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photographic processing is likely to remain of great
importance for surveys in developing countries.

Despite the high quality of Landsat photographic
images, Landsat data can only be fully used when
images are generated from the digital data held on
computer tapes. The resolution of these images is
limited to the 80-m pixel size of the scanner, but
they convey a large amount of spectral (color) in-
formation about the terrain. Developments are tak-
ing place in interactive viewing systems away from
the concept of large, sophisticated machines toward
smaller, simpler systems, which often consist of as-
semblies of standard components linked to a micro-
computer that can perform functions similar to those
of a large machine but concede some limitations of
speed and flexibility.

With greater international interest being shown
in the development of Third World countries, the
role of remote sensing to highway engineering, as
with all natural resource studies of terrain, will
increase in importance. Refinements in sensing sys-
tems will enhance our ability to detect subtle
changes in terrain conditions, and improvements in
data handling will permit more sensitive interpreta-
tions to be made,
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Terrain Analysis for Transportation

Systems in British Columbia

A terrain classification system was developed in British Columbia and ac-
cepted nationally in Canada. The mapping system emphasizes features that
can be interpreted from aerial photographs and readily verified by field
checking. Genetic materials classified according to their mode of deposition
form the substance of the terrain map unit. The material's texture, surface
expression, and the presence of any geologic processes of modification are
additional components of the system. This system also provides the frame-
work for much of the soil mapping in the province, since soils have inherited
many properties from these parent materials. A manual on terrain interpre-
tations for roads and linear developments that involve shallow excavations
has been prepared. The manual is designed for planners and indicates how
terrain information may be used to assess capability for these transportation-
related uses. Physical land constraints and natural hazards that affect trans-
portation systems are explained. Interpretive maps that show the distribu-
tion of natural hazards and physical land constraints for development can be
prepared from base terrain and soil maps. These maps can be of use to
planners in assessing alternative transportation corridors and in anticipating
potential trouble spots before construction has commenced.

Terrain analysis refers to the inventory and assess-
ment of the physical conditions of land. This is a
general term that includes both geological and ped-
ological (soil) evaluations. There are three dis-
tinct, although somewhat interrelated, groups of
scientists who study the physical nature of land:
geologists, soil scientists (pedologists), and soil

engineers (geotechnical engineers). Each of these
professions focus their work on a slightly different
aspect of the earth's surface.

A terrain classification system was developed in
British Columbia (1) in 1976 and accepted nationally
in Canada in 1978 by soil surveyors (2); it is also
widely used by most consultants in British Columbia
(3). The system encourages a common approach to
terrain inventory and provides standard nomenclature
that has improved communications between earth sci-~
entists (4). This system also provides the frame-
work for much of the soil mapping in the province
and elsewhere in Canada, since soils have inherited
many properties from their parent materials.

The terrain classification system was developed
for reconnaissance mapping surveys (scales of
1:50 000 to 1:100 000) by government (5,6) but has
also been applied for detailed surveys (scales of
1:20 000) by consultants (3). The system emphasizes
features that can be interpreted from aerial photo-
graphs and readily verified by field checking,
thereby enabling coverage of approximately 2590
km?/mapper/year at a scale of 1:50 000. Genetic
materials classified according to their mode of
deposition form the basis of the terrain map unit.
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Figure 1. Terrain map symbols,
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Table. 1. Physical requirements and limitations that determine ease of excavation.

Optimal Conditions Potentially Troublesome Conditions

Imperfect to very poorly drained
soils; water table or impervious
layer within 3 m of surface

Bedrock within 3 m of the surface

Depth to water table and impervious
layer more than 3 m

Bedrock more than 3 m below the
ground surface

Slopes less than 10 percent Depending on the size of excava-
tion, slopes in excess of 20-25
percent; undulating topography;
depressional areas

Plastic silts and clays (CH, MH?);
gravels (GW, GP), and coarse
sand (SW, SP) with no cohesive
binder; organic sediments (OL,
OH, Pt); highly indurated ma-
terials (e.g., basal till or ce-
mented gravels); large propor-
tion of boulders or a few very
large boulders

Bedrock, water table, or imper-
vious horizon within 3 m of
surface; a confined aquifer below
an impermeable surface material

Permafrost; periglacial processes

Cohesive or cemented materials
that have good sidewall stability;
moderately coarse to fine-grained
sands with a binding matrix

No restrictive conditions within
3 m of surface

aCH, MH, and other alphanumeric symbols represent unified soil groups.

