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The South African Land-cover Characteristics
Database: a synopsis of the landscape

D.H.K. Fairbanks™, M.W. Thompson’, D.E. Vink’, T.S. Newby", H.M. van den Berg and D.A. Everard’

Accurate, up-to-date information on land cover and land-use is
essential for strategic planning, sustainable resource management
and environmental research. A land-cover database for South
Africa, Swaziland and Lesotho, designed for use in a variety of
regional modelling, monitoring and analytical endeavours, has
been created. Database developmentinvolved (1) a stratification of
natural land cover and human land-use, (2) a contextual classifica-
tion of hardcopy multispectral data derived from Landsat Thematic
Mapper (TM) imagery collected from 1994 to 1996, and (3) a strati-
fied post-classification accuracy assessment using a large sample
of field data. The resultant database has yielded substantial infor-
mation to characterize the landscapes of South Africa. The analysis
uses data recorded by province, primary hydrological catchment
and vegetation biome to explore the land-cover characteristics of
South Africa, Swaziland and Lesotho. Aggregated results show that
South Africa comprises the following general surface types: 5.8%
forest and woodland: 0.3% forest; 17.6% thicket and bushland;
34.1% shrubland and low fynbos; 0.2% herbland; 21.3% grassland;
12.2% cultivated lands; 1.5% forest plantations; 0.4% waterbodies:
0.5% wetlands; 0.2% barren rock; 4.9% degraded lands; 1.1%
urban/built-up lands; and 0.14 % mines and quarries. The accuracy
of the database ranges from 51% to 93%, depending on geograph-
ical area, with corresponding kappa index values from 35 to 88.

Information regarding the characteristics and spatial distribu-
tion of South Africa’s land cover is critical for sustainable
land-use planning, strategic environmental assessments and
global change research. Capabilities to record and map
land-cover conditions and to monitor change are required for,
among others, modelling hydrological cycles and global carbon,
establishing rates of land transformation, and habitat destruc-
tion for biodiversity conservation planning."™ Land process
research and land planning in South Africa has relied in the past
on simple interpretations of gross land-cover and surface prop-
erties, such as biomass (as in the national biomass initiative ).
Acocks” veld types® and the National Botanical Institute’s
vegetation potential map” are the most common sources of
land-cover and surface data available. These databases have a
low spatial resolution (e.g. 1:1 000 000). Higher-resolution data
with greater precision for classification purposes are clearly
required.’

Before the implementation of the National Land-cover (NLC)
Database project, no single standardized database of current
land-cover information existed for the whole of South Africa.
Most land-cover/land-use classifications (derived from satellite
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remote sensing data) in use had typically been developed
around specific user objectives and had often been influenced
" and data capabilities.""" Very few
datasets were thus directly comparable in terms of class
definitions, mapping standards, geographical coverage and
satellite imagery, making the compilation of a national dataset
difficult.

The primary objective of the NLC project was to produce a
standardized digital land-cover database for all of South Africa,
Swaziland and Lesotho (Fig. 1). The product is designed for
1:250 000 scale mapping applications, and is intended to provide
national, baseline information on land cover. It contains broad-

by geographical location”

level thematic classes applicable to southern Africa, that can be
adapted further to suit individual user requirements.

[n previous works,'” " various quantitative estimates of human
impacts on the natural resource base have been made. These
historical results were primarily based on agricultural cropland
and plantation statistics, which had been collected in the field.
Agriculture, plantations and urban areas are the primary
agencies affecting the landscape of southern Africa. The benefits
from a remotely sensed approach to land-use areal assessments
can be summed up in the added advantages of deriving spatial
location, shape and neighbourhood context. This has never
previously been achieved using cropland and plantation statis-
tics, for which there is the high probability of undercounting,

T'his paper documents the procedures and results of the NLC
project. These include statistics of areal coverage by country,”
South African provinee,” primary hydrological catchment, ™ and
potential vegetation biome.” The results are discussed with
respect lo past estimates of land-use cover when available,
meaning for provincial planning, as well as an assessment of the
natural resource base.

Methods
Discussions of land-cover mapping often lead to debate over
classification schemes, assignment of class descriptors and
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Fig. 1. Components of the three production phases.
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Table 1. Level | land-cover classes mapped for the database.
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NLC code Level | land-cover class Aggregated land-cover class
1 Forest and woodland (savanna) Forest and woodland
2 Indigenous forest Forest and woodland
3 Thicket, bushland, bush clumps Thicket and bushland
4 Low shrubland and Fynbos Thicket and bushland
5 Herbland Grassland
6 Unimproved grassland Grassland
7 Improved grassland (pasture, recreational fields) Cultivated lands
8 Forest plantations (exotic tree spp) Forest plantations
9 Waterbodies Waterbodies
10 Wetlands Wetlands
11 Bare rock and soil (natural) Degraded lands
12 Bare rock and soil (erosion surfaces) Degraded lands
13-17 Degraded vegetation, by classes 1,3,4.5,6 Cultivated lands
18-23 Cultivated lands, variations of permanent/temparary crops,irrigated/dryland, and
commercial/subsistence/sugarcane Urban/built-up lands
24 Urban/built-up land (residential) Urban/built-up lands
25-28 Urban/built-up land (residential small holdings by subdivided
vegetation classes 1,3,4,5,6 Urban/built-up lands
29 Urban/built-up land (commercial) Urban/built-up lands
30 Urban/built-up land (industrial/transport) Urban/built-up lands
31 Mines and quarries Mines and quarries

labels, and product specifications. Most classification schemes
are designed to be useful for a rather narrow range of applica-
tions; conversely, no single classification scheme can satisfy all,
or even most, applications.

Laind cover and land-use are closely related criteria, and are often
confused, but they are nof the same. It is important clearly to
distinguish between the two in any classification design. In its
broadest sense, land cover can be defined as ‘all the natural and
human features that cover the earth’s immediate surface’,"”
including ‘vegetation (natural or planted) and human construc-
tions (buildings, roads), water, ice, bare rock or sand surfaces’.”
Land-use typically refers to the human activity thatis associated
with a specific land-unit, in terms of utilization, impacts or
management practices.” Land-use is therefore based upon func-
tion, where a specific use can be “defined in terms of a series of
activities undertaken to produce one or more goods or ser
vices".™ As such there can be only one land-cover type associated
with a point on the earth’s surface, but this may be associated
with several land-uses (e.g. a “grassland” may be used for com-
munal grazing within a conservancy area).

The land-cover classes mapped within the NLC project are
based exclusively on those defined by Thompson" for southern
Africa. Itis a hierarchical framework designed to suit the south-
ern African environment, and incorporates known land-cover
types that can be identified in a consistent and repelitive manner
from high-resolution satellite imagery such as Landsat TM and
SPOT. The classification scheme is based on clear, unambiguous
terminology and class definitions, designed to ensure data stan-
dardization and to allow easy subdivision of the broad generic
classes into more specific, user-defined subclasses.

The classification scheme has been designed to conform to
internationally accepted standards and conventions, in order to
ensure, as far as possible, cross-border compatibility and integra-
tion with existing national and international land-cover classifi-
cation systems and datasets, such as those already in use in
Zimbabwe's Vegetation Resource Information System™ and
proposed for the FAO's Africover project.”

The classification legend used for the NLC project is derived

primarily from level-I classes and a few selected level-1l classes
(Table 1). Although primarily designed (and defined) as a
land-cover classification system, it incorporates a land-use com-
ponent in the lower hierarchical subclasses such as ‘permanent
commercial-irrigated crops’.

