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INTEGRATED TERRAIN MAPPING WITH
DIGITAL LANDSAT IMAGES IN
QUEENSLAND, AUSTRALIA

By CHARLES ]. ROBINOVE

ABSTRACT

Mapping with Landsat images usually is done by selecting
single types of features, such as soils, vegetation, or rocks,
and creating visually interpreted or digitally classified maps
of each feature. Individual maps can then be overlaid on or
combined with other maps to characterize the terrain. In-
tegrated terrain mapping combines several terrain features
into each map unit which, in many cases, is more directly
related to uses of the land and to methods of land manage-
ment than the single features alone. Terrain brightness, as
measured by the multispectral scanners in Landsat 1 and 2,
represents an integration of reflectance from the terrain
features within the scanner’s instantaneous field of view and
is therefore more correlatable with integrated terrain units
than with differentiated ones, such as rocks, soils, and
vegetation.

A test of the feasibilty of the technique of mapping in-
tegrated terrain units was conducted in a part of south-
western Queensland, Australia, in cooperation with scientists
of the Queensland Department of Primary Industries. The
primary purpose was to test the use of digital classification
techniques to create a “land systems map” usable for graz-
ing land management. A recently published map of “land
systems” in the area (made by aerial photograph interpreta-
tion and ground surveys), which are integrated terrain units
composed of vegetation, soil, topography, and geomorphic
features, was used as a basis for comparison with digitally
classified Landsat multispectral images. The land systems,
in turn, each have a specific grazing capacity for cattle (ex-
pressed in beasts per km?®) which is estimated following
analysis of both research results and property carrying
capacities.

Landsat images, in computer-compatible tape form, were
first contrast-stretched to increase their visual interpretabil-
ity, and digitally classified by the parallelepiped method into
distinet spectral classes to determine their correspondence to
the land systems classes and to areally smaller, but readily
recognizable, “land units.”

Many land systems appeared as distinct spectral classes
or as acceptably homogeneous combinations of several spec-
tral classes. The digitally classified map corresponded to the
general geographic patterns of many of the land systems.
Statistical correlation of the digitally classified map and the
published map was not possible because the published map
showed only land systems whereas the digitally classified map
showed some land units as well as systems.

The general correspondence of spectral classes to the in-
tegrated terrain units means that the digital mapping of the
units may precede fieldwork and act as a guide to field sam-
pling and detailed terrain unit description as well as meas-
uring of the location, area, and extent of each unit.

Extension of the Landsat mapping and classification tech-
nique to other arid and semi-arid regions of the world may
be feasible.

INTRODUCTION

Maps and descriptions of “land” as a resource in
order to provide basic information on its capabilities
and limitations are presented in numerous ways.
These include geologic maps, soil maps, vegetation
maps, topographic maps, water resource maps, and
a multitude of other thematic maps. Each one is
usually specific to a single scientific discipline or to
a single factor that characterizes the land. A method
of describing and characterizing land which is wide-
ly used throughout the world, but is only minimally
used in the United States, is the Australian land
systems approach.

The Australian approach characterizes land as
“* * * the land surface and all of its characteristics
of importance to man’s existence and success. It is
the integration of all these factors rather than mere
likeness or unlikeness in some of the more observ-
able characteristics which determine the similarity
or dissimilarity of areal subdivisions in respect to
land use potential” (Christian and Stewart, 1968, p.
238). Christian (1958) and Christian and Stewart
(1968) provide a complete description of the phi-
losophy, methods, and results of surveys using the
Australian land systems approach.

Since 1972, Landsat satellite imagery has been
available and has been used for many types of land
surveys. The imagery is uniform, repetitive, avail-
able worldwide, and is eminently suitable for recon-
naissance investigations of large areas. It has the



2 INTEGRATED TERRAIN MAPPING WITH DIGITAL LANDSAT IMAGES

further advantage of being ideally suited for pro-
viding basic map data for surveys conducted by the
Australian land systems approach.

The purpose of this report is to:

1. Describe a land mapping basis by which land can
be classified, described, and mapped by the use
of Landsat imagery.

2. Relate the description of land mapping by Land-
sat imagery to land system mapping by the
well established Australian methods.

3. Describe a land system mapping experiment us-
ing Landsat images in southwestern Queens-
land, Australia, where conventional land sys-
tem mapping was being done in 1975 and
1976.

