organizing further events that will explore topics in and around mountain cartography.
As chair of the ICA Commission on Mountain Cartography I would like to thank all authors for their contributions as well as their willing and enthusiastic co-operation. Furthermore I would also like to acknowledge the
professional work of the organization committee in New Zealand, who undertook the task of organizing the
workshop as well as designing and coordinating this publication and its chapters. I hope that this contribution
provides a valuable addition to cartographic theory and praxis and I am confident that readers will be inspired
by the contributing author’s efforts.
Karel Kriz
Chair, ICA Commission on Mountain Cartography
August 2013, Vienna
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Introduction

Welcome

Since 1999, the International Cartographic Association (ICA) Commission on Mountain Cartography has been
holding Workshops every other year, alternating with the International Cartographic Conferences (ICC). The
New Zealand Cartographic Society (NZCS) was pleased to host the 8th Mountain Cartography Workshop at
the Sir Edmund Hillary Outdoor Pursuits Centre at Taurewa, near Tongariro National Park, 1st – 5th September 2012. The meeting gathered 24 mountain cartographers and enthusiasts from nine countries: Argentina,
Austria, Canada, Germany, Norway, Slovenia, Switzerland, USA and New Zealand.

The Sir Edmund Hillary Outdoor Pursuit Centre at Taurewa turned to be an ideal venue for the Mountain
Cartography Workshop; Photography Karel Kriz.
The Workshop theme, Mapping Mountain Dynamics: From glaciers to volcanoes, set the mountain scene and
the central focus for presentations and discussions. Over three days (3rd – 5th September), 21 scheduled presentations were run, grouped into six themes: Mountain Mapping, Glacier Mapping, User-Related Studies,
Mobile Media, Professional Cartography and “From the Ocean Floor to the Mountain Tops”. In addition several unscheduled presentations and projections enriched the Workshop’s programme. The Workshop proper
opened on Saturday evening, 1st September, with an excellent presentation from Dr Harry Keys of the New
Zealand Department of Conservation, not only informing us of the natural and cultural context of the Tongariro
National Park setting, but updating us on the devastation caused by the volcanic explosions on nearby Mt Tongariro, which had happened less than a month before.
This publication is the record of the workshop, consisting of 14 papers and 8 abstracts mainly describing mountain cartography related projects but with a mix of representations, technologies and techniques that are directly
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relevant to mountain cartographers. Seven of the paper chapters have either been developed from what were
abstracts at the time of the workshop or are submissions from scratch.
The Mountain and Glacier Mapping section of these proceedings has research chapters that are for the most part
derived from the Mountain Mapping and Glacier Mapping sessions. We start with the challenges of contemporary photorealistic representations of mountainous terrain in Slovenia (Dušan Petrovič, University of Ljubljana),
followed by two glacier-themed chapters: the application of digital photogrammetry techniques to create a new
DEM of Tasman Glacier in the NZ Southern Alps (Sebastián Vivero, University of Otago) and a review of cartographic depictions of glacier dynamics (Roger Wheate, University of Northern British Columbia, Canada).
From the mountains to the ocean floor, we then consider the mapping of the unseen mountains at the bottom of
the Pacific Ocean near Hawaii (Tom Patterson, US National Park Service). Finally a novel technique combining
grayscale and coloured raster without losing colour intensity or hillshade detail is reported on (Aileen Buckley,
Esri), something that will be of value in the production of future mountain maps.
The User-Related Studies and Mobile Media sessions at the workshop have been combined here in the section
on Usability and Cognition research. A chapter on usability evaluation of panoramic maps of Switzerland (Stefan
Räber, ETH Zurich) kicks off the section. Next, non-visual terrain representation is considered in a speculative
chapter on multi-modal exploration of rugged digital terrain via smartphones (Antoni Moore, University of
Otago). Georg Gartner (Vienna University of Technology) reports on some wayfinding challenges in the context
of “emo-maps” (i.e. maps describing people’s emotions), generated from volunteered data collected via mobile
devices. The city setting of this chapter (Vienna, Austria) could be substituted by a mountainous setting, perhaps
mapping elicited emotions of a different kind. Finally in this section, an assessment of small scale mountain
maps for a museum exhibition is reported on (Karel Kriz, University of Vienna).
The Professional and Personal Mapping section is the last paper section, grouping chapters derived from several
of the original workshop sessions. First off is Peter Howorth’s personal account of the mapping of the hidden
and forgotten pilgrimage trails of the Athos Peninsula, including Mount Athos itself. The next chapter takes
us on a journey to the mid 1930s, when one of the first New Zealand hiking maps was produced, of the Tararua Mountains (Geoff Aitken, NewTopo). In the first of three professionally-oriented chapters, an innovative
geographical atlas of Argentina, from the Andes to the Atlantic, incorporating 1:500,000 overview maps with
corresponding satellite imagery is reported on (Carlos Nelson, Instituto Geográfico Nacional). Then there is an
account of constructing texture maps using Photoshop to produce the renowned Geographx terrain maps (Roger
Smith, Geographx). Finally Geoff Aitken is back to explain his new and crisp approach to topographic mapping,
as evidenced through the products of his company, NewTopo.
The Abstracts section represents presentations at the workshop touching on most of the above topics, and more.
In the first of four extended abstracts, Roger Smith (Geographx) demonstrates how to interpret geomorphology from suitably designed maps. Next is an overview of current projects at TU Dresden, concerning glacier
dynamics in the Himalayas (Benjamin Schroeter, Dresden University of Technology). The third abstract covers a
semi-automated approach to reconstructing glacier DEMs based on historical maps (Lorenz Hurni, presented by
Stephan Wondrak, ETH Zurich). Then there is an account of the use of LiDAR technology for flood mapping
(Andrew Steffert, Horizons Regional Council, NZ), a technology that also generates mountainous terrain data
of unprecedented quantity and quality.
The remaining abstracts include ones on the development of mountain-related applications for mobile phones,
and a user interface for the Tyrolean Avalanche Warning Center Portal (both Karel Kriz, University of Vienna).
Martin Gamache of National Geographic Magazine gave various presentations throughout the time of the
workshop, on the use of new relief tools in the production of NGM maps and illustrations, on the cartography
of the NGM Mount Everest map, another on the climbing routes of the famous El Capitan vertical world and a
new ocean floor map – these are summarized in the abstract that follows. The final abstract is on the creation of
terrain maps in a digital environment (Nathaniel Vaughn Kelso, Stamen Design).
No introduction would be complete without mentioning the extra-curricular activities. It takes commitment
beyond a love for mountain cartography to come so far to the middle of a New Zealand winter! However, as it
happened, the weather was relatively kind, at least on the day programmed for excursions and nobody stayed in
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the warmth of the lodge on that day. All participants split into several groups, each targeting a different type of
activity, from hiking, through snowboarding and ski touring to mountaineering. Many local bush walks saw a
number of international hikers enjoying lush vegetation, bird songs and the smell of bush flowers. Mount Ruapehu’s snow fields accommodated a lonely snowboarder who couldn’t resist pushing his limits on the challenging
piste in Happy Valley. The fearsome peaks of Mt Ngauruhoe (2287m) and Mt Tongariro (1967m) fell to a group
of experienced mountaineers, who conquered their summits in gale force winds. Finally, the famous Mount Ruapehu Crater Lake welcomed a small group of mountaineers and one ski touring enthusiast to its shores, enjoying
panoramic views of Summit Plateau from nearby Dome (2672m). The day finished with plenty of talks, photo
presentations and a movie taken during one of the trips. The afternoon of Tuesday 4th was also spent on recreation, mixing some walking in the rain with a visit to the Tongariro National Park Visitor Centre, and finishing
off with a nice coffee at The Grand Chateau in Whakapapa Village. Despite the weather that day, everybody
enjoyed the outing but was equally pleased to be back in the safety and warmth of the lodge for an evening meal.
The Commission business meeting was also held on the Tuesday and the minutes are available from the Commission website (www.mountaincartography.org), together with the Powerpoint presentations from the workshop
(thanks to N.V.Kelso). The closing session for the workshop on the following day was jointly chaired by Georg
Gartner, President of ICA, Karel Kriz, Chair of the ICA Commission on Mountain Cartography, and Igor
Drecki, Vice President of the New Zealand Cartographic Society, who thanked Geoff Aitken, Chair of the Local
Organising Committee, and his team for a superbly organised event. The NZCS in turn thank all participants
who made this such a special occasion, the Commission chairs, Karel Kriz and Lorenz Hurni, the ICA as represented by president Georg Gartner as well as Stefan Räber and Dušan Petrovič for their help and facilitation.
Tim Nolan, Marney Brosnan and Markus Jobst must also be thanked for their role in the design, publication
and printing process for these proceedings.
We look forward to the 9th Mountain Cartography Workshop, which is planned to take place in Banff, Alberta,
Canada, between 22nd and 26th April 2014. Roger Wheate leads the local organising committee. All welcome!
Igor Drecki, Geoff Aitken, Roger Smith, Christian Fremd and Antoni Moore
Local Organising Committee
New Zealand Cartographic Society

Mt Ruapehu’s Pinnacle Ridge with Mt Ngauruhoe and Mt Tongariro in the background; Photography Igor Drecki.
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Introduction

Group Photograph

Participants of the 8th Mountain Cartography Workshop held in Taurewa near Tongariro National Park, New
Zealand; Photography Karel Kriz.
Left to right: Andrew Steffert, Christian Fremd, Martin Gamache, Roger Wheate, Belinda Smith Lyttle, Karel
Kriz, Bjørn Sandvik, Stefan Räber, Georg Gartner, Stephan Wondrak, Igor Drecki (at back), Tom Patterson,
Rosemary Jorgensen, Peter Howorth, Benjamin Schröter, Sebastián Vivero, Antoni Moore, Carlos Nelson,
Aileen Buckley, Nathaniel Kelso, Roger Smith, Dušan Petrovič, Rebecca Hayter, Geoff Aitken
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Mountain and Glacier Mapping

Designing Photo-Realistic and Abstract Mountain Maps for
a 3D Mapping Study
Matevž Domajnko, Mojca Kosmatin Fras and Dušan Petrović
University of Ljubljana, Ljubljana, Slovenia
matevz.domajnko@fgg.uni-lj.si, mojca.kosmatin-fras@fgg.uni-lj.si,
dusan.petrovic@fgg.uni-lj.si

ABSTRACT
Design of contemporary 3D geovisualizations is
mostly oriented to attractive photo-realistic visualizations in contradiction to theoretical fundamentals of
cartographic science, which define abstraction and
symbolization as the key facts of successful and efficient cartographic communication. The article summarizes the basic principles of both photo-realistic and
abstract 3D representations, completed with simple
draped maps. Those principles were applied during the
creation of mountain 3D maps and geovisualizations
of Pohorje highlands above Maribor, Slovenia. Created
maps, incorporated into the interactive environment
will be used for the research on the influence of levels
of abstraction on cartographic communication in 3D
maps amongst different map users.
Keywords
3D geovisualization – photo-realistic presentation –
3D map – cartographic abstraction
INTRODUCTION
The trend of today’s 3D geovisualizations is to employ
the latest computer technology to create very realistic
representations of the real world. Such representations
are no longer applicable only for specialists, since in
the last few years realistic representations of the world
around us have been widely used by the general public
(Petrovič, 2007) - Google Earth, Bing Maps Bird’seye views, and the upcoming Apple 3D Maps. The
number of such tools is increasing, since the modern
remote sensing technology (satellite imagery, laser
scanning, stereo photography) enables quick and easy
creation of realistic mapping applications. These visualization tools provide natural looking representations
that are easy to understand also for non-experienced
users, therefore they are very suitable for various purposes such as landscape planning, archeological recon-
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struction and architectural construction, but also for
general “discovering” of the Earth’s surface.
However, it is argued by cartographic science that
abstract 3D geovisualizations are more convenient for
clear, understandable cartographic communication for
the majority of map uses. In this study different design
issues regarding photo-realistic and abstract geovisualizations are considered and used in the creation of
mountain 3D geovisualizations.
The focus of this paper is primarily on the design issues
and the creation of mountain 3D maps for a forthcoming user study on interactive 3D maps. The goal
was to gather the latest cartographic findings on the
design of 3D maps and use it for creating the various
cartographic 3D models of Pohorje highlands near the
city of Maribor. All cartographic models were visualized in the similar manner and assembled in the interactive application, which enables cartographic experts
the direct evaluation of different 3D cartographic representations. Furthermore, these representations will
be used in a comprehensive study regarding the correct perception of the information contained in cartographic 3D models.
The study will serve as framework to assess the transfer
of contextual meaning to the map user on different
types of mountain 3D maps. Based on Döllner (2007),
Petrovič (2003), and other cartographers, we hypothesize that abstract 3D geovisualizations are more
effective for cartographic communication than photorealistic geovisualizations. The forthcoming user study
will attempt to prove this hypothesis.
The abstract 3D maps presented in this paper were
designed according to the proposed design principles
by Häberling (2008) and Petrovič (2003) and the
techniques for representing building groups, vegetation areas and landmark buildings proposed by Glander and Döllner (2007). In creating the photo-realistic
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geovisualizations we followed the guidelines set by the
theory of virtual reality and computer graphics. In
order to consider the whole spectrum of 3D geovisualization design aspects, we also created two simple 3D
maps, where two different raster maps (a topographic
2D map and an orthophoto) were draped over the
Digital Terrain Model (DTM).
MOUNTAIN 3D MAP
Mountaineers and other frequent map users employ
their knowledge of map reading for effective acquisition of information from traditional (2D) topographic
maps. On mountain maps they can very easily estimate
the difficulty levels of mountain paths, approximate
their length, height differences and the time needed
to complete them. However, the less skilled users are
unable to read maps in such sophisticated manner
and extrapolate the needed data. Traditional mountain maps are sufficient for them to perform basic
horizontal orientation in track network, while they
can neglect other topographic content. The relief on
mountain maps is usually presented by a combination
of contours, spot heights and hills-shading. However,
many people are unable to read heights and are unable
to obtain the information of the vertical character of
a selected route from the map (Petrovič, 2001). For
them, 3D maps are more appropriate as they enable
a direct perception of the vertical character of the
depicted area.
In the last decade 3D maps have become increasingly
frequent in various fields and for different purposes.
The reason for this is, above all, the evolution of the
digital and automatic techniques for map creation,
which enable quick and non-expensive creation of
attractive 3D maps also to non-expert map makers.
Indeed, such 3D maps are often of very low informational value, because their makers lack the cartographic knowledge. Moreover, the cartographic design
principles, which have not yet been established, differ
depending on: the type of map, the purpose and the
conditions of use, as well as the user’s knowledge and
experience.
Within this study we combined the findings from
the various researches dealing with the issues of 3D
map design in order to create an attractive, expressive,
informative and comprehensible mountain 3D map.
The designed 3D map can be compared to the photorealistic 3D geovisualization created according to the
theory of virtual and computer graphics. Furthermore,
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two draped maps of the same area were also produced.
All of the above-mentioned mountain 3D geovisualizations are presented within an interactive environment in which the user can choose the best viewpoint
and zoom extent to effectively interpret the scene.
This interactive environment will also serve for the
future study that will include actual map users to better determine advantages and disadvantages of each
type of mountain 3D map for cartographic communication. Also, the study will be the first to address the
photo-realistic 3D geovisualization in terms of efficiency for cartographic communication. The evaluation of the research will be based on the questionnaire
– a quantitative method of research with a series questions regarding different cognitive tasks. The aim is to
evaluate the influence of different levels of abstraction
in 3D representations for cartographic communication.
THE DESIGN PROCESS FOR 3-D MAPS
The main map-creation process and the workflow of
the design process for 3D maps was defined by Terribilini (2001) and upgraded by Häberling (2004).
The process is composed of three steps: the process of
modeling, symbolization and the process of visualization (Figure 1), from which we focused on the symbolization process that results in the creation of the
cartographic 3D model. The entire process is iterative,
therefore, we need to address and understand also the
other two processes. Figure 1 shows the workflow of
the design process for 3D maps as defined by Häberling (2008) on the basis of Terribilini (2001).

Figure 1. Workflow of the design process for 3D maps
(Häberling, 2008)
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The first step of the design process is modeling the data
to create a 3D model, where the most important factor
for map appearance is building and scaling a DTM.
In the symbolization process map objects get their
graphical attributes, such as shape, size, color, lightness, texture and orientation, followed by the final step
– visualization, where camera and lighting attributes
are defined.
The basis of each 3D map is the DTM, which can be
covered with an image overlay. The raster image can
be a topographic map, orthophoto or a satellite image.
More sophisticated 3D maps are created by combining
vector and raster topographic data, designed according
to the desired level of abstraction. The photo-realistic
3D geovisualization closely imitates real world phenomena while the abstract one represents a landscape
with abstract and generalized shapes and objects.
The final graphical appearance of the 3D map depends
on the so-called design aspects and graphic variables.
According to Häberling (2008) “design aspects are
groups of parameters that exert different effects on the
position or appearance of objects within the map.” He
divides the design aspects into three groups according to the design process: design aspects of modeling,
symbolization, and visualization, where every design
aspect involves bundles of graphic variables.
Bertin (1974) defined the graphic variables for 2D
maps, and several authors (Buziek, 2002; Häberling,
2004; Petrovič 2001) attempted to do the same for 3D
maps. The most complete review was done by Häber-

ling (2004), where he defined more than 70 graphic
variables and arranged them into three above-mentioned groups according to the design aspects.
On the basis of expert interviews regarding the defined
graphic variables, he recommended 19 propositions
for cartographic design principles for the design of 3D
maps (Häberling, 2008), which we considered in the
preparation of our abstract mountain 3D map.
CARTOGRAPHIC 3-D MODEL
The cartographic 3D model is created from the 3D
data model in the process of symbolization. Once the
3D data model is built, the map maker needs to reach a
decision about the final appearance of the map, which
is closely related to the cartographic generalization and
the abstraction of map objects. The graphical appearance of the thematic content (including shape, degree
of generalization, degree of abstraction, and graphic
attributes of map objects) is defined in the symbolization process, where map objects get their graphical
attributes, such as shape, size, color, lightness, texture
and orientation (Häberling, 2008).
Generally, regarding the symbolization in 3D maps,
we differentiate between three types of 3D maps. The
simplest 3D maps are generated with a raster image
overlay draped over the DTM. Slocum and others
(2005) call such a perspective representation a "draped
map". An overlaid raster image can be photo-realistic
(e.g. orthophoto) – Figure 2, image 1a – or abstract

Figure 2. Different types of the symbolization of the data 3D model
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(e.g. topographic 2D map) – Figure 2, image 1b. The
second type of 3D maps is designed to appear as similar to the real world as possible and is referred to as
a photo-realistic 3D geovisualization or photo-realistic 3D map – Figure 2, image 2. They allow users to
observe the representation exactly in the same manner
as they observe reality (Petrovič, 2003). However, in
terms of cartographic communication the third type of
3D maps, named the abstract 3D map, seems the most
suitable for a correct perception of the information contained in a cartographic 3D model – Figure 2, image
3. The latter maps are also termed non-photo-realistic
3D maps. However, as stated by Döllner (2007), the
expression non-photo-realistic is not satisfying because
neither the notion of realism nor its complement, nonphoto-realism, is clearly defined. Also the prefix 'non'
indicates a negativeness, which a cartographic abstract
3D map is certainly not. Therefore, the expression
‘abstract 3D map’ seems more appropriate.
For the purpose of the forthcoming study three different cartographic 3D models were designed, from
which four different geovisualizations were created.
Digital elevation model was the basic data set, which
was overlaid with various vector and raster data. For
two simplest visualizations the DTM was overlaid
with raster images (orthophoto and topographic map).
The focus of the study is on designing abstract and
photo-realistic 3D geovisualizations in terms of creating effective cartographic communication in mountain maps.
Mountain maps must enable users to examine the
whole mountain path and estimate the difficulty of
it. Therefore, our test geovisualizations represent a
regional area of the path. For such a regional view we
created an abstract and a photo-realistic 3D geovisualization. An abstract visualization contains only the
significant details needed for the correct perception
regarding its purpose. On the contrary, the photo-realistic visualization requires a large number of details to
achieve a convincing photo-realistic appearance.
Draped Map
The basis of each 3D map is the DTM, which can be
created with a triangulated irregular network (TIN) or
with a regular square grid. As we overlay the DTM
with a raster 2D image we get a useful simple 3D representation of geographic phenomena. A high resolution
raster image is needed to assure that the raster structure
is not noticeable on the 3D map. A raster image can
be photo-realistic (e.g. orthophoto) or abstract (e.g.
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topographic 2D map). The latter ensures better recognition of map objects and phenomena because it represents the map elements with abstract symbols and it
employs cartographic generalization. On the contrary,
the photo-realistic image overlay represents an up-todate situation in the moment when the images were
taken (Petrovič, 2007).
For the purpose of this study, we created two draped
maps, one overlaid with the 1: 50,000 scale topographic 2D map (Figure 3b), and another with a color
orthophoto image ground pixel size of 0.5m (Figure
3a).

Figure 3a. Draped map; orthophoto overlay overlay

Figure 3b: Topographic 2D map overlay

Photo-realistic Cartographic 3D Model
The most technically demanding cartographic 3D
model to create is the photo-realistic one. It requires
a large number of details in terms of shape and color
to achieve impressive photo-realistic appearance of the
3D map. The photo-realistic 3D model has to include
enough geometrical and graphical details to prevent an
unconvincing visual result from a perception's and an
observer's point of view (Döllner, 2007). The aim of
the photo-realistic 3D model is to provide sufficient
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details for visualization, which replicates photographs
as close as possible and adds spatial 3D effects. When
such model is visualized in an interactive environment,
it becomes possible to observe and explore geographical objects and phenomena of the world as if the map
user were actually there.

Abstract Cartographic 3D Model
Cartographic generalization and cartographic abstraction are key features of the abstract 3D map. Principles
of generalization and abstraction ensure that the cartographic communication in 3D maps is efficient in

Figure 4. Designing of photo-realistic 3D map content; ski slope (left) and road infrastructure (right).
The photo-realistic 3D model and the corresponding
photo-realistic 3D map were produced using the software Visual Nature Studio© (3D Nature). The representation of the content should be very similar to the
real appearance of the presented objects and phenomena. The 3D models were designed to imitate corresponding real objects. Additional realism was achieved
with shading and atmospheric effects.

terms of clear and understandable transfer of contextual meaning to the map user.
According to the 3D map definition by Petrovič
(2003), this type of 3D cartographic representation
is the most appropriate to be termed a map. Requirements for a 3D landscape representation to be called a
map are (Petrovič, 2003):

Figure 5. Photo-realistic 3D geovisualization.
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• every presented object is defined with its geographical position in a selected coordinate system and this
position has to be accessible to the user

However, most currently available 3D spatial representations are often called a 3D map, although, they do
not follow the cartographic language.

• objects and phenomena are projected from Earth’s
surface to the selected (usually plane) coordinate
system according to exact cartographic projections
that assure deformations in regulation sizes

In order to create an expressive, clear and aesthetic
3D map the cartographic theory of various cartographers was followed. We created an abstract 3D map
that was based on Häberling’s Proposed Cartographic
Design Principles for 3D Maps (2008). In the symbolization process we considered Petrovič’s study Cartographic Design in 3D maps (2003). The cartographic
3D model was extended with Glander’s and Döllner’s
(2007) techniques for:

• cartographic symbols as "an alphabet" of the map
archive the communication and the information
transfer between the cartographer and user
• cartographic generalization principles that define
the level of map detainees

Figure 6. Abstract 3D map. 		

Figure 7. Designing the abstract 3D map
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• Generalization of 3D building groups
• Vegetation block model with coarse edge-line and
coarse surface
• Cut-out of cell polygons
Map content in abstract 3D map was designed according to the various design principles. Linear and area
map objects were symbolized to allow a familiar and
easy-to-interpret 3D map. Urban and forest areas were
generalized and represented in a good color contrast to
the terrain. Forest areas were additionally painted with
structural patterns. Users’ subjective impression of the
vertical character of the terrain is emphasized with a
vertical exaggeration factor of 1.5 (the same vertical
exaggeration was used for all cartographic 3D models
within this study). The 3D symbols were designed in
the abstract appearance in a neutral color.
To look at a 3D map model, Häberling (2008) recommends an average inclination angle of about 45°.
Lower inclination angle leads to covering background
objects; if the inclination angle is too steep, the vertical
character of the terrain is hard to perceive. Since the
forthcoming study will employ the interactive environment where the 3D map can be viewed from different azimuth angles, the problem of low inclination
angle is negligible. Flat inclination angle (of about 30°)
was used for all our 3D maps.

INTERACTIVE ENVIRONMENT FOR
EXAMINATION OF 3D MAPS
The ability to navigate through virtual space is one of
the most important features of mountain 3D maps.
The map should not be static to permit the correct perception of the topographic data and the user should at
least have an option to select a viewpoint and a zoom
extent.
For this purpose the interactive environment was created, based on QuickTime VR technology, which
gives the user a feeling of free rotation of the 3D map.
In order to achieve that, camera trajectory was set to
follow the horizontal circumference above the cartographic 3D model, where the target of a viewpoint is
always at the same spot, usually found in the middle
of the model.
The height of the camera trajectory was set to 3000
m above sea level, camera field of view to 40° and the
target viewpoint of the camera in the middle of the
cartographic 3D model, at the foothill of a mountain.
With such camera settings there were 120 panoramic
images rendered at intervals of 3° of azimuth. The rendered images were combined using the QuickTime
VR technology to create a simple 3D map viewer

Figure 8. Application for the evaluation of created 3D maps.
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where the user can select the azimuth of viewpoint and
zoom extent. These two options provide the abovementioned feeling of free rotation and navigation.

Petrovič D, 2003, Cartographic Design in 3D Maps,
Proceedings 21st International Cartographic Conference Cartographic Renaissance, Durban, 1920-1926.

FUTURE WORK

Petrovič D, 2007, Trirazsežne (tematske) karte v
prostoskem načrtovanju, Geodetski vestnik, 51 (2),
293-303.

The study will be broadened with the research on the
influence of levels of abstraction on cartographic communication in 3D maps amongst different map users.
The focus of the research is to determine the response
of 3D map users to different levels of abstraction. The
aim is to determine advantages and disadvantages of
different types of maps that are presented in this paper.
In addition, the study will upgrade the design principles, as it will be the first comprehensive study to
include a representative sample of map users.

Slocum TA, McMaster RB, FC Kessler, and HH
Howard., 2005, Thematic Cartography and Geographic Visualization, Pearson Prentice Hall, Ney
York.
Terribilini A, 2001, Entwicklung von Arbeitsablaüfen
zur automatischen Erstellung von interaktiven, vektorbasierten topographischen 3D-Karten, PhD diss,
ETH Zürich, Zürich.
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ABSTRACT
Terrestrial, airborne and spaceborne photogrammetry
can be employed in glaciological research to obtain
accurate 3D glacier surface information. This information is essential in glaciological modelling, volume
change and geomorphological mapping, particularly
in those glaciers located in remote and harsh terrain. In
this project, vertical aerial photographs of the Tasman
Glacier from 2008 were used to derive a new highresolution Digital Terrain Model (DTM). Results were
obtained using a digital photogrammetric workstation.
A bundle block adjustment was calculated employing
15 ground control points and 750 semiautomatic tie
points distributed over 49 photographs. Customized
strategies were employed in different areas depending
on the condition of the surface to optimize the performance of the automatic terrain extraction. It is suggested that this DTM needs to be manually inspected
and corrected on low contrast areas (high accumulation areas) due to noticeable errors in the surface. This
DTM constitutes the newest and highest resolution
dataset available for the Tasman Glacier.
KEYWORDS
Digital Terrain Model – photogrammetry
INTRODUCTION
The Tasman Glacier is New Zealand’s largest ice body
(including its tributary glaciers) with an area of ca. 100
km2 (Figure 1). It accounts for 10% of the total glacier area and 30% of the ice volume of New Zealand
(Chinn, 2001). Since 1890s, this glacier has experienced a sustained decreasing in thickness (Blair, 1994).
Thinning has been particularly important in the lower
section whereby the Tasman Glacier is heavily debriscovered (Purdie and Fitzharris, 1999). Numerous
studies have focused on the Tasman Glacier and char-
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acterized the development of the proglacial lake at its
front (Dykes et al., 2011; Kirkbride, 1993; Kirkbride
and Warren, 1999; Strong, 2008) or the mass balance and downwasting of the glacier (Hochstein et al.,
1995; Purdie et al., 2011). Recently, Redpath (2011)
provided evidence of the dynamic nature of the surface
velocity. It is estimated that this glacier has lost a volume of 3.4 km3 between 1965 and 2002 by means of
calving and melting (Thomas, 2009).
Although the Tasman Glacier is one of the most studied
glaciers in New Zealand and the Southern Hemisphere,
researchers still rely on relatively old topographical
data and lack a recent high resolution DTM. Currently, the Tasman Glacier topography is characterized
by 20 m contour lines derived from an aerial photogrammetric survey completed in February 1986, and
held by Land Information New Zealand (LINZ) in the
NZTopo database (1:50,000 scale) from which DTMs
are often interpolated. This topographic database was
mainly compiled using stereoplotting equipment for
contour and spot elevation plotting (LINZ, 2004).
Additionally, the periodic updating process carried out
by LINZ has introduced a mixture of data sources (at
various points in time) in the area that complicates the
study of changes, such as calculating volume change
over a well-defined period of time.
This study contributes to New Zealand glaciological
research by producing a new 5 metre resolution DTM
for the Tasman Glacier. In particular, we triangulated
the most recent aerial photogrammetric survey completed over the Tasman Glacier in February 2008. The
use of soft copy analytical photogrammetry allowed
automatic methods to be used to extract high resolution elevation data over large regions with different
glacier surfaces such as debris cover, bare ice and snow.
This updated topography will be useful to refine current estimates of the glacier volume change and geometric glacier parameters. It is also anticipated that
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this dataset will be used to update topographical mapping of the region.
The main aims of this contribution are to (i) present
the digital photogrammetric method as a useful tool
to derive a new DTM for the Tasman Glacier, (ii)
describe the DTM product and assess its accuracy, and
(iii) discuss the implications and possible uses of this
new elevation dataset.
DATA AND METHODS
Aerial survey
The vertical aerial photographs for this study were
acquired on February 11, 2008 (from 13:40 to 15:00
local time) by New Zealand Aerial Mapping Ltd
(NZAM). Three strips with SW-NE orientation were
captured with a Leica RC30 frame camera from an elevation of approximately 6000 m a.s.l., providing a full
coverage of the glacier. Colour imagery was obtained
with a nominal scale of 1:40,000. Forty-nine frames

were scanned using an Intergraph PhotoScan® photogrammetric scanner programmed at 14-µm resolution.
This yielded a ground spatial resolution of approximately 50 cm depending on the elevation above the
terrain. During the survey, on-board GPS instrumentation provided nominal locations of photographic
perspectives centres for initial exterior orientation used
for the subsequent triangulation.
Differential GPS survey
No ground control points (GCPs) were collected during the survey in 2008. In order to triangulate the
aerial photographs, 10 full GCPs (XYZ) near reliable
features were measured adjacent to the Tasman Glacier
(Figure 1) during two field campaigns (2011–2012).
In particular, all mountaineering huts visible in the
imagery were visited and surveyed as they provided
the reliable and stable location that could be used as
reference for the triangulation. The GCP locations

Figure 1. (A) Map displaying the location of GCPs (yellow triangles) and the extent of the Tasman Glacier and its
tributaries (continuous red line). The map is extracted from NZ Topo50 sheets BX15 and BX16. Tasman Glacier
outline sourced from Sirguey (2010). (B) Photo from the Murchison Hut (yellow circle in A) (21-03-2012). (C)
Enlargement of the 2008 aerial photo (frame 7-38) showing the hut and the toilet.
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were measured using a TRIMBLE® R8 differential
global position system (dGPS) with occupation times
between 10 and 15 minutes. Post processing was
conducted within the Trimble Business Center® v2.5
(TBC) yielding a positional average (XYZ) uncertainty
of ±0.01 m. Additionally, five well define mountain
summit heights extracted from NZ Topo50 sheets
BX15 and BX16 were used as vertical GCPs (only Z)
in order to provide full altitudinal coverage of the photogrammetric block. These points are expected to fulfil
vertical accuracy of ±5 m (LINZ, 2004).
Aerial Triangulation
In the next step, scanned aerial photographs in 8-bit
uncompressed TIFF format were imported into the
digital photogrammetric workstation Leica Photogrammetry Suite® (LPS) 2011. The camera calibration report from September 2004 (Swissoptic, 2004)
was employed to define the interior orientation and to
compensate the radial lens distortion.
On-board GPS instrument data was used to record
the position of the camera in X, Y and Z coordinates

during each exposure. These values were used as initial
values for the exterior orientation due their unknown
accuracy and lack of accompanying inertial measurements (i.e. attitude angles). The knowledge of initial
exterior values is useful to extract automatic tie points.
At least 15 semiautomatic tie points were added per
stereo pair using image matching techniques (ERDAS,
2010). A bundle block adjustment was performed,
yielding a total image unit-weight RMSE of 0.39 pixel,
demonstrating a good block adjustment. The RMSE
of the GCP positions in the X, Y, and Z directions
were 0.26 m, 0.35 m and 0.26 m respectively. The
RMSE achieved by the bundle block adjustment is in
good agreement with the average photographic pixel
size. The main result of the triangulation process was
the determination of the X, Y and Z coordinates and
the omega, phi and kappa rotation angles of the perspective centre of each aerial photograph, taking into
account all possible errors (i.e. bundle adjustment)
(Figure 2). In the future, old aerial photographs could
be adjusted in absolute coordinates using this photogrammetric bundle block adjustment as reference.

