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Abstract
Understanding the extent, fl ow paths, and history of glaciers and ice sheets comes from interpreting landforms, some of which were created 

by subglacial processes. Subglacial streamlined landforms, such as crag-and-tails, drumlins, drumlinoids, and fl utes (ice-fl ow features), form 
parallel to ice fl ow. Given the cost of fi eldwork in remote regions, even the most recent compilations of these landforms in the Canadian 
Cordillera are incomplete. Derived-stereo imagery provides the ability to incorporate single-frame imagery into traditional stereo airphoto 
methods to remotely map these features at signifi cantly less cost. A comparison of stereoscopic air photographs and two derived-stereo imagery 
types (Satellite Pour l’Observation de la Terre and orthomosaics) to map ice-fl ow features in the Atlin and Liard Plain areas of northern British 
Columbia indicates that derived-stereo orthomosaics provide government agencies, who can access the orthomosaics at no cost, the best value 
to map ice-fl ow features for the British Columbia Geological Survey ice-fl ow feature compilation. Although derived-stereo SPOT imagery is 
inferior to airphotos and derived-stereo orthomosaics, it may be adequate for regional ice-fl ow studies and, freely accessed, may be better suited 
to the general public.
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1. Introduction
The Cordilleran Ice Sheet (CIS) refers to the mass of mountain 

ice caps and interconnected valley and piedmont glaciers that 
occupied western Canada, Alaska, Washington, Idaho, and 
Montana during major Quaternary glaciations (Jackson and 
Clague, 1991). The CIS formed and decayed several times, 
expanding from topographically controlled alpine glaciers 
that coalesced and reached suffi cient thicknesses to fl ow 
independent of topography (Clague, 1989; Fulton, 1991; 
Jackson and Clague, 1991; Stumpf et al., 2000; Clague and 
Ward, 2011). Ice-fl ow landforms and ice sheet models indicate 
that ice in the interior of British Columbia was thick enough to 
fl ow west, across the Coast Mountains and onto the continental 
shelf, and east, across the Rocky Mountains onto the Canadian 
Interior Plains (Clague, 1989; Fig. 1). Understanding the 
extent, fl ow pathways, and history of the most recent CIS 
(Late Wisconsinan; ~22-10 ka; almost equivalent to marine 
isotopic stage 2) comes from interpreting landforms, some 
of which were created by subglacial processes (see Kleman, 
et al., 1997; Boulton et al., 2001; King et al., 2009; Clark et 
al., 2012; Stokes et al., 2015). Landforms, such as crag-and-
tails, drumlins, drumlinoids, and fl utes are streamlined along 
ice fl ow directions (referred to as ice-fl ow features) (Menzies, 
1979; Boulton, 1987; Clark, 1993; Evans et al., 2006; Benn 
and Evans, 2010). Although Ferbey and Arnold, (2013), Ferbey 
et al. (2013) and Arnold et al. (2016) have compiled such ice-
fl ow features formed in the Canadian Cordillera, mapping 
is incomplete. For example, the lack of ice-fl ow features in 

large regions (Arnold et al., 2016) may merely refl ect gaps 
in mapping. The British Columbia Geological Survey and 
the Geological Survey of Canada, under the Geo-mapping 
for Energy and Minerals (GEM) program, are collaborating 
to address some of the mapping inadequacies. In this paper, 
we evaluate a relatively inexpensive approach that uses small-
scale imagery to map macroscale ice-fl ow features. 

