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A standard land-cover classification scheme for remote-sensing

applications in South Africa
Mark Thompson

Forestek, CSIR, P.O. Box 395, Pretoria, 0001 South Africa.

The need for a standard classification scheme

For large areas, satellite remote-sensing techniques have now
become the single most effective method for land-cover and
land-use data acquisition. However, the majority of land-cover
(and lard-use) classification schemes used have been developed
around specific user objectives (namely, agriculture and conser-
vation), and are often influenced by geographical location and
actual data capabilities. Thus very few are directly comparable.
At presznt, no universally accepted standard classification sys-
tem exists for remote-sensing studies in South (or southern)
Africa. There is thus an urgent need for a predetermined frame-
work for land-type classifications that will provide standardized,
baseline specifications to ensure consistency and conformity in
map data produced by various organizations from satellite
imagery.

This paper presents a standard hierarchical framework for the
classification of remotely sensed data, designed to suit the South
African environment. The framework is based on known land-
cover classes that can be derived from high-resolution, remotely
sensed data such as SPOT or LANDSAT Thematic Mapper (TM)
imagery, and links, as far as possible, to existing classification
systems or codes that have been used within various organiza-
tions.

The primary means by which the new classification scheme
will be promoted will be by its use within the National Land-
Cover Database, jointly proposed by the CSIR and the Agricul-
tural Research Council. This project aims to provide standard-
ized land-cover data for the entire country at 1:250 000 scale,
derived from LANDSAT TM satellite imagery. The land-cover
data will be classified according to the proposed classification
scheme and will be made available in digital geographic informa-
tion system (GIS) formats. The classification scheme will also be
promoted at several forthcoming national and international
remote-sensing conferences. An illustrated version of the classi-
fication has also been prepared for use as a field-guide.

Design criteria for the standard land-cover classification

The following criteria form the basis of the proposed standard
land-cover classification system:

(i) The classification will be broad enough to meet the needs of
a wide variety of users, and have sufficient flexibility to
allow specific user or project requirements to be accommo-
dated, including the use and integration of additional non-
remote-sensing data where applicable or required (i.e. GIS-
based modelling).

(ii) The classification will be based on an a priori hierarchical
structure that will allow easy subdivision of broad generic
classes into more specific, user or project a posteriori-
defined subclasses.

By using a predetermined classification system (that is, an a
priori design), devised before the actual image data are classi-
fied, both the user and remote sensing analyst are able to ensure
that the final classification structure and category definitions are

appropriate for the specific mapping objectives. A priori classifi-
cation systems should be (as far as possible) independent of both
the area to be mapped, the data, and mapping techniques that are
used.

Alternatively, with an a posteriori approach, where the data
and actual processing methods define which classes are identi-
fied and mapped, the classification is constructed after the data
have been classified. Although this often results in a very accu-
rate map in terms of the final cover types recorded, it may result
in end-user problems, since the content of the final product is
unknown until the product is completed.

(iii) The classification will be based on three hierarchical levels:

Levell: 12 broad land-cover types that can be identified off
high-resolution satellite imagery, such as LANDSAT
TM and SPOT, without the use of ancillary data.

Level II: 23 subclasses that can be identified from remote sens-

ing (RS) data, without the use of ancillary data, if the
data format is suitable (i.e. digital, print, scale, sea-
son, band combinations, etc.).

Level ITT: flexible, user-defined subcategories developed by
individual planners, RS analysts, etc., specific to their
own requirements or resource management disci-
plines, beyond the scope of the broad CSIR generic
framework. It incorporates subclasses defined with
the use of additional non-RS data, such as edaphic or
climatic parameters (i.e. GIS modelling), or the link-
age of land-use parameters (e.g. agricultural manage-
ment practices or intensities: ‘subsistence-level
temporary crops’).

Note: Tt is permissible to map or delineate Level I and Level 11T

classes without necessarily having to define a Level II intermedi-

ate class, for example, a known case of ‘Coastal-Dune Forest’
may be identified within a broader area defined as simply ‘Forest
and Woodland’.

A structured hierarchical format offers a high degree of flexi-
bility, and has formed the basic structure for several international
and national classification systems: for example, the US Geolog-
ical Survey’s (USGS) land-cover/use classification system
designed by Anderson et al.,! the FAO’s proposed AFRICOVER

land-cover classification,? the British® and Dutch* national land-
cover maps, the proposed hydrological land-cover classification
for South Africa,’ and various satellite-derived land-cover maps
completed by the CSIR.&*

Such a structure provides the user with the ability to accom-
modate different levels (or sources) of information. Thus, broad-
level classes represent aggregates of more detailed (often user
specific) subclasses, or several sub-aggregate classes can be
recombined into completely new aggregate classes. For example,
the classification scheme used in the UK National Land-Cover
project was designed so that it was possible to recombine grass-
land and grass crop subcategories into a new gramminoid cover
class.!?

(iv) Satellite imagery is the intended primary data source for the
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proposed land-cover classification, validated by field verifi-
cation and/or expert local knowledge.