Compare conventional and experimental methods
of land mapping.

5. Recommend operational methods for use of

Landsat imagery for land system mapping.

e
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METHODS OF TERRAIN CLASSIFICATION

Terrain classification, whether for general or spe-
cific purposes, may be based on genetic, parametric,
or landscape criteria. Each of these has advantages
and disadvantages related to mapping methods, for-
mat for display of map information, and usability
by the reader of maps. Mabbutt (1968) has defined
and explained the three approaches and has wisely
predicted “Ultimately, there comes a level of investi-
gation at which the greater precision and reliability
of the parametric approach are needed and to the
extent that improvements in (remote sensor) scan-

ning render the method more comprehensive, its in-
herent advantages of reliability will be exploited
even at the reconnaissance (landscape) level of in-
vestigation.” (Mabbutt, 1968, p. 26).

Genetic methods of terrain classification are de-
scribed by Mabbutt (1968, p. 12) who states, “At-
tempts to arrive at distinctive land units by repeated
subdivision on the basis of causal environmental fac-
tors may be grouped as the genetic approach.”
Normal geologic mapping and geomorphological
mapping are examples of the genetic approach. Maps
made on the basis of genetic classification do not
generally indicate land potential or land capability
and, although such information can be derived in
part from them, such derivation generally requires
large amounts of corollary information from other
sources and a reasonable means of correlating such
information.

Parametric classifications are defined by Mabbutt
(1968, p. 21) as “* * * the division and classification
of land on the basis of selected attribute values.” A
slope map, depth-to-water-table map or lithologic
map are examples of parametric maps. The reflection
of light from the land surface can be considered as
an attribute of the land, and thus the reflectance in
several wavelength bands as measured by the multi-
spectral scanner in Landsat can be mapped as “at-
tributes” or ‘“parameters.” Individual parametric
maps are generally prepared for a specific purpose
of land development and management and may be
difficult to correlate quantitatively or even qualita-
tively with other parametric maps. Correlation is
generally done by means of map overlays. Maps of
a given area may be made at different times by
specialists in different disciplines, and at different
scales. Such maps are often difficult to correlate to
obtain information bearing on a specific develop-
ment problem, although they may individually con-
tain important and useful information.

The parametric approach provides, in its most
rigorous application, a numerical terrain measure-
ment which is calibratable and generally repeatable.
This approach is more objective than landscape map-
ping but is of necessity more expensive and time
consuming and, therefore, limited in application to
large areas.

The landscape approach classifies land, particular-
ly at the reconnaissance level, on the basis of a com-
plex of factors and attributes. Mabbutt (1968, p. 16)
states, “The land complex as a whole is the object
of study, even where a particular attribute may be
of prime interest to a land classifier.”
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Two major factors account for the success of the
landscape approach; the use of integrated mapping
units which combine geomorphic features, soils, and
vegetation as the basis for mapping and the forma-
tion of an integrated mapping team consisting of
specialists in several disciplines working in concert
to produce the landscape maps and land descriptions.
The approach is well described in two books, ““Aerial
surveys and integrated studies,” (UNESCO, 1968)
and “Land evaluation” papers of a Commonwealth
Scientific and Industrial Research Organization of
Australia (CSIRO) symposium organized in coop-
eration with UNESCO, (Stewart, 1968). Both books
are listed in the references in this report and the
reader is referred to them for details of the map-
ping, philosophy, methods, and results.

The landscape approach, developed by the CSIRO
is now readily utilized by the Australian States and
by workers in the United Kingdom and other coun-
tries. Similar parallel approaches are used in the
Soviet Union (Mitchell, 1973).

Terrain classification in the landscape approach
is based on four hierarchical categories as proposed
by Christian and Stewart (1968). A site is part of
the land surface which is for all practical purposes,
uniform throughout its extent in landform, soil,
and vegetation. A land unit is usually a group of
related sites which have a particular landform
within the land system and wherever the land unit
occurs again it would have the same association of
sites. A land system is an area or group of areas,
throughout which there is a recurring pattern of
topography, soils, and vegetation. A land zone is a
grouping of genetically related land systems.

The landscape approach always involves some sub-
jectivity in the assignment of each area of land to a
specific unit, system, or zone—but particularly
where an area is described as being a mixture of
two or more systems or where two areas belonging
to the same system contain identical land units but
in different proportions.