The broad, structurally based natural vegetation categories
and their definitions and naming conventions were based
primarily on those defined in Edwards,” initial FAO-Africover
documentation™ and the Zimbabwean National Woody Cover
Mapping project.” Although the vegetation classes consist
primarily of level-II categories, a “degraded’ subdivision has
beenincluded asanindication of land-use impact (two examples
are overgrazing or fuelwood collection). This inclusion stems
from the copious work and results on degraded land mapping
conducted in Botswana.” Table 1 lists the land-cover classes
used in the NLC project with their associated aggregated remap-
ping classes (see Thompson' for full class definitions).

Land-cover mapping methodology

The NLC project incorporates four basic stages in the compila-
tion of the digital land-cover database. Initial field orientation for
image interpretation, image interpretation and annotation,
digitization of annotated land-cover data, and both field and
aerial photograph verification for map accuracy assessment.

Field orientation was used to familiarize interpreters with the
local terrain, vegetation types and agricultural practices prior to
annotation. This involved completing extensive road transects
across each individual satellite image map area, when reference
notes and photographs were taken. The land-cover information
was then mapped directly from the 1:250 000 scale Landsat TM
Spacemaps (described below), using manual photo-interpre-
tation techniques. Rigorous quality reviews during and after
annotation were used to ensure uniform contiguous mapping
standards and accuracies between and within each sheet.
Although the use of reference material (such as vegetation maps,
land-type maps) was encouraged, final category boundaries
were determined only from the imagery. In general a minimum

mapping unit of 25 ha (i.e. 500 % 500 m or 2 % 2 mm at 1:250 000
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scale) was used. However, smaller features such as irrigation
dams, planted woodlots and wetlands have been included
wherever feasible, owing to their relative importance in terms ol
water, fuelwood resources and conservation. The annotated
land-cover data were then manually digitized according to
pre-defined data capture standards.™

Field and airphotograph verification was used to validate the
final land-cover data and to provide a statistical measure of
overall classification accuracy for each Spacemap.™ In a limited
number of cases the original land-cover data were subsequently
modified on the basis of field verification information to
improve the overall mapping accuracies, but these changes were
not re-assessed in the accuracy statistics. During field verifica-
tion a limited amount of additional data was collected (in partic-
ular land-management information and fixed-point ground
photographs).

Spacemap compilation

['he land-cover information has been mapped directly from a
new series of 1:250 000 scale, geo-referenced Landsat TM
Spacemaps, produced by the CSIR’s Satellite Application Centre
(SAC). The Spacemaps are based on the same layout format as
the standard 1:250 000 scale South African Surveyor General
national map series. One difference is that, to facilitate edge
matching and continuity of mapping across adjacent Space-
maps, the actual image area within each map is slightly larger
than the standard map sheet by approximately 5 minutes.

The Spacemaps are based on seasonally and climatically stan-
dardized, single-date TM imagery captured primarily between
1994 and 1996. Decision rules were established for image selec-
tion in order to maximize information on vegetation and
crop-cover types, while minimizing any temporal effects and
land-cover variability between adjacent images captured on
different dates. These were based on ‘optimum season’, distin-
guished by uniform vegetation growth (defined as April-June in
summer rainfall areas, and September—December in winter rain-
fall areas) and ‘seasonal rainfall’ (that produced uniform vegeta-
tion response and condition). The latter condition was based on
the analysis of rainfall data for a three-month period before the
beginning of each optimum season, where suitability is defined
on the basis of average or greater than average precipitation
ll‘\‘L']!‘.

Additional rules were established for combining two or more
TM images within a single Spacemap in terms of histogram
spectral reflectance matching.

Quality control

Rigorous pre-classification error reduction procedures were
followed during initial data capture phases, concentrating on
interpreter training, class standardizalion, spatial error avoid-
ance (related to map edgematching, polygon definition) and
quality checking.™ An initial pilot mapping exercise was
completed by all teams before actual NLC mapping, based on
the same Spacemap, in order to optimize consistency of interpre-
tation among analysts. Stringent data quality checks were
enforced during data capture to ensure digitization accuracy
before transferring the land-cover data into the final database,
based on the repelitive contact-scale comparisons between the
original annotated acetates and the plotted vector data.

Photo-interpretation vs digital image processing

The decision o use manual, photo-interpretation methods of
image analysis rather than digital, computer-based analysis was
based on a number of factors relating to product accuracy and
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cost. Skilled photo-interpreters with extensive local knowledge
are able to evaluate shape, location, texture, context as well as
spectral characteristics when classifying land-cover features
within complex landscapes, in comparison to standard digital
classification routines, which are typically biased towards spec-
tral analysis only.” This usually results in a tar more accurate
land-cover classification because interpretation problems result-
ing from, forexample, temporal effects (such asburnscars), relief
shadowing and spectral similarities can be avoided. The results
of a test study comparing mapping accuracies achieved within
the NLC project on the Pretoria (2528) sheet using manual
photo-interpretation with those from a supervised classification
of equivalent digital data confirmed this approach.”

Field verification and classification accuracy

Verification procedures were designed to balance scientific
rigour and defensibility with practical limitations of cost and
time (that is, to be economically feasible within budgetary limita-
tions). The stated objectives of the verification exercise were to
determine the mapping accuracy of level [ land-cover types. The
target accuracy for level [ land-cover types was set at 85%,, with
an acceptable error of 10% at 90% confidence level, based on the
original US Geological Survey's land-cover/use model, which
was designed to meet an overall minimum mapping accuracy of
85% at level 1.

The actual procedure involved a combination of extensive
field survey (based on road transects) and additional analysis of
suitable (archival) aerial photography. Approximately 180
sample sites were assessed per Spacemap, via GPS-controlled
field sites and archival aerial photography. The original assess-
were slightly modified during the initial
stages of the project after several trial runs, on the basis of
improved feasibility. The revised methods were found to be
more time and resource effective withoutany reduction in statis-
tical accuracy, and also allowed the verification procedures to
become independent of the actual land-cover mapping, allow-
ing a greater flexibility in scheduling. The principal modifica-
tions were (1) road-transect sample sites were determined in a
random, systematic manner in the field by the analyst, rather
than as previously specified by pre-survey GIS modelling, and
(2) agricultural cropland, plantations and urban area evaluation
was limited to aerial photography assessment only.

h

ment techniques

Mapping accuracy

The NLC datasetis designed for 1:250 000 scale mapping appli-
cations (25 ha minimum mapping unit), and is intended to
provide national, baseline data on land cover for the whole of
South Africa, Swaziland and Lesotho. Itis a representation of the
mapped landscape, whose accuracy, level of generalization and
information content are defined by the limitations and con-
straints imposed by the minimum mapping unit, the mapping
scale, the satellite imagery and the land-cover class definitions.
As such the dataset cannot be expected to be 100% accurate (nor
is it intended to be), since it is a generalized representation of
reality, where inmany cases artificial map boundaries have been
imposed upon natural gradients (especially in relation to ‘natu-
ral’ cover types). Land-cover classes are fairly broad in terms of
their definitions, but have been designed to allow more detailed
subdivision at a later stage by individual users if so desired.

Results

The South African land-cover maps are primarily compiled to
answer the fundamental question: what is the current distribu-
tion and area of the nation’s principal natural and human
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Fig. 2. South Africa, Swaziland, Lesotho and South African provincial
boundaries.”

land-cover types? The overall results and analysis are arranged
to convey the full impact of land characterization for various
sectors of interest. We recognized three main sectoral uses for
the NLC results and thus have arranged findings by political
zone, primary hydrological catchment and vegetation biome
(Figs 24). The political groupings are represented at country
and South African provincial level and can be used to combine
with the 1996 census figures.™ These findings can be used by
government and others for development planning. The analysis
provided by hydrological catchment” emphasizes the impor-
tance of water demand and quality in a relatively dry region of
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Fig. 3. Primary hydrological catchment boundaries."

the world. The catchment results have particular relevance to
issues elucidated in the National Water Act™ and with the setting
up of catchment water boards. Providing results by vegetation
biome” type emphasizes the biological heritage of southern
Africa, and our continued need to conserve and protect repre-
sentative remnants of the natural vegetation and their associ-
ated landscapes.” The NLC has particular relevance for issues
pertinent to the White Paper on the Conservation of Biological
Diversity” and the recently completed Kumleben commission
of inquiry™ regarding national parks and provincial nature
reserves.