(v) The classification is based on known South African fand-
cover types that can be identified in a consistent and repeti-
tive manner from high-resolution satellite imagery such as
LANDSAT TM or SPOT (or similar airbome or photo-
graphic data), using either digital (i.e. spectral) or analogue
(i.e. photo-interpretative) methods.

(vi) The classification will conform (as far as possible) to inter-
nationally accepted classification standards, and should link
to existing or proposed land-cover classification designs
and data sets at both national (South African), regional
(southern African) and international levels (FAO’s AFRIC-
OVER).

(vii) The classification will act as a basic framework or bridging
system for land-cover data exchange (i.e. standard format
and class definitions at Levels I and II), where locally rec-
ognized, project-specific classes (Level III) can be both
accommodated and compared by definition.

(viii)In accordance with growing international convention, the
proposed land-cover classification will not contain a mix of
both land-cover and land-use categories, although these
may be accommodated in the user or project-specific
classes defined at Level III if so desired.

Land-cover and land-use are closely related parameters, but
they are not the same and it is important to distinguish clearly

Table 1. Standard land-cover classification for remote-sensing
applications in South Africa: class summary.
Level I Level II
1. Forest and woodland Forest
Woodland
Wooded grassland
2. Thicket, bushland, scrub Thicket
forest and high fynbos Scrub forest
Bushland

Bush clumps

High heathland (high fynbos)
Shrubland

Low fynbos (heathland)

3. Shrubland and low fynbos

4. Herbland
5. Grassland Unimproved grassland
Improved grassland

6. Forest plantations Pine species
Eucalypt species
Wattle / other species
Indigenous species

7. Waterbodies

8. Wetlands

Bare rock / soil

Degraded land

9. Barren lands
10. Cultivated land Permanent crops
Temporary crops
Residential

Commercial

11.  Urban/ built-up land

Industrial / transport

12. Mines and quarries
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between the two in any given classification design. Land-cover
refers to all the natural and man-made features that cover the
earth’s immediate material surface. Land-use refers to the human
activity that is associated with a specific land unit, in terms of
utilization, impacts or management practices. As such, there can
only be one land-cover type associated with a point on the
ground, but this may be associated with several land-uses (for
example, a grassland may be used for communal grazing within a
conservancy area). However, the interdependence of the two
components has often resulted in land-cover being used as a
major diagnostic tool in the identification of land-use, leading to
a common mapping association within many remote-sensing
classification schemes, for example, within the USGS land-
cover/use model," and the proposed South African hydrological
land-cover/use model.5

Because mixed land-cover/use classification schemes can
result in confusing or inappropriate classification structures,
there is now a universal move towards the development of sepa-
rate, but parallel land-cover and land-use classification schemes
and data sets. Such an approach has been used in the UK
National Land-Cover data set>!9 and the Zimbabwean National
Woody Cover Map,'! and has been proposed for the FAQ’s
AFRICOVER project>'> and the IGBP global vegetation/land-
cover initiative.!3
(ix) The classification will use clear, unambiguous terminology

and definitions to ensure data standardization.
One of the most common problems associated with the use of

a particular classification scheme is the lack of clear, precise and

unambiguous class definitions. This results in misinterpretation,
erroneous data coding and problems of comparison between dif-
ferent thematic data sets based on the same classification
scheme. The classes should be appropriate to both the user’s
requirements and the objectives of the mapping exercise, and
they must be based on cover types that can be reasonably inter-
preted from the satellite imagery.

The definitions relating to natural land-cover classes only
apply to ‘general types’ that are normally distinguishable from
one another (since in reality ‘general types’ grade continuously
into one another). In this manner, any uncertainty should be
accounted for by applying more general definitions to a particu-
lar information class, whilst maintaining class integrity.

(x) Classes should be of informational value (i.e. ‘land-cover’
as opposed to ‘spectral-cover’ in terms of satellite imagery)
and, within the context of the classification structure, be
both exhaustive (in terms of the number of cover types), and
mutually exclusive.!4-16

(xi) The classification system is scale independent, although the
expected operating range will be between 1:50 000 and
1:250 000 scales, based on typical LANDSAT TM and
SPOT applications. Tt is, however, suitable for smaller
scales (such as 1:1000 000).

The final land-cover classification scheme is intended to be a
flexible framework of broad, generic land-cover categories
within which each organization can accommodate its own
desired mapping requirements. This will allow classified data
from various sources to be integrated easily on a broad level,
whilst retaining the integrity of the original classification at more
specific levels.

Vegetation categories

By their definition, land-cover classifications will include a
vegetative component which has often resulted in such systems
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utilizing (to a certain extent) existing vegetation or botanical
classification schemes. Vegetation categories derived from satel-
lite imagery are typically based on structural or physiognomic
characteristics, since these are most easily observed or inferred
from remotely sensed (optical) spectral data (such as LANDSAT
TM or SPOT). This is not the same as botanical classifications
that are typically based on floristics or habitat. This is advanta-
geous because a physiognomic (or structural) classification can
be compared on national or international levels far more easily
than floristic or habitat-based classifications.

