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Abstract

Much research has been directed at determining the relative roles of climate and grazing in

driving vegetation cover change in semi-arid ecosystems. Recent attempts seek to move

beyond this debate as it has stagnated, or reached an ‘‘impasse’’. This study follows this

pathway in investigating the effect of commercial stock grazing practices on vegetation cover

in an eastern Karoo study site in South Africa. The study ‘‘corrects’’ a 14-year NDVI time-

series for precipitation effects. Results suggest that some grazing strategies lead to consistently

lower vegetation cover measures than do others, once rainfall is accounted for. Such findings

provide a basis for recommendations for more sustainable grazing practices under conditions

of variable precipitation.
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1. The Problem

Much debate and research energy in South Africa has been directed at
understanding the causes of land degradation in the Karoo—an arid to semi-arid
terrain that has been used for stock farming for more than 200 years. Most experts
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interpret this phenomenon to follow from several inter-related causes, but the
‘‘weight’’ of answers tends to cluster into competing camps, giving rise to a climate
versus grazing ‘‘impasse’’, according to Hiernaux and Turner (2002). The intensity of
views is strengthened because, like those entertained in climate warning, they hold
implications far beyond the research community, striking to the core of land
management practices in the Karoo.

No one doubts that rainfall flux and extended drought affect the landscapes of the
Karoo in regard to the quality of their vegetative cover or standing biomass as
registered by such indicators as NDVI signals. This role has been demonstrated
repeatedly for various scales of analysis in Africa and elsewhere in which the
seasonality of rainfall, ENSO-triggered droughts, and other large-scale rainfall
processes account for the first-order components in spatial and temporal variations
in NDVI (Townshend and Justice, 1986; Box et al., 1989; Nicholson et al., 1990;
Cihlar et al., 1991; Hutchinson, 1991; Kajiwara and Tateishi, 1991; Bannari et al.,
1995; Le Prieur et al., 1996; Eastman and Anyamba, 1997). Less work has been
devoted, however, to determining if an anthropogenic signal can be found using this
indicator, thus, determining the relative role of such factors as differences in stock
management. Indeed, little consensus exists on the degree of coupling between
animals, plants, climate variability, and the inherent resilience of arid-land
ecosystems (Illius and O’Connor, 1999), and the ability to detect the human
impression amongst that of many others is questioned.

This study explores the use of NDVI analysis to detect the role of different
stocking practices in impacting biomass in the Karoo of South Africa. Here, farmers
following various stocking strategies seek to optimize one or strike a balance
between two basic goals: the number of stock and the vegetative quality on their
farms. Data gained from detailed field and survey work in the Graaff Reinet District
are merged through GIS with the NDVI data to address the detection in question.
The implications of this search are more than methodological in kind. For the
Karoo, as elsewhere in arid-lands, land-use strategies offer one of the only points of
management intervention with meaning for landscape and farmer-pastoralist well-
being, as well as for regional climate (IGBP-IHDP, 1999).

2. Problem background

The Karoo question is part of a larger issue concerning land degradation. This last
concept has proved problematic on several counts (Blaikie, 1997; Reynolds and
Stafford-Smith, 2002), beginning with the lack of a standardized definition and
measure among the research and land manager communities (Johnson and Lewis,
1995). Farmers in Graaff Reinet, for example, hold widely different views about
what constitutes land degradation (Archer, 2001), supporting Blaikie’s (1997) notion
that degradation is defined differently depending on who applies it. Furthermore,
ways of measuring land degradation, and thus assessing its geographical extent, have
been heavily critiqued (e.g. Tiffen et al., 1994; Leach and Mearns, 1996; Mortimore,
1998). For example, various claims about large-scale desertification, a form of land
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degradation, in the Sahel of West Africa have not only been challenged, but in some
cases Sahel ‘‘greening’’ is claimed (Hellden, 1984; Olsson, 1984; Dregne and Tucker,
1988; Nelson, 1988).

Part of these differences involves the spatial scale of analysis undertaken (Gray,
1999), but part also involves the meaning and identification of land degradation in
non-equilibrium ecosystems. ‘‘New ecology’’ or ‘‘plural ecology’’ (Zimmerer, 1994)
now recognizes that environmental systems at various scales do not necessarily tend
toward equilibrium and homeostasis (Holling, 1973; Westoby et al., 1989; Scoones,
1999), but can display non-linear dynamics, moving from one state to another
(Holling, 1973). What may be viewed as ecosystem degradation is better captured as
systemic adjustments through multiple states, as indicated by work in rangeland
ecology (Westoby et al., 1989). Others argue that many pastoral systems register
little, if any, signal on the vegetative landscape, owing to the comparatively small
and large influence of grazing stock and climate flux, respectively (e.g. Ellis and
Swift, 1988; Behnke and Scoones, 1993). In these cases, most of which involve
pastoral nomads in arid lands, the human–environment system is weakly coupled
and non-equilibrial.

This understanding complexifies land degradation, highlighting its spatial,
temporal, and interpretive heterogeneity. For these reasons, this study refers to
land-cover change and leaves to others interpretations about degradation.