Most maps of ice-fl ow features in British Columbia have been 
generated using traditional stereoscopic aerial photography 
(Ferbey et al., 2013), in which sequential frames have 
signifi cant overlap (60% along fl ight; 20-40% across fl ight; 
e.g., Aber et al., 2010). This overlap, needed for traditional 
stereo viewing, demands many images, which makes it 
expensive to map large areas with gaps in the Cordillera. 
As an alternative approach, digital derived-stereo imagery 
takes a single image and combines it with a digital elevation 
model (DEM) to generate a second offset image (DAT/EM, 
2012). The original and generated images are combined using 
photogrammetric software to display a stereoscopic image (i.e., 
in 3D; DAT/EM, 2012). Because this approach does not require 
overlapping images, fewer are needed for regional mapping. 
Furthermore, fewer images or remote sensing scenes (e.g., 
Landgrebe, 2003) are needed because satellite imagery and 
orthomosaics commonly extend across large areas, although the 
resolution of this imagery is commonly lower than traditional 
digitized airphotos. Here we evaluate stereoscopic aerial 
photography and two derived-stereo imagery types (Satellite 
Pour l’Observation de la Terre or SPOT, and orthomosaics) for 
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Fig. 1. a) Cordilleran ice sheet during the Late Wisconsinan and location of study areas (after Clague and Ward, 2011). Major Late Wisconsinan 
ice-fl ow directions in b) the Atlin area and c) the Liard Plain (summarized from Ryder and Maynard, 1991).

mapping ice-fl ow features in the Atlin and Liard Plain areas of 
northern British Columbia (Fig. 1).

2. Regional setting
The Atlin area was selected because overlapping remote 

sensing datasets (airphotos and SPOT) and maps depicting ice-
fl ow features (Levson et al., 2003) are available. The Atlin area 
(Fig. 2a) is in the Teslin Plateau, with its gently sloping uplands 
and wide valleys. Peaks of the Snowdon, Lina, Johnson, 
Laurie, and Sloko ranges rise above the plateau surface. To 
the west, the Tahltan Highlands form the transition from the 
Teslin Plateau to the Coast Mountains (Holland, 1976). At 
glacial maximum, ice centres for the northern CIS were most 
likely over the Coast Mountains west of the Atlin area and in 
the Skeena Mountains and Stikine Plateau to the south (Figs. 
1, 2a; Ryder and Maynard, 1991; Seguinot et al., 2016). Aitken 
(1959) interpreted that three ice streams fl owed through the 
Atlin area. Accordingly, one fl owed northeast from the Coast 
Mountains, north along Atlin Lake, then branched northwest 
through the Jones Lake valley (Aitken, 1959; Levson et al., 
2003). The second fl owed from the south end of Atlin Lake, 
east through the Pike and O’Donnel valley before defl ecting 
south into the Taku Trench (Figs. 1, 2a). A third ice stream, 
probably sourced from ice caps in the Stikine Plateau, fl owed 
through the broad valley now occupied by Gladys Lake and 
Hall Lake (Fig. 2a) and is part of the Teslin ice stream, which 
can be tracked more than 500 km from Tanzilla River in British 
Columbia, north into Yukon (Ryder and Maynard, 1991). Major 

topographic features have had a profound infl uence on the ice-
fl ow directions of both ice streams and valley glaciers (Ryder 
and Maynard, 1991). During deglaciation, topography and 
local relief likely controlled the fl ow of valley glaciers sourced 
in upland areas (Fig. 2a).

The Liard Plain was also selected because overlapping 
remote sensing datasets and maps depicting ice fl ow (Gabrielse, 
1963) are available. The gently rolling lowlands of the Liard 
Plain rise in elevation to the southwest into the fl at-topped 
ridges and rounded mountains of the Dease Plateau, southeast 
of which are the rugged mountains of the Ketchika Ranges 
(Fig. 2b; Holland, 1976). At glacial maximum, the northern 
CIS in British Columbia fl owed north across the western Liard 
Plain into the Yukon (Jackson, 1994; Kennedy and Bond, 
2004) and east through the Liard Plain to the edge of the 
Cordilleran deformation front, coalescing with the westward-
fl owing Laurentide Ice Sheet (Bednarski, 2008; Margold et al., 
2013; Huntley et al., 2016; Figs. 1, 2b). In the fi nal stages of 
deglaciation, ice diminished through active retreat rather than 
ice stagnation (Margold et al., 2013) and ice sourced in local 
uplands fl owed down valleys and converged with montane 
glaciers that persisted in major trunk valleys. 