In the approach used by the Queensland Depart-
ment of Primary Industries in the arid lands, the
attribute of prime interest is the grazing capacity
of the land (beasts per km ) in wet and dry years
and the reaction of the land to grazing pressure, and
vet the landscape approach is particularly suitable
because the ultimate numerical parameter of interest
can only be arrived at by integration of a number
of other attributes, some of which are difficult or
impossible to measure quantitatively. The main in-
terest is how the land will react or how it has re-
acted to different land uses, particularly grazing,

and how productivity might be increased or de-
creased to ensure long term stability. This is the
basis for property planning.

Remote sensing has the capabiilty to provide some
numerical measurements economically and efficiently
for very large areas and thus is capable of forming
a bridge between the objective (parametric) and
subjective (landscape) approaches.

The hypotheses and experiment described in this
report are an application of the parametric (quan-
titative) methods to the landscape approach.

HYPOTHESES BEING TESTED

One major and several minor hypotheses have
been formulated and tested in this research on ap-
plication of Landsat images to integrated terrain
mapping. The major, and fundamental, hypothesis
governing this study is that the radiance measured
in a single Landsat picture element is an integration
of the radiance of all features within the 0.45 ha
area measured on the ground, such as vegetation,
soil, rock, water, and artifacts, and a group of pixels
therefore is statistically indicative of an integrated
mapping unit that can characterize the similarities
and differences of natural terrain units. Since the
Australian land systems approach is based on in-
tegrated terrain units, the correspondence between
maps made by the two systems should be high. Minor
hypotheses are that the upland terrain units in the
study area should be more readily differentiable in
the wet season than in the dry and that repetitive
monitoring can characterize changes in land systems
that are of importance in land management deci-
sions. Indeed, it is quite important to analyze data
in the right year, usually one in which vegetation
production is at a maximum.

It is further hypothesized that spectrally homo-
geneous units seen in Landsat images may actually
be coherent terrain units (and consequently usable
land management units) and can be properly named
and described. This is the antithesis of the normal
mapping method of deciding on a terrain inventory
classification which will be used in a given area and
then mapping and describing the features in accord-
ance with the selected classification.

The combination of the integrated radiance meas-
urement-integrated mapping unit may logically be
extended to land inventory units, and from that to
land capability units. One would not expect that the
integrated units would correspond exactly in bound-
aries or descriptions with those mapped by the
Australian land system approach or by other similar
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methods, but they may well be reasonable and usable
units.

The Australian land system approach utilizes
mapping units which include geomorphic features,
soils, and vegetation in the description of each unit,
rather than separate mapping of each category of
information. Each Landsat pixel, which has the di-
mensions of approximately 59x79 meters on the
ground (0.45 ha), measures the radiance of the
terrain in four bands (green, red, and two bands in
the near or reflected infrared). Because the meas-
ured radiance is that of all features of the ground,
it is an areally integrated radiance unit. The major
question is then: what is the relationship of an in-
tegrated radiance mapping unit (pixel) to the in-
tegrated attributes of the terrain mapping unit? Be-
cause the Australian land systems approach is a
widely used one which utilizes integrated terrain
units, this experiment is designed to see how close-
ly Australian land systems maps can be made on
the basis of integrated radiance measurements.

CHARACTERISTICS OF LANDSAT DATA

Landsat satellites provide worldwide multispectral
images on a repeated basis. Landsat 1 operated be-
tween July 1972 and January 1978. Landsat 2 began
operation in January 1975. The major sensor on
both Landsats is a multispectral scanner which pro-
vides images of 185X185 km areas on an 18 day
cycle. Each scene consists of four separate images:

Image Spectral Interval Spectral Range
Band 4 ____________ Green ______________ 500um—600um
Band 5 ____________ Red _________________ 600um-700um
Band 6 ____________ Infrared ____________ 700um-800um
Band 7 ____________ Infrared ____________ 800um—1,100um

Each band of each image set consists of 2,340 scan
lines (perpendicular to the orbital track) and 3,240
picture elements (pixels) along each scan line, a
total of 7.58 10 ¢ pixels per band per frame. Each
pixel represents an area of approximately 0.45 ha
on the ground.