Figure 3. Geological hazards map.
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The material's texture, surface expression, and the
processes of modification are additional components
of the system (see Figure 1). A portion of a ter-
rain map is shown in Figure 2 (§6).

The symbols on a terrain map are descriptive, and
they are located so that a lower-case textural sym-
bol comes first, followed by an upper-case symbol
that denotes material type. Common genetic materi-
als in glaciated environments include moraine, col-
luvium, fluvial, lacustrine, and organic deposits.
Following the material symbol is a lower-case symbol
that denotes its surface expression; for example,
whether the terrain is fan-shaped, hummocky, level,
ridged, steep, or terraced. Blanket is an expres-
sion used for deposits thicker than 1 m, and veneer
is used for those less than 1 m when materials con-
form to the topography of the underlying deposit
(e.g., bedrock).

Any modifying processes that are affecting a ter-
rain unit are represented by an upper-case symbol
that follows a dash. For example, areas that are
subject to snow avalanching, failing (landslides),
frost churning, channeling, and gullying are shown.

Terrain and related soil inventory data at a
reconnaissance scale of 1:50 000 exist for most of
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British Columbia. New transportation systems are
being planned for remote areas; for example, an in-
frastructure of new highways, railways, and town
sites is being examined by government in order to
support the development of coal-bearing regions of
the province (7).

In order to bridge the gap between the inventory
terrain and soil maps and their utility for trans-
portation planning, a manual on terrain interpreta-
tions for roads, sources of sand and gravel, linear
developments that involve shallow excavations, and
related concerns has been developed (8). The manual
is designed to indicate to planners how terrain in-
formation may be used to assess capability for these
transportation-related uses.

Natural hazards and physical 1land constraints
that affect transportation systems are explained in
the manual. At a reconnaissance scale, hazards such
as flooding, snow avalanching, and the presence of
active failures can be derived from the terrain maps.

Physical characteristics that commonly affect the
ease and cost of land development include character-
istics and behavior of surficial materials, hydro-
logic conditions, stratigraphic conditions, topog-
raphy, and bedrock conditions. The manual indicates
which terrain conditions are optimal and potentially
troublesome for development. As an example, Table 1
(8) summarizes physical requirements and limitations
that determine ease of excavation.

Interviews with land use planners and engineers
in British Columbia were recently conducted to de-
termine their preferences in interpreting engineer-
ing uses of soil and related terrain information
(9). Land use planners generally want terrain sci-
entists to provide interpretive ratings based on
physical constraints to development. Engineers, on
the other hand, were most interested in the base
maps and data alone and many would not use the
interpretations. The interviews indicated that
planners and engineers are two distinct users of
terrain information,

Planners do not generally have expertise in earth
sciences and thus want terrain scientists to sum-
marize their knowledge about particular terrain or
soil units by indicating the degree of constraints
to use in terms like slight, moderate, or severe.
Most engineers felt that interpretations would be
misconstrued as recommendations and incorrectly used
for making on-site decisions and thus should not be
provided. A few engineers perceived the use of
interpretations for small-scale planning purposes,
which could alert the designer to future site prob-
lems or direct engineers to areas that require more
detailed investigation.

Interpretive maps that show natural hazards I[see
Figure 3 (5)] and physical 1land constraints for
development can be derived from terrain and soil
maps (10). These maps are useful to planners in
assessing alternative transportation corridors, in
determining general benefit/cost ratios of particu-
lar route locations, and in anticipating potential
trouble spots before construction has commenced.
Terrain or soil maps, of course, are available for
those engineers who do not need interpretive maps.
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