The Karoo question also highlights the potential of remote sensing techniques,
especially satellite imaging, for studies of land-cover change and human–environment
relations more broadly. These techniques have been seminal to determining extent of
change in many biophysical components of the earth, including such land-cover
changes as tropical deforestation (e.g. Skole and Tucker, 1993) and biomass burning
(e.g. Eva and Lambin, 1998). The US National Research Council (Liverman et al.,
1998) and various international programs, such as the IGBP-IHDP land-use/cover
change effort (IGBP-IHDP, 1999; Turner, 2002) seek to extend the applications of
imagery detection to a large range of human–environment problems and employ the
results in novel modes of analysis (e.g. Turner et al., 2001; Veldkamp and Lambin,
2001). The range of these applications has expanded considerably (e.g. Linthicum et al.,
1999; Nepstad et al., 1999; Seto et al., 2000; Laris, 2001; Jiang, 2002).

A significant body of work has investigated the use of combinations of satellite
bands to reflect aboveground vegetation cover, such as the Normalized Difference
Vegetation Index (NDVI) used in this study. Sellers (1985) and Tucker et al. (1985)
show NDVI to be highly correlated with photosynthetically active vegetation, with
significant potential utility. For example, Dregne and Tucker (1988) find NDVI
values useful for monitoring both short- and long-term photosynthetic capacity
variations, and find (significantly) that NDVI multiyear mean values can be used to
define vegetation zones in arid and semi-arid regions. Wylie et al. (1991) successfully
combine AVHRR LAC data and sampled biomass data to produce biomass maps of
use to pastoral resource managers in the Niger. Vegetation indices are also used in
association with spatial models of grazing impact such as the grazing gradient
method to try to characterize land degradation induced by grazing (Pickup and
Chewings, 1994; Bastin et al., 1995). Ringrose et al. (1996) use vegetation indices
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together with vegetation sampling to identify different causes of land degradation in
dry savanna. Grist et al. (1997) estimate precipitation from NDVI for four areas with
diverse soil conditions and sparse met station coverage. They find that NDVI flux
reasonably represents seasonal cycle and inter-annual variability in precipitation
history for the area.

Vegetation indices are, however, affected by a range of factors, biophysical and
other. Biophysical effects on vegetation indices are particularly important both since
they can complicate attribution of causes of vegetation change, and because
characterizing the variability accounted for by these relationships may make the
identification of anthropogenic causes of vegetation change a more tractable
problem. A variety of studies have considered biophysical effects, addressing either
or both concerns. For example, a range of vegetation indices (e.g. NDVI, GEMI,
MSAVI) is evaluated with a view to identifying those least affected by soil and/or
atmospheric effects (Le Prieur et al., 1996; Le Prieur et al., 2000). Prince and Tucker
(1986) show through multiple regression that variation in NDVI can be accounted
for by vegetation cover, biomass and bare soil reflectance.

The relationship between NDVI and precipitation is particularly critical to this
study, and has been shown to reflect rain use efficiency and total vegetation
production (Nicholson and Farrar, 1994). Nicholson et al. (1990) investigate the
spatiotemporal variability of NDVI for various vegetation types and its dependency
on precipitation variability. The authors find that the NDVI-precipitation relation-
ship differs significantly between their Sahelian and East Africa sites. NDVI-
precipitation ratios tend to be higher in Eastern Africa than in the Sahel. Also, the
NDVI-precipitation relationship tends to be linear in the Sahel, while it tends to be
log-linear in East Africa. The authors find that above a particular threshold value in
precipitation (approximately 1000–1100 mm per annum for these sites), NDVI
values ‘‘saturate’’ and level off. Reasons proposed include NDVI’s declining ability
to indicate photosynthetic activities with higher canopy densities, and the
proposition that above a particular precipitation threshold, precipitation ceases to
the be the most significant limiting factor in photosynthetic activity. Finally, the
authors find that in most cases NDVI is best correlated to the concurrent plus two
previous months of precipitation (Nicholson et al., 1990).

Nicholson and Farrar (1994) show that for Botswana a linear NDVI-precipitation
relationship only exists below the 500 mm of annual precipitation threshold (above
500 mm the aforementioned ‘‘saturation’’ occurs). Saturation seems to occur at a
lower threshold than in the Sahel and East Africa sites shown above (Nicholson et al.,
1990). Nicholson and Farrar (1994) find that the NDVI-precipitation relationship
varies with soil type, and propose that NDVI may be influenced by soil moisture, soil
reflectivity and the presence of exogenous soil water as a function of runoff from
higher elevation areas (Farrar et al., 1994).

Limits to the NDVI-precipitation relationship are also found at the lower end of
the precipitation scale. Milich and Weiss (2000a, b) find that below 250 mm the
NDVI-precipitation relationship becomes unpredictable. The authors find in the
northern Sahel that potential evapo-transpiration is a stronger determinant of NDVI
than is precipitation. Milich and Weiss observe that there is no precise relationship
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between precipitation and NDVI, and that a range of precipitation-NDVI models
must be used.

Concerns and limitations in using NDVI shown above will be referred to again in
the description of study methods below. NDVI’s potential utility as one input in
characterizing vegetation cover change is, however, evident. Characterizing
biophysical determinants of NDVI is essential both for improved measurement
and for attempting to uncover what variability in vegetation might be accounted for
by human drivers (such as grazing).

3. Site and background

The Karoo region of inland South Africa occupies more than 400,000 km2

(Cowling, 1986), dominated by dwarf shrubland typical of much of the semi-arid
rangeland of southern Africa. Mean annual rainfall decreases from approximately
500 mm in the eastern parts to less than 100 mm in the north-west (Venter et al.,
1986). Droughts are typical for many sub-regions as rainfall fluctuates intra- and
inter-annually (Venter et al., 1986).