[ Provindal boundaries
Potential Vegetation Biomes |

Fig. 4. Potential vegetation biomes.”
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The final accuracies for each 1:250 000 map sheet summed
for the entire study area, although slightly less than the 85%
target,” were 52-93% with kappa statistics from 35-88, which are
taken to be indicative of an accurate and useful digital map prod-
uct (Fig. 5). Overall mapping accuracy for all of Phase | data
taken as a single, contiguous dataset is 78% (77-79% at 90% con-
fidence limits) with a kappaindex of 74.1, based on an analysis of
4365 sample points, Mapping accuracy for Phase 11 is 80.7%
(80-81.4% at 90 confidence limits) with a kappa index of 77.3,
based on an analysis of 5423 sample points. The mapping accu-
racy for Phase Il is 79.7% (78.5-80.9% at 90% confidence limits)
with a kappa index of 73.0, based on an analysis of 1838 sample
points. Overall, the results illustrate the real-world, practical
limitations of land-cover mapping at a 1:250 000 scale in com-
plex, often highly heterogeneous landscapes using single-date,
hardcopy satellite imagery.

In general, regions with homogenecous land cover were well
identified if they comprised relatively large, regular landscape
patches. In spatially complex areas, such as along the Drakens-
berg escarpment and east coast, seasonally distinct land-cover
regions were more often correlated with mosaics of cover having
variable physiognomic and vegetative characteristics.

Table 2 presents the overall results for South Africa, Swaziland
and Lesotho at the level-1 classification. By areal coverage alone,
79% of South Africa is composed of ‘natural” woody and grass-
land vegetation communities (such as forest and woodland;
thicket, bushland and high fynbos; shrubland and low fynbos;
herbland; and grassland). Wet landscape classes (for example,

Fig. 5. Percent correctly classified and kappa index statistics per
1:250 000 scale Surveyor General mapsheet. —»
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‘Table 2. Land-cover areal totals for South Africa, Swaziland and Lesotho by level | land-cover category.

National
Land-cover description South Africa Lesotho Swaziland
Area (ha) % Arga (ha) % Area (ha) %

Barren rock 260361.2 0.21 7569.14 0.25 533.09 0.03
Cultivated: permanent — commercial dryland 83086.8 0.07 0.00 0.00 2730.35 015
Cultivated: permanent — commercial irrigated 416753.4 0.34 0.00 0.00 3830.91 0.21
Cultivated: permanent — commercial sugarcane 458370.0 0.38 0.00 0.00 49874.72 275
Cultivated: temporary — commercial dryland 97481508 8.00 194914 0.06 13564.14 0.75
Cultivated: temporary — commercial irrigated 1081 256.7 0.89 771.62 0.03 3259.46 0.18
Cultivated: temporary — semi-commercial/subsistence dryland 2 964 630.6 243 691038.60  22.61 279908.32 15.41
Degraded: herbland 138.6 0.00 0.00 0.00 0.00 0.00
Degraded: forest and woodland 965723.1 0.79 29.26 0.00 94353.99 519
Degraded: shrubland and low fynbas 563182 4 0.46 0.00 0.00 0.00 0.00
Degraded: thicket & bushland (etc) 2256 031.7 1.85 570.71 0.02 42907.55 236
Degraded: unimproved grassland 1862583.9 1.53 B19751.74  26.82 84368 .82 464
Dongas and sheet erosion scars 186513 .8 015 1033.99 0.03 293.70 0.02
Forest 401368 5 0.33 14410 0.00 6933.54 0,38
Forest and Woodland 70111963 575 0.00 0.00 344004.00 18.93
Forest plantations 1790 2686 147 184242 0.06 120310.48 6.62
Herbland 2429959 0.20 326.49 0.01 0.00 0.00
Improved grassland 1282029 0.11 243.67 0.01 215,02 0.01
Mines and quarries 1754207 D.14 292 32 0.01 254.48 0.01
Shrubland and low Fynbos 415142738 3405 297705.35 9.74 0.00 0.00
Thicket and bushland (gtc) 21409 243.0 17.56 79502 .96 2.60 408283.53 2247
Unimproved grassland 259454267 2128 113628112 3717 350871.25 19.31
Urban/bullt-up land: commercial 34476.3 0.03 4587 0.00 64,69 0.00
Urban/built-up land: industrial/transport 64652.0 005 560.73 0.02 499 .86 003
Urban/built-up land: residential 1084 1641 0.89 10137 .61 0.33 5779.28 0.32
Urban/built-up land: residential {small holdings: bushland) 27927.5 0.02 0.00 0.00 0.00 0.00
Urban/built-up land: residential (small holdings: grassiand) 134927 .3 o1 0.00 0.00 0.00 0.00
Urban/built-up land: residential (small hoidings: shrubland) 12301.6 001 0.00 0.00 0.00 0.00
Urban/built-up land: residential (small holdings: woadland) 404626 0.03 0.00 0.00 0.00 0.00
Waterbodies 460959 4 0.38 765.07 0.03 3908.07 0.22
Wetlands 581736.8 048 6416.40 0.21 19.82 0.00
Totals 121 907 789 3056 978.31 1816 789.07
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Table 3. Land-cover areal totals for South African provinces by level | land-cover category.

Land-cover description Eastern Cape Free State Gauteng KwaZulu-Natal Mpumalanga

frea (ha) % Area (ha) Yo Area (ha) % Ared (ha) % Area (ha) %
Barran rock 4910087 029 2025905 016 0.00 0.00 414386 0.04 95126 0.0
Cultivated: permanent — commercial dryland 1789270 011 28836 000 0.00 0.00 8099.97 0.09 1154923 0.14
Cultivated: permanent — commercial imigated 11069.82° 0.07 46.07 0.00 1813 0.00 274732 0.03 18496.40 0.23
Cultivated; permanent — commercial sugarcang 335476 002 0.00 000 1554  0.00 41137244 447 4464275 056
Cultivated: tamporary — commercial dryland 2902285.45 1.72 366542250 28.21 32754618 1983 236464.18 257 1102283.76 13.79
Cultivated: tamporary — commercial irmgated 17999521 1.06 68763.84 053 1633000 099 131974.19 1.43 116976.72 1.46
Cultivated: temporary — semi-commercial/subsistence dryland 88789057 5.22 646515 005 2249.08 0.4 790723.67 8.58 94356.14 1,18
Degraded: herbland 1728 000 0.00 000 0.00 000 57.84 0.00 0.00 000
Degraded: forest and woodland 112104 001 3537 0.00 48072 003 95483.96 1.04 105427.58 1.32
Deqraded: shrubland and low fynhos 16578066 1.09 62649 0.00 2059 000 0.00 0.00 0.00 000
Degraded: thicket & bushland (gtc) 6685548 051 921721 007 000 000 27781439 3.02 11531.32 D14
Dagraded: unimproved grassland 130219109 7.66 65849.00 051 0.00 0.00 326281.58 354 16472.69 021
Dongas and sheet erosion scars 1981408 0.2 1211278  0.09 12208 001 27997.06 030 205221 0.03
Forest 15300023 0.90 498.07 0.00 000 000 12035431 1.3 2656225 033
Forest and Woodland 55882.78 033 2067140 016 16294271 986 60518260 657 144125003 18.03
Farest plantaticns 190955.33 1.12 2096431  0.16 22567.39 137 617686.85 6.71 708065.79 B8.66
Herbland 7331 0.00 0.00 000 000 000 000 000 717 0.00
Improved grassland 2392722 014 174874 001 1011972 061 23681.65 0.26 3101.88 0.04
Mines and quarries 132294 001 1787833 014 3482238 2.11 742739 0.08 4785074 060
Shrubland and low Fynbos 5625718.84 3308 1453169.06 11.18 0.00 000 7436.46 008 829843.50 10.38
Thicket and bushland (etc) 268493102 1579 763461.28  5.88 5541391 335 161952973 17.58 3262 71263 40.81
Unimproved grassland 487653241 2867 657941429 50.64 68468119 4145 3588875.09 38.96 823843.50 10.38
Urban/buiit-up land: commercial 253069 0.01 517209 004 1386350 084 401861 0.04 3262712.83 40.81
Urban/built-up land: industrial/transport 5049.33 0.03 1056080 0.08 1464286 0489 911899 0.10 107742 0.01
Urbar/built-up land: residential 26045899 153 53466.14 041 16019711 9.70 105682.14 1.15 846795 0.1
Urban/built-up land: residential (small holdings: bushiand) 232681 0.0 21672 0.00 000 000 13561.94 015 86748.84 1.03
Urban/built-up land: residential (small holdings: grassland) 0.00 0.00 16678.25 013 101696.75 616 274728 003 D00 000
Urban/built-up land; residential (small holdings: shrubland) 12797 0.00 7477  0.00 0.00 0.00 24353 0.00 389053 005
Urban/built-up land: residential (small haldings: woodland) 2623 0.00 103.06 000 2834201 1.72 17.15 000 000 0.0
Waterbadies 5924946 041 8523853 066 828178 050 9728517 1.06 0.00 0.00
Wetlands 1750349 010 11517019 089 746131 045 75840.64 0.82 42012263 0.50
Totals 17 006 986.07 1299 35719 1651 914.94 9211 849.99 7994 845.6
Land-cover description North West Northarn Cape Northern Western Cape

