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Abstract. This papers describes first the history of mapping and cartographic depiction of Mount Everest, the highest peak in the world. The quality of the map and geodata of the area has significantly increased over the last
hundred years. It may now serve as a precise source to derive educational
maps, such as the Everest map in the SWISS WORLD ATLAS, the Swiss school
atlas. We first describe the history of mapping Mount Everest and then the
production steps for the new atlas map, with a special focus on terrain representation (relief, rock depiction).
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1.

Introduction

The area of Mount Everest has changed from an unmapped place to one of
the best mapped areas of the world within a bit more than a hundred years.
The number of high quality maps of Everest has increased in the last years
and today there are also precise coordinates of summits as well as high resolution digital elevation models available. Due to its geographic uniqueness,
the area of Mount Everest has become a highly frequented area for both tourists and mountaineers. For educational purposes, showing the topography,
morphology and economic use of the area, school atlas maps are an adequate
means to communicate spatially related information and phenomena. After
the history of mapping Everest, we describe the editorial and technical workflow for a new Everest map in the SWISS WORLD ATLAS, the Swiss school atlas,
based on existing maps and geo-data.

2.

The History of Mapping Mount Everest

The first attempts to map the Mount Everest area date from the 18th century,
the results however cannot yet be compared to the triangulation of Himalayan peaks performed in the framework of the British Survey of India in the
mid-19th century (Ward, 1994). In 1856, it was first suggested to the Royal
Geographical Society (RGS), that the now-called Mount Everest could be the
highest peak of the world with a height of 29,000 feet (Hughes, 2009/2012).
Measurements, however were taken at distance from India, and it took another 60 years until surveyors could enter in forbidden Nepal for more precise surveys. First high quality surveys were actually carried out from the Tibetan side, leading to a first map of H. F. Milne from panoramic photographs
(Howard-Bury, 1922) (Figure 1).

Figure 1. Synoptic map of Mount Everest area, based on field work of the
Morshead/Wheeler expedition, compiled by H.F. Milne, 1922.
Based on almost the same sources recorded by the Morshead/Wheeler expedition, the Royal Geographical Society compiled a new map. The Swiss cartographer Charles Jacot-Guillarmod (Feldmann, 2008), who was one of the
co-developers and “users” of the famous Swiss style rock depiction (Jenny,
Gilgen, Geisthövel, Marston, & Hurni, 2014), draw the map in London,
shortly before his sudden death while surveying in Switzerland in 1925. Figure 2 shows an extract of that map, originally at the scale of 1:63,360 (1 mile
= 1 inch). Charles Jacot-Guillarmod was also the cousin of Jules Jacot-Guillarmod, who explored K2 at the beginning of the 20th century. Charles compiled a map of K2 based on the field work of Jules (Buffet, 2012; Feldmann,
2005).
In 1933, a reconnaissance flight from the south brought first reliable aerial
images from the Nepalese side (Ward, 1994). Two years later an expedition
under Eric Shipton explored the north side from the ground (Shipton, 1936).
The material from both expeditions was then combined by A.R. Hinks and

cartographer H. F. Milne of the RGS to compile a new Everest map (Figure
3), published in 1952 (Ward & Clark, 1992).

Figure 2. Everest map 1:63,360 published by the Royal Geographical Society, drawn by Charles Jacot-Guillarmod, 1925.

Figure 3. Hinks/Milne map of Mount Everest from 1952 (b/w representation from Ward and Clark (1992)).

Figure 4. Map of Mount Everest 1:25,000 by Erwin Schneider and Fritz Ebster (cartography) from 1956.
In the early 1950ies, several expeditions attempted to climb Mount Everest,
finally leading to the successful attempt by Edmund Hillary and Tenzing

Norgay in 1953. However, mapping of Everest was not complete at that time,
and much remained to be done to cover the region with accurate and reliable
maps (Hughes, 2009).
In 1955, the Austrian climber and cartographer Erwin Schneider (Kostka,
2004) participated in the Lhotse expedition, led by the American Norman
Dyhrenfurth. The most prominent result of his geodetic and photogrammetric field work was the first detailed topographic map of Mount Everest at the
scale of 1:25,000 (Figure 4). In 1967, based on the existing and new survey
and photogrammetric work, Schneider published the Khumbu-Himal Map
1:50,000 which depicted a larger area than the first map (Haffner, 2004)
(Figure 5). The map was updated and published again in 2013 under the lead
of M. Buchroithner of TU Dresden (Figure 6).