For the past two centuries, the economy of the region has been based primarily on
white-owned, large-scale commercial small-stock herding (primarily sheep and
goats). Cattle and game/ecotourism activities have increased recently (Hoffman et al.,
1999), a trend particularly marked in the study site—the Graaff Reinet magisterial
district. The changes in commercial land-use activities should be understood in the
context of the transformation of South Africa’s agricultural economy. Macro-
economic stress, particularly the fall in the global wool price, declining terms of
international trade, and increased interest and input price rates in the 1980s (de
Klerk, 1991; Van Zyl and Vink, 1992; Van Zyl et al., 1996; Vink and Kirsten, 2000),
has placed Karoo pastoral agriculturalists under increasing pressure to produce
higher wool yields and/or to diversify their production mix. These stress factors were
exacerbated by the severe, warm ENSO (El Niño Southern Oscillation) drought
events of 1982–1983 and 1991–1993.

Karoo farmers were partly buffered from these market and climatic vagaries by
extensive credit in the form of finance and equipment subsidies.1 The former
apartheid government bolstered a system of unusual support (directly and indirectly
through quasi-governmental and commercial banking forms) in which roughly 80%
of agricultural production was undertaken by a white commercial sector whose
political and economic support was regarded as essential to national interests.
Preferential land ownership policies were made available (Cooper, 1983, 1988; Land
and Agriculture Policy Centre, 1993), despite the fact that only one third of white-
owned farms in South Africa could be classified as commercially viable (Cooper,
1988). As a result, farmers became less responsive to input price changes (Vogel,
1994), and some experts argue, less concerned with land degradation (Wilson, 1991).
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The study region, situated within the Grassy Karoo veld sub-biome in the interior
Eastern Cape Province (Fig. 1), exemplifies this history and set of problems. By 1998,
the year of fieldwork for this study, more than 10% of the farms in the Graaff Reinet
district had experienced bankruptcy. Abandonment, consolidation into a larger
farming ownership or management system, or the change to another type of land use
altogether is commonplace today throughout the district.

This ‘‘political/cultural ecology’’ for the Karoo region takes on additional
significance in the light of predictions of climate change, such as those of the Climate
Systems Analysis Group (CSAG) at the University of Cape Town. Their preliminary
down-scaled GCM scenario implications for parts of inland South Africa (including
the eastern Karoo) comprise increased magnitude of precipitation events, increased
variability of precipitation amounts received, and a possible 20% increase in the
length of dry spells (Hewitson, 1996). The South African Country Study on Climate
Change projects that under climate change, Karoo biomes may change in spatial
distribution, in some cases (as in the Succulent Karoo) reducing in extent under
conditions of increasing aridity (Rutherford et al., 1999). Parts of the eastern Karoo
will in fact support the vegetation of the Nama Karoo biome (National Botanical
Institute, 2001). In addition to these projections of increasing climate stress,
significant transformations in the agricultural and land sectors are expected over the
next 10–20 years. These include land redistribution, deregulation of agricultural
commodity marketing infrastructure (South Africa, 1996; Van Zyl et al., 1996; Vink
and Kirsten, 2000), and further decreases in government support and drought relief
for large-scale commercial farming (Department of Agriculture, 1995; Department
of Land Affairs, 1997).

Spatial and temporal dynamics of vegetation change in this area and in the wider
Karoo remain in dispute (Hoffman and Cowling, 1990a; Milton and Hoffman, 1994;
Milton et al., 1994; Dean et al., 1995; Hoffman, 1995; Milton and Dean, 1995, 1996;
O’Connor and Roux, 1995). Hoffman et al. (1999, p. 257) describe a ‘‘yrich and
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hotly contested desertification debate in the Karoo,’’ akin to the themes noted above
on land degradation.2 In fact, the image of the ‘‘encroaching Sahara’’ is mirrored by
that of an encroaching Karoo, inspired largely by the desertification theory of John
Acocks (1953), one of South Africa’s best known early botanists. Acocks’ theories
received substantial attention from the national press and were sufficiently influential
among experts as to stifle original work on vegetation change in South Africa’s semi-
arid areas for three decades (Dean et al., 1995; Hoffman et al., 1999). He proposed
that the Karoo comprised a pristine grass-dominated environment prior to colonial
expansion and agricultural activity, and that European colonial agricultural
practices transformed the eastern Karoo from perennial grassland to a less
productive karroidal dwarf shrub land (Acocks, 1953). Due to poor grazing
practice, he maintained, the Karoo expanded north-eastwards unidirectionally into
more productive grasslands (Hoffman and Cowling 1990a; Dean et al., 1995;
Hoffman, 1995; Milton and Dean, 1995; Hoffman et al., 1999). Acocks (1953)
predicted that without improved agricultural practices, South Africa would consist
entirely of less productive Karoo shrub land by 2050, and that complete desert
would exist in areas formerly occupied by the north-eastern Karoo. Subsequent
studies continued to cite Acocks work and refer to the rate of Karoo encroachment
as 1–4 km per year (Downing, 1978; Hilton-Taylor and Moll, 1986; Moll and Gubb,
1989).

In the last decade, Acocks’ theories have been refuted by a number of South
African botanists and ecologists in what has become, on occasion, a rather heated
debate on the nature of degradation and vegetation change in the Karoo. Hoffman
(1995) observes that the view of an annually expanding desert margin has been
replaced, to an extent, by an understanding of the seasonal dynamics of vegetation.
As Hoffman (1995, p. 269) argues:

...the dynamic and ecotonal nature of these eastern Karoo environments, together
with the absence of suitable long-term studies has confused the desertification
debate in South Africa, and hampered attempts to uncouple climatic from grazing
effects.