3. Methods
3.1. Stereoscopic and derived-stereo imagery

Advances in 3D digital technology have enabled the transition 
from mapping using hardcopy aerial photographs to the digital 
environment. Specialized photogrammetric software is used 
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Fig. 2. Areas mapped (dark shading). a) Atlin area with ice-flow directions during the Late Wisconsinan, summarized from Aitken (1959), Ryder 
and Maynard (1991), Levson et al. (2003) and Clague and Ward (2011). b) Liard Plain area with ice-flow directions during the Late Wisconsinan, 
summarized from Gabrielse (1963) Jackson and Mackay (1990) Jackson et al. (1991) Ryder and Maynard (1991), and Margold et al. (2013).

to digitize 3D vectors directly into a geographic information 
system (GIS) and superimpose them on stereo imagery for 
immediate verifi cation and editing. Stereo imagery (Fig. 3a), 
such as the airphotos used in this project, can be georeferenced 
and loaded for use in stereo photogrammetric software. We 
use SPOT and orthomosaic derived-stereo imagery to evaluate 
their value for mapping macroscale ice-fl ow features. 

Like traditional stereo-paired airphotos, derived-stereo 
imagery requires two overlapping images for 3D display. 
However, unlike stereo-paired photographs, SPOT and 
orthomosaics are single frames with minimal overlap and must 
be digitally processed to render an offset image (Fig. 3b). The 
second, or derived image, is a duplicate of the original and is 
displaced in the direction of fl ight by a percent of the DEM 
resolution. The Shuttle Radar Topography Mission (SRTM) 
1 Arc-second DEM was selected to produce derived-stereo 
imagery (SRTM, 2014). The amount of displacement (shift) 
selected between the derived and original images is 0.125 of 
the SRTM DEM resolution (1 Arc-second = ~30 m resolution; 
30 m x 0.125 = 3.75 m horizontal shift in the direction of 
fl ight). The ‘new’ offset derived image is then draped over the 
DEM surface to spatially reference each of the pixels in the 
image. The edges of the new image are no longer straight, but 
instead pixels are warped to fi t onto the DEM. This creates an 
image with a new perspective which, when combined with 
the original image, will appear in 3D (Fig. 4). We used DAT\

EM’s Summit Evolution photogrammetric software to create 
3D stereo models. As with imagery fl own in stereo, relief in 
the derived-stereo imagery is exaggerated. This exaggeration 
is a function of the horizontal offset between the original and 
derived images and the elevation range in the derived-stereo 
pair (Fig. 5).

3.2. Imagery types
We evaluated three imagery types: 1) traditional stereoscopic 

panchromatic 1:70,000-scale airphotos; 2) derived-stereo 
panchromatic SPOT imagery at 10 m resolution; and 3) derived-
stereo panchromatic 1:20,000-scale orthomosaics. Fifty-nine 
digital aerial photographs were purchased from the Government 
of British Columbia for $18.50 per photo. The photos were 
taken in 1987 and 1988 and cover an area of about 4,000 km2. A 
contractor georeferenced each image and digital stereo projects 
were created using Summit Evolution for $20 per image (Table 
1). Thirteen SPOT images were obtained from the Government 
of Canada at no cost (SPOT, 2010). Each SPOT image covers 
about 3,800 km2 and has overlap of ~15 km west to east and 
~5 km north to south (Fig. 3b). The images are from the SPOT 
4 and SPOT 5 missions fl own between 2005 and 2010. The 
derived-stereo SPOT imagery was produced by a contractor at 
a cost of $20 per image (Table 1). Forty-one orthomosaics were 
obtained from the Government of British Columbia, at no cost 
for internal government use; the cost for external users is $200 
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Fig. 3. a) Flight path for stereo imagery, with systematic overlap between sequential images. b) Flight path for non-stereo imagery, with variable 
overlap between sequential images. Modifi ed after NRCAN (2016).