One hundred twenty-eight radiance levels (7 bits)
are recorded in bands 4, 5, and 6, and 64 radiance
levels (6 bits) are recorded in band 7. The images
may be produced in photographic form and analyzed
either by photointerpretive techniques (including
photo-optical image enhancement) or may be pro-
duced as computer-compatible magnetic tapes
(CCT) and be analyzed by digital techniques. Fur-
ther details of the Landsat image characteristics
may be found in the “ERTS Data Users Handbook”
(General Electrice, 1972).

Landsat images in photographic form can be en-
larged for practical purposes to scales as large as
1:100,000. Larger scales have been used by some
investigators, but they require highly accurate
photographic equipment and quality control. Digital
images can be displayed at any reasonable scale, but
the smallest area for which data is available is 0.45
ha. Once an image has been digitally enlarged and
displayed so that each pixel can be seen by the eye,
no further information is gained by further enlarge-
ment, but the images can be matched to larger scale
maps. Landsat images are ideally suited to medium
and small-scale mapping because of their uniformity
over large areas.

Three methods of mapping with Landsat images
are commonly employed. Each has its advantages
and disadvantages which depend upon the purpose
of the mapping, the skill and experience of the
mapper, the interpretive and computer facilities
available, and the cost.

Figure 1 shows schematically the three methods.
The basic method (4) involves visual interpretation
of the photographic images in color composite form
at the desired scale. Interpretation for some pur-
poses from the black and white prints is preferred
by some interpreters but in general the color images
are much more useful. Normal photointerpretive
methods using photographic tone, texture, pattern,
and spatial association are used, keeping in mind
the small scale and large area portrayed.

The second method (B) involves enhancement of
Landsat images to increase their contrast for greater
discriminability and recognizability of features,
ratioing of spectral bands of images to locate new
interpretable combinations of radiance values, and
scaling of brightness values of individual bands,
which is a form of contrast enhancement. Contrast
stretching can be done either photographically or
digitally, but the digital processes can be calibrated
and repeated more precisely and accurately than the
photographic processes.

The third method (C) uses the radiance values
measured by the multispectral scanner to classify
the terrain and produces graphic maps (rather than
solely enhanced images). Landsat computer-com-
patible tapes are utilized in a digital computer
usually with an interactive image display. Succes-
sive iterations of radiance classifications are made
and checked with ground information until the
analyst is satisfied that a satisfactorily accurate map
has been made and it is ready for field checking. A
number of algorithms have been developed for mul-
tispectral classification ranging from the simple
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LANDSAT BASE MAP
i FILM POSITIVE | PHOTOGRAPHIC PRODUCT FOR VISUAL INTERPRETATION
COMPOSITE OVERLAY
BASE MAP
FILM POSITIVE
——|  INPUT SCANNER |
v
CONTRAST STRETCH 7 PHOTOGRAPHIC PRODUCTS FOR
MULTISPEC
IAGE ANALTIER RATIOING } INCREASED INTERPRETABILITY OF
B SCALING TERRAIN FEATURES
BASE MAP
FILM POSITIVE
———|  INPUT scANNER |
v CONTRAST — PHOTOGRAPHICALLY PRODUCED MAPS
OLTSPECTAAL STRETCH | \uLisPECTRAL | — ALPHANUMERIC THEMATIC MAPS
AR ANALSIER RATIOING | (| ASSTFICATION |— DOT PRINTOUT THEMATIC MAPS
C TRANSFOR- — HISTOGRAMS
MATION — THEME AREA SUMMARIES

A. INVOLVES SIMPLE VISUAL INTERPRETATION OF LANDSAT
PHOTOGRAPHIC PRODUCTS WITH A FILM POSITIVE BASE
MAP OVERLAY FOR LOCATION

B. INVOLVES DIGITAL LANDSAT IMAGE PROCESSING TO
CREATE PHOTOGRAPHIC PRODUCTS WITH
INCREASED COLOR CONTRAST TO IMPROVE VISUAL
INTERPRETABILITY

C. INVOLVES DIGITAL LANDSAT IMAGE PROCESSING
FOLLOWED BY MULTISPECTRAL CLASSIFICATION
TO PRODUCE THEMATIC MAPS OF LAND FEATURES

FIGURE 1.—Methods of mapping used with Landsat data.

parallelepiped method to the more complex maxi-
mum likelihood classification method.

Images and maps shown in this report were pro-
duced by the General Electric Image 100 multi-
spectral analysis system at the EROS Data Center,
Sioux Falls, S.D., and by the computers and pro-
grams of the Laboratory for Applications of Remote
Sensing at Purdue University.