The debate has also grown more complex as researchers investigate themes such as
the vegetation composition of the precolonial Karoo, 20th century long-term
ecological data and hypothetical effects of changes in stocking history (Hoffman and
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Cowling 1990a, b; Palmer et al., 1990; Avery, 1991; Bond et al., 1994; Bousman and
Scott, 1994; Dean and Macdonald, 1994; Sampson, 1994; Dean et al., 1995;
Hoffman, 1995). A poor understanding of the relative roles of anthropogenic and
climatic influence on Karoo vegetation composition and productivity continues to
keep the debate at fairly active levels within and outside of academia (Hoffman,
1995). Analysis therefore needs to consider the influence of climate and grazing and
their relationship with each other on vegetation cover (Milton and Hoffman, 1994;
Hoffman et al., 1999).

The critical issue in Karoo vegetation change has thus shifted to the relative roles
of stocking practices and variable precipitation in regard to quality of veld. In some
extreme interpretations, stocking strategies per se are claimed to be relatively
unimportant. Regardless, the implications intensify as farmers confront a new
reality, the loss of subsidies and the need to compete within the unbuffered vagaries
of the market and climate. For some farmers, these changes have triggered a shift
away from domestic livestock to wild-game farming—using their lands for wildlife
propagation and commercial hunting. Most farmers, however, retain a large element
of domesticated livestock, and are the subject of this study. The Karoo thus provides
a compelling case for investigating the anthropogenic signal in land-cover change.
Can it be detected at the regional (district) level and how does it inform the various
debates noted?

4. Material and methods

Methodology used to answer the research question involves a GIS analysis
of NDVI data, precipitation data, and farmer survey data, used to match the
basic stocking strategies employed by individual farmers with the overall vegetative
state of their farms as detected though so-called corrected or ‘‘detrended’’
NDVI analysis. An outline of the methodology is shown in Fig. 2 and described
below.

4.1. NDVI description

NDVI, or the Normalized Difference Vegetation Index is an indication of green
leaf biomass and green leaf area derived from remote sensed imagery. It is produced
by combining sensor bands based on the principle that values vary with the
absorption of red light by plant chlorophyll and the reflection of infrared radiation
by water-filled leaf cells. In most cases NDVI is correlated with photosynthesis, and
since photosynthesis occurs in the green parts of plant material, the NDVI is
normally used to indicate green vegetation cover. NDVI is thus usually calculated as
the product of the ratio of two electromagnetic wavelengths, such that NDVI=
(Near Infrared—Red)/Near Infrared+Red). This ratio may thus be produced from
a number of different sensors, including Landsat and SPOT. The most common use
of vegetation indices to date, however, involves the Advanced Very High-Resolution
Radiometer (AVHRR) sensors launched by NOAA. The limitations of NDVI have
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been widely discussed and summarized in Table 1 below. They are elaborated in
reference to the conclusions of this study.

4.2. Preparation of NDVI

In June 1998, AVHRR-derived 1 km NDVI data compiled, processed and
archived at the Agricultural Research Council’s Institute for Soil, Climate and Water
(ISCW) in Pretoria, was made available for conversion to BIL (band-interleaved-by-
line) format and windowing to the spatial extents of the study area (24.0�:�31.0�;
26.0�:�33.0�). ISCW had scaled the NDVI, geo-corrected it, and coded the data to
eliminate negative values. Missing dates were noted, as were procedures whereby
ISCW staff had ‘‘composited’’ data from other sensors to attempt to correct for
sensor effects. The final product taken into the field for demonstrating to
interviewees and farmer association workshops comprised maximum value
composited monthly Idrisi 2.0 NDVI images with striping effects on isolated images
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removed, converted from BIL format and windowed for the study area from
November 1984 to December 1997.3 Parcel sizes are sufficiently large, even for the
smallest farms, to cover several pixels.4

4.3. Rainfall data preparation

Daily rainfall data were obtained from the Centre for Computing Water
Resources (CCWR) at the University of Natal-Pietermaritzburg with the help of
the Agricultural Research Council’s Range and Forage Institute (data were
originally derived from the South African Weather Bureau). They were windowed
for the study area spatial extent, converted to latitude and longitude decimal
coordinates, brought into Excel format, and used to produce vector images of the 45
meteorological stations (Fig. 3). The SIMPLE interpolation routine in Idrisi was
then batch run for all 30 years of rainfall data to form 30 years of monthly images of
interpolated rainfall for the study region (the procedure interpolates a full surface
using a distance weighted average).

4.4. Interview and design of variables

Prior to fieldwork in 1998, it was determined that active farms in the study
site district of Graaff Reinet were declining and that the number then stood at
about 120 (Anonymous, 1998a). This reduced the size of the sample source.
Complicating this process further was a growing security problem in rural areas
of South Africa, particularly in the Eastern Cape Province where the district
resides. Farmers were vulnerable to violent attacks where theft was (usually) the
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Table 1

Limitations of NDVI

1. Coarse spatial resolution

2. Controversy over NDVI’s success in coarsely reflecting species type

3. Questions as to NDVI success in reflecting vegetation succession

4. Fails to reflect below-ground biomass

5. No reflection of palatability or forage value

6. May be affected by atmospheric effects, such as dust, haze and clouds

7. May be affected by sensor effects (e.g. orbital decay)

Sources: Bannari et al. (1995), Box et al. (1989), Cihlar et al. (1991), Green et al. (1994), Gutman and

Ignatov (1995), Le Prieur et al. (1996), Price et al. (1992), Price and Bausch (1995), Townshend and Justice

(1986), Townshend et al. (1991), Thiam (1997).