Arga (ha) % Area (ha) % Area (ha) % Area (ha) %

Barren rock 166.04 0.00 15746570 043 658591  0.05 2167855 017
Cultivated: permanent — commercial dryland 8428 000 638.89 0.00 4113661  0.34 3396.79 0.03
Cultivated: permanent — commercial irrigated 706.10  0.01 3475946 0.10 5870424 048 290203.82 2.24
Cultivated: permanent — commercial sugarcane 0.00 000 000 000 0.00 0.00 000 0.00
Cultivated: temporary — commercial dryland 162336814 1398 10054839 0.28 55996693 5.39 1740 258.14 13.44
Cultivated: temporary — commercial irmgated 114094.46 098 13018056 0.36 160616.59 1.31 16232513 1.25
Cuttivated: temporary — semi-commercial/'subsistence dryland ~ 383004.85  3.30 0.00 000 79992742 653 13.76 0.00
Degraded: herbland 000 000 000 000 0.00 000 6351 0.00
Degraded. forest and woodland 11548558 099 000 000 64768887 529 000 0.00
Degraded: shrubland and low fynbos 1560 0.00 75558.83 021 0.00 000 301180.24 233
Degraded: thicket & bushland (gtc) 127078585 1095 4337936 0.12 55153540 451 491265 0.04
Degraded: unimproved grasstand 63349 001 13601843 038 1504313 012 9452 0.00
Dongas and sheet erasion scars 132547 0.01 6381128 0.18 777728 0.06 51501.50 040
Forest 71731 001 13989  0.00 37650.01  0.31 62447.45 048
Forest and Woodland (0879364 524 9993668 028 401653487 32.81 1.59 0.00
Forest plantations 2058498 0.8 247427 001 9923621 081 107708.93 0.83
Herbland 0.00 000 242866.56  0.67 0,00 0.00 56.04 0.00
Improved grassland 399086 003 237275 0.01 38944 000 58870.66 045
Mines and quarries 2093411 018 28733.01 008 1451323 0.12 183855 0.01
Shrubland and low Fynbos 533,78 000 2525291026 6968 204262 002 9171 562,79 70.81
Thicket and bushland (etc) 486720633 4192 515378866 1422 477921289 39.04 665855.83 5.08
Unimproved grassland 2359 84297 2033 4335 698.03 1196 13595140 111 12171845 0.94
Urban/built-up land; commercial 192491 0.02 110798 0.00 146028 0.01 332080 0.03
Urban/built-up land; industrial/transport 344645 003 3936.31  0.01 277542 002 6654.20 005
Urban/bulit-up land: residential 13868344 1.18 21706.00 0.06 172705.01  1.41 84516.44 0.65
Urban/built-up land: residential (small holdings: bushland) 449095 0.04 1118.87 0.00 600223 005 20999 000
Urban/built-up land: residential (small holdings: grassland) 978523 0.08 0.00 0.00 000 000 2923 0.00
Urban/built-up land: residential (small holdings: shrubland) 0.00 0.0 568.00 0.00 491 0.00 1126241 009
Urban/built-up land: residential (small holdings: woadland) 354024 003 0.00 000 843393 007 0.00 0.00
Waterbodies 2057680 0.8 5694889 016 1281605 010 684368.08 0533
Wetlands 35803.61 0.31 20492642 081 1759.77  0.01 22969.27 0.8