Fig. 4. Derived-stereo imagery is created by horizontally shifting a duplicate (derived image) in the fl ight direction. The derived image is then 
overlain on a DEM and georeferenced, providing a new perspective of the image based on topography. The amount of horizontal shift of the 
derived image is a percentage of the DEM resolution.

per frame. Each image covers about 130 km2 with no overlap 
between images. The derived-stereo orthomosaic imagery was 
produced by a contractor for $20 per image (Table 1). 

3.3. Ice-fl ow mapping
We mapped ice-fl ow features for each imagery type, using 

Summit Evolution Lite running in tandem with ArcGIS, at 
scales of 1:4,000 (airphotos), 1:10,000 (SPOT imagery) and 
1:4,000 (orthomosaics). Each feature was mapped manually 

as a line (i.e., start node beginning up-ice and end node 
down-ice), recording length and directionality (unidirectional 
or bidirectional). Lines were converted to points and line 
azimuths were calculated and recorded. We then compared 
the data acquired from each imagery type. Where a feature 
was identifi ed in different imagery types, we evaluated the 
consistency of location, length, azimuth, and if ice-fl ow 
directionality could be determined.

For the Atlin area, we compared features derived from: 

218
Geological Fieldwork 2016, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2017-1

Arnold and Hickin



Imagery type Number of 
frames 

Acquisition 
cost 

Stereo/derived-stereo 
conversion (per frame) 

Approximate area 
(km2) 

Total Cost per 100 
km2 cost area (km2) 

Airphotos 59  $ 18.50   $ 20.00  68  $ 2,271.50  4,000  $ 56.79  

SPOT 13 -  $ 20.00  3,800  $ 260.00  49,400  $ 0.53  

Orthomosaics 41 -  $ 20.00  130  $ 820.00  5,330  $ 15.38  

Fig. 5. Vertical exaggeration in a) Stereo imagery and b) Derived-stereo imagery. Modifi ed from Sabins (1997) and Paine and Kiser (2012).

Table 1. Cost to create digital stereo and digital derived-stereo pairs for each imagery type.

1) airphotos and mapping by Levson et al. (2003); 2) SPOT 
imagery and mapping by Levson et al. (2003); and 3) airphotos 
and SPOT imagery. For the Liard Plain area, we compared 
results from: 1) orthomosaic imagery and mapping by Gabrielse 
(1963); 2) SPOT imagery mapping by Gabrielse (1963); and 3) 
orthomosaic imagery and SPOT imagery.

Commonly, a single symbol is used to portray multiple 
streamlined features on surfi cial geology maps. Consequently, 
a single map symbol cannot be directly compared with a single 
ice-fl ow feature identifi ed in the imagery. To enable more 
direct comparisons, we used buffers of 500 m and 1,000 m 
around each ice-fl ow map symbol in Levson et al. (2003) and 
Gabrielse (1963). In some cases ice-fl ow symbols in Levson 
et al. (2003) represent separations closer than 500 or 1000 m. 
In these situations, all ice-fl ow features in the imagery within 
500 or 1,000 m of an ice-fl ow symbol were included in the 
comparison.

Levson et al. (2003) used hardcopy airphoto interpretation 
combined with fi eld checks to produce earlier versions (see 
Levson, 1992; Levson and Kerr, 1992) of their map. Given 
that the same imagery type is used, signifi cant differences 

are unexpected when ice-fl ow features using digital airphotos 
are compared to those mapped by Levson et al. (2003).This 
comparison highlights the transition from hardcopy airphoto 
interpretation to the digital environment and provides a 
means of verifying the ice-fl ow features mapped using digital 
airphotos in part of the Atlin area (~780 km2). The methods 
used to produce Gabrielse (1963) map were not identifi ed.