Figure 2. 2008 aerial triangulation. The perspective centre of each photograph is positioned in the ground space
coordinate system as it existed when the photographs were captured. The coordinates are with respect to the NZTM
projection. Photographs are Copyright NZAM 2010.
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Photogrammetric DTM computation

RESULTS

The extraction of the DTM was conducted using the
enhanced Automatic Terrain Extraction (eATE) module available on LPS. This module uses all geometric
parameters of two or more overlapping photographs to
match any point and derive its 3D coordinates. Because
of the diverse terrain characteristics involving various
contrasts (e.g. debris, ice, snow) four different strategies were configured in order to improve the algorithm
performance over various surfaces. Typically, a relatively low correlation coefficient threshold and large
search window size were used for snow covered areas,
while a high correlation coefficient threshold and small
search window size were used for debris covered areas.
Finally, areas of interest (AOIs) were delineated over
the glacier and its surroundings in order to allocate
specific strategies for each terrain.

A seamless DTM was extracted for all stereo pairs
through eATE module using a regular sampling distance of 2.5 m (Figure 3). The final pixel size was
established at 5 m, due to computational and time
constraints. In general, the block triangulation results
for Tasman Glacier are well suited for the DTM extraction, even though data artifacts must be expected in
areas displaying fresh snow cover and steep slopes
that compromise automatic image correlation. In
several areas an almost continuous snow cover exists
above ca. 1500 m a.s.l. Errors are evident in steep terrain covered by snow where geometric distortion and
poor contrast are present. On the lower trunk, thermokarst ponds, arcuate debris ridges, lateral moraines,
crevasses and other features in the debris-mantled
tongue are well represented by the DTM (Figure 4).

Figure 3. Perspective view of the Tasman Glacier DTM. Moraine walls, arcuate debris ridges, medial moraine and
proglacial lake are clearly visible. Errors are present in steep areas such as near Aoraki/Mount Cook.
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DTM Error

RECOMMENDATIONS AND FUTURE WORK

Given the hazardous and dynamic terrain of the Tasman Glacier region, possibilities to fully assess the
2008 DTM accuracy remain troublesome. Two validation approaches were employed to overcome this
problem. Firstly, we re-triangulated our bundle block
model keeping all GCPs as control points but one as
an independent check point. This process was iteratively performed on all full GCPs. The results of this
leave-one-out cross validation method yielded on
RMSE values of 0.88 m, 1.07 m and 2.71 m in the
X, Y and Z ground positions, respectively. Secondly,
the LINZ geodetic marks available in the area (LINZ,
2012) were used as independent surface references.
Geodetic marks affected by the 1991 Mount Cook
rock/ice avalanche and other small slips (McSaveney,
2002) were removed from this dataset. Finally, a set
of common DTM error descriptors (Fisher and Tate,
2006) were calculate using 6 geodetic marks (Table 1).

The results of this study show that the eATE module
has the capability to map large areas in complex terrain using custom strategies. However, unbroken snow
involves a considerable challenge. Unfavourable conditions are present in the 2008 aerial photographs, due
to large areas covered by fresh snow. When a photogrammetric flight is planned over mountain regions,
seasonal snow cover should be avoided. Optimal timing to do this in New Zealand is during the end-ofsummer (March–April), when seasonal snow cover
reaches its minimum and the glacier’s snowline position is at the highest elevation (Chinn, 1995). However, this study shows that snow can still be expected in
the middle of February that can complicate this task.

Statistics
Root mean squared error (RMSE)
Mean error (ME)
Mean absolute error (MAE)
Maximum absolute error (MaxAE)
Error standard deviation (S)

Values (m)
2.970
-1.271
2.250
5.841
2.940

Table 1. Results of the accuracy assessment for the Tasman Glacier DTM (5 m).

The remaining steps in the process can be handled
employing manual editing and correction procedures
in the problematic areas. LPS has the capability to edit
DTMs in a stereo environment, which reduces operational time and increases productivity. The procedure
presented on this paper opens new promising perspectives for glacier monitoring in New Zealand, where
old photographs are available but have not previously
been processed with such techniques. The photogrammetry of the 1986 imagery will be reprocessed in the
same digital environment to derive a DTM with similarly high spatial resolution. This will allow the vertical surface displacements and volume changes to be
calculated by subtracting the two DTMs (Etzelmüller,
2000; Bamber and Rivera, 2007). Knowing or assuming the mean glacier ice density, this volume represents
the cumulative mass balance of the glacier in the given
period (1986–2008) which is crucial information to
assess the evolution of the glacier over the period.
ACKNOWLEDGEMENTS
This research is funded and supported by the School
of Surveying and the Department of Geography of
the University of Otago. Appreciation is expressed to
Tim Farrier from New Zealand Aerial Mapping Ltd,
who kindly provided the imagery of Tasman Glacier.
We gratefully acknowledge GNS Science, Dunedin
Branch for supporting the collection of Ground Control Points.

Figure 4. (A) Photograph of the lower glacier taken
during the first fieldtrip (2011). (B) Portion of the lower
glacier in the DTM. Lateral moraines and arcuate debris features are very finely resolved.
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ABSTRACT
Mountain cartography involves standard design issues
including generalization and symbolization of topographic features, but there are additional challenges
when those features show ongoing change. Continued warming over the last since ~1980 has generated
the need to visualize series of past and present glacier
configurations in high mountain landscapes. We have
collected multiple datasets for glacier extents and
elevation surfaces which date as far back as the early
decades of the 20th century, mostly from topographic
mapping and satellite imagery. They enable a series
of cartographic representation methods that include
overlaying multiple ice extent vectors, usually on a
contemporary satellite image base. The sequence of
Digital Terrain Models (DTMs) can be combined to
generate isarithmic images depicting ice downwasting,
and animation series of shaded relief models. Finally,
sequences of georeferenced satellite images can be
quickly downloaded from the Landsat archive and displayed both as a base for future work or as a standalone
online display.
KEYWORDS
glacier mapping – satellite imagery – DTMs –
isarithmic – shaded relief
INTRODUCTION
Topographic mapping in the mountains of western
Canada, the provinces of Alberta and British Columbia, commenced at the end of the 19th century, coinciding with the generally accepted end of the cooler
period known as the Little Ice Age (LIA). Initially
both mapping and warming proceeded slowly with
little change before 1920. However the LIA maximum
glacier extents remain visible on many maps, as well as
aerial and satellite imagery, due to the sharp vegetation
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boundary associated with slow regrowth on former icecovered surfaces (Figure 1).
The earliest mountain topographic mapping series
was the Interprovincial Boundary Commission Survey (IBCS) which covered the boundary region in 54
maps between 1903-1924. Before aerial photography
became widely available after 1945, such mapping was
accomplished by photo-topography, a technique using
multiple oblique views captured from terrain viewpoints and pioneered by Edouard Deville, Surveyor
General of Canada (1885–1924). One of the best
known practitioners was surveyor- alpinist Arthur O.
Wheeler, who was also co-founder of the Alpine Club
of Canada (Wheeler, 1920). Federal mapping accelerated after 1945 although it took almost 50 years more
to complete the mapping of the provinces at 1:50,000
scale. Standard topographic mapping however pays
limited attention to glacier features, and further details
appear only in specialized glacier mapping (Henoch
1969, Pillewizer 1969).
Glacier mapping received a major boost during the
International Hydrological Decade (1965-74) when
many individual glacier maps were produced. Some
incorporated classic ‘swiss-style’ shaded relief and
hachured bedrock, generated with training in its execution by Swiss cartographers (Henoch and Croizet,
1976). The 1975 Peyto Glacier map, Banff National
Park, perhaps represents the pinnacle of these endeavours (Figure 2) along with the 1981 Columbia Icefield
map (Figure 3). Although there had been considerable
glacier retreat over the previous century, mapping of
glacier extents and elevations were partly considered to
be static products during much of the twentieth century, as it was not possible to collect frequent repeat
data except for special projects. In addition, glaciers
slowed in their rate of retreat and some even advanced
during the 1970s due to cooler conditions (Tennant et
al., 2012).
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Figure 1. Robson Glacier 1911 and 2011 (Mount Robson Provincial Park); the LIA glacier extents are clearly seen
on both images (see also figure 6).

Figure 2. Peyto Glacier map 1975, 1:10,000; this portion shows the snout of the Ayesha Glacier and its LIA extent
covering the area depicted in brown lines representing moraines.
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Figure 3. Columbia Icefield map 1981, 1:50,000; this portion shows the Dome and Athabasca glaciers in the
bottom centre, and their LIA extents visible by the absence of vegetation in green extending across the Icefields
Parkway road (in red).
The 1980s saw renewed rates of glacier retreat, along
with the introduction of the Landsat Thematic Mapper sensor onboard Landsat satellites 4 and 5, which
greatly enhanced delineation of glacier edges using
the mid-infrared image bands and higher spatial resolution (30 metres) compared to Landsats 1-3 in the
1970s. Attention to glacier retreat has accelerated fol-

lowing the warmer conditions associated with record
global temperatures in the late 1990s and continuing
after 2000. Correspondingly the much greater accessibility to satellite image data in the new millennium
has spurred widespread activity in mapping glacier
changes.

Figure 4. Glaciers and mountain regions of western Canada.
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DATA SOURCES
Spatial data can be employed to show either glacier
retreat - change in spatial extent, and downwasting change in ice elevation. Retreat rates of ~20 metres per
year, along with downwasting of up to ~5 metres per
year at the glacier snout might be considered typical,
although this varies considerably by year and topographic environment. These mean that unless representation is at large scale, it is unrealistic in most cases
to attempt to show changes more frequently than
decadal or semi-decadal.
The Western Canadian Cryospheric Network (WC2N)
monitored the glaciers of the two western provinces
and gathered a range of datasets funded in a multipartner project from 2006-2010. The inventory created by Bolch et al. (2010) determined that the area
contained approximately 15,000 glacier units covering
~25,000 km2, located in the Coast and Rocky mountains, as well as the Interior Ranges in between (Figure
4).
Federal 1:50,000 mapping mostly from aerial photography in the 1960s and 1970s included glacier
extents and contours, interpolated to generate DTMs;
the vectors form the National Topographic DataBase
(NTDB). Later provincial mapping from digital photogrammetry, completed at 1:20,000 in the 1980s
similarly yields glacier extents and DTMs. For BC,
this is referred to as the Terrain Resource Information Management (TRIM) program. Since then, satellite imagery, especially Landsat Thematic Mapper
(TM) and Enhanced Thematic Mapper (ETM) have
been used to generate updated glacier extents, and
have been freely downloadable since 2008. In addition two global or near global DTMs were assembled
for the region. The Shuttle Radar Topographic Mission (February 2000) generated a DTM to 60°N latitude, which corresponds with the northern extents of
the Canadian provinces. The Global Digital Elevation
Map (GDEM) released in 2009 was assembled from
all available scenes from the ASTER (Advanced Spaceborne Thermal Emission and Reflection) radiometer,
acquired from 2000-2008. This has mixed value for
glacier mapping as pixel values are based on a range
of ice elevations over almost a decade, which in most
cases yields a ‘pockmarked’ surface.

VISUALISATION METHODS
Depiction of glacier retreat
The traditional method for depicting glacier retreat
show the successive positions of the glacier front,
superimposed on either a map, photo or satellite
image. The stylistic rendition on a postage stamp
(Figure 5) highlights the main design issues which
are selecting the colour sequence, usually in spectral
order, and line width chosen to contrast sufficiently
with the background but not to obscure - in this case
an oblique aerial photograph. Figure 6 incorporates a
similar colour sequence to that in figure 5, but with
a map background; it includes the glacier shown in
Figure 1.
In some cases, and to some viewers, the overlapping
set of lines might be considered unaesthetic, like
‘coloured spaghetti’; an alternative is to use pastel
colours to fill the areas between glacier time extents,
thus giving areas that were recently deglaciated distinct
colours through time (Figure 7). Transparency can also
be used to expose the underlying terrain as long as the
colours chosen remain distinguishable.

Figure 5. Postage stamp issued by Switzerland in 2008,
depicting glacier retreat.

Figure 6. Glacier retreat depicting snout positions
between the Little Ice Age and 2005, overlain on the
Interprovincial Boundary Commission Survey map sheet
for Mount Robson (1923).
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Figure 7. Cambria Icefield, central Coast Mountains, using colour fill to
depict the areas newly exposed by glacier retreat.
Depiction of glacier downwasting
Unlike glacier snout positions, multiple glacier elevation surfaces cannot easily be portrayed in single
images. Kääb (1998) and Kääb et al. (2003) employ
several methods to show glacier movement and permafrost creep over several periods; these include the
use of graduated circles placed in each raster grid cell
where circle area depicts the annual velocity. The same
technique could be applied to quantify vertical change
(melt). It has become more common however to depict
the difference between two time periods by subtracting the two DTMs as raster surfaces and displaying
the result as an isarithmic layer. Usually a bichromate
colour ramp is selected such that greater rates of melting are shown with increasing saturation of reds, while
areas of increased accumulation, use deeper tints of
blue (e.g. Berthier et al., 2010). Examples are common in glaciological studies but are rarely output
in topographic type map products; a notable excep-
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tion are those produced by Sharov (2010). We have
experimented with a choice of subtler colours to avoid
pure reds and blues which might have other connotations than ice surfaces. Figure 8 illustrates the use of
a ramp that ranges from an unsaturated blue to dark
orange, for the Salmon Glacier area in the north Coast
Mountains. There is a clear pattern of modest added
accumulation on icefields and significant ablation or
loss of elevation in the lower reaches of glaciers. By
comparison with Figure 9, it is evident that while most
of the apparent changes are on glaciers, there are also
some differences off the ice. These result from contrasting methods in the generation of DTMs from aerial
photography or satellite imagery and interpolation
algorithms, especially on steep slopes as well as valley
floors. Figure 8 depicts the elevation changes between
the two furthest separated DTMs (1967-2004) but it
would also be possible to generate several difference
images between other pairs of model data.
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Figure 8. Salmon Glacier area, north Coast Mountains, 1967-2005. The isarithmic colour scheme classes
elevation changes between ± 200 metres: blue tints for
apparent elevation gain and orange tints for ice loss.

Shaded relief (hillshading) sequences
An alternate method for visualizing glacier surface
downwasting as well as retreat, involves generating a
series of shaded relief (hillshaded) models, for each
DTM. In the sequence shown in Figure 10a-d, four
DTMs illustrate the progressive retreat and downwasting in the Salmon Glacier area. This sequence is best
viewed as an animation (the images will be displayed
at www.glacierchange.org). The shaded relief models
display the terrain, but also expose some data quality
issues. The NTDB model is derived by interpolation
from contour lines, with some ensuing terrace effects,
especially on glacier surfaces with minimal slope (‘1’
on Figure 10a). The TRIM model is often suspect in
the glacier accumulation areas, as the aerial photography, designed mostly for forested terrain, was often
saturated by reflection from fresh snow, inhibiting the
acquisition of reliable elevations (‘2’ on Figure 10b).
The SRTM has some gaps on steep slopes, and a lower
resolution (90 metres) than the other models (through-
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Figure 9. Salmon Glacier area; Landsat image (2005)
for comparison with figure 8.
out on Figure 10c). The GDEM shows a mosaic of
high heterogeneity on the glacier surfaces due to its
composite nature (‘3’ on Figure 10d). However animations of shaded relief models graphically illustrate
change through time and can highlight minor DTM
details.

Satellite image sequences
The USGS Global Visualization Viewer (glovis.usgs.
gov) enables the free download of georeferenced display-ready Landsat images for time series comparison
and visualization. A single image example is displayed
here for the 2012 Mountain Cartography workshop
location in Tongariro National Park, North Island,
New Zealand (Figure 11). A limitation is the inconsistent availability of multiple images from different
years, along with equivalent months to isolate changes
beyond the seasonal progression of snow and vegetation. The available images of this area for example
highlight seasonal variations in snow cover rather than
any glacier changes by year or decade.
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Figure 10. Salmon Glacier area, shaded relief rendition from DTMs, including lakes (see Figure 8 for scale): a.
National Topographic DataBase (1967), b. BC TRIM (1985), c. SRTM (1999), d. GDEM (2004).
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Figure 11. Landsat archive image, February 2006; the site of the 8th Mountain Cartography Workshop in Taurewa,
Tongariro National Park, New Zealand is located at the top centre of this portion of the image.

Continuing work – 3D perspectives
All these techniques can also be applied in 3D perspectives rather than using an orthogonal base, incorporating available DTMs for draping images, maps and
thematic layers. Häberling (2001) show several options
using more than one temporal layer, while Kaufmann,
V. and R Plösch, (2000) illustrate the animation of
glacier retreat since the Little Ice Age using multiple
extents reconstructed from photography. Further work
is anticipated applying some of the results shown here
into perspective views for effective visualization and
the association of glacier changes with local topography, such as elevation, slope and aspect (Figure 12).
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Figure 12a. Glacier extents 1980-2011 for Mount Revelstoke National Park, Canada overlain on a SPOT satellite
image (September 2011).

Figure 12b. The same data layers as in Figure 12a, draped on the BC provincial DTM. In addition three spot
heights have been added for better visualization: in the valley bottom, the glacier meltwater lake and the mountain
peak.
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CONCLUSIONS
Mapping glacier changes in mountain regions is
expanding with the increased availability of satellite
imagery and other datasets, and the extending period
of recorded glacier retreat, along with global attention to the impact of warming and the importance of
alpine glaciers. Continued warming, glacier retreat and
downwasting ensure that this will remain a focus in
mountain cartography for the 21st century.
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ABSTRACT
The Seafloor Map of Hawai‘i, a medium scale relief
map intended for lay audiences, posed production
and design challenges typical of ocean bottom mapping in general. The biggest problem was incomplete
bathymetry data marred by artifacts. Fixing these bad
data—filling voids and removing background noise—
involved techniques similar to those used by cartographers for terrestrial mountain mapping. Map design
was another challenge. At issue: how to depict on a
map a region on Earth that humans will never see. The
Hawaiian map uses plan oblique relief, which reveals
the seafloor features with three-dimensional offset, a
technique borrowed from National Geographic maps
painted by Heinrich Berann and Tibor Tóth. Selecting
depth tints and relief colors based on the idea of cartographic realism is discussed. The paper also addresses
the names of seafloor features, many of which are
unofficial and inconsistently identified.
Keywords
ocean bottom mapping – bathymetry data – map
design – plan oblique relief – Hawai‘i
INTRODUCTION
The volcanic Hawaiian Islands are among Earth’s most
prominent mountains when measured from their bases
on the ocean floor. The summit of Mauna Kea on the
island of Hawai‘i rises 10,000 meters, 1,100 meters
taller than Mount Everest’s height above sea level. And
its sprawling neighbor, Mauna Loa, ranks as the most
massive single mountain on Earth (Kaye and Trusdell,
2002). Yet with 60 percent of their total height hidden
beneath the Pacific, most people do not comprehend
the size of Hawai‘i’s mountains. This paper discusses
the Seafloor Map of Hawai‘i , a new map that attempts
to remedy this misperception. It depicts the Hawaiian
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Islands in their entirety from seafloor to summit with
consistent detail throughout.
The Seafloor Map of Hawai‘i focuses on the challenges
of representing seafloor topography derived from digital data on a regional seafloor map at medium scale
(1:897,000). General readers, the many people who do
not use nautical charts or peruse scientific reports on
oceanography, are the target audience. The aim was to
produce a “user-friendly” wall map of the Hawaiian
seafloor that is the equivalent of a physical reference
map for land. Accomplishing this posed questions: Do
data manipulation and relief presentation techniques
developed for terrestrial mountains also apply to the
ocean bottom? And, do the relief presentation techniques employed for small-scale seafloor maps, such
as those found in National Geographic atlases, have
application on larger-scale maps?
Compared to physical mapping on land, the cartographic literature provides little information on how
to go about presenting seafloor relief. For example,
Eduard Imhof (1982) enthuses about the potential of
seafloor relief depiction:
Newer maps reveal and depict forms of astonishing
variety. It would seem to be the natural next step to
map submarine relief in three-dimensional shaded
form in a similar manner to the land surface.
Yet, a few sentences later he dismisses the subject, ending the discussion:
Oblique hill shading, if used for underwater relief
forms—and, hence, areas which are normally hidden both from light and our view—tends to produce
unrealistic effects. In general it is probably more significant to provide good information on the depths
of the ocean floor than to portray the shapes there
upon.
More recent literature is similarly meager. Although
examples of seafloor maps painted by skilled artists are
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Figure 1. The Seafloor Map of Hawai‘i measures 87.4 x 64 cm when printed and covers 433,000 square kilometers
of area.valley bottom, the glacier meltwater lake and the mountain peak.
available for reference, information on completely digital production methods are not. For example, former
National Geographic artist Tibor Tóth offers samples
of his beautiful seafloor art on his blog (Tóth, 2009).
Tóth also describes the “head-scratching situation” of
rendering ocean bottom relief from digital data that
was “full of serious imperfections.” His solution was to
finish the work by hand:
It is conceivable that to someone with only computer
based cartographic background this might have
looked like a hopeless situation. To me this was where
the years of conventional relief painting experience
kicked into gear. With the help of the amazing pressure sensitive WACOM tablet, and the various tools
afforded by Adobe Photoshop (airbrush, smudge/
dodge tools, and various filters), I produced a refined
intermediate image.
The problem is that few cartographers have Tóth’s artistic ability or the time to devote to illustrating seafloor
relief. The task is even more formidable at medium
map scales that reveal the bottom in greater detail.
Considering that water covers 71 percent of Earth’s
surface, and that the body of bathymetry data is slowly
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growing, a discussion on digital production is overdue.
Hawai‘i with its extreme undersea topography, plentiful medium-resolution data, and general interest to
readers, offers a useful case study (Figure 1).
The desire to depict the ocean bottom on maps of
Hawai‘i is not new. It started with the first published
maps—the coastal charts made by Cook, Kotzebue,
Wilkes, and other early explorers—that use depth
soundings (Fitzpatrick, 1987). Relief maps relevant
to our discussion started appearing after the mid-20th
century and became more common with the growing
availability of bathymetry data from deep waters near
the islands. Select examples are the Bathymetry and
Shorelines map in the Atlas of Hawaii 1 (Moberly,1973)
that employs Tanaka-method (Tanaka, 1950) illuminated isobaths at 1200-foot (366 meter) intervals
(Figure 2, left). Cover art in the second edition of the
Atlas of Hawaii (1983) features an oblique view of
the island chain from the east and emerging from the
ocean depths. Manually plotted bathymetric profiles
are the foundation for this airbrushed art by Everett
1 This and several other cited publications spell Hawai‘i without
the ‘okina diacritical mark, the use of which is now preferred.
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Figure 2. Excerpts of Bathymetry and Shorelines map from the 1970 Atlas of Hawaii (left), and 2003 Hawaii’s
Volcanoes Revealed (right). The pen and ink 1970 map depicts major features remarkably well compared to its 2003
digital counterpart.
Wingert. In 1985, Raven Maps published Hawaii, a
state wall map with shaded relief, bathymetric tints,
and their signature hypsometric tints on land (see
references for URL). This was followed in 2002 by
Hawaii from National Geographic (see references for
URL) featuring ocean floor relief painted by hand in a
style similar to the ocean plates found in their atlases
and magazine supplement maps (see Figure 7 for atlas
map examples).
The USGS map, Hawaii’s Volcanoes Revealed (Eakins
et. al., 2003) achieved a milestone by depicting the
Hawaiian seafloor from digitally rendered bathymetric
data (Figure 2). The map was a little ahead of its time,
however. Large areas of the seafloor, including key
areas next to the islands, derive from low-resolution
data, creating a discordant patchwork that detracts
from its appearance. Map design is also an issue. A
rainbow color scheme represents bathymetric zones;
for example, shallow water is tinted warm red. The
light source for the shaded relief originates from the
northeast instead of the northwest, as is convention.
This choice increases the likelihood of readers perceiving the relief as inverted (Imhof, 1982). The overall
appearance of Hawaii’s Volcanoes Revealed is that of a
research visualization, not a finished map.
By contrast, the Seafloor Map of Hawai‘i introduced
here is a “soft science” reference map. Because distribution is online, designing a map that could attract and
hold the attention of a broad range of readers was a key
consideration. Even choosing Seafloor Map of Hawai‘i
as the title strives for efficient web search results. Once
retrieved, the map’s aim is to entice readers to explore,
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pausing occasionally to read text blurbs that explain
Hawaiian seafloor features. The immediate message to
readers: most of Hawai‘i lies beneath the waves and
only with a map can one visualize what is there.
Making the Seafloor Map of Hawai‘i was a longplanned project that depended on the public release
of high-resolution bathymetry data for ocean bottom
adjacent to the Hawaiian Islands. This finally occurred
in May 2011. The map took five weeks to produce as
a part-time project in late 2011 and early 2012. As
is typical of digital map production, data and design
issues intertwine, although this article treats these
issues separately to focus the narrative. The next section discusses bathymetry data, followed by a section
on seafloor map design.

BATHYMETRY DATA OVERVIEW
Finding and manipulating data to make the Seafloor
Map of Hawai‘i exemplifies the issues confronting
global seafloor mapping as a whole: the ocean is huge,
bathymetric surveying is painstakingly slow, and the
available data are often poor or incomplete. Because
water is a poor conductor of electromagnetic energy,
techniques used to gather elevation data on land do
not work for the ocean bottom. Even the surface of
Mars, millions of kilometers from Earth, has more
complete and detailed elevation data than the seafloor
only a few kilometers below the ocean surface (Smith,
2004).
The only complete global bathymetry data currently
available derives from satellite altimetry measure-
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ments. Based on radar emitted from a satellite, this
method detects slight variations in the sea surface
height, compensating for waves and tides, to estimate
the seafloor topography far below. (Sandwell, D. and
Smith, W., 1997). Satellite altimetry data give a coarse
snapshot of the seafloor at 2-arc second (~5 kilometer)
resolution. It is the basis for the seafloor in ETOPO2
world elevation data, and as filler for missing areas in
higher-resolution datasets, including SRTM30 Plus,
and GEBCO (see references for URLs).
Since the 1970s, multibeam echo-sounders, a type
of sonar towed by survey ships, have collected much
higher resolution data. The time that a sound wave
takes to reach the bottom and return determines the
depth, taking into account the ship’s constantly changing position on the surface. Multibeam surveys record
depths continuously and in swaths; the swaths becoming wider and detecting more ocean bottom as the
water deepens. Multibeam surveys are costly and timeconsuming undertakings, however. After decades of
effort, surveys are complete for less than 10 percent of
the world seafloor, often in random patterns with gaps
in the coverage. The remaining 90 percent will take
120 ship years of survey time to systematically complete (Becker et. al. 2009). Broad continental shelves
will take the most time to survey because of the relatively narrower multibeam swaths in shallow waters.
Despite these difficulties, multibeam bathymetry is

now available from the NOAA National Geophysical
Data Center for most of the seafloor adjacent to US
coasts, including Hawai‘i (see references for URL).