Totals 11610537.37 36 243 593.48 12 241 380 12953 109.3




75
2000
uary 2
Science 96, Febr 1s) covered a
I'of Scf vetland "ans-
African Journa ‘bodies and ‘.-.,f Human “t- i
South wate than 1%. tance, Clllt]\‘i
ittle less ‘or insta radec
icl 2zsao little | Sasgesillor ir 15, degrad i
r“c e —TKE88&88 oo ‘ormed ¢ s ntations, and
arch B3 ek SR tat otic plar p lands, -
Rese SZZEE 2 &= = tion, exc :built‘u} he other
R e TS o~ o rhan, -overed t
b R oo v oy W r~ 1s, uy i over
Pm%:_maco mmm:rrmﬁfm"%"‘: ldnkﬁ’ 1L11](1|-1-IB'H}L .
sS=8 - o o o w © =2 - @ ofim )] =
SNSRI SEBER e,mfvi;r:aggﬁf S minesan > land surface { by ‘natural
=T —~ - td 385 C S - .
L“;’v—"ﬁmf mw'*;mg:%.z'oaﬁr_“‘ 35 204 “Hlu- % covered by station
- o oo -r"?guj‘“'m"‘v_rm ©= 2 5 49% ¢ ,L.gu.tt-
. S o o SER8 B Es 2ER Lesotho is assland v “lasses
@ ¢ wn i v e s e
£ SrEnaaaa S8 =R S0 iv and ?*rr; t landscape kf‘]liﬂ}i
2 ~ =gl "'u")‘m T '00d) 5. Wet la > fl
E _ Bo8E38 TRE8 Wi ities. We fore the
== @ D R S8 = - = nunities. %, (before fANS-
= Lo gecs = oo — “omn r 0.2% ( -trans
8= P S=88882¢ e ered only 0. Human ther
4 2882 == overe ) lllﬂ}' he o
g Saao c o o L& atse da »d th
5258 Sao o e f the Kat: epresented
S8 = == oo o Q lasses r face.,
CEEELRERE, - Thg@cooo 85 % formed Ll‘ll land surtace 1 by natu-
= = w0 oo [=2} ] ? ¢ * 14 erec .
™ © SSE52 ._w“”m-—?gwg - oo® 17 of the % covere % tion
s 83825888 SEZEzisz =g = | 508% 0 is 617% egeta
g # o g g e =) T = 85 838 & b Swaziland rrassland v fﬁ classes
& o Gmgclagmﬁm%m"'g'ﬂ Y 1\/Jndh ‘]‘-iCﬂ}“'-L‘
= @ @ LR =gts - " Wood 7 ds 3=
= Qaaa% SBH°° 2 5 = = ral “woc ities. Wet IﬂnHmﬂJ“'lr‘mb
= o S H 5 = n 5. or ] o1
o goo @ = ~ ommu L2%. othe
S = B8 B 85 @ oo Lo 'red only | le up the
“3| 8 TS CESE5888% C“"L“l lasses mac i i
= N“"-—_D o © i cd class surltace. nd-
= FEXE3 —oS o - ormec ) nd sur ibes the lar
88%5B == To-3 5 1% of the la describes tl 7 T
Gmggmgo'omt’)" mm"mcﬂﬁm 38.8% 3-5 also des :‘mnh“) 3
o8 B i SR=! o - o "': S 8gw R ables 3-5 53 e, tion
W,mgmcﬂ;.-ccv— @Qm@mqh%gmﬁ@,@g Ta by provii d vegeta i
s o - B ~5ZHIR = s - area by "and veg |
o= o ol @ e el =3 g ] — Urared o § | G should
| 2ee g - oo h—ﬁf.::’fr-"ocm o cove chme Its she
e e e © o Dcﬁmmﬂ- o Al = ical cate result
sco ﬁﬁﬁmavg Trc’fzci rologice . These figs 24 to
£ m*figv‘;’f‘i’zgaﬁz ~““m§g dre f‘._ltt.gur_\_f-T s in Figs 2 e
= b s S =25 R 5 .o biome ¢ he maps i ; of th
z '_m--—"f."o'-%cn r\F‘_IS T ) "qth th i "\tl"n"‘_ i
5|3 FEpRe =T ETE “ be used w the implic: tof land
= '~ oo [=] ) L
=3 r—r,__mmgg.ro - = rstand xten PR
£l %58 K- S understa The areal e Provinee 15
= =228 S ‘al totals. lasses by y ledges
258 d = red e Class A1 Ve
8= EEEEE ! wer/land-use if one m.]\ﬂo[\lmund-
— o w3 ~ e aps
E556& == 8 G e g e rsignificant fined politica n/
=4 o D o3 s 2 B
ggzgy TR S & @ = cmee %5 e only sig ntly defined p total urban;
P~ Y 1 (3] = o 1y 3
omE%DgFDD @m.""mf\'grv:.“.’ " S o the curre » ple, the »f Gauteng,
mgﬁowaoc m.-Nmmgcngf{,‘, = For examy 8% of Ga 23
*| 25538 ShgoaC e REBsdg = S aries. ds cover 18 in extent,
ges-aa AT G e S i I @ ilt-up land: srowing 1 tion
= @ Dﬂmommmﬂm & F buil '-1]\!{—,'( in relatic
=4 or~o®no RS 28 E8T & oo 1 are rapidly ionificant ir ries,
= 5 BE°RY8 2 i anc l i& oy Mzﬁ]'ti -al bounda -
S§S|ng2 S 't this is only i oy
23|k 5 2B a5 yek s | rrent politi the future. /
23 = Ssgw he cu oo in 2IMo-
< | N cEe5® = to th “hange for de
N@ﬁrgo_;com hich could ¢ re used fc lanning
; = =g R =] “hic inces a ’ an <
W BS ¢ -] P ©
Faa ‘cs‘:_”%‘:’mmam o "OVING ine and .
5] Boissl EREpE b e ey = the P budgeting ¢ rovernment,
o cEgee H=N] = m"'mm.— hic, 2 1JIZ~| tant
@ a1 o o = & h tior i rta
= mogg“gc'ﬁ’o mm;m-"’LgE;ﬁ?E?g graf » by na are impi
&5 = J b s = LAl - TMSUS
- 2 =S e aE2Rg833 BEEZER B T 2 | purpose these results < » 1996 census
=2 L — — ~ ~ = = Or. - . 3
8 T 5E2a mm“gmghﬁfgggu-‘:;‘mm'ﬂ' & however, e it hihe
o o a:ﬁco’:’chmr‘- :;C'Dgfﬂ ‘ombinec h-
Q = n@mo‘{‘m:mgtﬂgﬂgt '_D,.r- Ten ical ‘catch
- B mmgﬂﬁgr&r ; %:{3" mwm,_ - — W 2 1“‘;“9‘[“} hat
c & = - mcn""c‘\‘ =] S — floures. - ]1‘\ ‘ its the
: 5 32 N”w*c‘“f fig rimary hy fined units
= - bRE5 SRE o~ S~ The prime ell-defined n the
= E vel E === "’C’" = i are we located o i
= b= y < i
> BT 3855B Seos ments < sically e “hment“U’,
o o Mm oo o~ 5 1|'|_\'- 2 catc 1
oo uss - & @ ~r oy an be mple, -Nata
> 3228 S w ZoS@ns ca dne exa CwaZulu ;
= wy c')"ov—c’c’ S '—miﬁo‘ﬂ—‘ﬂ nd. On he Kwe Yoli-
p sgue oo — o w =S T28 O fises th -i]‘(‘[-k
o =3 =} o 258 = 5 Drise me .
g 888888588 R B | B e Durban metropolt
'_xm_Dtho TS mwm'_u'r‘-'-"m"‘ — W ) 1 the Y
g e | S888 & o==-o Br8ES SENRE F idlands ang Y% covered by alone.
=) 3 o =] o« ™ = 7 '€ !
2223 qm = R - mig is 28% rane a
= me=a2 253 =y e &5 & 5~ area, 15 o i sugarcar ‘t on
o & b i i LY &8 - tan < ions and impac
= =] el i . = tions ¢ [11'8'“' 1 e
o = _ — mD m WO o ] 1ta /@ a le ’ih]h
B it} Y2} =1 = alar ave 3 l"\
© cE |3 *2 g i crops ha es provided al ex-
g 3 IR ° These FESOLTCES | ir areal e
> g . =T water res refore their nan-
= 228 = the 1t H“"e. atchment " i
£ £33% catchment, rtant for catc combined
= L= 33 s mwie ' n 3
% SiEs0 tent is impc horities, whe istics, as
— : ¢] ~ 3 -
a s L S mentaut 1 ’ chﬂ"‘“'t",l * land-
c = 2V e = age milow of the I¢
@ 5 SSE== ith strea . ttern
Q b, 22 == with s spatial pa ;
= = = v g 5 " ) ca
.= c = === ell as the sy rainfall. e fairly
< S EEE we 1ra re
E a5 @ E £ =5 lasses anc biomes a t be-
: R e clas: "
5 & E=i ;:':ﬂ = == = useicle regetation - ]l'ld' bu .
& EESEES EEEEE The veg 1 on the grot hotential
m‘“—é‘:ﬂ;CE ° E S 555 fined o ed on po s
S SEFZE £ g - 25 2 = 2 well defined 1p is based « ‘u}, thereis
- ) E= 2 94—‘32 © = 35 =8 Ak : res, -
» SEE8EsE £=E¢ 28 _£3 Bgggs et e Al Dol n our
ot S o B 5 25 'g?'c, @ —E—Qu = e =2Es Cé Y actug betwee .
I EEEE EZ E e5g2 TEE ESSESE rather thar ‘ment be itential
2 ggegos EEE R Dm>g$%ﬁ£:8%"‘m g lisagree I the pc
= 8888§ $E223 = S2E-85 5§55 g . e disag 25 ani
[ S28 =@ 2 o 2 = _ 5o E S w SOom SRES ¢
o 2 L1 BEE=w:s S e FEr ss== ge;m 1 clas:
S ll._;>>"cgf=?°fag El: ﬁa%clj EEEEC~EEE mapped
_:___: 5T 88 8 2 §333 SEE5E:4
e EE.meES .-D_u:g~ ~ E!’u'EmE.:]"r & © © = (=]
g 5 g%ggaa%gﬁgggg zﬁcgﬁggesj%%g%%ggh
a 'z._:'_E‘-“%“"'-J"s =B "1"'»»;‘5_“—‘_3
Q = Egg&gefﬁaggg ;555%355333
bt agzos® S5 o o @ 5 LE & e ol =
— 5 eszq'é;";agmgmﬂ“
. = c @ = = coZ g s
< 2 ESsEs oG e
o 5 F3333
R = o O
o =
© —
s