3 Maximum value compositing procedures attempt to remove cloud effects on NDVI data by producing

monthly images that are a composite of the maximum values per pixel for all three dekadal (10 day) images

for that month.
4 Clearly a tradeoff between spatial and temporal resolution must be made here, and NDVI spatial

resolution limits our ability to make any suppositions about camp-size characteristics.
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motivation.5 As a result, interviews had to be organized through meetings of farmers
associations,6 rather than through a more random sample selection process.

The final total sample size comprised 73 farmers—70 within the Graaff Reinet
district, and 3 just to the north of its borders. Out of approximately 120 farmers
active at the time of the research, this forms a sample representative of the total
district population, both in terms of first language spoken, and in terms of the range
of farming experience demonstrated by the participants.

Since initial contact had been made through the farmers associations, there was a
concern that the sample would have a disproportionate number of well-connected,
more communicative farmers. In response, I took pains, as did my research assistant,
to include a number of farmers not traditionally associated with the farmers
associations or with the usual in-district networks of communication.

Key areas of the interviews included primary characteristics (language, age, years
of farming, education), stocking strategies and systems, economic activity mix,
marketing and drought mitigation strategies. Interviews were designed to be
primarily open ended, with ample opportunity to expand on any or all of the
sections. About a third of the interviews took the better part of a day and none lasted
under two hours. Many farmers took the opportunity to interpret Section 4 of the
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Fig. 3. Vector image of study area meteorological stations overlaid with Graaff Reinet magisterial district

border.

5 South African Agricultural Union statistics show that from January 1998 to September 1998, 109

farmers or their family members were murdered on farms in South Africa, an increase of 80.3% on the

figure of 1997. For the corresponding period, 573 farm attacks occurred, representing an increase of

94.61% on the 1997 figure. (http://www.crimeresearch.org.za/, SA Crime Research Guide).
6 The South African Agricultural Union organizes the majority of commercial farmers in South Africa,

and in the Graaff Reinet district comprises four farmers associations: Sneeuberg (north), Graaff Reinet

(broad central), Camdeboo Conservancy (central west) and Buffelshoek (south).
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interview (environmental self-assessment) as a required field trip of the farm,
including areas of interest as well as areas of historical degradation or restoration.
These trips provided excellent photographic material, as well as more specific
explanation of issues raised in interviews, such as climate variability and impacts,
reductions in the water-table, rested versus grazed camps, areas given over to game
production, supplemental forage production, the use of fire, and large versus small
herbivore grazing in vegetation modification.

5. Establishing stocking strategies

The questions posed in this study—can the anthropogenic signal in the imagery be
detected and what does it infer about the role of stocking strategies on land-cover
change—focus on the survey results on stocking strategies and intensity. Given the
complexity of the Karoo debate on grazing and land-cover modification outlined in
the previous section, it was no surprise to find that grazing systems and intensities
varied considerably. Grazing strategies were a topic of vigorous debate among
farmers, government officials, and external researchers, as well as practitioners and
proponents of ‘‘new’’ management systems for veld and rangeland farming, such as
Holistic Resource Management (HRM).

Hoffman et al. (1999) note that by the late 1960s, all Karoo management systems
proposed by grazing trials at research institutions, such as the Grootfontein
Agricultural Development Institute, involved fencing to separate paddocks and
partition grazing spaces among flocks. Such rotational grazing differs from a
continuous grazing system, which had been the system traditionally applied by
Karoo farmers, where, as one farmer put it: ‘‘You put them in until they get thin,
and then you take them out’’ (translated from Afrikaans: Anonymous, 1998b). In a
continuous grazing system, stock is kept continuously in one camp, with no rotation,
until biomass is drawn down sufficiently to warrant a move to a new camp. The logic
of rotation, flock size, timing of grazes and rests, water point number and location,
camp size, as well as flexibility to adjust in response to a particularly dry year is,
however, usually the distinguishing factor of different kinds of rotational grazing
systems.

Most rotational grazing systems seek to increase available aboveground forage to
minimize soil erosion, whilst keeping stock in optimal condition (i.e. meat, coats,
reproduction figures, mortality figures). As Hoffman et al. (1999, p. 267) state: ‘‘They
[farmers] seek to satisfy both the growth requirements of plants and the feeding
requirements of animals’’. Roux (1968) advises that rotational grazing systems can
ensure that these twin demands may be balanced provided that the carrying capacity
for that area is not exceeded, and proposes the ‘‘group camp approach,’’ where three
to four camps for each group of animals are fenced off. Grazing periods range from
2 to 6 months and resting periods exceed 6 months, with flexibility built in for
unusually dry or wet years. This remains the most widely advocated system for range
management in the Karoo, and I refer to it as the ‘‘three camp system’’ (TCS,
although there may be two or four camps), self-labeled by the surveyed farmers.
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In the Graaff Reinet District, this system is associated with older farmers who had
less engagement with newer grazing systems. These farmers tend also to have kept a
close association with Grootfontein Agricultural Development Institute, who
authored the group camp system and remain a strong proponent thereof.