Hawai‘i Data
The Seafloor Map of Hawai‘i comprises bathymetry
data from several sources. The cartographic challenge
was patching together these disparate data to create a
seafloor map that looked seamless. Map production
involved rendering multiple pieces of terrain art from
these data sources in Natural Scene Designer Pro and
compositing the results on layers in Adobe Photoshop.
The primary dataset was the Main Hawaiian Islands
Multibeam Bathymetry Synthesis, version 19 (see
references for URL), a product of the University of
Hawai‘i at Mānoa, School of Ocean Earth Science and
Technology (SOEST). It offers mutibeam bathymetry obtained from many surveys merged with USGS
Digital Elevation Model (DEM) coverage on land at a
spatial resolution of 1.8-arc seconds (43 meters). The
SOEST data is far from perfect, however. There are
gaps in the data, accounting for 12 percent of the total
area of the Seafloor Map of Hawai‘i. These include narrow strips next to the island shorelines and larger gaps
in deep waters on the map periphery (Figure 3, black
areas).

Figure 3. SOEST Main Hawaiian Islands Multibeam Bathymetry Synthesis, V. 19 combines
multibeam bathymetry (blue) and USGS DEMs on land (light gray). Black indicates gaps in
the bathymetry coverage.
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Data manipulation
Filling the gaps in the SOEST data relied on methods
similar to those used with Shuttle Radar Topography
Mission (SRTM). This popular elevation dataset of
land areas on Earth also plagued with numerous gaps
has vexed cartographers needing to make seamless
shaded relief maps. There are two methods of plugging
gaps: by interpolating nearby elevation values or, if
available, using a second dataset (Tait, 2010). For the
SOEST data, a second DEM developed for the NOAA
Tsunami Inundation Program (see references for URL)
provided the solution. This DEM, a composite made
from multiple sources and with unbroken seafloor
coverage, also had problems. Terrestrial elevation data
were absent. More troublesome, the overall quality and
resolution of the NOAA DEM were less than that of
the SOEST data. For example, shallow areas derived
from multibeam data displayed terracing artifacts.

(Patterson, 2008). Even data deriving from a single
multibeam survey often has a noisy texture that disguises subtler seafloor features.
Generalizing these noisy data made it more acceptable
for mapping. Reducing the resolution from 1.8 to 6
arc seconds (43 to 144 meters) and applying smoothing to the data in Natural Scene Designer Pro removed
most artifacts (Figure 5). Eliminating the larger artifacts required additional manual touchups. In Adobe
Photoshop, placing a blurred copy of the relief on a
layer below the original and painting repeatedly with a
soft brush on a layer mask erased the worst imperfections. Challenges with this technique were distinguishing seafloor features from artifacts, and minimizing
damage to features when making touchups. When the
identity of an artifact was in doubt, the compromise
solution was diminishing it instead of removing it. The
author employed a technique similar to that described

Figure 4. Filling gaps in the SOEST data (black area, left) involved dropping in coarser satellite altimeter data from
a NOAA DEM (right).
Gaps were filled by rendering both data sources as above for making CleanTOPO2, a small-scale bathymshaded reliefs and compositing them in Photoshop. A etry dataset of Earth (see references for URL).
layer mask on the SOEST relief allowed the NOAA
relief to show through where there were gaps, thus cre- Fortuitous circumstances also minimized the visual
ating a shaded relief with continuous coverage. Feath- impact of coarse-resolution data on the final map.
ering the edges on the layer mask diffused the abrupt Most of this occurs in the southwest corner of the map,
seams between the two reliefs. In deep areas, giving now conveniently covered up by the map legend. Elsethe satellite altimeter data a barely perceptible pebble where on the map, notes inform readers where areas of
generalized seafloor data occur.
texture further facilitated the blending (Figure 4).
Even where no gaps existed, the SOEST data required
considerable manipulation to make it presentable
on the Seafloor Map of Hawai‘i. The main issue was
noisy artifacts embedded in multibeam bathymetry,
the result of surveys conducted over several decades
merged as a single dataset. The “Frankenstein” stitches
between these different data are often more noticeable
than the topography itself, especially on abyssal plains
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DESIGN OVERVIEW
Making the Seafloor Map of Hawai‘i posed design
challenges that apply to all seafloor maps regardless
of scale. Unlike other remote and inhospitable areas
on Earth, such as high mountains visible from valleys
below, maps of the seafloor depict places that we will
never fully see. Light penetrates ocean water to a depth
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Figure 5. Raw multibeam data contain numerous artifacts (left) that data manipulation partially removed (right).
Printing the final map at smaller scale and in blue further minimized the artifacts.
of 200 meters, and perpetual darkness cloaks what lies
beyond. What we see of this dim, alien world is lim
ited to close-up glimpses from deep-sea submersibles.
How then should the seafloor appear on a map when
we can only imagine what it looks like?
One design approach is cartographic realism, which
draws inspiration from natural world observations for
depicting physical features on maps (Patterson, 2002).
For example, tree canopies are green, as are forested
areas on maps. What hampers applying cartographic
realism to seafloor maps is our limited exposure to the
seafloor. We see primarily mud flats and sandy shoals
exposed at low tide. This observation suggests to us
that the ocean bottom everywhere is soft and gentle,
and should be reflected as such on maps. The reality

is not so simple, however. Although the continental
shelves and abyssal plains where sediments collect are
indeed gentle, many other areas are not. For instance,
the undersea cliffs, canyons, seamounts, and lava slopes
near the Hawaiian Islands often exceed the ruggedness of adjacent areas on land (Figure 6). Portraying
these features on the Seafloor Map of Hawai‘i required
a change from the “land-dweller” mindset. A mushy
ocean bottom would not do.
Color is another topic of debate on seafloor maps.
Using rainbow colors such as those found on Hawaii’s
Volcanoes Revealed (Figure 2, right) is one approach
if visualizing nuanced depths trumps all else—at the
risk of confusing general readers with red, green, and
magenta ocean bottom. Given the lack of light in the

Figure 6. Detail of the Seafloor Map of Hawai‘i without most labels. The seafloor east of Hilo, Hawai‘i, composed of
pillow lava, is more rugged than the broad shield volcanoes that characterize the land.
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deep ocean, and the tendency of dark tints to appear
lower, one could rationalize portraying the bottom as
dark gray and black. Beyond making an avant-garde
design statement, the problem with these monochromatic tints is having only 0 to 256 grayscale levels
to depict depths ranging from 0 to -10,900 meters.
Graphically speaking, it is a stretch. Printing black

shaded relief on black depth tints also presents challenges.
As a practical matter, most ocean bottom maps,
including the Seafloor Map of Hawai‘i, depict depths
with gauzy blue tints progressing from light shallows
to dark depths (Figure 6). Slightly varying the hue alleviates the problem of having enough tonal range to

Figure 7. Small-scale ocean bottom maps. Examples courtesy of National Geographic, except for Berann, 1977, published by the US Office of Naval Research.
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Figure 8. Conventional shaded relief of the Nu‘uanu Slide (left) compared to plan oblique relief (right). Note that
illumination originates from the upper left on the shaded relief and lower left on the plan oblique relief.
represent the depth range. It is a color sequence that
mimics the way we see deepening water from boats,
bridges, or when swimming. There are also graphical
advantages. Because blue is the most visually recessive
hue and dark values appear lower, readers will likely
perceive the bathymetry as occupying the lowest areas
on a map. Blue depth tints blend harmoniously with
gray shaded relief. And, in terms of attracting an audience, it helps that—according to a Rutgers University
study—blue is overwhelmingly the most popular color
(see references for URL).
HEINRICH BERANN’S INFLUENCE
The last fifty years have seen a sizeable number of
small-scale ocean bottom maps published for general
audiences, which provided design references for making the Seafloor Map of Hawai‘i . The pioneer in this
effort, Austrian artist Heinrich Berann, painted a series
of ocean maps in the 1960s and 1970s for National
Geographic and the US Navy based on data collected
by Marie Tharp and Bruce Heezen (Lawrence, 1999).
It is perhaps not a coincidence that the artist who popularized alpine panoramas, a map genre that merges
with landscape painting, set the early standard for seafloor maps (Figure 7).
Berann drew on his artistic background to paint highly
distinctive ocean bottom maps (see references for
URL). His minimalist color palette presents a world
of contrast: land areas basking in sunshine set starkly
against the blue-gray ocean bottom, a somber underworld. Depth tinting is barely present. Berann instead
paints the mid-ocean ridges, rents in Earth’s crust
producing new seafloor rock, in dark gray, in con-
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trast with the ocean basins that are lighter blue. The
three-dimensional topography exaggerates features on
the ocean bottom more so than those on land. The
ocean appears as if drained of water, exposing its chiseled continental shelves, deeply etched canyons, soaring seamounts, and fractured mid-ocean ridges to the
reader.
Of the 12 ocean bottom maps painted by Berann,
eight use a light source originating from the southeast
(lower right) to illuminate seafloor features, the rest
use a southwest (lower left) light source. Like his alpine
panoramas, illumination striking seamounts and other
high features casts shadows across the seafloor. This
is of course impossible so far below the surface, but
so too is seeing the ocean bottom without water. The
upcoming section on bathymetric tints discusses an
alternative to depicting drained oceans.
National Geographic more recently has modified
Berann’s style, led by Tibor Tóth, a former staff artist
and now retired freelancer for that organization. For
several years conventional shaded relief had replaced
three-dimensional relief depiction on National Geographic seafloor maps (Figure 7, third from top), but
now three-dimensional relief is popular again (Figure 7, bottom). Compared to Berann’s pieces, Tóth
employed less vertical exaggeration, used brighter colors, and did not darken the mid-ocean ridges.
Tóth’s work also shows Berann’s strong influence,
including restrained use of depth tints, the presence of
cast shadows (Tóth applies these with a lighter touch),
and a preference for southeast lighting, although he
acknowledges that southwest illumination works just
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as well (Tóth, 2009). More significantly, Tóth also
painted seafloor topography. His method in recent
years was to render digital bathymetry as a threedimensional relief and then paint over it in Photoshop
using a Wacom tablet and stylus (Tóth, 2008 and
2009). He painted not of preference but because of
the necessity to remove imperfections or to add detail
to poor-quality bathymetry data, especially at larger
scales.
The design of the Seafloor Map of Hawai‘i borrows
heavily from both Berann and Tóth. It differs from
them most noticeably in using only digital methods
for relief presentation.
PLAN OBLIQUE RELIEF
This is a type of three-dimensional relief on maps rendered from digital elevation models (DEMs). Plan
oblique relief contains vertical offset similar to the
terrain depicted in panoramas. It depicts mountains
projecting upwards toward the top of the map and valleys downward (Jenny, B. and Patterson, T., 2007). By
contrast, conventional shaded relief assumes that the
position of the reader is directly above the map and
depends entirely on light and shadows to model the
terrain features (Figure 8).
There are tradeoffs to using plan oblique relief. On
the positive side, it brings drama and realism to maps.
Readers see terrain with a vertical dimension and in
partial profile much like mountains appear from a
scenic overlook or out of an airplane window. The
relatively simple undersea topography of Hawai‘i—
conical seamounts, blocky landslide debris, and steepsided terraces around the islands—is suited to plan
oblique relief presentation. These features appear to
pop up from the ocean floor.
Lighting is another advantage. Because plan oblique
relief illumination comes from either the front left or
front right, compared to back left with conventional
shaded relief, shadows fall on slopes facing away from
the reader. This makes the terrain and overall map
lighter, improving the readability of labels. The lighter
relief also combines well with dark bathymetric tints
in deep areas.
On the down side, plan oblique relief can hide parts
of a map. Like any 3D image, there is a front side and
back side to objects. In the case of plan oblique relief,
south slopes face the reader and receive more emphasis
than do steep north slopes, which can disappear from
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Figure 9. Bathymetric tints used on the Seafloor Map of
Hawai‘i. The beige background in the illustration is the
island color from the map.
view. This issue, however, is less critical on the empty
seafloor than on land as there are no roads, towns, rivers, etc. to obscure. In addition, seafloor features do
not experience aspect-related weathering. Unlike terrestrial mountains in the northern hemisphere that
have dramatic north faces due to glaciers, seafloor features are apt to be equally interesting on all sides.
Map lines are another problem with plan oblique
relief. For example, latitude and longitude lines on
a plan oblique relief map would not appear as a grid
but would mirror the topography, going up and down
with the changing elevation. Because a rectangular
grid would only apply at sea level, a small area on
the Seafloor Map of Hawai‘i, it is not used. A related
problem is that map georeferencing and reprojection is
not advisable. For example, transforming plan oblique
relief from a cylindrical to conic projection would tilt
the three-dimensional topography inward. Like the
panoramas that they mimic, plan oblique relief maps
are pictorial.
The Seafloor Map of Hawai‘i uses plan oblique relief
rendered with a beta version of Natural Scene Designer
Pro 6.0. The pitch setting in this software application, ranging from -10 to -90 degrees, determines the
amount of vertical exaggeration. For the Hawaiian
seafloor, a pitch setting of -25 degrees yielded more
vertical exaggeration than the default -45 degrees, but
much less than that found on Berann’s smaller-scale
maps. Light originates from the west-southwest (245
degrees) at an angle of 45 degrees above the horizon.
This light direction purposely departs from Berann’s
favored direction from the southeast (lower right). By
selecting a light source closer to that of conventional
shaded relief (northwest or upper left), the intent was
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to present the relief in a manner most familiar to readers. The Hawaiian Islands trending from southeast to
northwest also render very well with perpendicular
light coming from the southwest. The light angle at 45
degrees above the horizon generates fewer shadowed
slopes than those of Berann’s maps. Cast shadows also
are not present on Seafloor Map of Hawai‘i, giving it a
lighter overall appearance.

tual and practical advantages to mapmakers. Shades
of blue becoming darker with depth suggest an ocean
filled with translucent water rather than drained (Figure 6). Consequently, readers see a less extreme departure from reality. Darker bathymetric tints in deep
areas accentuate the aerial perspective effect, enhancing the apparent three-dimensionality of topography
(Imhof, 1982). These darker tints also disguise shaded
relief created from poor-quality data in deep waters.

BATHYMETRIC TINTS

Land areas on the Seafloor Map of Hawai‘i are muted
beige, which downplays the importance of the islands
compared to the ocean bottom. The beige nevertheless has enough warmth to provide visual relief from
the cool blues everywhere else on the map (Figure 9).
Shaded relief on land is slightly blue-gray, which softens its appearance. Lowlands received slight darkening to accentuate figure-ground contrast between the
island shapes and shallow water, eliminating the need
for shoreline casings. In fact, lines are entirely absent
from the map. The island of Hawai‘i, which is comprised of shield volcanoes with gentle slopes, received
extra shaded relief darkening.

The Seafloor Map of Hawai‘i employs very conventional bathymetric tints (depth colors) starting with
light blue-green in the shallowest water and progressively darkening to gray-blue in deep areas (Figure 9).
Depth tints occur at 1,000-meter intervals, except for
extremely shallow and deep areas that tend toward flatness and which have more intervals for better definition. Depth tints on the Seafloor Map of Hawai‘i blend
continuously into one another, and combine with the
relief shading and illumination. The point of the map
is to emphasize relative depths.
Selecting tints to represent depths can challenge mapmakers accustomed to working with hypsometric
tints. Unlike on land where high elevations are relatively rare, much of the world ocean consists of very
deep basins. On the Seafloor Map of Hawai‘i, for example, the maximum depth is -5,795 meters and depths
between -4,000 and -5,000 meters predominate. Finding a pleasing blue tint to represent this depth zone
was critical, while avoiding gaudy or excessively dark
hues that would overwhelm the map when viewed at
full size. On the other hand, because the map is distributed online and appears as one of many thumbnail
images on search pages, selecting eye-catching colors
was an important consideration.
Compared to the subdued hues favored by Berann, the
Seafloor Map of Hawai‘i is brighter and more saturated,
partially in consideration of the place being mapped.
Hawai‘i is not the North Atlantic. A more significant departure from Berann, and to a lesser extent his
successor at National Geographic, Tibor Tóth, is the
prominent use of bathymetric tints. This is largely due
to advances in map production. Painting and airbrushing, unlike digital compositing, does not lend itself to
the accurate merging of shaded relief and depth tints.
There are just too many changing variables for an artist
to capture on the map.
Now that digital production is the norm, combining
bathymetric tints and shaded relief offers both concep-

34 | Mountain Cartography Workshop in Taurewa

MAP FINISHING
The Seafloor Map of Hawai‘i comes in two versions,
one with spot depths and elevations indicated in
meters, and the other in feet. A liberal sprinkling of
spot depths focuses attention on key seafloor features,
such as seamount summits and deep troughs. Draping
NOAA nautical charts with depth soundings (see references for URL) on the rendered plan oblique relief provided a placement guide. This method, however, often
proved inadequate because soundings on the nautical
charts did not precisely coincide relief generated from
bathymetric data, which is presumably more accurate.
For example, a spot depth might fall mid-slope on a
seamount instead of its highest point. Sampling the
bathymetry data to obtain spot depths proved a better
technique. The map also identifies island high points.
Labeling undersea features proved more difficult
than those on land. The National Geospatial Agency
maintains the GEOnet Names Server for US and
international waters (see references for URL), but the
coverage is sparse for Hawai‘i. Altogether the GEOnet
Names Server accounts for 39 of the 84 undersea place
names found on the Seafloor Map of Hawai‘i, mostly
seamounts southwest of the island of Hawai‘i. The
remaining names are unofficial, largely taken from
the USGS map Hawaii’s Volcanoes Revealed. They

© New Zealand Cartographic Society

Figure 10. Excerpt of the Seafloor Map of Hawai‘i with labels and metric spot depths.
typically describe physiographic features and geologic
events, such as Clark 1 Slide west of the island of
Kaho‘olawe (Figure 10). Other geology-related names
include the Moloka‘i Fracture Zone, Southwest O‘ahu
Volcanic Field, Hawaiian Arch, and numerous ridges,
slides, and slumps.
Researching undersea feature names for the map
revealed varied terminology. For example, some maps
identified the Hawaiian Trough, a region of extremely
deep water adjacent to the Hawaiian Islands, as the
Hawaiian Deep or Hawaiian Moat. In this case, the
GEOnet Names Server identified the feature as a
trough, which settled the decision. For names not on
the GeoNet server, a helpful reference is “Policies and
Guidelines for the Standardization of Undersea Feature Names,” a document published by the US Board
on Geographic Names. This document lists definitions
of undersea feature designations (see references for
URL).
Many large undersea features don’t have names. The
massive Nu‘uanu Slide northeast of O‘ahu consists of
more than a dozen mountain-sized fragments (Figure
6), only one of which has a name. Even more conspicuous, no name was found for the large seamount
northwest of the Kaua‘i (partially cropped on the left
map margin) that rises almost to the surface. The
opposite problem, too many place names, occurs only
off the north shore of Moloka‘i. Of the one dozen submarine canyons found here, tight space on the map
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permitted the labeling of only two. Many Hawaiian
seafloor features take their names from adjacent places
on land. For example, off the northeast coast of Maui,
Pa‘uwela Ridge takes its name from a point, and Hāna
Slump from a town (Figure 10). These appear on the
Seafloor Map of Hawai‘i with diacritical punctuation
as approved by the US Board on Geographic Names
(see references for URL) for their terrestrial namesakes.
Finally, the Seafloor Map of Hawai‘i uses the Plate Carrée or Geographic projection. The bathymetric data
used to make the map came in this cylindrical projection. Since maps of tropical areas at medium scale
have little distortion regardless of the projection used,
changing it to another projection was unnecessary.
CONCLUSION
The Seafloor Map of Hawai‘i represents a map type that
will slowly become more common with the ongoing
collection of high-resolution bathymetry data. It demonstrates that with digital production it is now possible to make medium-scale seafloor maps that take
inspiration from the small-scale ocean maps hand
painted by artists over the last 50 years. More significantly, digital methods bring unrivalled detail to ocean
floor maps and expand the design possibilities. For
example, merging bathymetric tints with plan oblique
relief brings color and realism to undersea maps that
will likely appeal to general audiences. The intent is
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for readers to see the Hawaiian Islands as an enormous
mountain range.
The project also calls attention to the problem of
incomplete and substandard bathymetry data that
requires considerable manipulation to become presentable on a map. As with all types of mapping, as scale
and detail increase, so does the magnification of data
problems. The solutions employed by cartographers
to fill voids in SRTM data in mountainous areas also
apply to bathymetry data. Yet even with these repairs
the data are often too irregular and noisy for clean
map presentations. The available solutions are not
ideal: smoothing bathymetry data, reducing the map
scale, printing shaded relief on the seafloor lightly, and
emphasizing depth tints. As a last resort and if time
permits, touching up the data manually yields a much
improved map presentation.
An irony of nearly all seafloor maps, including the
Seafloor Map of Hawai‘i, is the inevitable presence of
land somewhere on the map. Perhaps to be meaningful to land-bound humans, this is a necessary requirement. It nevertheless brings up the question of how
to design seafloor maps without land. Issues include
ubiquitous blue tones, a lack of labels, and no land to
provide a frame of reference. Considering that most of
Earth is underwater, and how few large- and mediumscale maps of the seafloor exist, cartographers still have
much work to do—and many discoveries to make.
ADDITIONAL INFORMATION
The Seafloor Map of Hawai‘i is available free of charge
at www.shadedrelief.com/hawaii.
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ABSTRACT

Keywords

Integrating a color raster data layer, such as elevation
tints, with a grayscale raster layer, such as a hillshade,
is an important visualization function in cartography,
remote sensing, and geographic information systems
(GIS). A number of methods have traditionally been
used to integrate these types of rasters. In one approach,
the input rasters are combined into a new output raster
by transforming the original data using, for example,
an intensity, hue, saturation (IHS) transformation.
Another approach involves the use of layer transparency, in which one raster is transparently draped over
the other. However, both these approaches distort the
original colors, and layer transparency has the added
problem that gradient detail in the hillshaded raster is
suppressed. The optimal solution would be to integrate
the color and grayscale rasters while retaining the fidelity of the original data.

cartography – DEM – elevation tint – gamma stretch
– gradient – hillshade – intensity – linear stretch –
NAGI fusion method – pan sharpening – simple mean

In this paper, we introduce a new technique, called
the NAGI (No Alteration of Gradient or Intensity)
fusion method, to integrate color and grayscale rasters
in a manner that preserves the original colors from
the color raster while retaining the apparent gradient
from the grayscale raster. The NAGI fusion method
does not require any code or programming, and no
software extensions are required. It can be modified
easily to suit the characteristics of the input rasters or
the requirements for the output raster. It can be implemented using raster processing techniques introduced
in ArcGIS10.0; however, the concepts described can
be adapted for use with most cartography, GIS, or
remote-sensing software.
The method was tested with a variety of datasets,
with rasters of varying resolutions, at a range of spatial extents, with diverse types of thematic content,
and with different ArcGIS rendering methods, thus
demonstrating the versatility and applicability of the
NAGI fusion method
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INTRODUCTION
Viljoen et al. (2006) describe two primary reasons for
integrating related color and grayscale rasters. One is
to enhance the visualization of related datasets that are
displayed simultaneously. For example, an elevation
tint scheme in which ranges of elevation are assigned
different colors in a realistic sequence is often visualized
along with a hillshaded digital elevation model (DEM)
of the same area. This allows the map reader to see the
elevation and the terrain form at the same time. The
other reason is to visualize the relationship between
two different but related datasets. For example, displaying slope and aspect simultaneously may allow
map readers to see the relationships between these two
characteristics of a surface. In this case, aspect can be
visualized as colors whose hue relates to the angle and
slope can be visualized in gray tones with darker tones
denoting higher slope values.
In both these examples, one raster is rendered as a color
image and the other as a grayscale image. The challenge is to visualize the two rasters using a method that
retains the original colors and gray tones. Lack of color
retention is a problem because the colors often become
duller and either lighter or darker, depending on the
method used, when the two rasters are integrated. This
can have an impact on the intended message because
the visual result is not as the map maker intended. Lack
of gray tone retention is a problem because the variation in light and dark, which produces the impression
of gradient (steepness of slopes) in the terrain, is often
subdued when the two rasters are integrated. This
results in the hillshade having less apparent gradient.
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In addition, both of these problems create a challenge
for the mapmaker because the output is not easy to
predict, especially when both problems are combined

TRADITIONAL METHODS FOR
INTEGRATING COLOR AND GRAYSCALE
RASTERS
A variety of methods have been used to combine color
rasters with grayscale rasters. Those methods are discussed and evaluated in this section.

Layer Transparency
Most GIS and remote-sensing software packages have
a layer transparency option that can be used to visualize two rasters by simply applying transparency to the
layer displayed on top. For example, it is quite common to find maps in which a hillshaded surface is overlaid with a transparently colored thematic layer. The
thematic layer could be soils, land use, vegetation, or
other types of phenomena, but it is often elevation.
In Figure 1a, an elevation tint is used to show greens
in the low-lying valleys which transition smoothly to
light browns at the lower rocky elevations, to darker
browns in the higher treeless areas and finally to white
on the snowcapped peaks. The elevation tint can be
transparently overlaid on a grayscale hillshade (Figure

grayscale raster are suppressed thus reducing the apparent gradient. The final output (Figure 1c) has faded
colors and diminished terrain gradient.Understanding
the limitations of this method at the outset, it is sometimes helpful to use colors that are highly saturated
to begin with because they will become less intense
(Figure 2a), and a vertically exaggerated representation
of the hillshade, knowing that the apparent gradient
will be suppressed (Figure 2b). Then the trick is to find
the best level of transparency, given that the colors and
details are compromised depending on the amount of
transparency. Decreasing the layer transparency allows
the saturation of colors to be retained (Figure 2c), but
the underlying terrain does not appear to have much
variation in gradient. Increasing the layer transparency
further compromises the intensity of colors; however,
the underlying grayscale hillshade does not appear as
flat (Figure 2d and e).
Clearly, the layer transparency method has limitations.
It is difficult to guess what vertical exaggeration to
use at the outset, and it is never possible to create a
result with saturated colors. The result compromises
the input rasters so that the colors are faded and the
terrain is flattened.

Figure 1. (a) Elevation Tint of the DEM of an Area Centered on Pakistan, (b) Hillshade of the DEM, (c) Elevation
Tint Transparently Overlaid on the Hillshade.
1b) to produce a map that displays both the elevation
tint and hillshade simultaneously (Figure 1c).
With the layer transparency method, the hillshade is
normally displayed as the bottom layer, and the elevation tint is displayed as the top layer with an assigned
level of transparency. The advantages are that it does
not involve any pixel-by-pixel processing and the
results are instantaneous. However, the result is an
image in which the colors appear less saturated (i.e.,
less intense). Additionally, details in the underlying
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Panchromatic Sharpening
Another commonly used technique for combining
color rasters with grayscale rasters in GIS and remote
sensing is panchromatic sharpening, more commonly known as pan sharpening. Pan sharpening is
also known as multisensor data fusion, image fusion,
image integration, and resolution merging (Yuhendra
et al. 2011). Pan sharpening fuses the spatial properties of panchromatic (grayscale) imagery with the spectral information of multispectral (color) imagery. It is
often used to combine higher-resolution panchromatic
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Figure 2. (a) Elevation Tint of the DEM of an Area around Madagascar, (b) Hillshade of the DEM, (c) Elevation
Tint Overlaid on the Hillshade Using 30% Transparency, (d) 50%Transparency, and (e) 70%Transparency.

Figure 3. (a) Hillshade of the DEM of an Area Centered on India, (b) Elevation Tint of the DEM, (c) Elevation
Tint Overlaid on the Hillshade Using 50 Percent Transparency, (d) IHS Fusion Method Output, (e) Esri Fusion
Method Output, and (f ) Brovey Fusion Method Output.
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images with lower-resolution multispectral images to
produce higher-resolution color images (Klonus et al.
2008). This technique can also be used to integrate
other grayscale and color rasters, such as hillshades and
elevation tints.
A variety of pan sharpening methods are available
to fuse grayscale and color rasters (Son, et al. 2005;
Chikr El-Mezouar 2011; International Institute for
Aerospace Survey and Earth Sciences 2001). Here we
describe three that are available in Esri’s ArcGIS software. Each of these methods allows optional weighting
for the three bands allowing the user to give multispectral bands varying levels of influence on the output.
The IHS fusion method converts the color image from
the red, green, blue (RGB) color model to the IHS
color model. It replaces the intensity values with those
obtained from the grayscale raster. Then the modified
IHS color values are transformed back to the RGB
color model in the output raster (Esri 2012a).
The proprietary Esri fusion method “uses a weighted
average and, optionally, the near-infrared band to create the pan sharpened output image. The result of the
weighted average is used to create an adjustment value
that is then used in calculating the output values” in
the resulting image (Figure 3e; Esri 2012a). Further,
“the weights for the multispectral bands depend on
the overlap of the spectral sensitivity curves of the
multispectral bands with the panchromatic band. The
weights are relative and will be normalized when they
are used. The multispectral band with the largest overlap with the panchromatic band should get the largest
weight. A multispectral band that does not overlap at
all with the panchromatic band should get a weight
of 0. By changing the near-infrared weight value, the
green output can be made more or less vibrant.”
The Brovey fusion method (Figure 3f ) was developed
to increase visual contrast in the very dark and very
light areas of an image. “It uses a method that multiplies each resampled, multispectral pixel by the ratio of
the corresponding panchromatic pixel intensity to the
sum of all the multispectral intensities. It assumes that
the spectral range spanned by the panchromatic image
is the same as that covered by the multispectral channels” (Figure 3f; Esri 2012a).
When the results of these pan-sharpening fusion methods are compared with the result of layer transparency
(Figure 3), it is clear that none provides an optimal
solution due to alteration of the colors and suppression
of apparent gradient.
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Other solutions have also been suggested. For example, Viljoen et al. (2006) developed SatValMod, a
Visual Basic for Applications (VBA) extension to ArcGIS 9.3, to address this problem. They used a method
that transforms the RGB color coordinates to the hue,
saturation, value (HSV) color model. Then the saturation and value color components are modified and
combined with the original hue when the colors are
transformed back to the RGB color model. This solution has not been updated for ArcGIS 10.x and was
therefore not tested in this study.