=
]
=]
L
=z
=
7]
R
©
@
w
]
e

South African Journal of Science 96, February 2000

76

For these results we

have omitted the forest biome and

Two examples of

these results include the grassland
biome, which includes within its po-

instead provide the areal coverage of
indigenous forest within each major

remain-
savanna

t
]

getation and 53%
ing grassland coverage. The

biome, however, according to its defi-
nition, contains 16% grassland cover-

tential boundary 9% coverage of
age and a 60% remaining woodland.
These results should be used within
the context of the potential biome
definitions, which are not definitive,

25

-
o)

provide some measure of

landscape change over the last

European colonization.
As an indication of change, Table 6

provides an assessment of national

plantation forestry and agricultural
cropland development and historical
agriculture development by province
where known (these estimates include
former self-governing territories).

s in natural ecosystems in

position are completely or almost

which the structure and species com-
completely altered, are termed trans-

The principal land
of a total country
) is estimated by

transformers in South Africa are culli-
vation, afforestation and urbaniza-

1219 077 km
the NLC to be under cultivation

(Table 6). Though not directly compa-
rable, 12.26% was estimated be under
cultivation throughout the ‘white
controlled portion of South Africa in

and extensively cultivated include the

The areas most continuously
Swartland/winelands (7366 km

),

), and the Springbok

Bredasdorp/Swellendam/Caledon re-

parison,

global trends from 1950 to the

By com

Pinus and Evcalyptus species, to meet

maintains 0.364 ha of cropland per

ha to 0.12 ha, less than a quarter
the size of a soccer field. ™" According

to the NLC results against the 1996
, exotic trees, mainly

erson fell by half, from

outh Africa is not well endowed

census totals, South Africa currently
with indigenous forests. As a result,

person, but with highly varying

amounts per province (Table 7).
large areas have been planted to

mid-1990s showed the area of
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Table 6, however, agriculture is not a rapidly growing industry;
instead, the exotic plantation industry has been the main trans-
former of grasslands in the last 10 vears.

In a previous study by Moll and Bossi,” the fynbos biome was
delineated and assessed to determine its extent and transforma-
tion. Their definition of the fynbos biome was also used by Low
and Rebelo” for the same purpose, and thus Moll and Bossi's”
transformation statistics are comparable to ours. We calculate
that 30.28% of the natural vegetation has been removed trom
this biome by farming and urbanization activities. By contrast,
Moll and Bossi® calculated that 34% had been lost. Their delinea-
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tion and calculation procedures using
a planimeter may be subject to greater
error than our product. Nevertheless,
it is the individual vegetation types

1.24
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43658 0.01
311494067
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38693.7

(such as coastal renosterveld) that
should be assessed for transformation
to give aclearer picture of the urgency
to protect this globally important
floral kingdom.

Surrounded by rangeland, exotic
plantations, cultivation, villages or
urban areas, fragments of the natural
landscape that are available for con-
servation or development have im-
portant considerations.” ™ Two major
problems are isolation and human
impacts from the landscape matrix.
Isolation primarily affects the interior
species, Therefore ‘natural’ habitat
patch size, shape, number and contig-
uration are critical as are corridor
width and connectivity."" Patches
must be able to support the interior
species. Both corridors and patches
provide for a networked configura-
tion that permits rapid recolonization
when an interior species becomes lo-
cally extinct (source/sink models). "

A few caveats should be raised with
regard Lo coverage totals for any of the
analysis results presented in this
paper. First, the sum totals for each of
the zonal units for all of South Africa,
Swaziland and Lesotho are margin-
ally different, depending on the re-
cording unit. Thisis due to the various
cadastral boundaries emploved on
the northern and interior eastern
South African and eastern Swaziland
international borders. The current
national borders were used to delin-
cate the countries and provincial
boundaries (Fig. 2), but both the
primary hydrological catchment and
vegetation biome maps (Figs 3, 4)
have a slightly larger overlap along
the Limpopo River valley and North-
West Province boundary and a
slightly contracted boundary along
the Kruger National ParK’s interna-
tional border and Swaziland's eastern
international border. Second, the
amount of natural vegetation remain-
ing untransformed in South Africa may not seem as negative as
might previously been perceived by both government depart-
ments, conservation arganizations, and the public.™" This can
be misleading, as the coverage totals do not take into account
habitat fragmentation, which can be seen as perforations of
land-use in the natural” vegetation matrix within the accompa-
nying map printed on the journal’s cover. Results are also only
provided by major biome type” rather than individual vegeta-
tion type, which would provide a more definitive picture. In a
subsequent analysis, results for individual vegetation type’
transformations will be provided. The coverage totals represent
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Table 6. The estimated extents of past afforestation (1985) and cultivation (1987) and NLC estimates (1994) with percentage change for some

national states and provincial regions.

National and provincial Historic hectares

NLC hectares (1994) Change in coverage

(% increase)

Afforestation in South Africa
Afforestation in Swaziland
Cultivation in South Africa
Cultivation in KwaZulu-Natal
Cultivation in Free State
Cultivation in Western Cape

1 189 000 (1985)°
107 000 (1985)"

13838 100 (1987)"
1316 500 (1987) "
1683 600 (1987) '~

1 800 000 (1987)""

1 790 269 50.5
120 310 12.4
14881 4551 7.5
1581 381 20.0
3 740 985 122.0
2196197 22.0

Table 7. Population density by South African province.

Region 1996 Census NLC area (ha) Ha/person
South Africa 40 583 573 14 753 248.3 0.364
Eastern Cape 6 302 525 1392 488.5 0.221
Free State 2633504 37413204 1.421
Gauteng 7 348 4283 346 158.9 0.047
KwaZulu-Natal 8417 021 1 581 381.8 0.188
Mpumalanga 2800711 1388 307.0 0.496
Northern Cape 840 321 266 127.3 0.317
Northern Province 4929 368 17203518 0.349
North West 3 354 825 21212578 0.632
Western Cape 3 956 875 2196 197.6 0.555

summations of all bits of each land-cover type mapped within
the project, though some of the ‘'natural’ pieces of land may be
degraded in their ability to harbour biodiversity or perform
valuable ecosystem functions. Mounting evidence that habitat
fragmentation is detrimental to many species and may contrib-
ute substantially to the loss of regional and global biodiversity ™
has provided empirical justification for the need to manage
entire L‘.ndsmpva not just the components,

Database development issues

This preliminary evaluation indicates that the procedures
used and the results obtained are, for the most part, acceptable.
'he research into and the development of this land-cover data-
base illuminated many issues that remain to be addressed or
noted in future updates and revisions such as landscape com-
plexity, verification procedures, image acquisition dates in rela-
tion to teature identification, land-use variability within a single
land-cover type, verification procedures and change detection.

Oneof the key issues related to mapping accuracy is landscape
complexity, especially in terms of the mapping scale used. The
results indicate that it is the actual landscape components that
have a greater influence on overall mapping accuracy than
simply landscape complexity if measured in terms of the num-
ber and frequency of small polygon units making up a specific
region. For example, sheets containing complex patterns and
gradients of natural and degraded vegetation types (e.g. 2830
Richards Bay) were significantly harder to map than those con-
taining signiticantly more (and often smaller) polygons that
were based on wniform cover types with clearly definable bowndaries,
such as occurs with dryland maize cultivation (e.y. 2628 East
Rand).