4. Results
4.1. Atlin area
4.1.1. Airphotos and features mapped by Levson et al. 
(2003)

Levson et al. (2003) shows 36 ice-fl ow symbols in an area 
of about 780 km2 (Fig. 6; Table 2). Using the airphotos, 51 ice-
fl ow features were identifi ed in the same area. Of the ice-fl ow 
features recognized in the airphotos, 36 are within 500 m of 24 
of the symbols in Levson et al. (2003). Therefore, within 500 
m of where symbols were plotted, 12 of the ice-fl ow symbols 
in Levson et al. (2003) were not recognized on the airphotos 
(Fig. 7). Of the adjacent features, 47% on the airphotos have 
an ice-fl ow azimuth within 5° of the azimuth of the symbols 
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Fig. 6. Ice-flow feature mapping in the Atlin area. Orange box indicates area mapped by Levson et al. (2003).

on Levson et al. (2003) and 92% are within 10° (maximum 
discrepancy is 17°). The expanded 1,000 m buffer includes 42 
ice-fl ow features identifi ed in the airphotos. Thus, 33 of the 36 
ice-fl ow symbols represented on the map have adjacent airphoto 
features within 1,000 m. Of the adjacent airphoto features, 43% 
have an ice-fl ow azimuth within 5° of symbols in Levson et 
al. (2003) and 83% are within 10° (maximum discrepancy of 
18°; Table 3). Three ice-fl ow features identifi ed by Levson et 
al. (2003) were not identifi ed in the airphotos (Fig. 7, points 

1-3). Two of these (Fig. 7, points 1-2) are in an area of high 
tonal saturation in the airphotos, which hampers identifi cation. 
Levson et al. (2003) identifi ed nine unidirectional features in 
the map area, but only one was identifi ed in the airphotos, 
which underscores the importance of fi eld checks.

4.1.2. SPOT and features mapped by Levson et al. (2003)
Using the SPOT imagery, 21 ice-fl ow features were identifi ed 

in the area mapped by Levson et al. (2003). Of these, 17 are 
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Fig. 7. Comparison of ice-flow mapping (orange box) completed by Levson et al. (2003) to features identified in airphotos and SPOT imagery. 
Two buffers of 500 m and 1,000 m were used. Numbers 1-3 depict features mapped by Levson et al. (2003) that were not identified in the 
airphotos. Numbers 1-15 depict features mapped by Levson et al. (2003) that were not identified in the SPOT imagery.
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within 500 m of the ice-fl ow symbols in Levson et al. (2003). 
The 17 features are adjacent to 15 (of the 36) ice-fl ow symbols. 
Of these adjacent features, 35% of the ice-fl ow features from 
the SPOT imagery have an azimuth within 5° of the mapped 
symbols, and 94% are within 10° (maximum discrepancy of 
12°). A total of 18 ice-fl ow features identifi ed using SPOT 
imagery are within 1,000 m of the symbols on Levson et al. 
(2003). The 18 SPOT features are adjacent to 21 of the 36 ice-
fl ow symbols in Levson et al. (2003). Of the SPOT ice-fl ow 
features, 28% have an azimuth within 5° of the symbols on 
the map and 72% are within 10° (maximum difference of 15°; 
Table 3). Fifteen of the 36 features symbolized in Levson et 
al. (2003) lacked corresponding features in the SPOT imagery 
(Fig. 7, points 1-15). One unidirectional ice-fl ow feature was 
identifi ed in the SPOT imagery that is within 500 m of a 
unidirectional feature identifi ed by Levson et al. (2003).

4.1.3. Airphotos and SPOT imagery
In the area of overlapping airphoto and SPOT imagery (about 

4,000 km2), 579 ice-fl ow features were detected using airphotos; 
35 were identifi ed as unidirectional (Table 2). Using the SPOT 

imagery, 349 ice-fl ow features were identifi ed, nine of which 
are unidirectional (Table 2). Comparing the airphoto and SPOT 
imagery datasets, 249 of the ice-fl ow features are coincident 
in both imagery types (Figs. 6, 8). Several longer ice-fl ow 
features identifi ed in the SPOT imagery appear as two separate 
features in the airphotos. In some cases, parallel features in 
the airphotos appear as a single feature in the SPOT imagery. 
Variance in the ice-fl ow direction of the features identifi ed in 
the two imagery types is low; 91% of coincident features have 
azimuths within 5° (Table 3) and the largest discrepancy is 
11°. The median difference in the length of a feature mapped 
using both imagery types is 119 m. However, the features were 
not longer consistently in one imagery type. Only one feature 
was mapped as unidirectional in both the airphotos and SPOT 
imagery. 