STEPS IN THE NAGI FUSION METHOD
The NAGI fusion method overcomes the limitations of
the layer transparency and pan-sharpening approaches
discussed earlier. This method involves the serial use of
three standard processes that are available in many GIS
or remote-sensing software platforms (Nagi 2012b). It
provides a solution that does not require programming
or the use of a software extension. Parameters in the
processes can be modified to meet the requirements of
the desired output or characteristics in the input rasters. It can be implemented in ArcGIS using functions
for mosaic datasets or image analysis, and it can also be
used with various rendering methods, including color
ramps and color map files.
The three steps in the NAGI fusion method are (1) pan
sharpening using the simple mean method, (2) application of a gamma stretch, and (3) application of a minimum-maximum linear stretch. The inputs required are
(1) a single-band panchromatic image or raster, and
(2) a multiband RGB multispectral image. Grayscale
and color rasters in other formats can be converted
to meet these requirements. The multispectral raster
could be any thematic layer, such as land cover/land
use, soils, or geology; in the example described below,
it is an elevation tint of the DEM. The grayscale raster
could be any related raster; in the example below, it is
the hillshaded DEM.
Detailed instructions for some raster conversions and
for the steps in the NAGI fusion method implemented
in ArcGIS are provided in Nagi (2012a, 2012c). Here
we provide general instructions for fusing an elevation
tint and a hillshade using this method.

Simple Mean Pan Sharpening
The first step in the NAGI fusion method is to create
a pan-sharpened image using the simple mean method
to fuse the panchromatic and multispectral images.
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Figure 4. Histograms for the (a) Hillshade, (b) Red Band of Multispectral RGB Image, (c) Red Band-Hillshade
Combination after Pan Sharpening Using a Simple Mean, (d) Output from the Simple Mean Pan-Sharpening
Image Modified Using a Gamma Stretch of 0.5, and (e) Output from the Gamma-Stretched Image Modified Using
a Minimum-Maximum Linear Stretch with Values of 10 and 220.
The pixel value for the panchromatic image (i.e., the
hillshade) is added to pixel values for each of the three
bands of the multispectral (RGB) image (i.e., created
from the color raster), and then the mean is calculated
for the combination of the panchromatic image and
multispectral band pixel values.The simple mean function transforms the three bands of the input image by
applying a simple mean averaging equation to each
of the output bands using the default equation (Esri
2012a):
Redout = 0.5 * (Redin + Panin)
Greenout = 0.5 * (Greenin + Panin)
Blueout = 0.5 * (Bluein + Panin)
where Redin, Greenin, and Bluein are the RGB bands
of the input multispectral image, and Panin is the panchromatic image.
Figure 4 illustrates the NAGI fusion method steps
using histograms of the distribution of pixel values in
the input and output images. Pixel values range from
0 to 255. In a panchromatic image, pixel values of
0 are shown as black, and pixels with a value of 255
are shown as white. For the hillshade (Figure 4a) the
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values are usually concentrated around a mean that is
between 170 and 180. Figure 4b is a histogram of the
red band of the multispectral RGB image. Because this
figure is for illustration purposes only, histograms for
the blue and green bands are omitted for clarity. Figures 4c, 4d, and 4e are histograms of the outputs of
the three steps in the NAGI fusion method for the red
band of the multispectral image as it is fused with the
hillshade.
The result of the simple mean panchromatic sharpening is an image that has more contrast and is lightened
up because there are more pixels within a greater range
(the bimodal red area in Figure 4c) and more values
higher than the mean of the hillshade.

Gamma Stretch
The next step in the NAGI fusion method is to modify
the outputs for each of the bands in the image using
a gamma stretch. A gamma stretch is a non-linear
stretch that affects the degree of contrast between the
mid-level gray values of a raster without affecting the
black or white values. A gamma stretch alters the overall brightness of a raster (Esri 2012b). Gamma values
lower than 1 decrease the contrast in the darker areas
and increase the contrast in the lighter areas. This dark-
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ens the image without saturating the dark or light areas
of the image, and it helps bring out details in lighter
features, such as illuminated hill slopes. Conversely,
gamma values greater than 1 increase the contrast in
darker areas, lighten the image, and bring out details
in the darker areas.
Gamma values lower than 1 (e.g., 0.5) are used in the
NAGI fusion method.
The result of the gamma stretch is a darker image
that has increased contrast in the lighter areas because
the pixel values are shifted toward the lower (darker)
end of the histogram and middle range of values are
stretched over a greater range (Figure 4d).

Minimum-Maximum Linear Stretch
The final step in the NAGI fusion method involves
applying a minimum-maximum stretch to the results
obtained from the gamma stretch. A linear stretch linearly expands the range of the input image values to fill
the total possible range, 0-255 (Lillesand et al. 1994).
A linear stretch is used to distribute the input pixel
values across the total possible 256 values, from 0 to
255 (Esri 2012b).
A linear stretch can be applied in a number of ways.
One is a minimum-maximum stretch in which pixels
below a threshold value at the low end of the original
histogram are assigned to black (a pixel value of 0),
and pixels above a threshold value at the high end of
the original histogram are assigned to white (a pixel
value of 255). The remaining pixel values are distributed linearly between these thresholds. Features in the

image are easier to distinguish because the pixel values
are distributed across the entire histogram range, thus
brightening and increasing the contrast of the image
(Esri 2012b).
Minimum-maximum values of 10 and 220 were used
for some of the tests we conducted with NAGI fusion
method. The result of the minimum-maximum stretch
is an image that is lightened up and has more contrast
because the relatively small number of pixels with values below 10 are shifted to 0 and shown in black, and
the relatively larger number of pixels with values above
220 are shifted to 255 and shown in white; the remaining pixels are stretched between 1 and 254 causing the
majority of values to shift to higher numbers because
the maximum stretch value was set farther from the
maximum value possible (Figure 4e).

RESULTS
After following these steps, the final output will have
colors with nearly the same saturation as the input
color raster, and gradient variation that is nearly the
same as in the input hillshade raster. The results of testing this method with a variety of color and grayscale
raster combinations are discussed below.
In the first test, ETOPO1 1 arc-minute (~2-kilometer resolution) global elevation / bathymetry data
were used to create a global hillshade and an associated elevation tint. The elevation tint was displayed
using a color map file. Color map files contain a set
of pixel values (e.g., elevation values) and the red,
green, and blue components of a color defined in

Figure 5. (a) Hillshade of the
ETOPO1 DEM of an Area Around
Madagascar, (b) Elevation Tint
of the DEM, (c) Elevation Tint
Overlaid on the Hillshade Using 50
Percent Transparency, (d) IHS Fusion
Method Output, and (e) NAGI
Fusion Method Output.
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RGB color space that is used to display the pixel values. Smoother gradation between colors is obtained
when more pixel values are included in the color map
file and there is less variation between adjacent colors.
Below is an portion of the contents of a color map file,
where the first column is the pixel value, and the second, third, and fourth columns define the red, green,
and blue components of the RGB colors, respectively:
1

255

0

0

2

100

0

100

3

50

200

10

4

45

60

100

Figure 5 shows the results of the NAGI fusion method
compared to those obtained using the layer transparency and IHS pan-sharpening fusion methods for an
area centered on Madagascar.
In the second test, GTOPO30 30 arc-second (~1-kilometer resolution) data were used to create a hillshade
and an associated elevation tint for the state of Washington in the United States. In this case, the elevation
tint was displayed using a color ramp rather than a
color map file. Whereas a color map file specifies the
exact RGB color for each pixel value, a color ramp is a
symbol selected from a style that is applied to a range

of values. The color ramp has gradually varying colors
that, when applied to the raster, are used to display the
range of pixel values. With this method of symbolization, there is no exact assignment of a color to a pixel
value; rather, the range of pixel values is rendered using
the range of colors in the ramp.
Figure 6 shows the results of the NAGI fusion method
compared to those obtained using the layer transparency and IHS pan-sharpening fusion methods for
northwestern Washington State.
In the third test, a rasterized color geology map was
combined with a 30-meter hillshade of an area near
Mount Baker in northwestern Washington State. Figure 7 shows the results of the NAGI fusion method
compared to those obtained using the layer transparency and IHS pan-sharpening fusion methods.
In all of the tests, the NAGI fusion method produced
potentially superior results than either the layer transparency or IHS pan-sharpening fusion methods on the
basis that there was no alteration of the saturation in
color, and apparent gradient variation was retained.

Figure 6. (a) Hillshade of the GTOPO 30 DEM of Northwestern Washington State, (b) Elevation Tint of the DEM,
(c) Elevation Tint Overlaid on the Hillshade Using 50 Percent Transparency, (d) IHS Fusion Method Output, and
(e) NAGI Fusion Method Output.
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Figure 7. (a) Hillshade of the Mount Baker Area, (b) Rasterized Geology Map of the Mount Baker Area, (c) Geology
Map Overlaid on the Hillshade Using 50 Percent Transparency, (d) IHS Fusion Method Output, and (e) NAGI
Fusion Method Output.

CONCLUSION
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The NAGI fusion method integrates color and grayscale rasters while preserving the original colors from
the color raster and retaining the apparent gradient
variation from the hillshade raster. The three steps in
this method involve the use of standard processes available in many GIS or remote-sensing software packages.
It is a solution that does not require programming or
the use of software extensions. It can be implemented
in ArcGIS using functions for mosaic datasets or imageanalysis, and it can be used with various rendering
methods, including color ramps and color map files.
The NAGI fusion method also provides user control
over the parameters in each process, such as the gamma
and minimum-maximum contrast stretch values, thus
allowing the method to be modified to accommodate
the characteristics of the input rasters and the requirements for the output raster.
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The tests conducted show that the method works well
with a variety of datasets, with raster layers of varying resolutions, at many spatial extents, with diverse
types of thematic content, and with different ArcGIS
rendering methods, thus demonstrating the versatility
and wide applicability of the NAGI fusion method.
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ABSTRACT
This paper examines 3D mountain maps focusing on
representations of skiing and hiking resorts. These
kind of maps – also known as panoramic views or panoramic maps – offer a realistic look of the landscape.
After clarifying important terms connected to the subject, the methodology of a self-administered survey is
specified and the results are presented. The goal of the
survey is to determine how panoramic maps are perceived and interpreted by various user groups, also in
comparison with 2D topographic maps. Furthermore,
questions about possible support given by techniques
of digital panoramic map production were asked in the
survey and are discussed in the paper. The results may
help panorama artists to adapt or improve representations and production techniques of panoramic maps
in the future. Besides the results strictly related with
this study, ideas for increasing the attractiveness of
panoramic maps by means of integration of new techniques (such as the linkage of panoramic maps with
digital interaction forms) are discussed.
Keywords
panoramic map – red-green confusion – spatial perception – map reading – computer-generated 3D map
– QR code
INTRODUCTION
Panoramas are mostly paintings with an artistic value.
Compared to conventional 2D maps the realistic look
of panoramic maps facilitates the understanding of
the map by a majority of the users. Panoramic maps
offer an overview of the shown region including areas
of interest and tourist highlights, but the effects of
occlusions and the missing accuracy represent a disadvantage. A panoramic map will never be a basis for
planning an exact route. Hikers or active winter sports
people are better able to identify their position on a 2D
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topographic map, as distances can be reliably derived
only from this kind of maps.
In his study “Mountain Ski Maps of North America: A Preliminary Survey and Analysis of Style”, the
American cartographer Alex Tait (2008) describes the
graphical styles of more than 400 ski resorts’ trail maps
in North America. He does not only mention the popular and most established panorama artists of North
America James Niehues, Hal Shelton and Bill Brown,
but also analyzes and categorizes the panoramic views
in general. Following the study by Alex Tait (2008),
the present survey deals with questions related to panoramic maps’ usability and effectiveness adopting the
example of a Swiss winter sport area.
In Switzerland, more than 200 ski areas are promoted
with the help of panoramic views (Tourismus Schweiz,
2012). The majority of these illustrations are manually painted and is used as basis for cartographic features showing tourist facilities. This is also the case for
the ski area map chosen for the survey. Most of the
currently existing panoramic views were produced by
Arne Rohweder and Winfried Kettler. Just a few other
panoramic views were painted by other artists. One of
them is Heinrich C. Berann (1915–1999), who was
one of the pioneers in painting outstanding panoramic
views worldwide.
There are many possibilities to obtain information
about winter sports regions in the World Wide Web,
but information about facilities and special offers are
often nicely described, or beautifully illustrated by
photographs. The importance of panoramic maps
visually indicating the location of tourist highlights
should therefore not be underestimated.
3D views in the World Wide Web are in most cases
interactive. Users can navigate through the landscape, zoom and pan on the area of interest according to their needs. In painted panoramic maps the
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“interactivity” depends on the abilities of the panorama artist. Using perspective and distortion the
panorama artists show important features and areas
that would be hidden or less prominent otherwise.
In this way the artist somehow “navigates” the user.

Figure 1. Principle of the construction of a panoramic
view (Eduard Imhof, 1963).
TERMINOLOGY – PANORAMA, PANORAMIC
VIEW, PANORAMIC MAP
The term “panorama” is derived from Greek (pan =
all and horama = see). The meaning of this term has
changed in the last 200 years. It is now commonly
used to describe the sweeping view of a landscape surrounding an observer (Schumacher, 2012).
According to Imhof (1963), the term panorama
describes a 360° view of the surrounding landscape
from an elevated point. Projection rays are projected
onto a 360° cylinder. No geometric construction constraints are specified (Figure 1). Strictly speaking we
cannot, see a complete panorama in our field of vision
by only moving the eyes without moving the head
(Schumacher, 2012).
According to the authors’ opinion, a painted or
computer-generated panorama or panoramic view

supplemented with cartographic content such as symbolization for tourist facilities can be described as a
panoramic map. There are mainly two different styles
of landscape representation in panoramas depending from the season: snow-covered landscapes represent winter; greenish-coloured landscapes represent
summer time. Summer panoramas typically show a
network of rambling trails, cable cars, chairlifts and
other public transport systems. Additionally, winter
panoramas contain ski lifts and ski slopes. Both types
provide a general overview of the tourist area with its
attractions. A panorama is not only used for spatial
orientation, but it is also an indispensable advertising
medium since it offers a more pictorial and descriptive
view of the landscape compared to topographic maps
(Figure 2).
METHODOLOGY OF THE SURVEY
The key objective of this survey is to investigate how
panoramic maps are perceived and used by various user
groups. The results may help panorama artists to adapt
or improve representations and production techniques
of panoramic maps in the future.
Totally 356 persons were directly asked by e-mail to
take part to the self-administered survey. On the one
hand, the study participants were recruited from the
members of the International Cartographic Association’s (ICA) Commission on Mountain Cartography,
as well as from cartographers, geographers, surveyors,
graphic designers and map enthusiasts from Germany
and Switzerland. On the other hand, persons unrelated
to maps were also recruited. An important number of
non-experts were recruited in the wider social environment of the authors but they did not receive any
additional support and have not been influenced completing the survey. The survey took place from April
14th to May 1st, 2012.

Figure 2. Panoramic view (left) and panoramic map (right): Aletschgebiet, Winfried Kettler.

50 | Mountain Cartography Workshop in Taurewa

© New Zealand Cartographic Society

The survey’s participant received by email the questionnaire form as PDF. Initially, some general questions were asked in order to query the user profile.
Subsequently, six specific questions to the topic of this
paper were asked. The study participants finally had
the possibility to include comments about the possible
optimization of the panorama’s content and visualiza-

specific user profile question was referring to the participants’ practice of winter sports and to their use of
panoramic maps.
The topic related questions, the results and the analysis
of the survey have been divided into three thematic
groups: visual and spatial perception, the use and
understanding, as well as the production methods of
panoramic maps.

Table 1: User profiles of the participants.
Participants (100)

Experts (38)

Non-Experts (62)

Gender
Male

50

31

82%

19

31%

Female

50

7

18%

43

69%

Handedness
Right-handed

84

33

87%

51

82%

Left-handed

16

5

13%

11

18%

Age Group
under 20

1

0

0%

1

1%

20-40
40-60
over 61

56
30
13

21
12
5

55%
32%
13%

35
18
8

57%
29%
13%

First Language
German
English

96
3

34
3

89%
8%

62
0

100%
0%

Others

1

1

3%

0

0%

Winter Sports
Practising

50

23

61%

27

44%

Table 1. User profiles of the participants.
tion. Answers and remarks were given through text
boxes or by choosing the corresponding radio buttons
or check boxes.
By chance, the number of duly completed questionnaires was exactly 100: 50 women and 50 men. The
majority of the interviewed persons came from the
German-speaking area (Germany, Austria, and Switzerland); the remaining participants (4%) came from
Great Britain, New Zealand, Slovenia, and the United
States. Based on the specified profession the participants have been divided in two groups: 38 interviewed
persons were classified as experts, the other 62 were
classified as non-experts. According to the user profiles, some further sub-groups were created for a more
detailed evaluation of the survey as listed in Table 1.
The questionnaire presents figures of panoramic maps’
snow-covered representations commonly used in winter ski areas. In order to better interpret the answers a
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RESULTS AND DISCUSSION
Perception
Colours play a crucial role in the perception of panoramic maps. In order to better assess their subsequent
responses the participants were tested for possible
red-green confusion, commonly called “red-green
blindness”. Generally this condition affects about 8%
of all males. A reason for this restriction is a genetic
defect on the X-chromosome. Since men have only
one X-chromosome such a defect has an immediate
impact. Women have two chromosomes X and can
compensate eventual negative effects. Therefore only
0.4% of women worldwide are affected by red-green
confusion (Jenny et al., 2007).
Red-green blindness was tested by asking participants
to identify any difference in two equal panoramic
maps where one of the two figures had been previ-
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ously manipulated by the colour blindness simulator
software ColorOracle (2012) (Figure 3). For uncertain
reasons, the number of participants possibly affected
by red-green confusion (participants not recognizing
any difference between the two images) is unusually
high. Totally 22% of the surveyed men and 6% of
female respondents might be affected. Regarding the
gender distribution, results from other studies could
be approximately confirmed.
The use of colour is adopted by panorama artists in
order to strengthen the spatial perception. Panoramic
maps are therefore usually created in three parts: The

Due to this importance of the colour, the use of a grayscale image is expected to lead to a reduction of the
spatial perception. In order to assess this assumption,
a comparison between a poly- and monochrome panoramic map was included in the survey (Figure 5). The
participants were asked: “Does the missing colour have
any influence on your spatial perception?”
49 % of all participants felt impaired in their spatial
perception when seeing the monochrome panoramic
map. Only 37% of the experts felt irritated by the
monochrome representation (Table 2).

Figure 3. Normal vision (left) and red-green confusion (right): Panoramic maps of the winter sport area Obersaxen
(Winfried Kettler). The figure on the right has been manipulated by the software ColorOracle.
foreground is observed from an elevated level towards
the ground. The middle part of the panoramic map is
seen from a relatively flat angle and includes all main
(tourist) attractions and mountain scenery. The third
section represents the horizon and the sky. Depending on the detail, a bigger or smaller section of the sky
is represented (Jenny et al., 2010). Colour intensity
of both the depicted landscape and the sky is reduced
towards the horizon. This results in the so-called atmospheric perspective (Figure 4).

This result may give new insights. The influence of
colour (compared to grayscale) pertaining spatial perception in panoramic maps is lower than assumed.
In the authors’ opinion however, colours still act as
an important information and orientation carrier. In
polychrome illustrations it is easier to distinguish villages from vegetation cover and marked hiking trails
and ski slopes can easier be differentiated. For instance,
the degree of difficulty of the ski slopes can be visualized with colours. The use of colour helps the human
eye focusing on the main content. For these reasons
it is recommended to use colour in this kinds of panoramic maps.

Map Reading
This part of the survey investigates users map reading
skills. The findings may lead to some conclusions about
the usability and effectiveness of panoramic maps.

Fiure 4. Schematic representation of the atmospheric
perspective.
52 | Mountain Cartography Workshop in Taurewa

The first two questions were based on a comparison of a
winter panoramic map of the alpine region Obersaxen
made by Winfried Kettler with the corresponding section of a topographic map made by swisstopo. According to the initial questions for the user profile, 50% of
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Table 2: Summarized results, divided into experts and non-experts.
Experts (38)

Non-experts (62)

Total

Perception
Normal vision
Red-green confusion

32
6

84%
16%

54
8

87%
13%

86%
14%

Influenced by Monochrome

14

37%

35

56%

49%

Not influenced

24

63%

27

44%

51%

Map Reading
Piz Mundaun as higher

4

11%

17

27%

21%

Piz Sezner as higher (correct)

34

89%

45

73%

79%

Railway found in 3D
Railway found in 2D

3
6

8%
16%

11
32

18%
52%

14%
38%

R. found both in 3D and 2D (correct)
Railway not found in any map

28
1

74%
2%

12
7

19%
11%

40%
8%

Table 2. Summarized results, divided into experts and non-experts.
the survey participants practice a form of winter sport
and are familiar with panoramic maps illustrated with
snow-covered landscapes like the one showed in the
questioning.
Firstly, the survey participant was asked to decide,
which mountain (either Piz Mundaun or Piz Sezner)
is situated higher than a predetermined and indicated
reference point (Figure 6). In the second question the
users had to identify on which of the two maps a railway is shown.

non-experts detected only the railway located in the
North of the topographic map (Table 2). An important aspect for the assessment of these two questions
is the variation of the direction of view. Conventional
topographic maps are mostly oriented to the North as
the one pictured in Figure 6 on the right. In contrast,
panoramic maps are usually oriented according to the
objects planned to be at the center and to the tourist
highlights. In Figure 6 on the left, Winfried Kettler
displays the region Obersaxen with a direction of view

Figure 5. Polychrome panoramic map (left) and monochrome panoramic map (right): Obersaxen, Winfried Kettler.
Overall, 79% could correctly identify Piz Sezner as
the higher mountain compared to the predetermined
reference point on the panoramic map. 89% of the
experts correctly identified Piz Sezner as the higher
peak while 74% of them correctly identified the railway in both maps. 72% of the non-experts were able
to detect Piz Sezner as higher, but only 19% of them
could detect the railway in both figures. 52% of the
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roughly from North to South. Probably, non-experts
did not look for the railway line in the foreground of
the panoramic map expecting the railway to be in the
valley facing away from the user. This misinterpretation might be caused by the North to South orientation of the panoramic map, which is contrary to
common 2D maps.
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Figure 6. Panoramic map (left): Obersaxen, Winfried Kettler; Topographic map (right): map.geo.admin.ch, Obersaxen (accessed May 9, 2012)
When asked about the preference between the panoramic or the topographic map, 82% of the left-handed
participants choose the panoramic map while only
67% of the right-handed people prefer the panoramic
map. In the authors’ view this result may confirm the
alleged higher creativity of left-handed people, but this
thesis has been discussed in the world of science controversially.

Computer-Generated Panoramic Maps
Another focus of this survey is represented by the present and future technical possibilities for the production
of panoramic maps. In a first question the participants
were asked if they judge the replacement of traditional
handmade panoramas by computer rendering methods as being possible in the near future. In a second
question the user were asked to list known software
products and/or web applications for the production
of panoramas.
Nowadays, different technical instruments for producing panoramic maps are available (e.g. tablet and
the Photoshop airbrush tool, digital elevation models
(DEMs), software programs) and a variety of software
for creating panoramic maps exists. Digital products
can be divided into two main groups. On the one side,
the group of programs allowing the representation of
panoramic maps from different perspectives, viewing
directions and with different enhancements. On the
other side, software for the production of 3D cartography and panoramic maps, applying bending to DEM
(Table 3).
The question concerning the future replacement of
traditional handmade panoramas by computer-generated panoramas presents following results: 47% of
the expert survey participants believe that software
generated panoramic maps will be predominant in the
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near future. Among the non-experts, 63% share this
opinion. Experts may be more aware of the difficulties
related with a purely computer-based generated process.
In the answers to the second question about known
software products only 17% know Google Earth. A
possible interpretation of this result is the non-straightforward association of this software with panoramic
maps. Experts also mentioned programs for generating panoramic maps such as Bryce, Terrain Bender and
Terragen (Table 3).

Remarks of the Participants
Few participants, primarily non-experts, complain
about the effects of occlusion and the missing accuracy
of panoramic maps. However, these effects are difficult to avoid on panoramic maps. A scale cannot be
determined for a panoramic map, as every part of the
representation has its own scale depending on global
and local distortions and due to central perspective.
Furthermore, a small number of survey participants
criticize the low resolution of the provided images.
However, several factors support the authors’ choice
of the relatively low resolution. On the one hand
information boards in the winter sports areas are
mainly observed from larger distance and users generally spend only a small time looking at those boards
(Schobesberger et al., 2007). On the other hand especially people practicing winter sports are affected by
equipment such as helmets or ski goggles that restrict
the field of view.

© New Zealand Cartographic Society

Experts (38)
Future
Computer-generated
Traditional handmade
Program
Knows some software
Doesn't know any software

Non-Experts (62)

Total

18
20

47%
53%

39
23

63%
37%

57%
43%

19
19

50%
50%

13
49

21%
79%

32%
68%

Google Earth
Atlas of Switzerland

10
5

26%
13%

7
3

11%
5%

17%
8%

show
show

Terrain Bender
Bryce
Terragen

7
4
4

18%
11%
11%

0
0
0

0
0
0

7%
4%
4%

generate
generate
generate

Type

Table 3. Summarized results pertaining present and future technical possibilities for the production
of panoramic maps. The last five rows show the top five programs for the representation or generation of panoramic maps.

CONCLUSION
In the authors’ view, the results of the preliminary and
self-administered survey are not very surprisingly and
support former theses and statements about this subject. It is worth mentioning that not all the results are
convincing due to the little number of participants for
some particular users sub-groups.
Nevertheless, some findings may help panorama
artists in the optimization of future work projects.
Some results seem to indicate possible existing issues
related with the orientation of the panoramas – finding the right cardinal direction. The direction of view
is important for understanding panoramic maps, but
variations in the viewing direction are difficult to
avoid. The inclusion of a compass rose could nevertheless be a useful addition to future panoramic maps
for providing a rough orientation. A previous analysis
of Swiss panoramic maps showed that just a few panoramic maps include this kind of information (Spengler, 2012).
Nowadays, graphic software, DEMs, and 3D visualization programs such as Google Earth or the Atlas of Switzerland can be helpful for creating panoramic maps.
Interviews with the very few Swiss panorama painters
confirm this thesis. Just a few years ago the collection
of the necessary data and information about a region
represented a demanding part of the panoramic view’s
generation process. The artists used aerial pictures,
photographs, sketches and other illustrations from the
area of interest. Nowadays this work is facilitated by
the existing software and available information. Currently, modern digital resources are used by panorama
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painters as a support for creating panoramic maps. In
the future however, the use of completely computergenerated panoramic maps will rapidly increase as the
programs are becoming more and more widespread.
In the authors’ view, despite the increasing importance
of photorealistic panoramas generated automatically
from aerial photographs, the artistic style of painted
panoramic maps will not disappear completely.
Beside the above mentioned suggestions for the
improvement of the panoramic maps’ production process, a further option for increasing their commercial,
but not cartographic attractiveness could be the inclusion of digital interaction forms. Modern pattern recognition software, which is for instance implemented
in smartphones, offers new perspectives for map use
(Dickmann et. al, 2012). Panoramic maps are often
presented on large-format information panels usually
placed outside on attractive locations close to tourist
facilities. Frequently, information panels with the size
of several square meters are used. Such dimensions
are perfectly suitable for QR codes (quick response
codes) as additional information carriers. The target
audience is the constantly rising numbers of smartphone holders who have the option to scan such QR
codes to receive quickly and without any typing websites, phone numbers, addresses, vCards, access data
for WLAN or geo-data. Traditional panoramic maps
could be easily enriched by QR codes used for digital
information transfer and therefore promote this form
of visualization as a tourist information carrier.
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ABSTRACT
This paper describes the early design concepts and
development of a mobile smartphone application that
aims to enhance the communication of terrain data
through actively rolling a virtual ball over a 3D digital model of the terrain while providing tactile feedback from the phone to the hand of the user. Existing
visual and haptic/tactile terrain “display” mechanisms
are considered and an attempt is made to investigate
the nature of haptic spatial communication. An outline of specifications, architecture and a schema of the
processing procedure are provided, before detailing the
current status of the prototype Android application
and considering future tasks.
Keywords
mobile / tablet GIS – haptic feedback – virtual ball
rolling
INTRODUCTION
Mobile and tablet devices are becoming increasingly
popular interfaces for the collection and display of
geospatial data (Lemmens, 2011), supported by
widely available and effective technologies (GNSS /
GPS, wireless, web GIS, 3G and 4G telecommunications – Drummond et al, 2008). The 3D content of
digital terrain (elevation) data can be visually emphasised and communicated through hillshade or other
textural rendering in 2D and perspective 2.5D views.
However, the limited display characteristics of mobile
devices in particular leaves a lot of richness of elevation
data uncommunicated to the map user, not to mention storage and processing limitations (Raper et al.,
2007).
This short paper presents a mobile smarthone Androidbased application, called TerrainBall, that rolls a virtual
ball across digital terrain. The ball works in a similar
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way to computer games where tilting or twisting the
device is used as an input to control the movement of
game elements. This in turn has its origins in analogue
games of rolling a metal ball into a hole. In TerrainBall
the user has to tilt the terrain in order to move the ball.

What about terrain? What do they not communicate?
Terrain visualisation where vision is actually used is the
dominant way in which users receive elevation data,
whether a 2D relief shading or a 2.5D / 3D perspective
view of a landscape. It is common to appreciate these
terrain maps wholly with a glance, as well as more
detailed exploration of parts of the terrain. It is the
latter activity that we are concerned with. Considering also tactile 3D physical models of landscape and
modern representatives - output on a 3D printer or
“felt” using a haptic device (e.g. a Phantom), we have a
highly effective set of representations. The experienced
map user is able to interpret easily how difficult it is to
traverse the terrain depicted in these conventional representations, even if these maps are his/her sole source
of spatial knowledge of the region being depicted.
Despite this ability to communicate terrain visually,
there is scope for a more active way of interacting with
terrain data (map reading relying on a largely passive
relationship of map user and map). Tactile (e.g. physically exploring mapped information by feeling a 3D
object) and haptic (e.g. physical use of the Phantom
device) modes already foster active interaction, and the
capabilities of current smartphone and tablet devices
invite more interaction of this sort. The importance of
tangibility with user interfaces in fostering an enhanced
human cognitive impression of the data being communicated is well-recognised (Ratti et al, 2004). It is
argued that more of the information content in terrain data can be effectively communicated if there is
a tangible and active mode of interaction to complement the visual map of terrain. Using the conventional

Mountain Cartography Workshop in Taurewa | 57

tactile channel, the user could feel a slope and how
steep it is, getting insight that way, but do they get
some physical sense of how difficult it is to travel up
the slope or how going downhill is enabled by gravity?
If this tactile user (and the experienced map user in the
previous paragraph) had to physically “work” at traversing a terrain representation, then the insight on the
slope gained should be received at a deeper cognitive
level, enriching the spatial communication process.
This is the aim of TerrainBall.