The accuracy of boundary delineations is also closely linked to
the achievable minimum mapping unit. As indicated previously,
the target minimum mapping unit for the land-cover project
was 25 ha. This was generally achieved with those land-cover (or
use) types that have distinct, clearly definable boundaries, such
as plantations, cultivated fields or waterbodies. Where bound-
aries are more difficult to define, such as the natural gradients
between different natural vegetation covers, such as ‘Forest and

Woodland” and ‘Thicket, Bushland’, then the minimum map-
ping unit has tended to be larger, since it is difficult to define
such small areas accurately within transition zones.

Boundary delineations of natural vegelation types are always
problematical, since in effect an artificial boundary is being
imposed on whatis really a natural gradient or progression from
one cover type to another. The boundaries that caused most
problems within both image-interpretation and field-evaluation
were the transition zones between "Forest and Woodland” and
‘Thicket, Bushland’, especially in the lowveld/bushveld regions,
and the ‘Grassland” and 'Shrubland & Low Fynbos' classes along
the grassland and karoo biome boundary.

Where lnndr-.mpe complexity is low, and a uniform, homoge-
neous coveris predominant, such as in the Northern Cape Prov-
ince, it appears that the field validation method used may have
resulted in some erroneous indications of lower than actual map
accuracies. In such large homogeneous regions, the random
selection of field sample points along the road transects is likely
to have resulted in an over-sampling of the predominant
cover-class (e.g. 'Shrubland and Low Fynbos), and a significant
under-sampling of other, sparsely distributed cover types (such
assmall, irrigated cultivated areas around homesteads). Because
of the way in which the statistical models calculate the mapping
accuracies, in these single cover-type biased map sheets,
although the dominant cover type has been mapped accurately,
inaccurate mapping (and under-sampling) of small area,
sparsely distributed cover types may have resulted in lower
classification accuracies and kappa values being reported.

As a result of the (unavoidable) generalizations that can result
from mapping complex, often highly fragmented landscapes,
several instances were found where, due to imposed scale limi-
tations, only the ‘dominant’ cover type could be mapped from
within a mosaic of cover types. This was an unfortunate, but
unavoidable constraint that has to be accounted for when
interpreting the mapped data in relation to the stated land-cover
class and associated definition. For example, in many rural
districts, where settlement infrastructure is often widely distrib-
uted within a larger framewaork of subsistence-level cultivation,
itis often not possible to identify the individual settlement units
or clusters, so they would by default have been included within
the larger (subsistence) cultivation class.

The decision whether or not to map subsistence-level cultiva-
tion as a separate cover type depends on the relative density of
the actual field structures. Where small field units are widely
scattered throughout a particular area (as opposed to being
farmed in a ‘concentrated-block” approach as apparent, for
example, in many regions of the former Bophuthatswana), they
will have often beenincorporated within the ‘background’ cover
type, which in most cases is (unfortunately) a ‘degraded’ vegeta-
tion class. The problem of identifving scattered subsistence-level
cultivation is compounded further when the surrounding vege-
tation is degraded, since, in terms of the project, ‘degraded’ is
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defined as having a higher albedo as a result of lower overall
vegetation cover and increased soil exposure. Thus small fields
with high soil exposures exhibit similar spectral characteristics to
the surrounding degraded vegetation, making identification
and subsequent delineation difficult.

Although stringent guidelines were developed to ensure that,
as far as possible, the most recently acquired satellite images
were used throughout the project, itis important to note thatin
some cases there is still an inherent time-delay factor associated
with actual acquisition dates and optimum feature identifica-
tion. This problem is most pronounced in commercial
(mono-species) plantation forestry, where the accuracy with
which this cover type can be mapped (from satellite imagery) is
greatly influenced by characteristics such as age profile, stand
structure, species type and crop management practices. Previ-
ous experience suggests that high-resolution imagery (such as
Landsat TM) may be used to identify new plantation areas as a
single forest category (with 95-100% areal accuracy) only when
the canopy cover exceeds 30-60% (although there are exceptions
to this rule). Since closure varies significantly by site and species,
no single age threshold can be given at which a particular stand
is guaranteed to be visible. However, under normal’ or optimum
site conditions all stands should be visible between 24 and 36
months after planting, with eucalvpts typically being visible
even earlier due to their faster growth rates.” This means that
any plantations established after 1992/93 may not be included
within the land-cover database, which, over the main afforesta-
tion regions, is based primarily on 1994/95 imagery.

A further problem is that exotic wattle (e.g. Acacia mearnsii)
exhibits similar spectral reflectance characteristics (on Landsat
I'M imagery) to some indigenous bush communities, making
identification difficult if the two cover types are in close proxim-
ity, unless contextual differences are apparent (such as
non-natural linear fence-line effects). In general, unmanaged
wattle ‘jungle’ has been coded as “Thicket, Bushland’, although
most of the self-seeding wattle ‘plantations” developed as major
fuelwood sources in Swaziland have been coded as ‘Planta-
tions’. This problem is not likely to be overcome in the short
term, until significantimprovements or modifications in spectral
resolution are made on commercial earth observation satellites.

Similar problems of spectral confusion were found for physi-
cally similar cover types such as irrigated lucerne and irrigated-
improved grasslands, and cultivated maize fields and cut
hay-grass fields (with hay ficlds being misinterpreted as dryland
maize as a result of clear fence-line effects and similar spectral
reflectance characteristics). These problems may have resulted
in some limited arca-specific misclassification of ‘temporary-
commercial-irrigated crops” and ‘improved grasslands’, and a
slight over-estimation of the extent of ‘temporary-commercial-
dryland cultivation’, respectively.

Itis possible for several land-uses to be associated with a single
cover-type, especially in terms of non-physical land-manage-
ment processes. In some cases, this has led to some confusion
when mapping atlevel 2, because of possible land-use variability
within a single land-cover type. For example, cultivated areas
have been classified as irrigated on the basis of field observation
and/or close proximity to dams, irrigation schemes (including
centre-pivot schemes) and perennial river sources (as used for
locally piped in-field irrigation). Although generally accurate for
large, commercial irrigation schemes, some small-scale irriga-
tion (for instance, based on mobile pipe-based sprinkler sys-
tems) may have been underestimated, where the timing and
location of irrigation activities differed from either the prepara-
tory field visits and/or the date of satellite image acquisition.
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Although in general the definitions applied to each land-cover
(and use) class are based on clear and unambiguous criteria,
which are both exhaustive and mutually exclusive, some area-
specific variability has been introduced where subclass qualifiers
(suchas’degraded’) have been used. The degradation classes (as
defined within the land-cover database) are inferred from
relative lower vegetation cover and an associated higher albedo
from the imagery. In most cases there is a relationship between
low vegetation cover and degradation. However, this relation-
ship is not true for all cases and a low cover may reflect local
grazing differences with no negative species composition
change, bush encroachment or soil erosion. Indeed, bush-
encroached areas will not be mapped as degraded owing to the
relatively high crown cover. Large areas of degraded grassland
(in terms of species composition) with a good cover were also not
mapped as degraded. This means that the severity of degrada-
tion varies across the database, since each area is defined in
terms of the vegetation condition immediately adjacent to it.
Thus, for example, the severity of grassland degradation in the
higher parts of Lesotho may be greater than that found in the
Eastern Cape grasslands.

Both the collection and interpretation of the verification data
collected in the field and from archival aerial photographs
suffered from small inherent problems that necessitated subse-
quent data manipulation. These included modification of the
field and aerial data as well as (limited) post-validation adjust-
ment of the actual land-cover data. Although such an approach
may be questionable, in all cases the aim of the modifications was
to improve the overall accuracy of the final dataset. In all cases,
such modifications have been fully documented™ to inform
users and ensure that an auditable record exists. Practical exam-
ples of these are many, which may seem to be criticism of the
final map product, butis rather viewed as a positive indication of
the thoroughness of the review process, both during and on
completion of the project.