Non-selective grazing (NSG), proposed by Acocks (1966), allocates more than five
paddocks per flock, attempting to increase the resting period length while decreasing
the grazing period (Hoffman, 1988; Hoffman et al., 1999). NSG attempts to
force domestic livestock not to be selective in their grazing habits during the
period in camp; that is, not allowing stock to eat only what farmers called
the ‘‘ice-cream.’’ Hypothetically, the system produces a better mix of incoming
forageables because less highly palatable plants are grazed, allowing new growth to
comprise a lower percentage of un- or less palatable species. NSG specifically
proposes a short grazing period with a larger flock than proposed in group camp
systems (hence, animals are forced to be non-selective), but continues to incorporate
the idea of a long rest period: 6 weeks minimum and up to a year and longer. In fact,
all self-identified NSG or Acocks managers I spoke to claimed to rest longer than 6
months.

Short-duration grazing (SDG) or HRM, referred to as an ‘‘intensive’’ grazing
system, developed out of Acocks’ notions of NSG. HRM prescribes a fast rotation
of flocks with short grazing and, unlike Acocks’, short resting periods (4–6 days
grazing; 40–60 days rest) (Hoffman, 1988; Savory, 1988; Hoffman et al., 1999).
Savory and Parsons (1980) propose that the short, intensive grazing and resting
cycles allow trampling of soil and fertilizer action from dung deposit to increase soil
quality, and encourage an increase in seedling establishment as well as a maximum
production of palatable species (Savory and Parsons, 1980; Savory, 1988; Hoffman
et al., 1999). Often a ‘‘wagon wheel’’ design of fencing is employed, with a water
point at the center.

Farmers described HRM to me as a short duration grazing system applied within
a framework of management strategies for veld, finances, and stock that are closely
integrated with one another. The strategy was thought to allow farmers to increase
their stocking intensity rates dramatically. Over and over again, proponents of HRM
quoted to me the idea of doubling their carrying capacity (with a resultant increase in
revenue). Farmers in the district are deeply divided over the performance
characteristics of the various stocking strategies. Far more so than grazing intensity,
these strategies distinguished the farmers in the survey.

Grazing systems were thus coded and ranked as shown in Table 2 along a
hypothetical scale of ‘‘conservatism,’’ acknowledging the fact that some farmers saw
fit to extend their resting period within the HRM system, given the variability of
rainfall in the region (hence ‘‘modified’’ HRM). Farmers who retained the 40–60 day
rest period are coded as ‘‘intense HRM’’ practitioners. As stated earlier,
distinguishing factors for (and used in analysis) are the logic of rotation, flock size,
timing of grazes and rests, water point number and location, camp size, as well as
flexibility to adjust in response to a particularly dry year. Distinguishing factors
selected for the ranking of grazing systems shown below are rotation, timing of
grazes and rests and flexibility to adjust in response to a dry year. With regard to the
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last factor, farmers were asked what adjustments they made in a particularly dry year
(the 1992/1993 drought event was used as an analogy).

Fig. 4 shows the range of grazing systems applied at the time of study by the study
sample farmers:

Grazing intensity is measured simply in hectares per Large Stock Units or LSU.7

Farmers provided stock counts, including a measure of their normal stock count as
well as that undertaken in a year. Counts were then converted to LSU.

5.1. Digitizing farm boundaries

During all interviews, as well as additional interviews with managers/owners of the
Agter-Sneeuberg, Karoo National Park and other formal and informal game and
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Table 2

Grazing system (GS) codes and scaling

0 Total/high % wild-game production

1 Acocks non-selective grazing (NSG)

2 No system, ‘‘hand and eye method’’: farmers base rotation logic on own assessment of veld

and stock condition, flexible year to year

3 TCS (self-identified)

4 Modified HRM

5 Intense HRM

6 Continuous grazing (no rotation, no rest period)
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Fig. 4. Grazing strategies among surveyed farmers.

7 Large Stock Units, or LSU, are units whereby the forage impact of a large stock animal is calculated.

For example, certain breeds of cattle may be calculated as 1.2 LSU and certain breeds of sheep may

calculate as 0.3 or 0.5. Carrying capacity for the region is specified as hectares that can sustain a Large

Stock Unit, or ha/LSU.
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conservation areas, land managers were asked to draw the boundaries of all actively
farmed land on 1:250,000 maps. They were asked to show whether the land was
owned or rented, as well as areas of intensive cultivation for such crops as lucerne.
The task made boundary information available for subsequent digitizing, but also
allowed managers to consider the location of their farm boundaries within the
context of the broader district and neighboring districts.8 Farmers were able to
amend errors made to documented boundary specification where necessary, correct
neighbor’s boundary specifications, and look at proximity to game and conservation
areas. The maps were subsequently digitized (Fig. 5), using Cartalinx spatial analysis
software. All units were given a numeric identifier matching the manager–interview
number. In this way, in the numerous interview cases where a manager farmed more
than one non-contiguous piece of land within the study area, the portions were
identified for subsequent analysis as one ‘‘management unit’’.

5.2. NDVI detrending

As shown earlier, characterizing biophysical effects on NDVI is an essential step in
attempting to identify the influence of anthropogenic activity (such as grazing). Of
particular significance here is the NDVI-precipitation relationship. Several attempts
were made to devise a means of removing, as far as possible, the influence of
precipitation on vegetation change patterns over time and space such that the
resulting land-cover patterns could be linked back to proximate anthropogenic
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Fig. 5. Digitized management unit boundaries within the study area overlaid with district boundary.