What about rolling balls?
The plan with TerrainBall is that the app user sees the
2D map or orthophoto beneath the ball, but is able
to tilt the smartphone (representing the 2D plane) to
move the ball. Upon tilting, inbuilt accelerometer and
gyroscope readings are fed into calculations on geolocated but unseen terrain data (and associated slope and
aspect products) to ensure the ball moves realistically
relative to the underlying topography. In other words,
more tilting in a certain direction is needed to roll a ball
upslope than to roll a ball across relatively flat terrain.
To keep a ball stable you would have to tilt the device
so that the slope is effectively flat. This has the advantage of keeping the map user actively engaged with the
terrain data, more than they would be if represented as
a 2D / 3D map to be viewed or felt. There is a deeper
understanding of the data engendered from this and
by expecting the user to expend “energy” to move the
ball, as dictated by gravity, momentum and force.
It is argued that this feedback would give the app user
valuable haptic information, communicating terrain
variation to complement the visual 2D map experience. Looking at Griffin’s (2002) haptic variables, to
communicate spatial data using haptics, vibration figures highly in the TerrainBall smartphone development.
Finally, there is an enhanced sense of presence “in” the
terrain map – in a way the ball is a spherical avatar
(hence this could be seen as a form of virtual reality).

SPECIFICATIONS AND ARCHITECTURE
Specifications
The implementation of our system enforces certain
minimal hardware and software requirements on the
mobile platform. These include the operating system,
system libraries, graphics support, hardware sensors
and Graphical Processing Unit (GPU) elements. The
current prototype has been implemented on the Android platform version 2.3 or higher. The hardware
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needs to contain a modern GPU capable of direct
manipulation of vertex and fragment shaders through
OpenGL 2.0 (a graphical language). The phone also
needs to be equipped with a trial-axis accelerometer
and gyroscope, together with a magnetic sensor for
phone orientation callibration.
We have used Eclipse together with Android SDK and
NDK as the development platform. The tests have
been conducted on Galaxy Nexus (Android 4.1.1),
HTC Desire (2.3.7) and Nexus One. The two latter
handsets (HTC Desire and Nexus One) turned out to
be incapable of properly rendering the movement of
the ball through OpenGL shaders.

Architecture
The architecture of our system consists of four main
componen ts: the Application component, Sensor
Monitor, Scene Manager and the Renderer, as depicted in Figure 1. The Application component, written
in Java as an Android Activity, is responsible for setting up all the other components and provide interactivity with the user and underlying operating system.
The Sensor Monitor, implemented in C++, provides
all necessary information related to sensory data. The
Scene Manager (also implemented in C++) is responsible for the 3D scene management, pre-calculating
perspective and rotation data and preparing all graphical elements for rendering. The actual engine responsible for drawing all the triangles on the screen, the
Renderer, is used by the Scene Manager to complete
the frame drawing cycle. The renderer uses shaders
implemented in the shader language GLSL. We used
the modern OpenGL 2.0 implementation to achieve
the necessary shading and lighting effects. See Lluch et
al. (2005) for another example of 3D scene creation on
mobile devices using OpenGL.

Procedure
Firstly, the primitive set of 3D and texture objects
is prepared. This includes the actual ball, the terrain
data, and the appropriate textures. Then, the data
obtained from the sensors is fed directly to the Scene
Manager (implemented in C++). The Scene Manager
is responsible for preparing the scene and the appropriate shaders of all the primitive graphical elements
for the Renderer. The Renderer consists of a mix of C
code and Graphical Library Shader Language (GLSL)
that dynamically binds vertex and fragment shaders
to the system resources. Then it triggers rendering
of the scene given a specific perspective and lighting
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arrangements, calculated dynamically with the current
orientation of the phone. The rendering processors
internally perform a number of matrix manipulations
and matrix algebra and geometry manipulation to create the scene out of triangles. Then the textures and the
lighting calculations are provided.
The entire application is managed from Java through
Android Activity, which sets the initial graphical context for all the graphical processing. We are currently
enhancing the prototype with better texturing and
more customizable lighting configurations.

CURRENT STATUS
Figure 2 contains a couple of screenshots from the current version of TerrainBall. These feature the ball in the
context of 3D axes, and, initially, a perspective view of
simulated terrain data. The immediate future intent is
to bring these two elements together, testing the app
with simple geometric terrains (plane, inclined plane,
bowl, corrugated surface) before applying New Zealand terrains selected for the challenge they would pose
the TerrainBall application.
Figure 1. TerrainBall Software Architecture.

Figure 2. Some screenshots from the current stage of development of TerrainBall.
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CONCLUSIONS
This paper is a report on initial progress with the development of TerrainBall, an Android app that aims to
explore digital terrain data by tilting a mobile smartphone to control a virtual ball rolling over it. It has
been proposed that the provision of an additional
haptic channel to complement the visual would be an
intuitive and valuable addition.
However, future user testing on the usability (efficiency, effectiveness, satisfaction) of the app would
establish firmly whether this is the case (see Burigat
and Chittaro, 2007, as an example of usability testing in 3D virtual environments). In particular, comparative testing on the learning of terrain data through
TerrainBall vs. a standard digital map is of interest. If
the ball-instigated active engagement with the map
fosters enhanced retention of terrain characteristics
then the knowledge gained would benefit anyone who
regularly has to navigate through the natural environment (search and rescue, trampers) or children in their
formative learning years. Linked to this and perhaps
gleaned through the usability testing are insights into
where people would use the app – it is hypothesised
that it would not often be used in situ, but at a planning stage, due to attention demands while engaging
with the app actively.
We can look beyond terrain data to convey more layers of spatial information. If tilting of the smartphone
is linked to terrain communication, then the texture
of the traversed surface, received through distinct patterns of phone vibrations, could be linked to, say land
use or land cover (e.g. frequent regular vibration =
urban land use; less frequent regular vibration = agricultural land use; irregular vibration = wilderness; no
vibration = water bodies). Alternatively, linear features
such as roads and tracks can be used to constrain the
ball rolling so that the user can explore a specific realworld feature instead of unconstrained movement.
Finally, the potential to turn this added spatial data
into game-like elements to aid or abet the rolling of a
ball on a map is considerable, turning the map reading
experience into an entertainment experience, enlarging the potential audience for spatial data exploration.
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ABSTRACT
In this submission the concept is analysed, that
the emotional relation and the degree of emotional
response is structuring space and can therefore be relevant for human wayfinding. Possible measures for
linking explicit links between person’s memory/ experience/ emotional response with the physical environment are investigated and possible applications for
navigation systems are discussed.
Keywords
cartography – Location-based Services – sensing emotions
INTRODUCTION
The rapid development of the mobile internet enforces
the emergence of location based services. In addition to
the more familiar car navigation systems, guiding systems for pedestrians are gaining in importance. In this
context, the integration of attributes of spatial objects,
such as landmarks, are widely accepted as being a necessary component of guiding systems; however, it is
not entirely clear how the main aspects of space should
be modeled. This paper provides a new approach based
on psychological and geographic literature to further
our understanding of navigation and way finding in
ubiquitous environments, and introduces the concept
of the subjective or emotional element of space.
Imparting spatial information usually involves cartographic presentation forms. Ubiquitous cartography
methods including Location Based Services (LBS) can
be seen as enabling new forms of cartographic communication processes. Navigation of our macro environment is a human ability that we tend to take for
granted unless it fails. For example, we may get lost
when visiting a new city. To find our way, we utilize
various strategies such as relying on maps/technology
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created by others or by asking directions (other referent), or by searching using a specific landmark as a referent point (self-referent). As we become more familiar
with the landscape, we build our own cognitive map
of the area and subsequently rely on and use it to find
our way. Once mentally constructed, we may add to
or update our cognitive map, but generally the initial
map appears to be relatively permanent and can serve
as an important wayfinding reference.
Lack of conscious awareness of the processes involved
when performing tasks that activate and/or execute
automated navigation and way finding processes, raises
questions about the role that subjective evaluations
and emotions play in the development, retention, and
use of navigation/wayfinding maps. That is, immediate subjective feelings about - and therefore emotional
associations with - space and especially landmarks,
hence emotional landmarks, may be tied automatically
to the cognitive processes associated with navigation
and way finding. Consequently, an emotional representation may enhance or facilitate cognitive mapping.
In order to explore this concept, in this paper a first
review on existing approaches on conceptualizing
emotional geographies and methods of sensing emotions is reviewed. This provides the basis for the argument that emotional responses to space are highly
relevant as an aid in navigating our environment. The
article concludes with an evaluation of the relevance
for investigating the role of emotional response to
space in navigation and way finding.

SENSING EMOTIONS
Various methodologies have been tested and developed for sensing emotions, which is understood in this
context as one of the psychological processes (perception, cognition, memory, emotion, behaviour, physiology) that devices and sensors can 'experience' from
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(Westerink 2008). Different emotional expressions (or
states of emotions) have been identified in the context
of sensoring, among them are anger, sadness, happiness, cheerfulness (Tosa et al 1994); neutral, joy, boredom, sadness, anger, fear, indignation (Mozziconacci
1995); anger, fear, sadness, joy, disgust (Scherer 1995);
neutral, happiness, sadness, anger, fear, boredom, disgust (Scherer 1995) and fear, anger, sadness, happiness
(McGilloway et al 1995).
Several standard procedures exist for measuring the
experience-related processes (Westerink et al 2008):
• judgements and questionnaires (often elicited from
the user, e.g., self-reports in the form of interviews
or questionnaires)
• behavioural observations
• physiology recordings: e.g., ECG (electrocardiogram), EMG (electromyogram), GSR (gal-vanic
skin response), BVP (photoplethysmograph)
The above measurements can also be automated to a
certain extent, each type requiring a certain time period
to come to relevant interpretation: For judgements &
questionnaires this period is estimated to be several
minutes, while for behaviour observations, it is more
likely to be in the order of seconds and for physiology
recordings events might already get noticed over the
time course of several milliseconds. Jennifer A. Healey
made a comparison on different physiology recordings
(ECG, EMG, GSR, BVR) in (Healey 2008). Martin
Ouwerkerk suggested using unobtrusive/unnoticeable
sensing for physiology recordings. The key technology
of this is “miniature wireless sensors” (Ouwekerk et al
2008).
For products and services, the emotional qualities of
experiences are very important. For services as tools
(which are meant to save time) positive experiences are
seen as an asset, whereas negative experience should
be avoided. Typical leisure time services (which are
meant to spend time on), on the other hand, are often
intended to deliver emotions, positive and negative
alike. A wayfinding service can be seen as somehow in
between the function of leisure time services and tool
services.
Three types of measurement environments have been
used and tested (Healey 2008) so far for sensing emotions, including a laboratory setting, an ambulatory
setting and an automobile scenario. The challenges for
eliciting affective responses include:
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• The main challenge with measuring affective
response in the laboratory is generating authentic
affective responses within the short time the subjects participate and within the ethical guidelines
of most oversight committees on the use of human
subjects
• The two greatest challenges in the ambulatory environment are differentiating affective physiological
responses from other physiological responses and
accurately capturing affective ground truth
• The automobile provides a compromise situation
where the subject has restrained movement and
where the situational ground truth can be recorded
but where the subject can also face genuinely dangerous and unexpected situations. Although the
range of emotions experienced while driving can be
limited, the strength of feeling is often genuine and
strong
There are not many reported applications about making use of sensored emotions available. Mincheol
Whang gave an example of “emotional computer”
(2008), and Ben Mulder et al. used “Physiological
Measures” for task adaptation (2008).

EMOTIONAL WAYFINDING
The emotional significance of a particular space may
enhance its remembrance and increase the accuracy
of direction decisions. Despite the strong component
of internal decision making and memory in wayfinding, however, no psychological literature was found
that specifically addressed the facilitative significance
of emotional landmarks in the context of every day
wayfinding and navigation. Instead, references in the
psychological literature pertaining to emotional landmarks are often vague, ill defined, or applied in a different context. Articles reviewed were generally centered
on early childhood emotional development/ developmental delay, emotional trauma, end-of-life developmental landmarks. Thus, any reference to emotional
geographies is usually discussed within the context of
inner personal growth arising from a traumatic event.
Other researchers have focused on understanding the
cognitive representations of a person’s perception of a
spatial environment through cognitive maps. Cognitive mapping deals with the underlying psychological
structure of the environment as well as the distance
between places. Thus, the psychological literature has
drawn freely from geographic terminology as a way of
articulating the internal navigational process(es) asso-
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ciated with emotional growth or cognitive representations, whereas the geographical literature has focused
predominantly on navigating and wayfinding in the
external, physical environment. Although neither of
these literature areas investigated the role of emotional
landmarks as an aid to navigating the external physical
(or virtual) environment directly, much can be learned
from a brief review as research in both areas attempt to
understand the inner navigation process and/or inner
spatial representation of the individual. Currently,
the role that emotion plays in facilitating way finding
and navigation has been difficult to examine. Lack of
research geared toward the development of appropriate methodologies may stem partially from cultural
biases toward favouring logic or cognitive strategies
and denying or devaluing the role(s) of emotion.
The measurement of unconscious awareness has had
limited success to date, perhaps because the study of
consciousness was until recently viewed as “unsuitable
for scientific research” (Zahavi, 2004) and regarded
with suspicion (Damasio, 1999). A recent increase in
the literature suggests there is a resurgence of interest in this topic likely due to changes in technological
development and conceptual changes (Zahavi, 2004).
Instead, an interesting paper by Merskey (1997) – in
which he struggled to define consciousness in the context of pain and behavior – appears to be quite relevant
to the current topic. He identified three elements of
consciousness: (1) the occurrence of an observable
external event accompanied by an experience (i.e., sensation or emotion, with or without an external reference point); (2) an internal emotional state, and (3)
an awareness of knowing something. Merskey further
stated that, in the first element, there may or may not
be some sort of external reference point. This particular definition of consciousness may provide an important starting point for research investigating emotional
landmarks in the real or virtual world. For example, it
is proposed here, that a landmark may include both
an internal and an external reference point, connected
via both an individual’s emotional state as well as his
or her cognitions. This idea is consistent with Goldie’s
(2000) classification of feelings as internally focused
(i.e., feelings related to one’s own bodily sensations)
versus externally focused (i.e., feelings related to an
object). It is also proposed here that the third element
identified by Merskey—awareness of knowing something—may serve as the mechanism for obtaining
information about emotional landmarks.
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The utility of an emotional response to space does
not minimize or eliminate the relevance of building
a cognitive map of an environment. Rather, an emotional landmark is thought to enhance (positively
or negatively) the ability to develop a cognitive map;
emotional processing is presumed to be automatic and
without conscious choice. The ability to link the emotion to a specific event at a specific landmark may
facilitate not only way finding and navigation during
times when one’s cognitive state is overloaded, but it
may actually speed up the every day process of cognitive mapping. Such an exploration may also help elucidate individual differences in the self-estimation of
spatial anxiety and environmental competencies that
were discussed by Schmitz (1999), as well as reveal
how emotional landmarks relate to landmark and/or
route finding preferences. Although not stated, the
primary and secondary types of survey knowledge
reported by Thorndyke and Hayes-Roth (1982) which
are acquired through immediate interaction with the
environment would, presumably, be linked with the
emotional and sensory state of the explorer. An examination of the role of emotional landmarks, therefore,
may contribute to our knowledge of navigation and
way finding in the physical world, in cyberspace in
general, and cybercartography in particular. Although
not specifically referred to as emotional landmarks,
the ideas discussed above are consistent with the conceptual model of the environment-behaviour interaction developed by Kitchin (1996) which suggests that
knowledge acquisition of the environment is derived
through emotionally biased memory-processing systems.

CONCEPTUAL STRUCTURE
Emotional response to space can be characterized by
its emotional significance for an individual, wheras a
physical connection to the environment does not exist.
The individual moulding of an objects´ emotional significance can be further classified to direct, indirect
and collaborative response according to the form and
status of physiological development (Davidson et al
2006).
Direct responses to space or spatial objects are created by direct episodic experiences, thus form direct
episodic memories. The dependency on time is source
for further determination to “history based episodes”,
which bases on individual experiences in the past, and
“current episodes”, where current emotions and expe-
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riences build up new landmarks within the personal
knowledge base.
Indirect landmarks are built up by “third party events”,
which form some kind of semantic memory based on
third party narrations. The creation of indirect semantic landmarks may be achieved by personal narrations
of others, where variations of emotional response
depending on the basis of relation confidence are
expectable, or factual knowledge extracted from different kind of media, like books, data, news, etc.
Collaborative responses to space are the result of demographic reasoning. Although this class seems to consist
of an external, thus non individual, component, this is
the result of stochastic evaluation. Actually no physical obvious relations, but physiological accordances
among the user-group to specific objects or behaviors may be observable. The result of these observations describes social landmarks, which should have
strong relations to individual episodes and the internal
knowledge of the individual.
In order to serve as additional “layer” or landmark for
navigation tasks each of these classes need to have a link
to space. This reference to the external, real environment may be in form of a direct or indirect connection
to or description of space with various granularities
and degree of emotional response. As next step an
empirical verification of the concept with various user
groups and different scenarios is aimed at.

openemotionalmap.org
Environmental factors, such as safety, convenience,
and attractiveness, are relevant for the perceived route
quality in pedestrian navigation (Schmidt et al., 2011).
Although these factors are not emotions itself, they are
affective evaluations caused by the environment. In
a current project at Vienna University of Technology
(“EmoMap-Project”), the aim is to gather emotional
responses evoked by the environment. These emotional responses to space will be therefore modelled as
a person’s evaluation of affective qualities. The methodology consists of user-centered approaches including user evaluations of the environment by ratings.
We expect the collected data to be – at least to some
extent - “cleaned” from non-spatial feelings of the person. According to Russell (2003) affective qualities are
routinely evaluated anytime. We therefore expect to
collect data, which is easily reportable by anyone, and
present at any time. For gathering this affective information, we will use a crowd sourcing approach to get a
high volume of data.
Self-reports are the most promising method, since
people can simply and freely contribute via their own
mobile application anytime and anywhere. People's
perception of affective quality will be measured by
implementing a Semantic Differential (SD), invented
by Osgood et al. (1957), into a mobile application.
After implementing the preliminary emotion model
into a prototypical mobile application (Figure 1), the

Figure 1. Screenshots of the EmoMap – App: (a) allowing users to express their subjective relations to particular
places; (b) allowing users to share their expressions of places and visit other user's ex-pressions.
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usability, as well as the emotion and location model
is currently examined by using the application in the
study area of Vienna. First results from people’s affective responses to space are analysed currently. Preliminary results from user’s responses and correlations
between the parameters suggest to aggregate, and further reduce the number of parameters.

CONCLUSIONS
The inclusion of emotional layers and landmarks in
multi-media, multi-sensory ubiquitous cartographic
technologies, such as LBS, is expected to provide a
deeper understanding of navigation, way finding and
conceptualizing of space. This knowledge will provide
direction for the selection of content use in development of ubiquitous cartographic supports for both the
real and virtual worlds. That is, this knowledge may
lead to both the development of augmentation devices
for those who have difficulty in way finding, as well as
a means of enhancing the experience for the user.
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ABSTRACT
From November 2012 till September 2013, the Kunsthistorisches Museum (Art History Museum) in
Vienna, Austria together with the University of Vienna,
Department of Geography and Regional Research is
hosting within the framework of the Austrian National
Research Network (NFN S98), a numismatic exhibition entitled "The Empire of the Huns in Central Asia
and India". This exhibition focuses on the history of
coins and covers the area of what was once known as
Byzantium (Mediterranean area) across to the Empires
of Central Asia and India. The focus of the exhibition
is threefold and comprises the following aspects:
• the function of the exhibition as a show for the
public
• the expectations of the visitor to navigate in exhibition space
• the task of maps and spatial representations as geocommunicators
High quality maps and cartographic representations in
digital as well as printed form have been produced for
the exhibition and act as visual base information with
multiple purposes. The maps are therefore considered
as the spatial backbone of the exhibition.
This contribution discusses the concept and design of
the cartographic artefacts within the exhibition and
broaches the topic on how maps of a mountainous
environment can contribute to knowledge retrieval
in a historical context. These artefacts include a walkon 4 x 3.5 m floor map printed on 50 x 50 cm tiles
that presents the visitor the main geographic overview
of the exhibition area. Furthermore, for each of the
16 exhibition showcases, a regional map is provided
to locate the numismatic and art-historical artefacts.
These uniformly designed maps that are also linked
to a user-orientated information portal serve as spatial connectors within the display. The variety of dis-
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played cartographic artefacts showcases moreover also
the appliance of mountain cartography in humanities.
Keywords
cartography in humanities – cartographic design –
museum mapping – geo-communication
INTRODUCTION
"The Empire of the Huns in Central Asia and India The Countenance of the Other” is an exhibition that
deals with the coins of the Huns and Western Turks
in Central Asia and India and presents a numismatic
exposition that is currently accessible at the Kunsthistorisches Museum in Vienna, Austria. This show has
a strong geographic-cartographic emphasis and is open
to the public from November 2012 till September
2013. The major focus of the display lies in communicating the history of coins in the period from 200 CE
to 900 CE. as well as presenting the civilizations of the
Huns from a new perspective.
In the collective memory of western and eastern civilizations the Huns more than any other people symbolize the menace of migrating nomadic peoples from
the steppes of Asia in late Antiquity. This exhibition
looks closely at the Huns who are often misleadingly
referred to as a number of different peoples referred
to as savage “two-legged beasts”. According to latest
historical evidence this assumption is incorrect; on
the contrary the civilizations of the Huns profoundly
influenced the region’s culture and history. This exhibition brings together a comprehensive survey of coins,
offering a geographic-historical perspective and thus a
new look at this little-known civilization, and presents
the results of a six-year research project that was supported by the Austrian Science Fund (FWF); National
Research Network (NFN), The Cultural History of the
Western Himalaya from the 8th Century (S98).
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The geographic extent of the exhibition covers the historical empires in Central Asia and India, the Empire
of the Sassanids concentrated in Central Persia as well
as areas including the influence of the Byzantine and
later Islamic Empires. As shown in Figure 1 the total
geographic extent of the exhibition includes a vast
section between the Mediterranean Sea all the way to
central Asia extending for nearly 10,000 km. It was
therefore necessary to subdivide the areas of representation in order to assure the consistency of thematic
content for geo-communicational purposes.

of cartographic expression within museums. These
maps are used inside locations, however outside of the
exhibition space, thus not including the contextual
spatial-temporal component of the displayed exhibits.
Plans are provided for orientation within the museum
in order for the user to locate and navigate in real space.
The second type can be summarized as maps that are
used as supporting information within exhibitions.
Written descriptions give spatial information in textual form and possess no graphic depiction to pinpoint
a location. In this case the “written map” can be seen

Figure 1. Geographic extent of the exhibition.
GEOGRAPHIC SPACE IN EXHIBITIONS
Cartography has numerous techniques and display
methods to promote visual spatial representations
within museums and exhibitions. Keeping a close
focus on the visual cognitive approach, various sets of
cartographic depiction methods related to museum
and exhibition space can be deduced (Kinberger,
Pucher 2012).
These expressions can be differentiated according to
their relationship to spatial location. Apart from cases
where no spatial-temporal context at all is given, three
major areas of focus can be identified. The first type,
representations that are used in museums but outside
of the thematic scope of exhibitions, such as venue
maps and orientation plans, are a very common form
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as a narrative. Traditional visual maps resemble the
most common type and display a specific issue of an
object or event. The map offers different possible purposes, object of interest or narrator of a spatial story.
The overview map is a map of global, continental or
national scale, used to give a rough orientation. These
maps use the fact that most people are familiar with the
shapes of continents or countries rather than those of
smaller areas. Sometimes overview maps are also part
of detailed maps for the reasons mentioned above. So
called map-related expressions are very common and
enhance the potential of traditional planimetric maps
through the use of 2D or 3D depictions, such as aerial
pictures, panoramas, reliefs, globes, etc. Multimedia as
well as virtual and augmented reality are further digital
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graphic facets exploiting interactive cartographic representations using multimedia sources, such as virtual
space, sound, videos etc.
Thirdly and finally, maps can act as thematic content
in exhibitions by representing artifacts of historical or
contemporary context. Maps and other cartographic
representations thereby become pieces of art themselves.

GEO-COMMUNICATION IN MUSEUMS
Communicating space and time in combination with
displayed exhibits is an important issue for museums,
however, is unfortunately not always implemented
appropriately from a geographic perspective. In this
context, various aspects must be consequently considered in order to fulfill the goals, such as the service
component of a museum, the educational purpose
and the communication process of both virtual and
real artifacts. According to Alexander (2008) the following tasks can be seen as being indispensable within
a museum environment: collection; conservation;
research; and communication. The question from a
geographical viewpoint therefore arises: how can these
assignments be effectively linked to artifacts utilizing
geo-communication? The implementation of all these
tasks depends therefore primarily on the precise spatial, temporal and thematic characteristics of the entity.
Looking more closely at numismatic objects the major
query that stands up from a geographical perspective is very composite and is linked to the so-called
“Numismatic Where’s and When’s”. In comparison to
normal art-historical items they are highly elaborate
and manifold due to the fact that they include various
facets of space and time that play an important role
for information transfer and retrieval. Hence the following interrogations in combination with the artefact
must be answered or at least marked out in such a way
that location and time can be delineated:
• Where and when was the numismatic artefact
struck?
• Where and when was the numismatic artefact distributed?

depicted. Therefore in many cases approximation and
interpolation is required.
Generally speaking the spatial-temporal object foundations are very often unsatisfactory from a cartographic
perspective because exact coordinates or timestamps
are not available. Uncertainty is therefore in this context an omnipresent issue that has to be addressed.
Keeping this in mind, mapping ambiguity becomes a
delicate issue that influences the process of communicating historical artefacts. In order to map insecure
information effectively, spatial location and distribution as well as temporal description and clarification
must be outlined in such a way that the cognitive process of perceiving, interpreting, evaluating und understanding is guaranteed.
Possible ways of doing so, besides obtaining reliable coordinative data, is the use of graphic design
to emphasize potential areas of certainty opposed to
uncertainty. In many cases these areas are allocated to
regions of so-called hotspots on the map. There are
many methods to depict uncertainty in maps, however
the majority of cartographic examples use the graphical variable colour in combination with areal features
to demonstrate the deployment, such as area-highlighting with colour excluding exact boundary delineation (compare Figure 2), central-peripheral emphasis
utilizing colour to focus on hot-spots, or the use of
progressive colouring. Within the exhibition some of
these methods were showcased in maps to demonstrate
this approach.
An excerpt of the text of showcase 7 illustrates the
problem of uncertainty and the cartographic implementation (URL-1):
“Showcase 7 ALKHAN: King Khingila and the
consolidation of Hunnic power in Northwest India:
[…] At a certain point in time, which cannot be
exactly pinpointed, the Alkhan took over the ongoing production of a Kidarite mint in Gandhara,
as is shown by the unchanging reverse and uninterrupted style. […] Historical sources and archaeological finds reveal that at this time the Alkhan had
expanded far eastward across the Indus and had
reached at least Taxila.”

• Where and when was the numismatic artefact
found?
The answers, however, to these questions from a geographical point of view can be very diverse and are
often vague, at times even non-existent. Furthermore
scale plays also a decisive role on how location is
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Figure 2. Overview map showcase 7.
FOCUS OF THE EXHIBITION
The integration of new presentation and communication aspects into museums and exhibitions possess
many challenges for curators and exhibition managers,
which leaves room for further research in various scientific areas. Non-profit organizations such as museum3.
org (URL-2) offer an active platform for the exchange
of knowledge on the future of museums. However, no
group is yet devoted to cartography and geographic
information and its context within exhibitions. This
clearly shows the lack of awareness of these fields for
exhibition design.
The focus of the exhibition therefore addresses these
issues and draws attention to a display for the public,
navigation in exhibition space and the utilization of
maps as a powerful tool to communicate space and
time connected to numismatic artefacts.
The display of the exhibition as a show for the public
focuses on the goals of geo-communication in museums utilizing cartographic methods. The service component of a museum as well as the educational purpose
within the communication process of numismatic artifacts is supported by maps and map-related representations that stimulate the user to submerge into the
individual topics of the exhibition through a spatial
component.
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The expectations of the visitor to navigate in exhibition space are assisted through various maps and
cartographic artefacts in order to direct knowledge
transfer. Every showcase has an overview map that is
linked on the one side to the exhibits and on the other
side to the large walk-on topographic overview map
that interconnects the exhibition space. Furthermore,
direct links via QR-Codes that are present at all showcase access points navigate the user to further in-depth
information that is hosted on the exhibition portal.
Several showcases also possess maps as hubs for information retrieval and thus encourage the user to interact
with the spatial component of the exhibition. Links
to neighbouring showcases stimulate this way awareness and interconnectivity. The task of maps and spatial representations as geo-communicators is further
underpinned through detailed cartographic enlargements that can be accessed via QR-Codes that link to
the exhibition portal.

EXHIBITION SPACE
Exhibition space is defined as a location in a museum
where coherent exhibits connected through a topic as
well as space and/or time are displayed and offers the
visitor the opportunity to retrieve information in manifold ways. The currently described numismatic exhibition at the Art History Museum in Vienna unveils a
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very traditional venue in a rectangular setting with a
number of units, both to inform the visitor as well as
to attract attention and to stimulate interaction with
the exhibits. As shown in Figure 3, it consists of an
eye-catcher (The Hun Skull at the entrance), showcases, a walk-on floor map and an animated visual
(screen) unit.

the region. Important historical places as well as major
areas of that time are depicted and show how these
regions and vicinities were once linked with each other.
Additionally a selection of recorded historical trade
routes are displayed that document the crossroads and
passages pe ople had to overcome of altitudes above
3,000 m on their travels through the area.

The eye-catcher that is situated at the entrance of the
exhibition forces the visitor to interact visually with
this unique exhibit. It is a replica of a Hun skull that
draws attention to the custom of artificial cranial
deformation which spread into Central Europe during
the Great Migration, especially with the Huns in the
5th century CE.

The animated visual unit consists of a large format
video screen where seven movies dealing with various
numismatic as well as geographic topics are presented.
These short movies also known as ‘filmlets’ display narratives in the sense of geographic storytelling (Cartwright, 2004) by making extensive use of cartographic
visualizations along with thematic content.

