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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.
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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

© New Zealand Cartographic Society

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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