Some degree of interpreter bias exists in the final data with
regard to transitional land-cover zones and/or physically similar
cover-types, but as far as possible all these have been specifically
documented in the Data User's Guide.™ Some variation in the
classification of sparsely vegetated areas associated with ostrich
camps in the Karoo is known to have occurred, with the larger,
more extensive ‘camp’ areas often being coded as ‘Degraded
Shrubland’, whereas smaller ones, and those with more clearly
definable boundaries, may have sometimes been mis-coded as
‘Dryland Temporary Commercial Cultivation’. This would have
had an effect on reported accuracies, although wherever possi-
ble, coding discrepancies between field and/or aerial photo-
graphvalidation data and classified data were corrected if found
to be consistent across the entire map sheet. Likewise, there was
some confusion in the coding of sparsely vegetated areas in
some central and southern Karoo regions, which are a combina-
tion of both dry washout zones and/or areas suffering from
locally intensive grazing pressures. Both “Erosion Surfaces (Bare
Rock and Soil)” and "Degraded Shrubland’ categories have been
used to code these areas, although the allocation has varied
between map sheets based on the preference shown by individ-
ual analysts. No attempt was made to standardize this coding —
rather, the original code allocated by the individual image
analyst based on direct in-field observation has been retained.

Scale-dependent biases were the result of possible confusion
when comparing the land cover as determined by visual assess-
ment in the field from a ground-level perspective with that
deduced from a 1:250 000 scale satellite print. For sites where
possible discrepancies existed, the modification procedure
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involved comparing the field reported land-cover code to the

field-recorded fixed point photograph (and in the case of natural

vegetation, also to the additional attribute data). The original
field code was only then modified if the argument for this
was supported by the fixed-point field photograph. Such an
approachallowed the genericland cover to be confirmed and re-
duced the risk of mis-coding on the basis of visually (not spatially)
dominant features smaller than the prescribed 25 ha minimum
mapping unit.

The use of non-differentially corrected field GPS readings was
also found to be a source of some local boundary error when
combined with the geopositional accuracy of the land-cover
database, despite recommendations not to sample in the field
within approximately 500 m of a perceived land-cover bound-
ary. Such problems were corrected by plotting the actual GPS
readings as a point-transect map at 1:250 000 scale to allow direct
overlay on the original annotation acetate sheet. Each GPS point
was ringed with a 200-m-diameter boundary. If any point within
this sample area straddled a mapped land-cover boundary, and
both cover codes equated to that mapped and reported, then the
field data point was modified in favour of the mapped code.

Additional data edits were also allowed in cases of obvious
time-induced change, such as where a wetland mapped on the
satellite imagery is recorded as a water body in the field due to
recent high rainfall, or where obvious land-cover change had
occurred when comparing aerial photographs that were signifi-
cantly older than the date of image acquisition. All time-
dependent differences were corrected on the assumption that
the NLC dataset was supposed to be representative of the
land-cover and resource status at the tine of satellite image acquisi-
ton.

These are seen as examples of practical problems that arose,
and will no doubt continue to arise despite rigorous pre-
assessment training of field staff, since they are often unavoid-
able because field conditions cannot all be anticipated during
training and pre-planning,

Conclusion

The research results reported here are definitive. Although
these findings represent milestones in mapping South African
resources, problems that limited the current attempts to charac-
terize South African land cover using hardcopy multispectral
Landsat TM at 1:250 000 scale and ancillary data require further
effort. Some of the respects in which further investigation is
needed include:
¢ Assessment of the effects of seasonal and annual variations on
identification and characterization of land-cover regions;
cyclical effects of weather and climate on the development of
seasonally distinct land-cover regions.
Identification of influence of landscape-sensor interaction on
the definition and characterization of ‘natural’ land-cover
regions, especially in defining vegetation continuums,
Refinement of data interpretation methods, including integra-
tion of ancillary GIS data (e.g. potential vegetation type) as
vector overlays on the hardcopy product, integration of data
from other sensors and pre-processing of imagery by sharpen-
ing as well as brightness adjustments before final production
of hardcopy.
The Earth's surface is not divided into homogeneous regions
of greater than some minimum area, by infinitely narrow lines.
Areas are heterogeneous to varying degrees, and lines are
actually zones of transition of varying width. A cynic describes
the process of mapping as drawing ‘lines that do not exist
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around places that have nothing in common’. However, as long
asamapisassumed to be the desired end product, there is scope
for improving the process.

The results of the NLC project suggest that 1:250 000 scale
hardcopy imagery, rigorous pre-classification error reduction
procedures, and a critical post-classification field and aerial accu-
racy assessment can be used to develop a baseline land-cover
characterization over very large areas in southern Africa.

The NLC database has been designed and produced as a joint venture between
the CSIR's Division of Water, Environment and Forestry Technology, the Satellite
Applications Centre (CSIR), the Agricultural Research Council's Institute for Soil,
Climate and Waler, with additional support and funding from the departments of
Agriculture, Environmental Affairs and Tourism, and Water Affairs and Forestry,
and Johan van der Waals of the South Atrican National Defence Force. We also
thank Professor Mike Clark of the University of Southampton and as director of
GeoData UK for conducting the external audit on the project. A detailed technical
report of the entire project with accuracy information is available at www.sac.co.za
~ publications subdirectory
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; {'50uth African National Land-Cover Database

The1:250 000 scale South African National Land-Cover databaseis
available as a digital GIS map product, in both Arcinfo and ArcView
data formats. The data set is available from the CSIR's Satellite
Application Centre [(012) 334 5051], and can be purchased as
either 1:250 000 map sheet tiles, provincial or national map sets.
Theentiredatasetisdivided intoboth public domainand commercial

data packages, depending on the geographical region of interest, .

although all data become public domain in October 2000. More
information on the actual data, satellite imagery, classification
details, mapping accuracies and purchase costs, etc. can be
obtained from the Internet-based ‘Data Users Manual’, located at:
http:/lwww.sac.co.za (under ‘geo-information—standard
products —national landcover’ sub-directories).

Future Updates of the
Land-Cover Database

The recent completion of the South African National Land-Cover
database has provided, for the first time, a standardized baseline
inventory of currentland-cover (andland-use) forthe whole of South
Africa, Swaziland and Lesotho. The database is based primarily on
Landsat T™M imagery captured during 1994/95, and provides a
unique window on national resource status and land-use at that
time. However, in order for this type of information to remain valid,

to have continued use within all aspects of environmental manage-
ment, and to be able to detect trends, it is imperative that a
longer-term national change detection and monitoring framework is
established that will ensure future updates of NLC equivalent or
comparable data.

The primary objective of such an initiative is to monitor any changes
in the spatial extent of South Africa’s resource base, based on
changes in dominant land-cover (and associated land-use) types.
The CSIR and Agricultural Research Council (as co-producers of the
original South African National Land-Cover Database) have been
jointly contracted by the Department of Water Affairs and
Forestry, and the National Department of Agriculture (Directorate
of Land Resource Management) to complete a scoping project that
will provide key information on the next steps required to implement
such a long-term operational monitoring and updating mapping
programme, The objectives of this scoping project are to (i) identify
the long-term land-cover change monitoring information require-
ments of key data-users, (i) determine the most appropriate
remote-sensing data processing techniques to achieve these re-
quirements, and (iii) develop a strategic plan to assist with the
long-term continuity of such a monitoring programme. This review
process is expected to be completed by the end of 2000, after
which it is hoped that a programme for land-cover updating and
change monitoring can be implemented.
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