A series of 16 wooden, glass-covered showcases are
positioned chronologically alongside the interior wall
and each is dedicated to a certain period in history
affected by a special event, an ethnic group or a kingship in a certain geographic area. Furthermore every
showcase is installed with a spatial and temporal entity.
The main artifacts consist of important examples of
coins from each area and period, accompanied by

CARTOGRAPHIC LEITMOTIF
In order to transport spatial as well as temporal information effectively in an exhibition, a cartographic leitmotif is essential. Therefore a conceptual framework
was setup consisting of four areas of focus. The first
focal point is the display of high quality maps and car-

Figure 3. Layout of the exhibition.
additional information about archeology, their cultural and social history.
The walk-on floor map is a 4 x 3.5 m topographic
overview map of the regions Bactria, Gandhara and
adjacent areas in the 2nd half of the 1st millennium
CE and represents the cartographic centerpiece of the
exhibition. It shows basic topographic information for
the purpose of orientation accentuating hill shading
techniques and associative natural coloring to emphasize the morphological and climatological features of
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tographic visualizations in digital and printed form.
These maps act as visual connectors utilizing locational features to link thematic information as well
as aesthetical issues to attract attention. The second
area deals with the depiction of geographic space and
dependencies in exhibition space. This is important
due to the fact that mapping the real world into the
exhibition space binds the artifacts with their position
on earth and thereby emphasizes the spatial context.
Thirdly multimedia implementations represent a new
and innovative form of geographic visualization. Such
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installations attract and engage the observer depending on thematic and technical constraints and allow
new ways of information retrieval. Finally the sustainability of exhibition content through online information availability is a necessity to effectively emphasize
content documentation in order to achieve profound
long-term impact.
The display of high quality maps and cartographic
visualizations in digital and printed form is a key issue
within the exhibition. Maps play an important role
and great importance is attached to them. Besides
having a geo-spatial assignment they also act as eyecatchers to stimulate the observer to interact with the
exhibits. In the exhibition two types of map representations are manifested. The first type is a small scaled
overview map that is available in each showcase - as
displayed in Figure 2 - presenting general topographic
features for orientation in a subtle fashion including
hill shading, a slightly under saturated natural earth

of the showcases. The second type of cartographic representation is the so-called “Special Map” that is prominently setup. There are three such maps within the
exhibitions. These maps have a direct thematic linkage
to the overall topic of the showcase and can be seen
as an exhibit on their own. The map is designed in
such a way that the viewer should at first be attracted
and then dwell upon the content in order to extract
insight. The topographic and thematic information is
much denser and visually more intense in comparison to the overview map. It utilizes selective cognition
principles such as focused colouring and de-saturation
methods that guide the observer to the focal points
of the representation and gently conduct the viewer
to concentrate on dedicated issues (compare Figure 4).
The depiction of geographic space and dependencies
in exhibition space is accomplished through an oversized topographic walk-on overview map of the size of
4 x 3.5 m. This huge map is printed on a stain proof,

Figure 4. “Special Map” Sasanian Empire about 270 CE (reduced scale) (URL-3).
colouring, hydrology, current administrative boundaries and labelling as well as major mountain ranges and
points of interest of that time. The thematic content
is depicted in contrast to the topographic information
in a very garish manner. The idea is to focus the user
on spatial and thematic issues that can be identified
within the showcase as well as to connect to the oversized walk-on map that is located on the floor in front
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durable foil that is laminated on interlocking 50 x 50
cm PVC tiles. This fixed, yet removable carpet is situated in the center of the exhibition space and provides
a physical walk-on of the real geographic space. Since
the map is viewed while standing on it, the scale, layout
and design takes this greater visual distance into consideration. This by all means noticeable cartographic
product presents the visitor the main geographic over-
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view of the investigation area. The map shows significant historical settlements and regions that played an
important role at that time. Furthermore a selection
of trade routes illustrates the inter-connectivity and
historical significance of the region. Current as well
as disputed administrative boundaries are displayed
in order for the observer to connect to the presence.
In addition, major cities, hydrological network, graticule, hill shading as well as mountain ranges, peaks
and passes serve as orientation points for the observer.
The challenge lay in the combination of past and present features to achieve a balanced and appealing visual

• The Hun Skull and the story of cranial deformation: This movie examines the background of the
deformed Hun skull including its development and
meaning.
• The Countenance of the Other and the Special
Maps: This movie provides information on the
localization of the special maps shown in the exhibition. Based on a world map with a Natural Earth
overlay, the map section is displayed in two zoom
levels. In addition, there are also short flyovers for
each map.

Figure 5. Portion of the topographic walk-on overview map (reduced scale) (URL-4).
depiction for effective information retrieval (compare
Figure 5).
Multimedia implementations in museums have manifold roles attached to them and can be utilized very
effectively by cartography to transport spatial information in combination with thematic issues. Cartographic artefacts in multimedia implementations are
very powerful tools for information retrieval. On the
one side they attract attention due to the fact that in
most cases their installations are very salient. On the
other side they allow in-depth knowledge acquisition.
Within the exhibition short movies, so-called filmlets
for geographic storytelling were installed to portray
seven topics that are linked directly to the exhibition:
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• Topographic overview of the Empire of the Huns
in Central Asia and India: The goal of this movie
is to explain the composition and structure of the
walk-on topographic overview map displayed in the
exhibition. Building upon a topographic base map,
the essential map components for each defined
layer are presented. The accompanying displayed
photographs support the conception, giving deeper
insight into the character of the landscape.
• Historical regions - a journey through Central Asia
and India: Besides localizing single regions, significant trading routes are highlighted to emphasize the
inter-connectivity of the area. Furthermore, two
images which illustrate distinctive landscapes are
shown for each region.
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• What do we see on coins? The movie highlights the
different elements which constitute a coin design
and explains their meaning.
• How are coins turned into history? The movie
explains how coins reflect the historical processes of
a period, and how political history can be reconstructed with the help of coins in the absence of
other sources.
• The dynamics of Hunnic territories from the 4th
century CE until the arrival of the Western Turks
around 550 CE: By means of an animated map,
the movie demonstrates at an accelerated pace how,
during a period of about 200 years, different spheres
of control arose and how they interacted with each
other.
The sustainability of exhibition content through online
information availability is a key issue for effective and
enduring dissemination. Therefore an online exhibition catalogue portal for PC, tablet and smartphone
access for on- and off-site information retrieval was
designed and realized.
The overall concept of the bilingual (German/English)
online portal is to inform the user about the exhibition as well as to allow the user to navigate through
the online version of the exhibition without causing
any disruptions or ambiguity. The implementation
is achieved through a flexible scalable scheme that is
installed in the application to provide access through
assorted digital media. This structure can be retrieved
likewise through mobile smartphone devices and tab-

lets as well as immobile large screen computers keeping
the look and feel at all times consistent. The top level
entrance to the portal as displayed in Figure 6 hosts a
header and footer area that embrace varying thematic
information. The header holds, besides the exhibition
banner a slim and coherent navigational area consisting of a language switch, search zone as well as a home
icon that is accompanied by the four thematic cornerstones of the exhibition: the showcases, the coins, the
maps and the movies. The footer in contrast accommodates general administrative issues linked to the
exhibition including legal notices, press and exhibition
information, bibliography and copyright matters. This
embracing control area is available on all subsequent
levels of the application. It is supported by its graphical design and is responsible for high recognition and
secure navigation within the application. All following sublevels of the portal are embedded within this
structure to keep recall present. In addition to the
general header structure, so-called bread crumbs are
also installed in all lower levels to assist navigational
awareness.
In between the control area the thematic content is
situated. This is structured in a top-level banner area
and below by the four thematic cornerstones of the
exhibition. The showcase level contains the core topics of the exhibition and allows the user to immerse
directly into specific thematic areas that can be accessed
through this layer. Every showcase has an extensive
textual explanation accompanied by a map, timeline

Figure 6. Exhibition homepage "The Countenance of the Other” (URL-5)
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and one or more object description. The coin level is
the numismatic focal point as well as the turntable of
the exhibition. The thematic approach can be steered
by a detailed selection procedure that allows the user
to extract individual information with regards to specific content requirements to find one or more coins
of the requested choice. Selection criteria are subdivided in three global areas concerning object information: minting authority, region and timespan. Once
the coin is selected, further information as well as an
enlargement of the object is displayed. The map level
can be seen as a container for spatial information of
the exhibition. All displayed maps including the topographic walk-on overview map can be examined in full
detail utilizing panning and enlargement functionalities. The movie level - the last of the four cornerstones
- is structurally similar to the map level and holds the
multimedia implementations of the exhibition. Various short movies can be viewed individually within
this area.

CONCLUSION
Enhancing methods of spatial information by means
of cartographic communication is essential for exhibitions that embrace location. It is therefore important
to foster know-how transfer and collaboration with
neighbouring disciplines that address spatial issues. As
presented and carried out in the described numismatic
exhibition, cartography and geo-communication have
more in common with humanities then normally
assumed. Collaborations in these fields unearth new
perspectives and views that enhance scientific profundity as well as public awareness. It is clearly a fact that
today’s museums and exhibitions are transforming
from static presentation forums to interactive scientific
platforms that are becoming more and more places of
interaction with objects that are linked to time and
space.
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The Holy Mountain, Pilgrims, and a Map
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ABSTRACT
A pilgrimage is a transformational journey; it has a
preparatory and an anticipatory phase, an active (liminal or threshold) phase, and a reflective phase afterwards where benefits are understood. Mount Athos,
in Northern Greece, has been the centre of Orthodox
Christianity, and a destination for pilgrims, for over
one thousand years, and in providing maps for this use
in the remote monastic enclave, the author hopes to
learn
• how to use cartography to add depth and meaning
to the pilgrimage experience, and
• to begin to understand the needs of the many different cultures making the journey.
INTRODUCTION
I am a member of The Friends of Mount Athos
(FoMA), a society established in the 1990s following a
series of letters to the Times newspaper (London, UK).
In the ’90s a group of academics and others immersed
in Byzantine history and Orthodoxy, formed FoMA to
provide help to the Holy Community - the monks of
Mount Athos - the Holy Mountain.
Since before the year 1000, this fifty kilometre long
peninsula has been the centre of Orthodox Christian
Monasticism and spirituality. There are twenty large
monasteries and many smaller establishments there in
a setting of utmost beauty and pristine originality (e.g.
monastery shown in Figure 1). It is remote, and difficult of entry which is only allowed by sea. The land
border is closed, and pilgrims (only males allowed)
have to have a special permit issued by the monks. The
mountain itself, Mount Athos, over 2,000 metres high,
crowns the southern end of the peninsula.
Currently over 2,500 monks call this their home. It
is an extraordinary relic, essentially a self-governing
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republic within Greece, existing on the basis of edicts
and chrysobulls from Byzantine emperors.
At any one time there are probably an equal number
of pilgrims visiting. They are all only males - this has
been the rule since 1024. The only domestic animals
of the female gender permitted are cats. The monks are
not misogynists - they just know that the presence of
the fair sex would interfere with their programmes of
prayer and work.
In 1963 the community held celebrations for the
1,000th anniversary of the first monastery, the Grand
Lavra, and some of the invited guests would have
found it impossible to make the steep 12 kilometer
walk from the port at Dafni to the administrative centre at Karyes.
This necessitated the building of a road, and thus
progress arrived! Subsequently, monasteries, with the
arrival of new recruits, started on restoration projects,
some of them engaged in logging and timber exports,
and larger scale farming. All this has meant the proliferation of roads and vehicles.
Pilgrims stopped walking the historic footpaths, and
used vehicles instead.
A call from the Holy Community via the Prince of
Wales to the Friends of Mount Athos sought help in
clearing and re-establishing these paths; and thus a
team of twenty volunteers has taken slashers, loppers
and saws annually since 2001 for a fortnight of brutal
exertion.
While doing this, teams have carried GPS receivers,
and the tracks recorded have been used in the compilation of an up-to-date map, particularly to highlight the
ancient footpaths (Figure 2).
To help in the compilation of the new map, the existing maps were studied, and I read as much as possible
about the notion of pilgrims and pilgrim maps.

Mountain Cartography Workshop in Taurewa | 77

Figure 1. Simonopetra Monastery.

Figure 2. Paths maintained by FoMA are in red, above.
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Figure 3. Map of 1600, ‘the seven pilgrim churches of Rome’.
I discovered a rich literature, and a need to try and
understand motivation, experiences and outcomes, in
order to try and use cartography in the best way to
inform and enhance the undertaking.

Travelling in an alert state can help us see this, because
the constantly changing outside environment forces us
to look inward for security. How does one engage in
this sort of journey? We need to believe that there is
something waiting for us to discover in each effort.

THE IDEA OF PILGRIMAGE
(or transformational travel)

We are not talking here about the ‘World Traveller’ or
the ‘Frequent Flyer’ - these people are well catered for
by Lonely Planet and other guide books, brochures
and plans. There is even now available a guide showing
the best place to kill oneself in the Grand Canyon. This
is all quite legitimate, but we are now talking about
those who do not seek these kinds of pleasures, but
something more.

All voluntary travel has (or should have!) a transformational aspect; from the mundane - to purchase lawn
fertilizer, to the extraordinary - to climb Mount Everest. The inner person is seeking some form of gratification either during or after the event. The object
of pilgrimage is not rest and recreation (we can sit on
a cruise liner and do that) or to get away from it all.
It is to throw down a challenge to everyday life, to
engage in something requiring taking risk and making
an effort where some form of transformation is anticipated. The term for this, I gather, is liminal, from the
Latin limen or threshold.
This type of travel brings a special kind of wisdom if
one is open to it. At home or abroad, things of the
world pull us towards them in a way that can overwhelm us if we are not alert.
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What I was trying to do in this reading was to grab the
essence of pilgrimage, as an activity, to see how cartography could help the pilgrim attain his goal.
One of the most eloquent descriptions (Figure 3 acts
as a visual context for this): All .. roads to Rome
are legitimate for different travellers, at different
stages of life. But what if we are at the crossroads, as
the blues singers moan, longing for something else,
neither diversion or distraction, escape nor mere
entertainment? What if we have finally wearied
of the paladins of progress who promise worry-free
travel, and long for a form of travel that responds
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to a genuine cry of the heart, a longing for a taste of
mystery, a touch of the sacred? For millenia, this cry
in the heart for embarking on a meaningful journey
has been answered by pilgrimage, a transformative
journey to a sacred centre. It calls for a journey to
a holy site associated with gods, saints or heroes, or
to a natural setting imbued with spiritual power,
or to a revered temple or to seek counsel. To people
the world over, pilgrimage is a spiritual exercise,
an act of devotion to find a source of healing, or
even to perform a penance. Always, it is a journey of
risk and renewal. For a journey without challenge
has no meaning; one without purpose has no soul
(Cousineau, 1998).
The assumption made by the Holy Community (the
administration of Mount Athos) is that all who come
are pilgrims. But within this set are subsets - on a
continuum, however - from what I would dare to call
‘recreational’ pilgrims to those of more serious mein.
(Of course, the classification may change during the
undertaking!) In order to attempt to provide cartographic services to the cohort of visitors to the Holy
Mountain, it is perhaps worthwhile to look at the
motivations and expectations of the visitors.
Sources for these ideas include travel writers:
Here, in lush valleys, teem bees, figs, and olives. The
inmates of the monasteries weave cloth, stitch shoes,
and make nets. One turns the spindle of a handloom through the wool; another twists a basket of
twigs. From time to time, at stated hours, all essay
to praise God. And peace reigns among them, always
and forever (Bondelmonte, 1824).
From Christopher Merrill:
‘Why have you come to Mount Athos?’ was the question repeatedly asked of me. And the answers I gave
- spiritual yearning; despair born of my reporting
on the war in the Balkans; marital difficulties; the
birth of my daughter; interest in Byzantium - took
on new meaning in a land untouched by modernity, where my curiosity about monasticism led me
to re-examine my own faith as a protestant. Here is
an unchanging order against which to measure the
ceaseless changes of modernity, a thousand years of
continuous religious practice to juxtapose with the
ever shifting habits of contemporary belief. The vitality of the spiritual tradition carried on by Athonite
monks is everywhere on display: in the mysterious
beauty of the liturgy sanctified by fifteen centuries of
daily performance; in the rigorous theology inform-
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ing the monks' prayers; in the artistic heritage of
architecture, iconography, statuary, metalwork,
illuminated manuscripts, chanting, vestments and
ceremony. Yet even as I walked along the cliffs and
paths, marvelling at the strangeness of a place which
creates its own time, its own singular history, I carried the burden of my life in the world. My spirits
were low, and I was filled with existential dread: ‘Is
there any meaning in my life that will not be annihilated by the inevitability of death which awaits
me?’ Tolstoy asks a question I could not answer until
I travelled to the Holy Mountain (Merrill, 2004).
From Scott Cairns:
And then I was standing at the edge. It would surprise you how near to home. And the abyss? Every
shade of blue, all of them readily confused, and,
oddly, none of this as terrifying as I had expected,
just endless. What? You find this business easy?
When every breath is thick with heady vapour from
the edge? You might not be so quick to deny what
prefers its more dramatic churning done out of sight.
Enough about you. The enormity spun, and I spun
too, and reached across what must have been its
dome. When I was good and dizzy (since it was so
near), I went home (Cairns, 2007).
The Holy Mountain itself, both as a physical presence,
and in the form of the inhabitants, is a significant part
of this relationship.
In an extraordinary book Imagining Mount Athos
by noted geographer Veronica della Dora, the writer
explores the emotional aura around the Holy Mountain, and helps us gain some insight into the effect that
it has, and perhaps helps us establish the best form of
responding to the needs of pilgrims:
Mount Athos is one of those places of which most
people have heard, but that few have visited. For
monks and visitors it is a physical place imbued with
different meanings and performed through different
practices. For most of those aware of its existence,
however, it remains a landscape. For some, Mount
Athos is a landscape they may have contemplated
from the boat; for many, it is a landscape of myth
they will never get to see, an evocative landmark in
their geographical imagination, but it is also one to
which many feel attached.
How has it become such? Why do places like Mount
Athos - places that few have actually visited, experienced, touched - become more significant than
accessible destinations? Why do these seldom-visited
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places persist while others fade into oblivion? In
other words, how does a place become a “landscape
of myth”? And how does a landscape become a place
beyond physical experience? (della Dora, 2012).
Here she has put cogently the emotional investment
that is part of pilgrimage.
An interesting point is that she is not able, by virtue
of her gender, to visit the Holy Mountain, so we must
consider her a virtual pilgrim.

One of the early pilgrim maps was the map of Matthew Paris (Figure 4). He died in 1259, was a Benedictine monk in England and prepared a map of Palestine.
Most of the information on this map comes from the
accounts that were circulating in the mid-13th century, not from travel directly by the cartographer(s).
It is felt that this map had been prepared more for the
edification of monks that could not make the pilgrimage than for use in the field. We must therefore consider virtual pilgrims in our own efforts.

Figure 4. Matthew Paris’ map (part).
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THE PRESENT
At the 2012 Mountain Cartography Workshop, at
Tauwera in New Zealand, held on the slopes of an
active volcano, we were given a wonderful talk by Dr
Harry Keys, a Department of Conservation analyst,
scientist and volcanologist. Harry talked about his
relationship with the mountain, and the relationship
that the local iwi (tribe) had with the mountain, and
what the differences were between the ‘colonial’ view
and the Maori view of landmarks and landscape. This
fits nicely with one of the tenets of Orthodoxy which
is the importance of the natural environment and its
place in creation. Nowhere is this more evident than
on the Holy Mountain.
When re-examining the idea of the Mountain and the
pilgrimage in the light of Harry’s comments, it became
evident that the cartographer - pilgrim relationship is
potentially one of mutual respect, imbued with all sorts
of rights and responsibilities, and the opportunity for
the cartographer to add value to the pilgrim’s efforts.
Thus it follows, that in our current situation, that we
should honour and respect the pilgrim, and should not
assume anything; and, given Harry Key’s information,
be aware of and celebrate each of the different cultures
involved. All we have to do is ask the participants!

PRACTICAL MATTERS
It is probably sufficient in the initial phase for the
users to realise that they are important to the process
of development of our new map (Figure 5, Figure 6).
What does this mean for the mapmaker? We should
attempt to understand the relationship here between
the provider and the user. The pilgrim needs to trust
the mapmaker. The pilgrim, by using the mapmaker’s
product, is affirming the mapmaker. The mapmaker
may well be the first and most important source of
information for the pilgrim. If we assume that the
pilgrimage has fulfilled its purpose, then there will be
transformation of a sort. This will generally mean, at
the very least, that the pilgrim will need to share his
experiences in order to either justify the odd state in
which he returned; the extraordinary expenses that he
incurred, or to persuade his friends to return with him!
At the present time, the Holy Mountain hosts some
130,000 pilgrims annually. The normal length of stay
is three days although there are also those who stay
longer, students, guest workers and others. All accommodation is provided free by the monasteries, so the
pilgrims are of diverse backgrounds.
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There are Greek, Bulgarian, Serbian, Romanian, Russian, German, English, American, Australian, French
and even New Zealand pilgrims, amongst others! This
is even more surprising given the persistence required
to get the necessary diamonitoron, or permit.
There are certain conditions on the Mountain that
make the planning of the journey important:
• The need to reserve places in the monasteries
• The environment - the footpaths can be steep and
taxing; the conditions slippery and dangerous
• Monasteries generally close their gates at sunset
• There are no rescue services
Certainly, there are pilgrims who arrive festooned with
all the latest GPS and communication systems, but
others are un- (or under-) equipped.
Given this, what is the best way the mapmaker can
support and inform the pilgrim? There are three stages
to the journey - that of preparation, the journey itself,
and the reflective period.
Laurene Vaughan says:
In the contemporary world we have many ways to
know a place before we depart on a journey. Many
of us spend considerable time and funds, buying
guidebooks, maps and other place-knowing devices
to aide us in knowing the place that we are travelling to. These diverse navigational and mapping
devices enable us to create a landscape or vista of
the places we are travelling to. The map becomes the
ground cover, the guidebook the means for populating it and together they create a picture of place that
is yet to be encountered. For some this is true of their
encounter with the Camino, they travel laden with
maps, GPS units and guidebooks. I met a man who
had plotted the whole journey into a GPS device
that he wore around his waist, from northern Belgium to Finisterre, every step of his 2000km journey
was there for him to follow; and yet he didn’t. Like
me (who also carried a guidebook with maps and
had a GPS device in my phone) he discarded such
navigational devices to focus on finding the way on
the road. For the walking of the Camino is a form
of navigation (Vaughan, 2011).
This paper by Laurene Vaughan echoes the experience
of men on the Holy Mountain - on arrival, the journey
becomes ‘the thing’ - there is little time for study, and
or reflection.
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Figure 5. One of the three 1:25,000 sheets.
Foreknowledge is very important, many may not have
guidance, and it cannot be gathered during the event,
as there is little time, when not walking, for privacy.
In order to produce a useful map, it was decided to
create as accurate a base map as possible: many sources
were canvassed - certainly the current crop of commercial maps, government maps, ten years of GPS tracks,
Google Earth and WMS servers. SRTM elevation data
were used as the base for the maps. The extant maps
differed markedly from each other, particularly in the
accuracy or recognition of the footpaths, and Google

Earth was extremely inaccurate because of the shape
of the terrain. The most useful map for pilgrims has
been one prepared by an Austrian pilgrim, Reinhold
Zwerger, who made many visits, armed with a compass and an altimeter. His last revision, however, was
in 1981, and he is now no longer with us.
The primary purpose of our new map is to give clear
directions to pilgrims so that they may not only use the
paths safely, but also encourage them to do so (Figure
7).

Figure 6. Part of 1:25,000 Map.
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Other difficulties arose because of the nature of the
vehicle tracks, as on the Holy Mountain they tend to
be ‘made’ rather than engineered. This gives rise to
changing locations, particularly after major weather
events.
As at the time of writing, a map of the whole peninsula at a nominal scale of 1:25,000 has been prepared
(in 3 sheets), and is currently being reviewed. A ver-

sion of this has been produced as a 1:50,000 sheet,
and an ‘atlas’ - A4 - at 1:35,000, that includes profiles
of selected paths, a map of Karyes, the administrative
centre, and supporting information.
FoMA currently clears or maintains some fifty footpaths, and a 180 page A5 book with annotated thumbnail maps is being used for checking work. For each
path a detailed description is available on the society’s

Figure 7. Path Description and Route Map.
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website (www.athosfriends.org/); and Greek translations
of these are nearly complete. Translation work on the
map will shortly commence.
Some of the monasteries have agreed to have supplies
of the descriptions on hand. The monks generally
welcome these aids as they do not see themselves as
tour guides or mountain rescue personnel. As these
maps, GPS tracks, and other aids are introduced to the
monasteries and pilgrims, and accessed over the internet, responses will be sought. What will be interesting
will be the responses by ‘national interest group’ - i.e.,
Romanians who primarily visit the Romanian skete,
Serbians who visit the Serbian monastery, inter alia.
National identity is strong on the Holy Mountain. This
should provide some interesting insights, and allow the
refinement of our work to make it more useful!

CONCLUSION
The notion of using cartography to inform a transformational journey is not new, but it is evident that
the new technologies in the GIS and the GPS fields,
although adding to information, do not quite provide
the tools and knowledge that suit the particular needs
of pilgrims. The history of pilgrim maps is long and
rich and the principles embodied in these is often missing in modern ‘machine-made’ productions. Modern
technology allows, however, unparalleled accuracy,
easy revision, translation and distribution.
The difficult and necessary part of the production,
that is harder to identify, formulate and include, is the
experiential and spiritual component, this informs the
dimension that is the reason for the undertaking, and
deeply sought by the pilgrim. This is an area that is
likely to be fruitful to explore.
The location of the current work is ideal for the development of a new paradigm for this purpose, and the
ability of the organisation to talk to users with common needs but of many cultures should allow the production of an increasingly useful and rich tool.

in advance if they feel annoyed that any help offered
appears to have been ignored. The author delights in
beautiful maps, and while not in any way trying to
pass his humble efforts off as beautiful; recognises that
there will always be a place for glorious cartography,
and hopes that it will never be submerged in Xenottabytes (1 000 000 000 000 000 000 000 000 000
bytes) of GIS data. He also hopes that the idea of
using cartography to enhance pilgrimage (or ‘transformative travel’) generates interest.
Software used in the preparation of this map included
Globalmapper (up to V14.1); Coreldraw (up to X6.3),
Technical Pack X6; Natural Scene Designer Pro; and
other programmes by J S Bach. Solvitur ambulando! (it
is solved by walking) – Diogenes.
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DISCLAIMER
This is the first effort at map-making by the author.
The mistakes, presentation standards, and opinions
and other aspects of the effort are solely his responsibility, and must in no way be taken as a reflection of
the standards set by the New Zealand Cartographic
Society and its other members. He is, however, grateful
for the advice and counsel of members, and apologises
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The Trampers’ Map of the Tararua Mountain
System, 1936
Geoff Aitken
NewTopo (NZ) Ltd, Pohara, Nelson, New Zealand
geoff.aitken@xtra.co.nz

ABSTRACT
The production and publishing of The Trampers’ Map
of the Tararua Mountain System by the New Zealand
Department of Lands and Survey in 1936 was a
remarkable achievement. The development of tramping as a recreation, and the initiative of individuals,
combined with a positive attitude in the Department
resulted in a map which was startlingly ahead of its
time, and remained in use in various editions for fifty
years. This paper briefly documents the history before
and after the map was published, and gives some detail
of the cartographic techniques in use at the time, as a
foil for modern thinking and cartographic practices.
Keywords
Tararua – mountain – mapping – history - 1936
BACKGROUND
The Tararua Range is a rugged mainly greywacke massif north of Wellington, extending from the Rimutaka
Saddle to the Manawatu Gorge between the Kapiti
Coast and the Wairarapa plains, straddling the 41°
South parallel. In pre-European times the Māori knew
of routes across the range, but living off the land and
the rugged travel cannot have been much fun (Barton
1994 p.52).
Other than pioneering explorations looking for valuable minerals there was little point in early European
settlers wasting effort in such an unproductive wilderness. From 1872 land surveyors explored and marked
high points for the major triangulation network which
was completed in 1881. This can’t have been much fun
either – cutting tracks through thick bush, waiting out
the weather for sightings, and carrying heavy survey
equipment, food and shelter. Little was known about
the ridge and river systems between the trig points.
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Around the turn of the century social changes enabled
hardy men and women to begin exploring the range
for recreation. Maps of limited, more accessible areas
began to be compiled. Hunters following open deer
trails also extended the geographic knowledge of the
backcountry (Davidson and Dean 1960). During
1922-1934 twelve maps were compiled combining
official information and the observations of tramping
club members and others. (Barton 1997 p.42).
Within this period, a significant stimulus to mapping
was the large scale search for Diedrich and Scanlon in
the northern Tararuas in 1927. Following this, G. L.
Adkin and H. R. Francis (from Levin and Masterton)
pooled their knowledge and made tracings available to
those who wanted them. In February 1930 Adkin,
Francis and Brockett published 200 copies of an
improved version in two colours incorporating information from Tararua Tramping Club members. This
map was initially sold for seven shillings and six pence,
which was later reduced to five shillings (equivalent to
about $18 and $12 in 2012).
Other maps of various parts of the range were also
published during this period and updated by deliberate field observation from time to time. An example
is the map of the Northern Tararuas by W.C. Duncan
believed to have been compiled about 1934 (Figure 1).
The efforts of the amateur cartographers to resolve the
geographic puzzles of the range with prismatic compass, altimeter and camera were appreciated by the
official map makers.

THE 1936 EDITION
The New Zealand Department of Lands and Survey
published a new map of the entire range in 1936 (Figure 2). This Trampers’ Map of the Tararua Mountain
System, which is the subject of this paper, was compiled from official records with additional, extensive
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Figure 1. Northern Tararuas. Scale unknown. W.C. Duncan c1934. Detail
(reproduced at 1:50,000).