8 Original efforts were made to purchase farm boundary data from the National Surveyor General, but

geo-correction needs as well as simple concerns about the currency of the boundary information omitted

this source as a possibility.
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drivers of vegetation change. A ‘‘detrending’’ methodology was finally applied,
based on the assumption that the same logic used to ‘‘correct’’ for sensor effects in
change and time-series analysis in remote sensing could be used to correct for rainfall
effects in an NDVI series.9 Stated more simply, the methodology proposed that:

NDVI ¼a þ bðRAINFALLÞ;

where NDVI represents the ‘‘raw’’ prepared series referred to earlier, and
RAINFALL represents the interpolated rainfall series. If a relationship between
NDVI and a relevant date/event (or series of events) in the rainfall series may be
defined (on the supposition that this may be the strongest relationship which requires
correction in order to isolate the anthropogenic signal), the logic of a linear equation
may be applied. Such a method is similar to the work of Nicholson et al. (1990) and
others in finding the best-correlated rainfall parameter for integrated NDVI (see
above).

The resultant equation is applied back to the relevant rainfall image, such that the
result is (hypothetically) ‘‘predicted’’ NDVI if the rainfall series were the only
explanatory factor. Table 4 below illustrates the process for a single image.

Reversion to the original series of raw or ACTUAL NDVI, permits differencing

ð½ACTUAL� � ½PREDICTED�Þ NDVI

and produces the residual. In this instance, results comprised a series of monthly
residual images, which hypothetically represent an NDVI time-series where, to a
large extent, rainfall causative effects have been removed.

In this case, after discussion and consultation with ecological and meteorological
experts in South Africa, it was determined that the previous 2 months of rainfall
would have the greatest effect due to lag in vegetation cover response. Again, similar
steps are taken to those of Nicholson et al. (1990) in seeking the best-correlated
rainfall parameter. As shown above, they find that NDVI is best correlated with the
concurrent plus two antecedent months of rainfall. In this case, after expert input
shown above, correlations for each NDVI image were produced (using the notion of
the best-correlated rainfall parameter of Nicholson et al. (1990) using the concurrent
month, the concurrent month plus the preceding month, the concurrent month plus
two preceding months, and the two preceding months. In 95% of the cases, the two
preceding months were shown to be the best-correlated rainfall parameter,
confirming expert input.

More detailed work using ‘‘robust regression’’ methods and individually
correlated best rainfall parameters is planned for the future, however. Such extended
methods will also address the risk of aforementioned saturation in NDVI-
precipitation relationships. Average annual rainfall in the study area does not
exceed the 500 mm threshold of concern identified in Botswana (Nicholson and
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9 Note that Hunt and Barlow (1998) of the University of Wyoming also attempt to correct NDVI for

differences in precipitation. In their case study for the high plains ecosystems around Laramie, corrected

NDVI showed no changes over time, while uncorrected NDVI had shown increases over time due to

precipitation effects. The authors also observe that the technique is important for management, since

changes over time in rangeland status may be separated from precipitation-induced changes.
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Farrar, 1994). The use of robust regression methods in the next phase of the research
will, however, help account for NDVI-precipitation relationships at a range of
thresholds that are ill characterized through the use of linear regression alone.

Having established the best-correlated rainfall parameters, the previous 2 months
of rainfall for each month of raw NDVI were averaged to produce an image of
‘‘prior 2 month averaged rainfall.’’ The ‘‘detrended NDVI’’ time-series, DETR, were
then regressed against the PREDICTED NDVI time-series to ensure that the
assumption for viable regression, where no correlation exists between residuals and
any independent variable, was not violated (Silk, 1979). Results showed no to
negligible relationships.

5.3. Production of detrended NDVI statistics

As a final step, statistics for each management unit were generated from the
corrected, or detrended NDVI time-series (DETR). The PROFILE module in Idrisi
32 was used to generate a profile over the time-series for each land management unit
averaged over the entire area (whether contiguous or not) per month. Detrended
NDVI profiles were imported into Excel, and slope, mean, standard deviation and
coefficient of variation (CV) derived.10 Slope and CV statistics were then brought
into the central database in Excel, and the entire database of detrended NDVI was
exported into SPSS for analysis and model building.

5.4. Analysis and model-building

Working with the unstretched DETR NDVI series, regressions were run between
DETR coefficient of variation and slope, and the proximate variables of grazing
system and stocking intensity, to determine if management strategies in fact produce
a specific pattern in detrended vegetation over space and time (Fig. 6)

6. Results

The NDVI results indicate distinctive differences among farms in the region. Fig. 7
below shows, for example, the range in slopes of detrended NDVI for the study
sample. On the assumption that the detrending method shown above reduces the role
of precipitation, and given the relatively uniformity in other biophysical factors that
might influence NDVI, the variations displayed in Fig. 7 are suspected to be related
to difference in grazing intensity and/or grazing system applied. These are discussed
in turn.

No significant correlation is found between stocking intensity and the two types of
statistics derived from detrended NDVI, namely the slope and the coefficient of
variation for each farming unit. Stocking intensities are highly variable over time and
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10 Coefficients of variation were chosen over standard deviation variance measures to avoid the effect of

magnitude of scale.
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appear to be a response to both market and climatic stress. Rather than an ordered,
single (or, in rare cases, double) response, as in the case of a change in stocking
system, farmers are quicker to adjust stocking intensity in the presence of either or
both stressors. Importantly, they appear to make a change in stocking intensity as
part of a suite of coping strategies that may include changes in production mix or the
introduction of a non-agricultural business to supplement farm income. In short, the
effects of changes in stocking intensity on above-ground vegetation patterns
(biomass, as measured here) are almost certainly masked by farmers’ ready tendency
to vary intensity in response to stress. Stocking intensity effects may also be masked
by the presence or absence of other coping strategies that may lessen or accentuate
the extent to which vegetation is affected by intensity. Difficulties in measurement
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Fig. 7. Detrended NDVI slopes for study management units.