THE QUEENSLAND EXPERIMENT

Recent land systems maps in western Queensland
(Division of Land Utilization, 1974) made by aerial
photointerpretation and field checking were used as
the basis for an experiment in application of Land-
sat images to land systems mapping. An area of
about 148,000 km * was mapped at a scale of
1:500,000 and described by the Queensland Depart-

1 Trade names used in this report are solely for purposes of identifica-
tion and do not constitute endorsements by the U.S. Geological Survey.

ment of Primary Industries. At the time of this
project, the map of Part 1 was published, but the
map of Part 2 was in manuscript form and was used
with permission of the authors. Landsat images were
available for the area, and a set of Landsat images
that covered portions of both Part 1 and Part 2
areas was selected for detailed analysis. Figure 2
shows the area covered by Landsat images and the
available published and manuscript land system
maps.

Cloud free Landsat images of the western part
of the mapped area were taken on March 1, 1973,
July 28, 1973, and February 6, 1974. The July 1973
image was taken during the dry season; the Febru-
ary 1974 image was taken during a major flood
which inundated almost all of the Cooper Creek
Valley. These two scenes (1365-23570 and 1563—
23530) were analyzed as being representative of
the dry and wet seasons. Unfortunately, the previous
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AREA ANALYZED
WITH LANDSAT
IMAGES

NORTHERN TERRITORY

_———— i —

QUEENSLAND

6(130 8?0 KILOMETERS

SOUTH AUSTRALIA

/

1
400 MILES

FIGURE 2.—Land system map information was available for
almost all of the area covered by the Landsat image used.
Part 1 was published (Division of Land Utilization, 1974)
and Part 2 was in manuseript form when the study was
done.

years were dry years, and it was not until 1975 and
1976 that full development of vegetation occurred.
The greater growth of vegetation would have made
it easier to separate land units in the silerete-cov-
ered uplands.

In the Part I mapped area, 93 land units are
grouped into 53 land systems, which in turn are
grouped into 10 land zones. For example, the “dune
fields” land zone includes eight types of sand-dune
fields with varying geomorphic characteristics, vege-
tation, and soils. Each of the eight dune-field land
systems is a fairly distinctive type, such as longi-
tudinal dunes or reticulate dunes, but they may
grade into each other without sharp boundaries.
Within each of the dune-field systems various land
units occur, such as the mobile dune crest, vegetated
dune flank, and scalded dune margin. The available
land systems maps are at a scale of 1:500,000 and

show only the distribution of the land systems. A

one-to-one correspondence was not expected between
the map and multispectral classification of the Land-
sat images. The smallest area classified on the Land-
sat images is 0.45 ha (one pixel), too small to be
shown on a 1:500,000-scale map.

The two Landsat images used in the experiment
are shown in figures 3-6 and indicate the locations
of the subscenes analysed in the following sections.

The image analysis method used is outlined as
follows:

1. A selected sample of a Landsat scene was ex-
tracted from the digital tape, placed in the
analysis system, and displayed on the cathode-
ray color-display tube.

2. A film positive of the land systems map of the
subscene area was scanned by a television
camera, digitized, stored, and registered to the
Landsat subscene by visual correlation of
ground features.

3. Multispectral supervised parallelepiped classi-
fication of the subscene into a number of units
was done and the resulting classified image
was checked with the land systems map. The
process was repeated until a map was obtained
that corresponded closely to the land systems
map or showed consistently mappable units
whose specific identification required field
checking.

WET SEASON IMAGE ANALYSIS

Landsat image 1563-23530 was taken during the
wet season and during a major flood of Cooper
Creek. It was selected for analysis of the upland
areas because the vegetation is more vigorous and
therefore more recognizable than during the dry
season. Several subscenes of various sizes and the
entire scene were analyzed to determine the recog-
nizability and separability of various terrain types
with various levels of sampling of the image data.