Figure 2. The Trampers’ Map of the Tararua Mountain System. 1:63 360 1936. Detail
(reproduced at 1:50,000)
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and comprehensive input from trampers, tramping
clubs, and private individuals. It took almost a year to
produce, and was a milestone in mountain mapping
in New Zealand. The new map became ‘an essential
item in every tramper’s pack for the next fifty years’
(Dreaver 1997 p.152). Dreaver includes in his ‘fifty
years’ the period from 1950 when map was reduced to
1:100 000 scale and published as New Zealand Mapping Service (NZMS) 57 in six editions.
The Hutt Valley Tramping Club newsletter in August
1936 asked for the names of those wanting copies of
the new map when it was available, and the Evening
Post announced its imminent publication on Friday
December 18th 1936 in an article that took most of
a page, and included the background to many of the
topographic names on the map. The new map was
eagerly awaited.
Although referred to as the ‘1936 Map’ it was actually
published in 1937. It was described in the Wellington
newspaper the Evening Post as ‘probably the finest of any
district ever prepared in New Zealand’. (Maclean 1994,
p.170).
The Lands and Survey Annual Report (31 March
1936) records: ‘The topographic map of the Tararuas has
now been completed, and will be published in the New
Year. This map, which is well up to date, should be of
great benefit to trampers in this region.’ (A to J, 1936.
p.5).
The Lands and Survey Annual Report (31 March
1937) also records: ‘Tararua Trampers’ Map (completed). This map comprises an area in the Tararua Mountains and was drawn to supply the need for a compilation
showing tracks in the area for the guidance of trampers.’
(A to J, 1937-38. p.5).
At a scale of 1:63 360 (one mile to an inch), the
map measured 50x31 inches including the covers
(1275x791mm, folded 304x127mm). The map was
printed in five colours on linen-backed paper for ‘permanence’, and sold for five shillings – about $11 in
2012 . Its size was found to be so cumbersome that
future editions were printed at smaller scales on smaller sheets of paper.
It is not known how many were printed, but it was
reported to be ‘out of print’ in September 1943 (Barton 1977 p.44). Reduced photographic copies at about
1:115 000 scale, with minor amendments, were made
available around 1944.
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Collaboration
Members of the Tararua Tramping Club, which was
formed in 1919, and others were encouraged to take
prismatic compass bearings, ‘work out’ heights using
an altimeter, take photographs (including panoramas),
and provided much of the detailed ground work for
the Department. Individuals would offer their findings to cartographer Guy Harding1 and compare data
in their lunch times. (Maclean 1994 p.170, Barton
1994 p.53, Barton 1997 p.42). Even with such dedicated and painstaking work there were still errors,
some of which were frustrating for subsequent search
and rescue missions.

Compilation
Compilation of the various surveys and sketch maps
proved difficult. Attempting to reconcile sketches and
photos from each side of the range only provided more
gaps requiring more field trips. Possibly, for some
people, this was more reason for exploration! Even at
the relatively small scale of one mile to an inch the
crude methods available could not provide a definitive
geography. Changing scale would have required the
skilled use of a precision mechanical pantograph or a
Photostat camera (see below).

Copying
Both tracing paper and tracing linen were in common
use at that time and remained in use until the 1960s.
Both could accept ink or pencil drawing. For proofing,
sun-prints later superseded by ammonia developed
diazo prints, would have been easiest and cheapest for
copying traced maps, but far from permanent. The
Photostat camera process was available in New Zealand at the time of compilation, and would have provided an efficient and accurate means of copying and
changing scale, and a more permanent photographic
image. (A to J, 1937-38. p.6).

Drawing
The drawing materials and production methods available at that time were limited. Whatman’s Hot Press
paper was widely used for cadastral drawings and was
surely used for all the drawings for this map. The compilation would have been photographed and printed
on the Whatman’s in pale non-photographic blue
using a flat-bed press. Each colour would have been
hand drawn (with Mitchell pen and rubbed up Chinese stick ink) over the blue image. The elegant letter1 William Guy Harding 1883-1978.
Referred to as a ‘cartographer’ at the time, although the term was
not in common use in New Zealand.
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ing, combined with carefully considered composition,
offers a clear, attractive and informative image. Training, experience, and mastery of technique shows in
every line….
The use of hachures in a topographic map was not
uncommon at that time. There are earlier New Zealand examples at smaller scales. (Aston 1910). However the use of detailed coloured hachures at this scale
may be unique in the New Zealand context. The
hachures would have been drawn in the same way
as the other plates, on Whatman’s paper with a blue
image. Ex-Chief Cartographer Doug Francis has commented: “This excellent example of the technique ...is a
masterpiece.” 2 Relatively stable transparent synthetic
drawing foils did not become widely available until the
1950s. More permanent, much more stable, polyester drawing foils became progressively introduced into
mapping during the 1960s.

Reproduction
Drawings would have been photographed onto a wetemulsion glass plate as a negative. This negative would
then be combined with graduated BenDay Screens
to provide the individual zinc offset printing plates.
Reproduction of the drawings would have required the
use of a very large format camera similar to the Hunter
Penrose camera in Figure 3.

Printing
Offset printing would have required a ‘Double Quad
Crown’ machine which has an image size of 60x40
inches. Presumably the New Zealand Government
Printing Office had such a massive machine at that
time.

LATER EDITIONS
The 1936 edition ran out in 1943 and was not
reprinted due to the paper shortage and other priorities for map production. Around 1944 a revised
monochrome edition was produced as a photographic
print 560x410mm at a smaller scale – around 1:115
000. This was a photographic reproduction of the
1936 map with some additions.
The 1936 map was superseded in 1950 by NZMS 57
at 1:100 000. This map was based on the detail of
the 1936 map but showed black ridgelines instead of
hachures. The map retained its legibility at the reduced
scale. There were at least six editions of NZMS 57,
each improving on the last. Early editions still carried
errors from the 1936 map, some of which hindered
search and rescue efforts in 1957 (Barton 1994, p.53,
Figure 4).
In 1977 the map was converted into a map of the Tararua State Forest Park as NZMS 274/2, still at 1:100
000 scale. This map was published in seven editions
being updated and redrawn as new mapping became
available. The last edition was in 2006.
Although provisional first editions in the NZMS 1
series (1:63 360) were published during the Second
World War it was not until 1960-70 that photogrammetric contouring was published and the intricacies of
the mountain range definitively revealed.

NZMS 260 sheets S25 and S26 covered the Tararua

Figure 3. The Hunter Penrose camera installed in the
Queensland Lands and Survey Office in 1924 (pres2msia1201.blogspot.co.nz/).
2 Personal communication, July 2012.
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Range at 1:50 000; fully metric new mapping with 20
metre contours. 22,409 copies of S25 were printed
in three editions during 1984 to 2001. 27,596 copies of S26 were printed over three editions during
1984 to 2005. (Jupp 2011) These two maps were
printed back-to-back on Tyvek synthetic paper as a
trial. Although successful for users (some are still in
use today!) the printing was wastefully uneconomic
and was discontinued.

The 260 series topographic data was also used as the
base for the double-sided Tararua Recreation Area
map, produced by Terralink International as part of its
recreation map series from 2002 to 2006. This map
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reintroduced park boundaries, and included thematic
symbols and historical annotations only previously
seen on DOC park maps. The map proved popular
but is now out of print. Terralink is no longer in the
map publication business.
Land Information New Zealand replaced the 260
series in September 2009 with the Topo50 series, in
which the Tararua Range is covered in four smaller

format sheets. The Topo50 series is digitally derived
from the 260 series but on a different datum and projection (Figure 5).
NewTopo NZ Ltd published Tararua Tramps in 2005
as a skew single sheet at 1:75 000 scale on synthetic
paper, and republished it as a double-sided map at
1:55 000 scale in 2012 on high-wet-strength paper
(Figure 6).

Figure 4. NZMS 57 Map of the Tararua Mountain System. 1:100 000 1950.
Detail (reproduced at 1:50,000).

Figure 5. Topo50 sheets BP33 and BP34 1:50 000 2011. Detail (reproduced at 1:50,000).
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Figure 6. Tararua Tramps. 1:55 000 2012. Detail (reproduced at 1:50,000).

CONCLUSION
The 1936 map of the Tararua Mountain System was
a triumph of collaboration between the tramping fraternity and the Department of Lands and Survey. The
map was widely acclaimed at the time and reflects a
very high standard of conception and skill in execution. The map will remain a classical benchmark in
New Zealand mountain cartography.
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ABSTRACT
The “Argentina 500 K” Atlas is an innovative product
made by the Argentine National Geographic Institute (NGI) and the Argentine National Commission
for Space Activities. It was designed to appeal to both
professionals and amateurs, with features that make it
one of the most innovative cartographic products in
Argentina to date. The atlas consists of 169 1:500,000
scale satellite images and cartography covering the
whole country. It also offers certain cartographic elements related to tourism, a DVD with all the georeferenced geographic information contained in the Atlas
book, plus a web site where users can download all
this information free of charge. It also offers detachable
pages that allow the construction of a mosaic of a particular region or, if the user happens to have enough
room, the whole country. This is the first NGI product
to include shaded relief, a technique which defines its
design, particularly in mountainous areas.

Keywords
atlas – satellite image – cartography – map – mosaics
– Argentina.
INTRODUCTION
Due to the lack of cartographic material in Argentina
using the modern techniques of representation, the
NGI undertook to create, compile and edit a different type of publication, capable of offering the user a
new design, better quality and new tools. This paper
describes the most distinguishing features that make
the new Atlas “Argentina 500K” an innovate product.

Figure 1. ARGENTINA 500K Atlas.

SPECIAL FEATURES
This Atlas (Figure 1) is completely different from previous publications of its kind. Users will find that the
Geographic Information behind the maps comes from
only the Argentine National Geographic Institute,
but also from the Argentine National Commission
for Space Activities. This is the first time that such a
product has been supported in this way by both State
Agencies.

MAIN CONTENTS
The Atlas is basically divided into two parts:
• The first part provides institutional information,
plus references and necessary additions for a better
understanding of the Atlas.
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Figure 2.The diptych map and its role.
• The second part comprises the 1:500,000 scale
maps. Argentina has been divided into 169 sectors,
each of them represented by two maps: a satellite
image one and a topographic one. At the end of
the book there is one last map, at a much smaller
scale, of Argentine Antarctica and the islands of the
South Atlantic. There is also an additional map (on
a diptych sheet) used as a guide and reference to
locate each map sheet by its number in the sector
it belongs to within the country (Figure 2), and
through three colors, information related to different height levels.

TECHNICAL ASPECTS
Cartographic Projection
A single projection has been chosen for the whole Atlas
to enable users to “put the whole country together”
without any kind of inconsistency. The projection is
“transverse cylindrical”, where its meridional tangent
is located at 64º W longitude, the closest line to the
average between to the easternmost and westernmost
extremes of Argentina.
As the official cartography and associated data of
Argentina uses seven cartographic strips in Gauss Kruger Projection, all the vector geographic information
had to be transformed to the chosen projection. Once
all the content was projected, the sheets were cut into a
rectangular grid system specially devised for this atlas,
moving from the meridians and parallels used for sheet
borders in the past to the new half-degree system for
this scale.

Satellite Image
The atlas satellite image content previously mentioned
(Figure 3) were captured from the SAC-C satellite,
which was built for meteorological purposes, and
which has a 175-metre resolution. This was not the
most suitable resolution for the scale of the atlas, so
the images underwent a delicate radiometric and geo-
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metric correction to make the content (homogeneous
radiometry across Argentina) and scale appropriate.
Additionally, the images were collected from an Argentine satellite made by a group of Argentine scientists.

Topographic Map
Our first goal when preparing this material was the
production of an innovative Atlas complying with all
the applicable modern techniques of representation
(Figure 4) learnt through participating in the ICA
Commission on Mountain Cartography. This is the
first time we have processed a DEM (Digital Elevation Model) to be used as base material to generate
contour lines, shadowed relief and a soft hypsometric
colour scheme. The contour lines, as well as being analytically-generated were changed from the established
sepia color to a neutral grey for this atlas.
Nearly all the rest of the symbols used comply with
the NGI Cartographic Symbols Handbook for this
scale. The only symbols that were excluded are the ones
related to pipelines, power lines, some symbols related
to coasts, vegetation areas and/or soils. It is important
to highlight that a reference information was added on
the main tourist activities in Argentina.

Digital Elevation Model
The DEM used is captured by the Shuttle Radar Topographic Mission (SRTM) with a 90-metre resolution.
It was previously processed to fit our orthometric
benchmarks. Based on this, the following Atlas elements were generated:
Contour lines: a slope study had been previously made
leading to three height levels (10, 50, 200 metres)
being applied to the area. The difference with the old
contour lines is the colour and width of the guideline
contours, which were reduced from 0.3 to 0.15 mm.
Shadowed Relief: In order to generate the lighting
of the model, a 315º azimuth and 45º height horizon
elevation were applied. The generated shadow, which
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Figure 3. Some examples of Satellite images.

Figure 4. Detail of a small mountainous area of a topographic map.
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Figure 5. DEM colour before the treatment that reduced its opacity.
was very dark at first (Figure 5), became softer when
the obtained raster opacity was reduced.
Hypsometric Layers: The hypsometric scale contains
many more divisions when compared to previous similar scales, the shift from one colour to another being
almost imperceptible.

Mosaics
When users open the Atlas, they will see the satellite image on the left and the topographic map corresponding to that image, on the right. As the book
has a ring binding system, its sheets are detachable, so
that users can make mosaics by overlapping the sides

of the sheets, both topographic (Figure 6) and satellite
image (Figure 7). The mosaics can be of small sectors,
provinces, regions, or the whole country.
The sheets have two blank stripes providing side information, such as: graphic scale, parallel and meridian
identification and map number. All the sectors have got
the same map number, even though the Satellite Image
will be, for example, “A123” and the Topographic
Map “B123” (Figure 8). Another aspect to take into
account is that no cartographic feature belonging to
any neighbouring country has been added, only their
corresponding satellite images and shadow model.

Figure 6. Topographic map mosaic.
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Figure 7. Satellite image mosaic.

Figure 8. Satellite image (A123) on the left and topographic map (B123) on the right.
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Fall - Nautical Activities - Winter Sport
Hot Spring
Adventure Sport - Tourist Train - Walking
Cave - Rupestrian Art - Paleontological Discovery
Ruins - Place of Historic Interest Archaeological Discovery
Figure 9. Tourist activities

OTHER CONTENTS

ADDITIONAL MAPS

Tourist Activities

Geographic Environments

An introduced item is a group of cartographic elements related to the tourist activities across the country, notwithstanding the old tradition of observing the
regulations. Some of these activities have been omitted
due to scale constraints. There are a total of 13 tourist cartographic elements (Figure 9), four of which are
modifications of the original NGI ones, the rest being
specifically designed for this Atlas.

There is a part of the atlas describing each geographic
environment (Figure 10), showing via satellite image
how each of them appears and in which sheet these
environments are located.

Figure 10. Geographic environments and their descriptions.
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Provincial Counties or District Borders
As only a small quantity of counties and districts can
be located in the marginalia, it is impossible to place
all their names. Therefore it was decided to add eight
more pages with that information, so users, having
found the representation of county and district borders in the topographic maps, can look up the reference maps where they can find the corresponding
county or district name for quick identification and in
which sheet they are located (Figure 11).

Ruler
The Atlas has got a plastic ruler which has three uses
(Figure 12). On one side of it, there is a millimeter
ruler, on the other side a scaled kilometre ruler to
measure at the 1:500.000 scale. The ruler also has two
triangles, one at each end. They are used for an approximate identification of features on one of the maps and
the map opposite. Users only have to match the vertex
of a triangle with the feature in one sheet and look
for the feature near the vertex of the opposite triangle
(Figure 13). It is only approximate, since each sheet of
the atlas is subject to lateral movement due to the ring
binder system.

Figure 12. The ruler and its three uses.

DVD
Even though it is included in the Atlas, the Atlas does
not need the DVD (Figure 14) and vice versa. By
means of a series of easy menus, the user may select
the location of each sheet in the map of the Argentine
Republic by means of a single click, and may view the
map sheet and its satellite image counterpart, or go to
neighboring sheets.
The DVD adds great value in itself, having important
technical and institutional information, 340 maps that
cover the Argentine Republic, the possibility of installing a viewing program that allows users to surf every
map and to locate points by means of coordinates, to
measure areas and distances, to vectorize, to label, to
overlap cartographic elements and to export the generated view in a standard graphic format.
The adding of “jpgw” files for each map allows the
most advanced users to georeference raster map sheet
files in a GIS, to perform comparative studies with files
of their own and/or to digitize different features.

FREE WEB SITE AND SALES POLICY FOR
ATLAS
In order to satisfy the demand of the geographic community, a web site (Figure 15) was created where all
the information included in the DVD can be found,
viewed and downloaded free of charge. Users do not
need to register or provide any kind of personal information (URL on next page).

Figure 11. Names of provincial counties and districts.
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Figure 13. Identification of the same cartographic
element in both maps
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Figure 14. The DVD contains all georeferenced
geographic information.

Figure 15. An attractive Web site.

This Atlas itself has a low price. Furthermore, a cheaper
price has been set for governmental agencies, and
for teachers and students of all levels. For Version 2,
an agreement has been signed with one of the most
important book seller chains in Argentina. Thus in
future the Atlas will be available at all its branches
across the country.

CONCLUSION
To sum up, all the characteristics previously described
make us believe the product we developed fits the
innovate techniques which we were eager to find in
this kind of Publications, and which comply with the
new tendencies of those countries in the vanguard of
cartographic representation.

ADDITIONAL INFORMATION
The Web Site to access the free atlas DVD data is:
www.argentina500k.com.ar/.
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Designing Raster Base Maps with Photoshop
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ABSTRACT
The term “raster base map” is defined, the different
types of raster base map are discussed along with the
uses to which they can be put. An argument is developed for greater use of designer raster base maps –
maps that are created specifically for use as base maps
rather than the continued widespread use of orthophotos and scanned paper maps for this purpose. The
development of a new custom raster base map dataset is described and discussed. This is not a scientific
paper. It reflects the opinions of a practicing commercial cartographer and relates experiences gained in a
commercial cartographic environment.
Keywords
relief – raster – land cover – base map – map design Photoshop
INTRODUCTION
A raster base map can be defined as a bitmap, or image
map or chart, showing certain fundamental information, used as a base upon which additional data of a
specialised nature is compiled or overlaid. Raster base
maps are commonly used as backdrops for additional
land information. They contain basic information that
provides both a reference frame and context for whatever is being added. This can make for more effective
communication and it can also save the cartographer
valuable time. A good raster base map can also add
aesthetic appeal, improving the look and attractiveness
of the composite map. Depending on their content,
raster base maps can potentially also make effective
textures to drape over terrain and display in an interactive dynamic virtual 3D environment

a more complex picture, being either scanned paper
maps or orthophotos processed from aerial photography or satellite imagery. This paper argues that neither
orthophotos nor scanned maps make ideal base maps
from a cartographic perspective. That to communicate effectively one should use a raster base map that
is designed specifically for the purpose. The paper then
goes on to describe the design objectives and workflow
developed to compile a new custom raster base map
dataset for New Zealand.

What is wrong with using orthophotos or scanned paper maps as raster base maps?
Orthophotos may be recently flown and high resolution, both being desirable attributes. However when
used as basemaps they can produce overload. Orthophotos contain information on everything seen by the
camera, and much of this may be irrelevant to what
one is trying to communicate in a map. The display
of transient objects like vehicles for example is more
likely to detract from a map rather than enhance it.
Additionally there can be issues such as spectral reflectivity, cloud cover, and shadow depth that may obscure
important detail. And there can be variation in colour
toning, the appearance of vegetation and shadow
length where adjacent photographic sequences are captured at a different time of day or year.
Scanned paper maps are likely to be dated, and while
they may offer some uniformity in appearance there
will again be a tendency towards too much information. Few if any paper maps were designed to be
scanned and then used as a raster base map.

In terms of content, a relatively simple and effective
raster base map in common use today is the greyscale
hillshaded image. Many basemaps though provide
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The case for designer raster base maps
• Designer base maps can be compiled by additive
process where content is controlled and managed.
Content in this case may be a single layer (e.g.
greyscale hillshade). Alternatively it may consist of
multiple layers (e.g. landcover). The hierarchal layering of thematic or feature layers onto (initially)
a blank screen means we can display the information we want to display in the order we want it displayed. Unlike orthophotography or scanned paper
maps, there is no clutter or extraneous information
unless we choose to add it. This makes it easier to
communicate the chosen content intuitively, so that
map users can focus on any overlying cartographic
artwork rather than have to think too much about
the base map itself.
• Coverage can be seamless and consistent. Designer
base maps will display constant shadow angle and
depth, no clouds, and no temporal, climatic or seasonal variations in toning, brightness, contrast or
exposure levels.
• Each and every thematic or feature layer can be displayed in a way that contrasts with its neighbours
and with different but similar feature types. The
ability to manage presentation is this way means
that base maps can be customised and optimised
for a specific purpose and for different presentation
formats.

EXAMPLES OF EXISTING DESIGNER
RASTER BASE MAPS: THE GEOGRAPHX
NZ LAND COVER BASE MAP
There are of course existing examples. We (Geographx)
have ourselves developed several such datasets, though
none nearly as sophisticated as the one I am shortly
going to describe. Another well-known example is the
raster component of Natural Earth.
Geographx has recently completed the development of
a new raster base map dataset covering all New Zealand – a tileset of raster landcover textures at 4m pixel
resolution.

Seven key design requirements
• source data – the ability to integrate data from multiple sources
• appearance – familiar, easily interpreted natural look
• special effects – to enhance visual representation
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• pixel resolution – as high as the source data will realistically allow
• updates – to allow for addition of new or amendment of existing feature layers
• scripted processing – to streamline production
• non-destructive processing – to allow easy customisation

Source data
The dataset is built entirely from vector map source
data. The primary source is the national 1:50,000
topographic dataset, Land Information New Zealand's
(LINZ) Topo50. All the vegetation feature layers in
Topo50 have been replaced with vegetation data from
the Landcare landcover database v3.0 (LCDB3), which
boasts more feature classes, more detailed attribution
and more recent sampling. We are considering too
incorporating elements from the Landcare Potential
Vegetation database to provide more subtle variation
in forest canopy appearance, ecosystem information
from Land Environments New Zealand (LENZ)
and possibly even physical land resource information
from the now rather dated NZ Land Resource Inventory (NZLRI). Some feature layers (e.g. industrial
port areas) we have created in-house. Geographx also
created the 8m digital elevation model used to add
hillshading to the base maps. The elevation model is
derived from vector LINZ topo50 contours and height
point source data.

Software
Only 64 bit applications have been used to build the
new base maps. Manifold System is currently our
preferred GIS platform for the collation, organisation
and preparation of source data. GlobalMapper is used
extensively to batch the rendering of height maps, hillshading and feature type layer masks. However the
primary software application for base map processing
is Adobe Photoshop.

Tile and dataset specifications
New Zealand is covered by 116 tiles, each measuring
214 (16384) pixels square. At 4m pixel resolution this
gives a tile coverage of 65.5 km square, or 4290 sq.
km. We archive these tiles as large format Photoshop
(psb) files, each around 3.6 Gb filesize. The complete
dataset held in this format is 420 Gb filesize totalling
in excess of 31 billion pixels.
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Figure 1. The tile in Photoshop.

The Photoshop workflow (demonstrated live)
Each tile starts in Photoshop as a blank page (Figure
1). Up to 100 different feature layers are then progressively added. Each tile takes around 8 minutes to generate, following a single button script call.
The pre-processed data called on by the script consists
of:
• a height map and hillshade for each tile
• a raster mask for each of the thematic or feature type
layers to be added (the raster mask defines the areas
on each tile where the feature type is either present
or absent).
The script first loads the relevant height map into Photoshop and applies hypsometric colour toning. The
raster masks for each different feature type are then
called in sequential order. The base layers are those
we classify as “earth and rock”. Next the script calls
“vegetation” raster masks, followed by those for the

“built environment”, “freshwater”, the “marine environment” and finally the raster masks for feature type
layers classified under “networks”. On top of the raster
masks one or more hillshading layers is loaded.
Next the script refers to a custom palette and applies
an appropriate colour swatch to each feature or thematic type layer. This is followed by the application of
styling and effects, where different layers are individually textured, styled or have patterns applied. Some
of these effects are relatively sophisticated. The script
for instance automatically applies transitional colour
blending where rivers exit lakes, and where rivers enter
the sea. Then there is a snowfall slider that allows the
user to intervene in the process and instantly generate
snow cover down to any prescribed level.
Once the colour swatches, the effects, styling and hillshading are applied, the image undergoes fine-tuning
with applied filters and colour adjustments. A colour
profile is prescribed, and the image flattened and writ-

Figure 2. A completed layered tile file of the Auckland area in Photoshop.
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Figure 3. A close-up of part of the image above. It zooms in on the Whangaparaoa
Peninsula, on the east coast.
ten to whatever raster format the customer may require
(usually geotiff, ecw or png). Figure 2 shows a completed tile of Auckland city and the area immediately
to the north. Figures 3 and 4 show some zoomed-in
examples.

Georeferencing
The key to managing registration of tiles lies in the
initial preparation of data. All source data is georeferenced to start with and it is simply a case of preserving
that quality throughout the entire process. All raster
masks, height maps and hill shade images are precision cut to the exact pixel. So long as we are careful

not to compromise image size or resolution during the
Photoshop processing the output registration will be
exactly the same as the input data registration.

3D visualisation
Designer base maps like these make ideal textures for
draping over terrain and viewing in virtual 3D. The
output can be easily customised to meet any particular requirements. For example a simple change to the
script will allow the generation of base maps without
embedded hillshading. Figures 5 and 6 show screenshots of NZ South Island base map data viewed in the
3D Skyline Terra Explorer.

Figure 4. Zoomed-in map of the Huapai – Whenuapai area, which is located
immediately below the central forest in the same tile.
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Figure 5. Screenshot of base map data viewed in Skyline Terra Explorer – here looking
up a braided river (the Waitaki) on the East Coast of the South Island. The base map is
draped over the Geographx 8m terrain model (DEM).
CONCLUSION
Designer raster base maps can be used to add value to
or improve maps, GIS output and delivery, geoportal
presentation and virtual 3D environments. They have
the potential to be more effective in communicating
base level information to end users than commonly
used substitutes such as orthophotos or scanned paper
maps. Designer base maps are versatile in how they
can be used and can be easily customised to suit a par-

ticular situation or any special requirements. They can
help save cartographers and GIS professionals time
and money.
The Geographx landcover raster base map data is, we
believe, a unique and valuable addition to the wealth
of land information currently available in New Zealand. We plan regular updates, the timing of which
will be dictated by the revision cycles of key source

Figure 6. Terra Explorer image looking north east over the Clarence River and the
Kaikoura Mountains, also on the East Coast of the South Island.
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data. The current expectation is that base maps will
undergo updating at approximately six month intervals.
The development of the Geographx raster base map
data has showcased the enormous power and potential of Adobe Photoshop, which is, in our opinion,
is currently much under-rated and under-utilised as
a processing tool by the geo-spatial industry. This is
illustrated by the fact that we can now push a single
button to render off the entire 420 Gb dataset in a
little over 24 hours.
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New Topographic Mapping
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ABSTRACT
Current technologies have given us opportunities
to explore and develop the graphic communication
of topographic mapping. This paper presents some
developments within a New Zealand mountain context, and challenges cartographers to further improve
effective communication through total map design.
Keywords
mountain mapping – topographic – technology –
symbol design – map design

with modern technologies and design knowledge.
Before setting out on this adventure, several months
were spent analysing the perceived ‘deficiencies’ of
published mapping in New Zealand’s mountain recreation areas and comparing its content and design with
what is done overseas in similar environments.
This led to a determination to explore visual variables
in the topographic domain, and to produce an exploratory prototype. With the collaboration of Lorienne2
in Paris, and their cartographer-friendly software, two
maps3 were published in 2005 to illustrate some possibilities. (Refer also: Aitken 2006).

BACKGROUND

DESIGN PRINCIPLES

Much has been written about the use of computer
technology to improve the quality and timeliness of
topographic map production, resulting in more uniform products at nominally lower cost. Less has been
written (or even explored?) about the potential for
improving the maps through better symbol design.
There has been an assumption that what exists meets
the users’ needs. Most national mapping organisations
have sought to emulate hand drawn mapping which
has evolved over hundreds of years, and still retains
evidence of early handcrafted technologies. Cartography has always exploited current technologies (Aitken
2006). The author has sought to apply the strengths
of current graphic and printing technologies to a series
of thematic topographic maps of mountain environments to improve the legibility of the map and the
comprehension of the user.

As a result of the comparative study, a set of principles
was deduced, logically reasoned, and refined over time.

CONCEPT
NewTopo’s 30 sheet series has its origins in 2002 with a
personal investigation into New Zealand topographic
map design, convinced that even a successful product
like the national 1:50 000 topographic series (Series
260, as it was then known1) can be improved further
1 From September 2009 known as the Topo50 series.
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Principles for the Visual Hierarchy
• Continuous features should be portrayed by continuous symbols
• Conversely, discontinuous features should be portrayed by discontinuous symbols
• Accurately defined features should be clearly defined
graphically
• Conversely, less accurately defined features should
be less clearly defined visually
• Relief shading should be used subtly in a way that
integrates, and makes geographic sense of, all map
elements and should not influence other colour
choices
• The use of too many contrasting lineal map elements should be avoided. (This facilitates decoding
and assists the geographic integration of the map
image. The use of colour tints without lineal edges
for some areal features assists this aim)
2 Lorienne SA, 14 rue de la Beaune, 93100 Montreuil, Paris,
France.
3 The maps were Wellington Walks and Tararua Tramps. Both at
1:75 000 scale.
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• The over-use of the black colour for linear features
and text should be avoided as it negatively affects
the use of other colours in the visual hierarchy
• The traditional uses of symbols derived from old (or
very old) technologies should be re-evaluated and
new semiologic structures built using Bertin’s principles (Bertin, 1983)
• Symbol families should be simplified in content and
graphic complexity as scale decreases
These principles may be considered debatable; and
debate in exploring design functions and permutations
is encouraged. It is noted that some of these ‘principles’ are similar to those identified by Patterson (2002
p9).
The author contends that historic and ‘traditional’
cartographic practices need not encumber future geographic understanding and the exploration and development of new topographic products.
DESIGN FOR USERS
NewTopo maps are intended to encourage and assist
people to walk on the many tracks in the mountain
regions of New Zealand with enjoyment and safety.
Map sizes and scales vary to suit the region or track,
allowing focus on each location.
The user-content within the mountainous geographic
context varies in complexity and content. Typically,
larger-scale small-format maps are simpler in content
and presentation, and a smaller investment in time and
money.
Legibility depends upon balance. NewTopo maps try
to balance the underlying topographic information,
which illustrates the mountain environment, with the
user-oriented thematic information which is somewhat bolder.
An attractive map was actively sought with a high
degree of legibility to encourage map use by those who
are, perhaps, less familiar with map reading. A similar
objective to the ‘enhanced realism’ expressed by Patterson (2002, p3, p8).
The map design focussed on paper map production
and dissemination. No attempt was made to consider
other media.
This thematic user information is portrayed boldly
within the topographic base-map visual environment.
Typical content includes:
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• Foot tracks: foot paths, tramping tracks, marked
routes
• Accommodation: location of public huts (including
the number of bunks and hut elevation), campsites
and shelters
• Information notes: walking times between huts,
sites of local or historic interest
• Point symbols: car parks, public telephones and toilets, viewpoints
Graphic specifications are fairly uniform throughout the series, although they are adapted to unique
situations where further clarity of communication is
required. The specifications have changed over time as
a better understanding of user requirements has been
obtained and technical opportunities offered by the
software have been mastered.
Subtle textures have been added to flat tints to better
illustrate the nature of some area symbols. In particular, textures have been added to: sand, swamp, scree,
shingle, mud, reefs, and more recently, to areas of
exotic forest.
All maps are GPS compatible, although at the smaller
scales this is a dubious advantage.
There is some differentiation among users. Large format maps tend to be used many times by local outdoor
enthusiasts; small format maps are often for a single
use by visitors.
TOPOGRAPHIC SYMBOLS
Balance between the thematic and the essential topographic information is achieved by subduing the
underlying landform to a degree where the image has
sufficient clarity, form and coherence while allowing
the overlaying thematic symbols and text to be clearly
read.