4.2. Liard Plain area
4.2.1. Orthomosaic imagery and features mapped by 
Gabrielse (1963) 

The Gabrielse (1963) map overlaps with the western half of the 
Liard Plain area. Gabrielse (1963) mapped 19 ice-fl ow features 

Map area Ice-flow feature mapping Total number 
of features 

Unidirectional 
features 

Atlin 

Airphoto 579 35 

SPOT 349 9 
Single feature identified 
in airphoto & SPOT 249 1 

Levson et al. (2003) 36 9 

Liard 
Plain 

Orthomosaics 741 41 

SPOT 275 10 
Single feature identified 
in orthomosaic & SPOT 154 0 

Gabrielse (1963) 19 19 

Map area Ice-flow feature mapping Ice-flow direction variance Median absolute 
difference in length (m) Buffer within 5° within 10° max 

Atlin 

Airphoto & SPOT   91% 99.60% 11 119 

Levson et al. (2003) & airphoto 500 m 47% 92% 17   

1000 m 43% 83% 18   

Levson et al. (2003) & SPOT 500 m 35% 94% 12   

1000 m 28% 72% 15   

Liard 
Plain 

Orthomosaic & SPOT   92% 100% 8 117 

Gabrielse (1963) & orthomosaic 500 m 64% 91% 11   

1000 m 60% 86% 17   

Gabrielse (1963) & SPOT 500 m 100% 100% 2   

1000 m  87% 100% 7   

Table 3. Variability of ice-fl ow direction in features identifi ed in two imagery types and each imagery type to published maps.

Table 2. Ice-fl ow features identifi ed in imagery types.
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Fig. 8. Ice-flow features identified in both airphotos and SPOT imagery in the Atlin area.

in an area of about 2,020 km2 (Fig. 9; Table 2). In the same 
area, 393 ice-fl ow features were identifi ed in the orthomosaics. 
Eleven features identifi ed using orthomosaics are within 500 m 
of eight of the 19 features in Gabrielse (1963). Eleven of the 
features symbolized on the Gabrielse (1963) map were not 
identifi ed within 500 m in the orthomosaics. Of the Gabrielse 
(1963) symbols within 500 m, 64% of the orthomosaic features 
have an ice fl ow direction within 5°, and 91% are within 10° 

(with maximum discrepancy of 11°). When comparing the ice-
fl ow features identifi ed in the orthomosaics to the symbols in 
the Gabrielse (1963) map using the 1,000 m buffer, 49 features 
identifi ed using orthomosaics are within 1,000 m of 13 of the 
19 ice-fl ow features symbolized by Gabrielse (1963). Of the 
adjacent features, 60% of the orthomosaic features have an 
azimuth within 5° of the symbolized features in Gabrielse 
(1963) and 86% are within 10° (maximum discrepancy of 17°; 
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Fig. 9. Ice-flow features mapped in the Liard Plain area. Gabrielse (1963) map outlined in white.
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Table 3). Six ice-fl ow features symbolized by Gabrielse (1963) 
were not identifi ed in the orthomosaic (Fig. 10, points 1-6). All 
of the 19 features symbolized the in Gabrielse (1963) indicate 
unidirectional fl ow. Of the 19 unidirectional features identifi ed 
in the orthomosaics, only two are within 1,000 m of those 
symbolized by Gabrielse (1963).