In South Africa, there are two vegetation classifications that
have been widely used, namely, Acocks’!” community-type
classes (based on agricultural potential), and Edwards’!® hierar-
chical, physiognomic classification scheme (designed for remote
sensing and aerial photographic-type surveys). Unlike Acocks’
classes which are locationally specific to South Africa, Edwards’
classification design is independent of location, and thus can be
easily compared with other (national or international) structure-
based classification systems. Even so, from an international per-
spective, very few structural class definitions (i.e. canopy cover
and height parameters) are exactly comparable.

The vegetation categories and class definitions proposed for
the standard land-cover classification scheme are based primarily
on those proposed or defined in Edwards,'® the FAO’s AFRIC-
OVER prcject? (which utilizes White’s 1983 physiognomic vege-
tation classification for Africa), the Zimbabwean National
Woody Cover Mapping project,'! previous classifications used
by the CSIR,** and terminology defined in the Dictionary of
Forest Structural Terminology."

The naming conventions for the vegetation categories within
the standard land-cover system have been developed to ensure
direct compatibility and unambiguous linkage to the proposed
AFRICOVER? project, which is expected to become an impor-
tant regional and international standard in the near future. Similar
naming conventions have also been used within the Zimbabwean
National Woody Cover project.!! This is illustrated in Fig. 1,
which provides a comparison between the woodland category
structures and naming conventions used in each of the above
classification schemes, based on tree cover percentages.

The classification is based on broad structural vegetation types
that are recognizable on satellite imagery and in the field, and is
not intended to be a floristic or ecological vegetation classifica-
tion, Figure 2 is a schematic representation of the natural vegeta-
tion structures associated with the proposed standard cover types.

South African Journal of Science  Vol. 92 January 1996

Commercial plantations are separated from the indigenous for-
est and woodland categories and have been allocated a Level 1
status in keeping with the proposals by Schulze and Hohls,’ due
to their importance as a major water resource user in South
Africa. Commercial plantations are somewhat easier to identify
from satellite imagery in South Africa than some of the forest/
woodland subclasses due to characteristic planting in grassland
areas, where the evergreen, exotic tree cover is easily discernible,
with clear fence-line boundaries. The genus and species types
specified within each Level II class are based on those used in the
Forest Map of Southern Africa.?’

The ‘Improved Grassland’ category has been listed within the
‘Grasslands’ category, rather than ‘Cultivated Land’, because it
is a grassland in terms of land cover.

Using the proposed framework, broader classes ‘above’
Level I can be created if so desired, based on common-sense
linkages. For example, all the natural vegetation cover types
(excluding ‘Improved Grasslands’) can be grouped into a single
‘Natural Veld’ category.

Wetland categories

The classification hierarchy for both waterbodies and wetlands
has been left purposely broad (i.e. Level I), since wetland
nomenclature and classification schemes are often very specific
in terms of mapping or management requirements (e.g. physical,
botanical or wildfow] habitat suitability). To attempt to provide
an exhaustive set of Level IT subclasses that satisfied all require-
ments would be impractical.

It is important to understand that the structure presented is not
intended to be a rigid definition of wetlands per se, but only a
guide to their standard coding in terms of satellite-derived land-
cover maps, and the exchange of such data between organisa-
tions. For example, although ‘Hydromorphic Grasslands’ are
classified as a subclass within the ‘Grasslands’ category in the
classification ‘scheme presented here, this does not imply that
they cannot be linked to “Wetlands” if this is required as part of a
specific mapping objective. In such cases, it is recommended that
the standard classification hierarchy be employed only when data
are exchanged between organizations.

Proposed standard land-cover classification

Our proposal is shown in summary form in Table 1, and docu-
mented with full class definitions in Table 2.

The South African national land-cover database project

One of the primary incentives for the development of a stan-
dardized classification scheme for remote sensing applications
was the proposal to develop a national database of land-cover,
based on satellite imagery. At present, no single, standardized
database exists for current land-cover information for South

Africa, despite the fact that such information is a critical com-
ponent of environmental planning and management The CSIR

and the Agricultural Research Council (ARC) have therefore
jointly established a project to produce a single, standardized,

digital land-cover database for all of South Africa, Swaziland

and Lesotho.

The land-cover data are being mapped (us: g manual photo:

mterpretatzon) from a new. series of 1:250 000 scale geo-recti-

fied space-maps, based on seasonally standardized LANDSAT

Thematic. Mapper satellite imagery (captured primarily . in
1994-95). The final land-cover data will be suitable: for
1:250 000 scale use (minimum mapping unit 25 ha); and will
be supplied in vector format suitable for GIS (geographic infor-
mation system) mapping applications. The land-cover database
will provide national, baseline information on land:cover (not
land-use), based on 12 Level I and 10 Level II classes, as
defined in the proposed standard classification scheme.

The data are being produced in three phases, covering sepa-
rate geographic regions in South Africa. Phase 1 covers prima-

rily the Gauteng, Northern, North West, Mpumalanga and
_northemn KwaZulu-Natal provinces, Swaziland and Lesotho,

and is expected to be completed by Juné 1996. Thg entire coun-
try 1s expected to be incorporated by June 1997,