Figure 5. Khumbu-Himal Map 1:50,000 by Erwin Schneider and Fritz Ebster (cartography) from 1967.

Figure 6. Khumbu-Himal Map 1:50,000 by Erwin Schneider and Fritz Ebster, revised in 2013 by Manfred Buchroithner and collaborators at TU Dresden.

Figure 7. Morphological map of Khumbu area glaciers ca. 1:56,000, published in Müller (1958).

In 1956, members of a Swiss expedition reached the summit of Mount Everest for the second time and made the first ascent to Lhotse. In the framework
of this expedition, the Swiss glaciologist Fritz Müller made extensive glaciological measurements of the glaciers in the Khumbu area (Eggler, 1956; Oelz,
2006). Based on existing topographical maps and on own surveys, he published a morphological map of those glaciers, which can however not be compared to a full-fledged topographical map (Figure 7) (Müller, 1958). Several
authors have published special thematic maps in the following years, such as
e.g. geological maps (Haffner, 2004).
In the meantime, the Royal Geographical Society under the lead of cartographer George Holland reconsolidated the data gathered by former British expeditions and included map data from other exploration sources (Ward,
1994). This led to the publication of a comprehensive map 1:100,000 of the
area; the first version appeared in 1961, a revised one in 1975 (Figure 8).

Figure 8. Topographic map of the Mount Everest region 1:100,000, published by the Royal Geographic Society in 1961, revised in 1975.
Chinese mountaineers and surveyors explored Mount Everest from the
northern side since the early 1960ies. In the frame of an ascent in 1975, a
triangulation point was established on the summit. Several maps were published by the Lanzhou University: A map 1:50,000 in the early 1970ies (Figure 9) (Grün, 1990) and another map 1:100,000 (?) in the 1990ies (Figure
10, depicted after Hughes (2009)).
In the 1980ies, the former director of the Boston Museum of Science, Bradford Washburn, initiated the establishment of an entirely new map of Mount
Everest 1:50,000 in collaboration with Swissair Photo und Vermessungen,
Zurich, ETH Zurich, the Federal Office of Topography, Berne, and the National Geographic Society (NGS). Space Shuttle/Spacelab Metric Camera images were used for control point determination for later aerotriangulation
with airborne images. It appeared that the absolute orientation of the model
was the weakest point, resulting in a positional standard deviation of 45 m

(Altherr & Grün, 1990; Grün, 1990), mainly due to missing surveyed control
points and low quality of map-derived points. However, the internal stability
of the photogrammetric model was very good. The photogrammetric stereo
restitution resulted in a first plan 1:10,000 (Figure 11). The Federal Office of
Topography carried out the cartographic work to establish the final map
1:50,000, including Swiss style relief shading and rock depiction, which was
finally published by the National Geographic Society in 1988 (Figure 12)
(Jeanrichard, 1990).

Figure 9. Chinese map of Mount Everest 1:50,000, ca. 1970.

Figure 10. Chinese map of Mount Everest 1:100,000 (?), ca. 1990.
Till this day, the NGS map may serve as a reference map for other maps. In
the following years, numerous maps, mainly for trekking purposes have been
produced based on the NGS map and other sources. In the meantime new
surveying technologies such as GNSS have provided more accurate positional
data (including the Everest summit). Today the area is covered by various
high resolution satellite images (like Worldview-2) as well as radar or imagederived digital elevation models which are e.g. used for interactive three-dimensional representations such as everest3D.de.

Figure 11. Photogrammetric stereo restitution 1:10,000 by Swissair Photo
und Vermessungen, Zurich, ca. 1985. Equidistance of contour lines 20 m.

Figure 12. National Geographic Society map of Mount Everest 1:50,000 of
1988, cartographic production by Federal Office of Topography, Berne.

3.

A Synoptic Map of Mount Everest for the SWISS
WORLD ATLAS

The SWISS WORLD ATLAS (SWA) is the most widely-used Swiss secondary
level school atlas. The work for the atlas started in 1898 by mandate of the
Swiss Conference of Cantonal Ministers of Education (EDK) to the Institute
of Cartography and Geoinformation at ETH Zurich. The first German edition
was published in 1910, followed by a French edition in 1912 and an Italian
one in 1915. Major revisions were carried out in 1928, 1962, 1981, 1993 and
2002. Until 1980, the name of the atlas was SCHWEIZERISCHER MITTELSCHULATLAS (SWISS SECONDARY SCHOOL ATLAS), since 1981 SCHWEIZER WELTATLAS (SWISS WORLD ATLAS, SWA). With the edition of 2002, the production
was converted entirely to a digital workflow. A completely revised edition of
the SWA will be published in 2017.