4.2.2. SPOT and features mapped by Gabrielse (1963)
Using the SPOT imagery, 94 ice-fl ow features were identifi ed 

in the area mapped by Gabrielse (1963). Three features are 
immediately adjacent to two symbols on the Gabrielse (1963) 
map and have ice-fl ow directions within 5°. The SPOT imagery 
identifi ed 15 ice-fl ow features within 1,000 m of six features 
symbolized by Gabrielse (1963). Of the adjacent SPOT ice-
fl ow features, 87% have ice-fl ow directions within 5° of 
the symbolized features and all are within 10° (maximum 
discrepancy of 7°; Table 3). Thirteen symbols in the Gabrielse 
(1963) map were not identifi ed using SPOT (Fig. 10, points 
1-13). One unidirectional ice-fl ow feature was identifi ed in 
the SPOT imagery, and it is within 1,000 m of a unidirectional 
symbol in Gabrielse (1963).

4.2.3. Orthomosaic imagery and SPOT imagery
In the area with overlapping orthomosaic and SPOT imagery 

(approximately 4,450 km2), 741 ice-fl ow features were identifi ed 
using orthomosaics, of which 41 are unidirectional. A total of 
257 ice-fl ow features are identifi ed using the SPOT imagery, 
of which 10 are unidirectional. In this overlap area, 154 ice-
fl ow features coincide (Figs. 9, 11; Table 2). Several features 
identifi ed as single features in the SPOT imagery appear as 
two separate features in the orthomosaics. In the orthomosaics, 
some appear as two shorter features with the same bearing, 
with the centreline of pairs coinciding with the feature mapped 
in the SPOT imagery. Variance in ice-fl ow directions of the 
coincident features identifi ed in the two imagery types is low, 
as 92% of the features are within or below 5°, with a maximum 
discrepancy of 8° (Table 3). The median difference in length of 
a feature mapped using both imagery types is 117 m; 60% of 
coincident occurrences are longer in the orthomosaics. Three 
features were mapped as unidirectional in both imagery types.

5. Discussion
Consistencies between datasets indicate that derived-stereo 

imagery is useful for remotely generating macroscale ice-fl ow 
data for inclusion in regional compilations. Comparison of data 
from the Atlin area suggests that digital stereoscopic airphoto 
imagery, which has the highest spatial resolution, is the most 
effective. Although fewer ice-fl ow features are resolved in the 
SPOT data, major fl ow sets are discernible and the number 
of features mapped is adequate to determine a general ice 
fl ow history. Data comparison in the Liard Plain reveals that 
orthomosaics may be superior to SPOT, again refl ecting better 
resolution of the imagery. 

Airphotos are the traditional and proven method for mapping 
landforms (e.g., Mollard, 1976). Because ice fl ow-sets are often 

depicted on maps as a symbol, direct comparison of ice-fl ow 
features identifi ed in stereoscopic airphotos and those depicted 
by map symbols is limited. Two clusters of ice-fl ow features 
depicted on the Levson et al. (2003) map were not detected 
with the stereoscopic airphotos. These features may have been 
encountered during fi eldwork (Fig. 7, points 1 and 2, and 3). 
Five clusters of ice-fl ow features depicted in the Levson et al. 
(2003) map were not detected in the SPOT data. Nevertheless, 
most of the major fl ow sets are clearly identifi ed by the SPOT 
data (Fig. 7).

However, our evaluation suggests that most of the major 
fl ow sets identifi ed in Levson et al. (2003) are recognizable 
by using the stereoscopic airphotos to map ice-fl ow features. 
Furthermore, there is limited variation in the fl ow azimuths 
between the stereoscopic airphotos datasets and the symbols 
depicted on the maps. In the Atlin area 40% fewer features 
were recognized in SPOT images (n=349) than in the airphotos 
(n=579). Some subtle features (e.g., points 4-9, 11-14, Fig. 7) 
were detected in the stereoscopic airphotos but not in the SPOT 
images. 