SUBSCENE 1

The initial subscene, an area in the uplands be-
tween Cooper Creek and Lake Yamma Yamma was
selected for analysis and displayed on the screen.
This subscene is a 512 by 369 pixel area, covers
85,000 ha, and was analyzed using every pixel. Fig-
ure 7 shows the subscene as it is displayed on the
cathode ray tube. It is part of scene 1563-23530
that was taken during a major flood in the valley
of Cooper Creek. The northwest and northeast
corners of the subscene show the flood water.
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F1GURE 17.—Parallelepiped classification and separability of seven themes in the northwest subscene 1365-23570. Band 6
is not shown in the diagram but it provides the separability between themes 3 and 6 and between themes 6 and 7.

or acceptably heterogeneous by some limited sam-
pling and testing method. However, multispectral
analysis identifies areas which conform to rigorous
numerical limits of radiance, which is an attribute
of the terrain unit. Only after the area of a unit of
similar (homogeneous) radiance is mapped is a

boundary drawn around it. The choice of the bound-
ary location can then be based on (1) drawing a
boundary around a homogeneous radiance unit
which can be considered representative of a terrain
unit for the purposes of the map, or (2) drawing
a boundary around a group of several individually
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TABLE 4.—Correspondence of multispectral themes with mapped land systems

Dominant features

Land systems e
ey mapped and described Description of theme Remarks
on published map o eme reflectance

1. Dunefields

2. Bare ground
(mainly red
soils).

3. Lowlands ______

4. Bright
vegetation.

5. Bright valleys __

6. Medium
vegetation.

7. Divides ________

D1 Arrabury and
Kidd, D2 Poonga-
mulla, S6 Galway
with some mixed.

Occurs within almost
every land system.
Bare ground is not a
land system in itself,
but is diagnostic of
lands that do not or
cannot support vege-
tation and which
have a light color.

Primarily Durham
with some areas of
alluvium of small
streams and hard
mulgas.

F1-4 Downs with some
in A5 Dingera, H5
Noccunda, and S6
Galway.

A2 Eromanga and A5
Dingera—alluvial
valleys and in addi-
tion scalded areas in
dunefields and in
downs.

Primarily associated
with Downs (F) and
gidgee lands (G).

Occurs in conjunction
with almost all land
systems, generally
along divides.

Sand dunes, both longi-
tudinal and retic-
ulate with spinifex
hummock grassland,
predominantly red
earthy sands with
some siliceous sands.
Includes numerous
areas of bare ground
which are dune
flanks, scalds, or clay
pans.

Bare ground with little
or no vegetation.

They are quite
scattered and inter-
spersed with other
themes. It may rep-
resent bare rock with
a dark color.

May be areas of dense
vigorous vegetation
whether grasses or
shrubs. Its occur-
rence in the downs
indicates that it may
be Mitchell grass or
salt bush. It also
occurs where mulga
is abundant.

In the stretched color
composite it shows
as the brightest
red areas.

Alluvial plains of
minor streams and
scalded areas with
little or no vegeta-
tion. Similar to clay
pans and scalded
areas.

Areas of trees on
plains with a low
density of vegeta-
tion.

Difficult to describe
because of its wide-
spread occurrence in
small areas and as-
sociation with nu-
merous land systems.

Moderate reflectance
in all four bands.
The reflectance of
the red sands is
modified by the re-
flectance of the vege-
tation. This in turn
is controlled, not by
the type of vegeta-
tion, but basically by
its density and cover.

Low to moderate re-
flectance in the in-
frared bands indicat-
ing lack of vegeta-
tion.

Moderate reflectance
with narrow bound-
aries in all four
bands.

High reflectance in the
infrared bands.

High reflectance in all
bands. Usually white
on standard color
composite image.

Somewhat narrow re-
flectance intervals in
all four bands.

Very narrow radiance
intervals with
moderate reflectance.

May be a highly sig-
nificant theme for
monitoring purposes
to detect changes in
size of bare areas or
detection of newly
bare areas which in-
dicate degradation of
the vegetation by
seasons or over graz-
ing. May be related
to increased erosion.

Because it occurs in
both grassland and
shrub areas it is
diagnostic only of
dense vigorous vege-
tation rather than
any specific types.

May be useful for
monitoring changes
and increase in
erosion.

Much lower radiance
in band 7 than for
theme 4, bright
vegetation.

Silerete cover could be
masking soil and
vegetation differ-
ences.

homogeneous radiance units and defining their heter-
ogeneity of radiance as representative of a terrain

unit for the purposes of the map.

The method that follows from this description is
that the digital mapping of areas should be done as
a first step, boundaries should be drawn in a rea-

sonable manner around various areas as a second
step, and only then should the sampling and testing

strategy (that is, field mapping) be applied. At this

point, the mapper is aware of the relative propor-
tions of the whole area that are described by each
class and can plan the number and site of his field
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