The atlas edition of 1962 under the supervision of Eduard Imhof contained a
half page Everest map 1:100,000. Visual comparison using a GIS shows that
it was established mainly based on the Schneider map 1:25,000. Recently, in
the archive of the Institute of Cartography and Geoinformation at ETH Zurich, the original of the shaded relief could be found again (Figure 13). By applying a series of masking and other reprographic processing steps, a Swissstyle color relief shading including hypsometric tinting (Jenny & Hurni,
2006) could be derived by Imhof and his collaborators. Combined with a
ridgeline rock depiction without the characteristic Swiss style fill hachures
(Hurni, Dahinden, & Hutzler, 2001) (Figure 14) and other map elements, the
final color relief map was established (Figure 15).

Figure 13. Shaded relief for Everest map in the SWISS SECONDARY SCHOOL
ATLAS, 1962.

Figure 14. Ridge line rock depiction for Everest map in the SWISS SECONDARY SCHOOL ATLAS, 1962.
Since 2002, the SWISS WORLD ATLAS contains again a synoptic map of the
Khumbu-Everest area at a relatively large scale of 1:200,000. It is based on
the National Geographic map data, but was entirely redrawn. The hachures
for the rock depiction were manually drawn in ink according to the Swiss
style rock drawing (Jenny et al., 2014) by Ernst Spiess. Figure 16 shows a
selection of layers of the map.

For the entirely revised version 2017 of the SWISS WORLD ATLAS, the editors
decided to depict the Everest area again at the initial scale of 1:100,000. A
first review of the forerunner maps and available data shows several matching problems between the various sources. It can be observed that some of
the features are morphologically correct but shifted as a whole. Furthermore
most cliff areas have increased due to glacier retreat. An overlay of all the
sources led to the decision to use the NGS map (data) as geometric base of
the new synoptic atlas map. Whereas the situation and contour elements can
be compiled or digitized relatively easy, the generation of a representative
shaded relief and rock depiction remains a major challenge.

Figure 15. Everest map 1:100,000 in the SWISS SECONDARY SCHOOL ATLAS,
1962.

Figure 16. Mount Everest map 1:200,000 in the SWISS WORLD ATLAS, edition 2002ff. (selected layers).
As for the shaded relief, first tests have been made using the rendering software Blender (blender.org) which allows for placing various light sources in
order to illuminate all areas properly according to their morphological properties. The DTM was derived by the Institute of Geodesy and Photogrammetry of ETH Zurich from the original contour lines compiled in the context of
the NGS map project (Gruen & Murai, 2002).

As for the rock depiction, there are mainly two possibilities for creating the
drawing. The first option is the re-use of Imhof’s ridge line representation of
1962. The local distortions are however rather large and the positional accuracy of the depicted objects is rather low, if a matching with only two control
points (Mt. Everest and Pumori) is applied. Therefore a (semi-)automated
method is envisaged. Figure 17 shows an automated approach by Geisthövel
and Hurni (2015). A generalized DTM is used to delineate morphologically
uniform areas, which are then filled with light-modulated hachures similar
to those applied in the Swiss style rock drawing. A second alternative would
be the use of the semi-automated approach proposed by Hurni et al. (2001).
The software allows for digitizing the morphologically important delineations (upper/lower cliff edges, ridge lines). Out of this polygonal data the
software generates the ridge lines hachures according to an illumination
model and random functions to simulate natural appearance.

Figure 17. Automated rock drawing for the SWA Everest map. Generalized
shaded relief to delineate morphological units combined with automated filling with light-modulated hachures. Note that areas without rock are not yet
masked out!

4.

Conclusions

The production of maps of almost every point on our planet has been tremendously eased in the last few years, mainly due to the availability of seamless satellite imagery and DTM data, online availability of topographic maps,
but also due to user-friendly production methods. The presented project
shows the successful combination of historical geo-data, maps, terrain representation and cartographic workflows with modern techniques and visualization methods. The result is a user-tailored atlas map of Mount Everest
with specific topographic and morphological content for high school students. Furthermore, the use of digital base material also allows for an improved updating in later editions of the school atlas.
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