The derived-stereo has a number of limitations. Whereas ice-
fl ow direction is consistent in all the datasets, unidirectional 
features, mapping density, and spatial distribution differ. Each 
imagery type differs in imagery resolution, cloud cover, and 
light saturation/desaturation, which may lead to mapping 
inconsistencies. More ice-fl ow features were mapped and more 
unidirectional ice-fl ow features identifi ed using higher resolution 
imagery. Cloud cover affected mapping using SPOT imagery, 
because one derived-stereo pair was completely obscured. 
Cloud cover was not a factor when using orthomosaics because 
the images selected are cloud free. Airphotos and SPOT images 
have areas of high and low tonal saturation, which reduces the 
ability to identify ice-fl ow features. This is not an issue with 
the orthomosaics because they have a consistent tonal range 
(white to black). 

The derived-stereo pairs were produced with the same 
horizontal offset across imagery and terrain types. This 
produced variation in vertical exaggeration between derived-
stereo pairs (Fig. 5). This may be a factor in the mapping 
distribution, density, and identifi cation of unidirectional 
features. For example, SPOT images have a large spatial 
footprint compared to orthomosaics (Table 1). Due to the 
larger spatial footprint, difference in relief across a SPOT 
image is larger, creating a greater vertical exaggeration than in 
the overlapping multiple orthomosaics. This causes the same 
feature across imagery types to look different and, therefore, be 
mapped differently. Our evaluation indicates that most of the 
ice-fl ow sets symbolized in Gabrielse (1963) are recognizable 
using orthomosaics. 

The cost of mapping using stereo derived imagery is a 
signifi cantly less than traditional hardcopy airphoto mapping 
and digital stereo airphoto mapping (Table 1). Although there 
are cost savings through effi ciencies gained through mapping 
in digitally, (e.g., Smith et al., 2011), digital stereo airphotos 
of large areas is still expensive. Orthomosaic derived imagery 
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Fig. 10. Comparison of ice-flow mapping completed by Gabrielse (1963), outlined in white, to features identified in orthomosaics and SPOT 
imagery. Two buffers of 500 m and 1,000 m were used. Numbers 1-6 depict features mapped by Gabrielse (1963) that were not identified in the 
orthomosaics. Numbers 1-13 depict features mapped by Gabrielse (1963) that were not identified in the SPOT imagery.
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Fig. 11. Ice-flow features identified in both orthomosaics and SPOT imagery in the Liard Plain area.

227
Geological Fieldwork 2016, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2017-1

Arnold and Hickin



costs 27% less than digital stereo airphoto derived imagery, 
with minimal loss in the accuracy and density of ice-fl ow 
features. The cost of SPOT derived-stereo imagery is less 
than 1% of the digital stereo airphoto and less than 3% of 
the orthomosaic derived-stereo imagery. Although the loss of 
fi delity is signifi cant, the loss is at the regional scale and SPOT 
derived-stereo imagery highlight the most signifi cant ice-fl ow 
sets. We conclude that, for mapping regional macroscale ice-
fl ow features, the derived-stereo orthomosaic imagery balances 
accuracy with cost and provides the best value, but only for 
agencies within the British Columbia government. Outside 
of government, each orthomosaic frame has a maximum cost 
of about $200, which equates to $169/100 km2, making this 
dataset the most expensive. 

6. Conclusions
Derived-stereo imagery provides the ability to incorporate 

single-frame imagery types into traditional stereo mapping 
methods at a signifi cantly less cost than traditional hardcopy 
airphoto mapping and digital stereo airphoto mapping. Our 
evaluation indicates that derived-stereo orthomosaics provide 
the best value to remotely map ice-fl ow features, but only 
for government agencies that can access imagery at no cost. 
This evaluation was completed as part of the British Columbia 
Geological Survey’s ice-fl ow indicator compilation for British 
Columbia and Yukon and might be useful to others. Ice-
fl ow features mapped using derived-stereo SPOT imagery 
is inexpensive and has merit for regional ice-fl ow studies, 
but is inferior to digital stereo airphotos and derived-stereo 
orthomosaics.
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