Landform
The components of the landform (relief, contours,
rivers) are balanced to give a graphic image of the
mountain topography – the geographic context for the
adventure. At smaller scales the detail of the landform
is apparently less specific than at larger scales, even
though the same specification and content is used.
Where cliffs and river terraces are not easily interpreted
by the close proximity of the contours, a brown graduated asymmetric line symbol has been developed to
replace the too-prominent black ‘sharks teeth’ symbol
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that has survived the last 300 years. The new symbol
blends into, and is part of, the landform (Figure 1a).
Rivers
There is (perhaps) less room for symbol development
in the rivers and streams. However care has been
taken to increase line weights away from river sources
to emphasise larger rivers, with their likely dangers,
and to preserve braided rivers where they occur. A
new waterfall symbol has been developed to emphasise
these prominent features. Hot springs are a welcome
feature of some mountain valleys. A bolder symbol
has been developed emphasising the occurrence and
position of these features (Figure 1b) which are often
only found by following one’s nose.
Textures
To break up flat tints on features which have uneven
surfaces, coarse random dot patterns have been overlaid on the tint. Features whose tints have been modia)

THEMATIC SYMBOLS
Many of the maps are used within a National Park context and the Department of Conservation (DOC), as
a major client and distributor, put pressure on the initial design to adopt their international symbol set on
the maps. Though internationally recognised, many of
these pictorial symbols are far from satisfactory in the
complex visual environments of the topographic background, and do not enable accurate GPS positions to
be deduced.
Many of these symbols are derived from simplified
profiles whereas more generic plan symbols are preferred. In the visually complex landform environment
both need labelling as to name and/or purpose, but
the planimetric symbol gives a more precise location.
A conscious effort will be made towards simpler symbols over the next few years.

b)

Figure 1. NewTopo 30 sheet series and LINZ NZ260 symbols for a) cliffs / waterfalls, b) hot spring / river terraces.
fied are: shingle riverbeds, mountain screes, coastal
reefs, swamps. A more orderly ‘^’ pattern has recently
been introduced on exotic forest tints where the trees
are typically pine.

The use of planimetric versus profile symbols debate
lives on… final decisions will always rest on the graphic
environment and map purpose.

Road Network

RELIEF

Precision of definition has been avoided to reduce
visual complexity. The road classifications depend on
a visual hierarchy to convey their status and physical
characteristics.

In mountain mapping the relief is a major factor in
its own right and does not merely reinforce other geographic elements. This vital graphic element is specially produced for NewTopo by Geographx4 from
their proprietary-developed digital terrain model. The
relief is supplied as a .jpg usually with a pixel size of
20m. This resolution meets the level of detail required
to illustrate the variations in terrain within most of
the map scales in use. As well as supplying additional
information on the nature of the terrain, the relief
provides a unifying image, drawing the map elements
together in a comprehensible geographic context.

In the design of topographic map symbols in use today
there is evidence of very old map reproduction technologies. Some of these symbols are considered ‘classic’, and shouldn’t be touched or improved; but this
attitude is thoughtless and lazy! Every generation has
to learn what these symbols stand for because the symbol image does not always lend itself to intuitive recognition or decoding (Aitken 2008).

4 Geographx, The Dominion Observatory, 34 Salamanca Road,
Wellington, NZ 6012. www.geographx.co.nz
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The graphic file is manipulated by Geographx to be
as close as possible to a specified range of tonal values in cyan, magenta and yellow (CMY, no K if possible). Typically flat areas are 10C, 7Y, 7M, 0K and in
the steepest deepest shadow 40C, 30M, 25Y, 4K. This
almost neutral grey reduces influences on other colours
to a minimum. Black is avoided (except in the steepest shadows) so that it does not inhibit the legibility of
other detail, especially coloured text.
A full CMYK relief is difficult to manage through the
print process and often results in a ‘muddy’ appearance, hindering design effectiveness and reducing
essential legibility. There are many examples of this in
New Zealand commercial mapping.
In the final publishing process it was found that the
pdf-maker used by Lorienne in LorikPublisherTM combined some of the relief tones to a ‘grey’ screen of
black, so Lorienne wrote a special script to overcome
this difficulty by keeping the cyan, magenta and yellow
tones separate, enhancing the legibility.

visitor centres sell the maps to the public. A full list
of retailers is on the NewTopo website. Sales over the
web will be introduced in 2012 to service buyers who
cannot get to a retailer.
CONCLUSION
Sales are one measure of acceptance by the market.
Over the past four years annual sales have increased
from 185 (six maps) to 5035 (27 maps). Although
some maps have phenomenal sales it is clear that others have not yet found their market.
When it comes to the design and execution of mapping, cartographers are never satisfied, although appreciation shared by colleagues is always welcome.
Everything in communication can be improved using
current technologies for the contemporary social environment. Our challenge is to apply modern learning
and technologies so that evolution will continue…
It is hoped that this paper will contribute to the discussion, exploration and evaluation of this evolution.

PRINTING
The flexibility and precision of modern printing
technology allows the map designer a breadth of creativity that was earlier unimaginable – and certainly
unachievable.
NewTopo maps are printed by Format Print5 in Petone
near Wellington. The large format maps (840x630mm)
are printed on a five-colour Heidelberg 102CD, with
coater, using mineral-free inks. The printing plates are
produced direct from the digital files, and are recycled
after use.
Small format maps are printed on an HP Indigo 5500
digital press which produces complete A3 full-colour
images in a single pass. Short print-runs are very reasonably priced.

REFERENCES
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Aitken G.D 2008 Publication Perambulations of a
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Quality papers are used to give the best dot reproduction. Large format maps are printed on 94gsm HWS
Rag Map Litho paper (a high wet strength paper with
20% cotton – made in Australia) and the small format maps are printed on 113gsm Sumo Matt paper
(an environmentally ‘friendly’ paper - made in South
Korea).
The maps are trimmed and folded to 120x210mm by
Format, and offered for sale in clear vinyl wallets for
protection. A network of more than fifty retailers and
5 Format Print, 81 The Esplanade, Petone, New Zealand 5045.
www.format.co.nz
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EXTENDED ABSTRACT
Geomorphology is the study of landforms and the processes that created them. This paper explores the relationship between geomorphology and relief mapping
and argues that an understanding of geomorphological
processes can help cartographers make better and more
meaningful maps.
Aerial photography and satellite imaging have enabled
natural features on the earth's surface to be studied
from a perspective not previously possible. Many
landforms are simply too large to be fully appreciated
from the ground, only from above can they be seen
in their entirety. Sometimes it is a distinctive vegetative pattern or cover that offers clues to the underlying
geology of an area and its probable tectonic history.
However more often information can be gleaned
from the shape and special characteristics associated
with the landform itself, particularly if a digital elevation model is developed from the imagery, stripping
away clutter and extraneous information. A digital
elevation or terrain model allows us to “fly” over and
inspect landforms from the all angles, varying the illumination source position to identify through shadows
subtle variations in shape or form.
A number of relief maps are presented (3 in this
extended abstract), illustrating different types of landforms and the visual characteristics which give us clues
as to how and why they were formed. These relief
maps are all from the Geographx archives, though the
examples are featured in “Landforms -the Shaping of
New Zealand”, a book which the writer co-authored
(Molloy and Smith, 2002).
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Most landforms result from tectonic activity (mountain building or subsidence, vulcanism, earthquakes,
faulting) or climate & water (glaciation, erosion &
desertification). New Zealand offers a diverse range of
spectacular landforms. The country straddles the collision zone of the Indo-Australian and the Pacific plates,
and is tectonically very active with crustal deformation
of up to 5cm/yr. To cope with this New Zealand has
a 3D semi dynamic datum, NZGD 2000 that uses a
deformation model that converts survey observations
and coordinates to their predicted positions as at 1 Jan
2000.
NZ is also a mountainous, maritime country and our
weather is extreme. Erosion rates are high, with rainfall
of up to 18,000 mm/year on the main divide of the
Southern Alps. It has been estimated that for every
10mm our mountains grow, 9mm is simply washed
away.
New Zealand's Alpine Fault (Figure 1) is one of the
few places on earth where a plate tectonic boundary
lies exposed on land. The dextral strike slip fault is
slowly tearing NZ apart with horizontal displacement
averaging some 35mm/year. In practice it moves up to
8m horizontally and 2 m vertically every 250 years, the
last such event taking place in 1720. Total horizontal
displacement to date is around 500km. This is a classic
case where aerial photography has opened our eyes –
the fault is by any standards a major landform feature
yet it was not properly documented until the 1950s.
Today geologists are using aerially scanned LiDAR
point data to help decipher information on the alpine
fault at a local level. This includes offset of features
and traces of strike-slip and reverse faulting.
The Taupo Supervolcano (Figure 2) has a logarithmic
volcanic explosivity index (VEI) of 8, meaning ejection of a volume in excess of 1000 cu km. This related
to the Oruanui eruption 26,500 years ago, the only
VEI 8 eruption recorded worldwide in the past 70,000
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Figure 1. New Zealand’s Alpine Fault (map by Geographx).

Figure 2. The Taupo Supervolcano (map by Geographx).
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Figure 3. The Green Lake Landslip (map by Geographx).
years. To put this in context Krakatoa was accorded a
VEI of 6 with 25 cu km ejected, St Helens rated a VEI
of 5 with 1.2 cu km ejected. Evidence of the Oruanui
eruption has been partly obliterated by more recent
eruptions. However the distinctively shaped lakefilled caldera remains and there are extensive flat sheets
of ignimbrite deposits covering surrounding areas.
The Green Lake landslip (Figure 3) lies at the southern end of the Hunter Mountains in Fiordland. About
12,000 years ago, a 10km long section of the mountain range collapsed, displacing 27 cu km 700m down
into the Grebe Valley. The landslide coincided with
the end of the Otira glaciation, and clues suggest the
retreating ice left the steep valley walls unsupported
and an earthquake then precipitated the collapse.
Tell-tale signs from the terrain include the scarp face
and the typical hummocky landslide debris fanning
out westwards into the valley floor. Further evidence
lies with the landslide lakes and ponds, and the wetland vegetation in the valley floor. Earthquakes are
not uncommon in New Zealand, with approximately
15,000 recorded in an average year.
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Cartographers, and particularly cartographers undertaking relief mapping, are encouraged to study geomorphology. An ability to understand why relief looks
the way it does enables the cartographer to emphasise
or better draw out certain characteristics in the data
and allow the map to better tell a story. It also helps
a cartographer to recognise introduced data faults
or artefacts that might contradict or run counter to
that story. If we are going to depict natural features in
an empathetic manner then it beholds us to try and
understand how and why they are there at all.

REFERENCE
Molloy, L and Smith, R. 2002. Landforms -the Shaping
of New Zealand. Craig Potton Publishing Ltd.

Mountain Cartography Workshop in Taurewa | 113

Abstracts

Glacier Variations in High Asia: Research Projects at
the Institute of Cartography, TU Dresden
Benjamin Schröter, Tino Pieczonka, Nicolai Holzer, Juliane Peters,
Tobias Bolch, Jan Kropáček, Manfred Buchroithner
Institute of Cartography, Technische Universität, Dresden, Germany
benjamin.schroeter@tu-dresden.de

Keywords
relief – terrain – landforms – geomorphology –
tectonics
EXTENDED ABSTRACT
Glaciers are characteristic elements of high mountain environments and represent key indicators for
assessing climate change. They are important water
(re)sources and can be of high significance for both
ecosystems and local population. Snow, glaciers and
permafrost bodies of the Tibetan Plateau and its adjacent mountain ranges regulate the headwaters of many
major Asian rivers and thus affect to a varying degree
the livelihood of more than one billion people living in
the downstream areas.
The global mass loss of glaciers mainly associated with
rising air temperatures has accelerated in most regions
in recent decades. These glacier variations can constitute serious threats to nature and society and their scientific investigation is of high importance. However,
glaciers are mostly located in remote mountain areas
and very difficult to access. Therefore, remote sensing
technologies are an ideal means to detect and observe
glacier variations.
Satellite imagery time series permit the reconstruction
of glacier area and length changes as indirect signals of
climate change. Moreover, multi-temporal Digital Terrain Models (DTMs), generated from historical and
recent stereo satellite imagery allow the estimation of
glacier thickness changes and consecutively, mass balances, assuming a certain ice density. To depict the glacier situation of the 1960s and 70s, declassified high
resolution Corona KH-4 and KH-4B data as well as
KH-9 Hexagon data have been used and processed.
ASTER, SPOT-5, Cartosat-1 and ALOS-PRISM
imagery form the basis to generate DTMs up to the
present date.
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The suitability of a terrestrial stereo camera system has
recently been tested on a sample glacier on the Tibetan
Plateau (Zhadang Glacier). Despite large image distortions first results are promising for snow line mapping
and potentially for DTM generation. Furthermore,
snow cover changes are investigated with time series
of NOAA AVHRR and MODIS data from the 1980s
to 2012. Besides their significance for a comprehensive
snow cover analysis, these data will be incorporated in
a statistical permafrost model. Based on remote sensing imagery and borehole data a small-scale approach
is currently being developed for modelling the permafrost extent for the entire Tien Shan. The permafrost
extent will also provide important information about
the thermal state of the glaciers.
In general, glaciers in the Tien Shan and on the southcentral Tibetan Plateau lost area and mass throughout
the investigated time (Bolch et al. 2010, Gardner et al.
2013, Ozmonov et al. 2013, Pieczonka et al. 2013).
Few advancing glaciers with indications of surges could
be identified in Central Tien Shan. Glacier surges are
common in the Pamir and measurements indicate balanced budgets in this region (Gardner et al. 2013).
Information about the employed methodologies for
assessing glacier variations can be found in Bolch et
al. 2010, 2011; Holzer et al. 2012 and Pieczonka et
al. 2011, 2013. Work is underway to analyse glacier
volume changes for larger areas and to extend the
study area to further regions on the Tibetan Plateau,
in the Pamirs and the Tien Shan. The investigations
are funded by BMBF and DFG within the framework
of the Sino-German projects “WET”, “TiP”, “SuMaRiO” and “Aksu-Tarim” where the Institute of Cartography is currently involved focusing on glacier remote
sensing (Figure 1).
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Figure 1. Research Projects at the Institute of Cartography, TU Dresden (Map: N. Holzer,
background: Blue Marble/MODIS).
WET – funded by Federal Ministry of Education and
Research (BMBF) (Variability and Trends in Water
Balance Components of Benchmark Drainage Basins
on the Tibetan Plateau)
www.klima.tu-berlin.de/index.php?show=forschung_
asien_tibet_wet&lan=en
TiP – funded by German Research Foundation
(DFG) (Tibetan Plateau: Formation – Climate – Ecosystems) www.tip.uni-tuebingen.de
SuMaRiO – funded by Federal Ministry of Education and Research (BMBF) (Sustainable Management
of River Oases along the Tarim River)
www.sumario.de
Aksu-Tarim – funded by German Research Foundation (DFG) (Climate Change and Water Resources
in Western China) www.aksu-tarim.de
REFERENCES
Bolch, T., Yao, T., Kang, S., Buchroithner, M. F.,
Scherer, D., Maussion, F., Huintjes, E. & Schneider, C. (2010): A glacier inventory for the western
Nyainqentanglha Range and Nam Co Basin, Tibet,
and glacier changes 1976–2009. The Cryosphere 4:
419–433.
Bolch, T., Pieczonka, T. & Benn, D.I. (2011): Multidecadal mass loss of glaciers in the Everest area (Nepal
Himalaya) derived from stereo imagery. The Cryosphere 5: 349–358.
116 | Mountain Cartography Workshop in Taurewa

Gardner, A. S., Moholdt, G., Cogley, J. G., Wouters,
B., Arendt, A. A., Wahr, J., Berthier, E., Pfeffer, T.
W., Kaser, G., Hock, R., Ligtenberg, S. R. M., Bolch,
T., Sharp, M.J., Hagen, J. O., van den Broeke, M. R.
& Paul, F.: (2013): A reconciled estimate of glacier
contributions to sea-level rise: 2003–2009. Science
340: 852–857.
Holzer, N., Vijay, S., Buchroithner, M. F. & Manjoi,
A. K. (2012): Analysis of glacier mass balance and
rheology of Kekesayi Glacier using Hexagon KH-9,
ALOS-PRISM and SAR data. ESA Earth Observation and Cryosphere Science Conference. Extended
Abstract. European Space Agency (ESA), 6 p., Frascati, Italy.
Ozmonov, A., Bolch, T., Xi, C., Kurban, A. & Guo,
W. (2013): Glaciers characteristics and changes in the
Sary-Jaz River Basin (Central Tien Shan) 1990–2010.
Remote Sensing Letters 4(8): 725–734.
Pieczonka, T., Bolch, T. & Buchroithner, M. F.
(2011): Generation and evaluation of multi-temporal
digital terrain models of the Mt. Everest area from
different optical sensors. ISPRS Journal of Photogrammetry and Remote Sensing 66: 927–940.
Pieczonka, T., Bolch, T., Liu, S. & Wei, J. (2013):
Heterogeneous mass loss of glaciers in the AksuTarim Catchment (Central Tien Shan) revealed by
1976 KH-9 Hexagon and 2009 SPOT-5 stereo imagery. Remote Sensing of Environment 130: 233–244.

© New Zealand Cartographic Society

Abstracts

Historical Maps as Source for Glacier DEM
Reconstruction
Samuel Wiesmann, Aline Brüngger, Roland Schenkel,
Andreas Sidler and Lorenz Hurni
Institute of Cartography and Geoinformation, ETH Zurich, Zurich, Switzerland
swiesmann@ethz.ch, lhurni@ethz.ch

Keywords
glacier DEM reconstruction – color image segmentation – contour line attribution – Swiss Alps
EXTENDED ABSTRACT
Introduction
The comparison of repeated digital elevation models
(DEM) of glaciers provides information on changes
in volume. The evaluation of contour lines on topographic maps is often the only available source of surface topography in times before 1950. Digitizing and
attributing these contour lines manually is time consuming and error-prone. For this study, parts of the
manual processes have been automated. The method
has been conducted for a total catchment area of about
205 km2 in the Swiss Alps. However, manual intervention is still necessary and unavoidable.
Method
The historical maps used in this study are available
from the Swiss Federal Office of Topography (swisstopo) as scanned and georeferenced raster images. In
glacierized catchments, contour lines are drawn in
blue, brown, and black. The first step uses standard
image processing software to achieve a separation of
the respective colors.

The contour lines are used as input for DEM interpolation, but they must receive their respective height as
an attribute first (step three). To support the operator,
an algorithm has been developed, which firstly determines the spatial order of contour lines in a selected
area and secondly attributes these lines.
With the attributed contour lines available, DEM
interpolation software can be used to interpolate the
historic surface (step four).
Results
Tests showed that the process is as far as possible operator-independent. Furthermore, in one test area it was
possible to compare the semi-automated results with
the fully manually-processed results. The two resulting
DEMs fit very well.
The resulting DEMs are visualized with different techniques and visualization methods: 2D, 3D, and over
the Internet to make it accessible to a broader audience.
Discussion
To exploit the historic data stored in old maps, semiautomated processes may support the operator in order
to achieve a more efficient workflow. However, manual
steps will be necessary in any case.

The three color separated images can now be used
for automated vectorization (step two). However, the
images do not only contain the contour lines, but
also all other map elements that are symbolized in the
same color. This makes a manual post-processing stage
necessary, in which all unwanted elements must be
deleted, such as labeling or river networks.
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Figure 1: Original colored map (top) and map after processing for target color blue (bottom).
Acknowledgement: Reproduced with the authorization of swisstopo (JA100120), Source:
Bundesamt für Landestopografie swisstopo (Art. 30 GeoIV): 5704 000 000.
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EXTENDED ABSTRACT
Two major flood events hit the lower North Island in
February 2004. These were the largest of the nine significant flood events over the course of that year within
the Manawatu – Wanganui region. These events catalysed the Horizons Flood Plain Mapping Project in
2005 to identify flood hazard areas and to quantify
flood risk. The project made use of LiDAR (Light
Detection And Ranging) technology to conduct an
Aerial LiDAR Survey (ALS) of the major flood plains
already identified as areas with flood hazard. The ALS
information was used to produce a Digital Elevation
Model (DEM) of the ground surface suitable for riverine flood modeling with a nominal vertical accuracy
of ±0.15m. Initially, 1200 square kilometres of the
region were surveyed in 2005. A further 100 square
kilometres were surveyed in 2009. ALS has become
readily available in New Zealand over the last decade
and is used extensively to survey all types of terrain
from mountains to sea shore.

Figure 1. Flooding from the Mangaone Stream on the
outskirts of Palmerston North in February 2004.
Photo courtesy of Massey University School of Aviation.

The images in the full presentation illustrate the process used to record the flood extents from the photos
and other information captured to cover each flood
event. Examples are included in this abstract. Figure
1 shows flood water extents from 2004 for an area to
the west of Palmerston North and Figure 2 shows the
similar area with flood extents from the 1976 event.
The flood plain mapping project has highlighted the
need to document significant flood events by ensuring a full photographic coverage of flood extent is captured. A ‘photo album’ of the flood event is compiled
to provide a readily accessible record for staff and public information. The photographs over time show not
only flood extents but also the changes in land use and
activity in the flood ways.
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Figure 2. Flooding from the Mangaone Stream on the
outskirts of Palmerston North in 1976. Photo from
Horizons archive and RNZAF.
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Figure 3. This elevation model is derived from a LiDAR
survey of the lower Rangitikei River area. The main
river channel and linear stop banking can be seen along
the left hand side and lower portion of the model. Also
evident are relic river channels and sand ridges driven by
the prevailing WNW wind.

Figure 3. This elevation model is derived from a LiDAR
survey of the lower Rangitikei River area. The main
river channel and linear stop banking can be seen along
the left hand side and lower portion of the model. Also
evident are relic river channels and sand ridges driven by
the prevailing WNW wind.
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Flood modeling was conducted using the DEMs (e.g.
Figure 3), river gauging observations and flow records
(hydrographs). Flood extents and photos were used
with concurrent river gauging observations to calibrate
the flood modeling runs. The calibrated flood models were run to simulate a variety of statistical flood
events, nominally: 1:50, 1:100 and 1:200 year events.
The resulting flood maps (Figure 4) and information
from the flood models were supplied to: emergency
management personnel to prepare evacuation plans,
works teams to mitigate flood damage to property by
building stop banks, and local authority planners to
avoid dwellings being built in flood hazard areas.
Since the initial LiDAR survey in 2005 the organisation has found that the elevation models have been
useful in: identifying land forms (see Figure 3), assessing land use capability (LUC), soil type mapping,
contouring, waste treatment and effluent disposal,
waterway identification, drainage assessment, tsunami
and storm surge modeling, transport corridor planning, power/transmission line routing, erosion, river
channel migration, etc.. The ground elevation information initially collected for the express purpose of
providing a DEM for the flood modeling has been used
multiple times for purposes that were not envisaged at
the time of collection. The LiDAR survey information
and subsequent elevation models commissioned and
produced by Horizons Regional Council have become
a well-used dataset by local authorities, research institutes and consulting engineers.

ACKNOWLEDGEMENT
Photo Acknowledgement to Massey University
School of Aviation (2004 flood photos), RNZAF
(1976 photos).
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ABSTRACT
The use of mobile devices with navigational facilities
is nowadays becoming ubiquitous in daily life. Practically all high-end smartphones have access to applications that possess map-based functionalities for spatial
guidance. However problems start arising if urbanized
areas are abandoned, off-road terrain is encountered or
even rugged mountainous environment is penetrated.
Technical restrictions such as GPS signal strength
and network coverage are not the only obvious problems that decide whether an application is accepted
or refused by the user. Technical efficiency, usability,
layout, design, cartography and even esthetics play
an essential role in the overall acceptance of a navigational mobile smartphone application.
In order to design a map-based mountain compliant
mobile smartphone application it is primarily essential to understand the user’s needs. Based on derived
user constraints a tailored concept must be adopted to
fulfill all prerequisites before final realization is contemplated.
This contribution deals with the theoretical as well as
practical approach taken into consideration during
the design process of a map-based mobile smartphone
application for use in mountainous areas and retraces
the chronology from the initial idea to a functional
prototype.
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Avalanche Warning Center Portal
Karel Kriz, Manuel Illmeyer and Michaela Kinberger
Department of Geography and Regional Research, University of Vienna, Vienna, Austria
karel.kriz@univie.ac.at

ABSTRACT
The main objective of the “Tyrolean Avalanche Warning Center Portal” that is embedded within a project
between the Avalanche Warning Center of Tyrol and
the University of Vienna, Department of Geography
and Regional Research, is to communicate and visualize avalanche relevant information with a strong
cartographic spatial emphasis to the general public.
The major focal point of research lies in adequate geocommunication of spatial, temporal and thematic content. This content embraces avalanches, snow profiles
and mountain casualties that are recorded respectively
occur during the snow covered winter season in the
Tyrolean Alps.

usability for future developments such as multilingualism and expert snow profile creation in order to
enhance the overall handling of the system.
This paper deals with the conception and implementation of an Avalanche Warning Portal and how information for decision support can be communicated
efficiently utilizing maps and graphic depictions.

The information system that is being adopted to host
this content has the goal to spread avalanche relevant
facts to the general public. The main research task is
to develop a framework that can focus on how users
interact with the system in an efficient and sustainable
way in order to satisfy their needs.
Besides technical and thematic issues, an important
area of focus lies in usability and design aspects of the
system. Solutions related to graphic design, color management, visualization guidelines as well as problems
regarding spatial, thematic and temporal navigation
and how they interact together are subject of discussion.
The system realization is twofold primarily focusing on
a public approach for efficient information retrieval.
In addition to the public version, there is also an internal secured section for administration with the possibility to manipulate and manage avalanche events
and snow profiles. User management offers restricted
functionalities to different users. Furthermore focus is
also directed on standardization such as the creation of
prototypes that can be transformed to similar International projects. User-centered design provides flexible

© New Zealand Cartographic Society

Mountain Cartography Workshop in Taurewa | 123

Abstracts

Maps at National Geographic Magazine
Martin Gamache
National Geographic Magazine, Washington D.C., USA
mgamache@ngs.org

ABSTRACT
Recently published maps in National Geographic
Magazine (NGM) were described and demonstrated.
Firstly, several map examples were used to illustrate
use of and ongoing evaluation of relief mapping tools
released in the last five years. Tools evaluated and discussed include Natural Scene Designer V5 Pro for
plan oblique relief; Terrain Sculptor, Terrain Bender
and Terrain Equalizer by Bernhard Jenny (Terrain
Cartography), Leland Brown’s partial Laplacian filtering; and Patrick Kennelly's uniform sky illumination
relief shading. Tools were evaluated for general ease of
use, quality of output, practical application of output,
robustness of software, ease of integration of output
with other software (GIS, Photoshop), novelty, and
availability of software. The results of experiments
with multiple approaches on the same maps were
presented to workshop participants to evaluate and
compared with final published map. Our design and
method chosen was discussed, along with a live demonstration of the most salient features of each method
to illustrate strengths and weaknesses. Maps featured
include the Ansel Adams Wilderness (Sierra Nevada),
Vermilion Cliffs, Adironjack Park, Papua New Guinea
(the Meakumbut people), West Antarctica and Mount
Erebus (Antarctica).

combine them, and the lessons learned for future projects of this type, was examined in detail.
Finally, the National Geographic Magazine's print
and interactive mapping endeavors celebrating the
50th anniversary of the first American Ascent of Everest were presented. A collaboration with the German
Space Agency merges NGM’s older Everest model
with newly acquired high resolution imagery, realtime
tracking of climbers on the mountain using portable
GPS transmitters in an iPad application, and development of an interactive route guide to the mountain.
Some of the methods used for El Capitan are applied
to mapped climbing routes on a 3D model of Everest.
The presentation used a live demo of these applications
to discuss the challenges and opportunity offered by
new publishing platforms such as moil devices and
tablets and tools such as small GPS transmitters and
iPhones for passive data collection.

Other maps were featured, such as Alaska Trek, Hang
Son Doong, a new reference ocean floor map and El
Capitan, a climbing route map. In 2011 NGM published a 3 panel folded map of El Capitan fusing the
artwork of two analog artists with oblique panoramic
imagery and LIDAR scanning. The resulting work, a
synergy of the manual and digital, was recently awarded
the Miguel Urabayen prize for best map of 2011 by the
Society of News Designers. The inspiration for the
project, the data sources, the analog techniques used
by the contributing artists, the methodology used to
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Create Your Own Terrain Maps

Nathaniel V. Kelso and Michal Migurski
Stamen Design, San Francisco, CA, USA
nvkelso@gmail.com

ABSTRACT
Stamen has open-sourced the tools, workflow, and
assuptions used to create maps.stamen.com/terrain/.
We'll show how to combine OpenStreetMap (OSM)
data with shaded relief derived from SRTM, ASTER,
National Elevation Dataset (NED) and natural colors
via global and US-specific landcover datasets to create,
customize, and publish your own terrain maps.
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