Fig. 6. Management unit boundaries superimposed on DETR NDVI November 1992 (stretched for

display purposes).
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due to, for example, the conversion of stock numbers to LSU, or to farmer reporting,
may also handicap the application of grazing intensity variables in the analysis.

The work of Ash et al. (2002) may offer further reasons for results suggesting weak
grazing intensity effects on vegetation cover. In rangeland environments, production
per animal is less sensitive to increases in animal density than in improved pastures
(Ash and Stafford Smith, 1996; Ash et al., 2002). Thus, where grazing occurs
extensively on rangelands, animal density or stocking intensity may be subject to
more flexibility, without direct effects on animal quality. Under these circumstances,
a manager may feel justified in engaging in, for example, higher stocking rates in the
short term.

Grazing systems (GS) proved more robust in the relationship with detrended
NDVI. In Tables 3 and 4 below, slope and the coefficient of variation of detrended
NDVI are regressed against current grazing system applied (GS). As shown in Table
2, GS is scaled such that lower values indicate more ‘‘conservative’’ stocking systems,
such as Acocks systems, and higher values indicate more intensive systems such as
HRM.

The standardized coefficients show small, but suggestive relationships between the
slope of detrended NDVI and the grazing strategy applied by the farmer (Table 3).
Results suggest that the practice of Holistic Resource Management, at the higher or
more intensive end of the current grazing scale (Table 2), tends to have a less positive
and/or negative relationship with the 14 year detrended NDVI data. Non-HRM
practices, those at the lower, or more conservative end of the scale, tend towards a
more positive trend over time, as in the case of the Acocks system farm shown below
(Fig. 8).
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Table 3

Coefficients; slope of NDVI against grazing system applied (GS)

Model Unstandardized coefficients Standardized coefficients t Sig.

B s.e. b

1 (Constant) �1.953E�04 0.000 �0.418 0.677

GS �2.331E�04 0.000 �0.186 �1.581 0.118

Dependent variable: SLOPE.

Table 4

Coefficients; CV of NDVI against grazing system applied

Model Unstandardized coefficients Standardized coefficients t Sig.

B s.e b

1 (Constant) �14.849 17.227 �0.862 0.392

GS 7.816 5.440 0.169 1.437 0.155

Dependent variable: CV.
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The ‘‘less-biomass’’ result of the HRM system farms intensifies as the more
intensive HRM farms are considered, illustrated by the farm in Fig. 9 below.

These two examples represent farms almost contiguous to each other in a
homogenous rainfall and ecological zone, addressing concerns about ecological
difference. Since a large amount of the variability accounted for by rainfall has been
removed, elevation between the two farms is almost identical, and the data extend
over 14 years, the results strongly hint that basic stocking strategy does indeed
matter in terms of above-ground biomass.

This observation is supported by way of a comparison between all intensive HRM
and Acocks system farmers across the region (Fig. 10). The graph essentially
illustrates the findings of the statistical analysis through showing average detrended
NDVI of farmers applying commercial stocking systems at the extreme ends of the
scale of current grazing systems (Table 2).
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Fig. 8. Temporal profile of detrended NDVI for acocks (non-HRM) system farm.
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Averaging all managers grazing by the Acocks system only and all grazing by the
unmodified HRM system only, two distinct trends in above-ground vegetation cover
emerge. The Acocks practitioners appear to be holding their vegetation cover in
some sort of stable condition relative to precipitation, and the HRM practitioners
appear to be losing cover as registered by total biomass. Results suggest, therefore,
that HRM strategies, which seek to lock up biomass within the livestock, result in
lower levels of NDVI, while the more conservative Acocks strategies tend to lead to
higher levels of NDVI. Overall and accounting for rainfall, non-HRM system farms
display more or less stable NDVI over the past 14 years, and HRM system farms
display reduced NDVI. This result supports the hypothesis that land cover in the
district is affected by the basic stocking strategies employed on farms, although
further investigation (see below) is required see if statistically significant results can
be produced.

7. Conclusion and discussion

These findings indicate that veld cover in the Karoo is not solely a response to
long- and short-term flux in rainfall. Attempting to remove variability accounted for
by precipitation shows that stocking strategies matter, at least in regard to those with
the decidedly different objectives of investing in veld maintenance versus livestock.
Results suggest that the anthropogenic signal can be detected, even in environments
that maintain multiple equilibrium states. Land-cover change in the Karoo would
appear to be the product of the synergies between changes in precipitation and land-
use as captured in stocking strategies (Hiernaux and Turner, 2002).
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These synergies are perhaps more important than ever due to the changing
political economy that no longer provides a large ‘‘safety net’’ for farmers, requiring
them to ‘‘make a go of it’’ from their lands and land-uses alone. As a further
complication, farmers in the future, according to various climate models, will face a
Karoo projected to experience both increasing aridity and increased frequency of
extreme precipitation events, as shown earlier (Rutherford et al., 1999; Hoffman and
Ashwell, 2001; IPCC, 2001). Some models show that one of the possible outcomes of
a doubled CO2 scenario could be a 10–20% decrease in summer rainfall over the
central interior (Hoffman and Ashwell, 2001). Further possible impacts of climatic
changes projected for southern Africa include a 5–20% increase in rates of evapo-
transpiration, and a 30% increase in runoff in eastern southern Africa, as well as the
aforementioned changes in the distribution of biomes of South Africa. One related
scenario shows savanna replacing grassland, and the conversion of large areas of the
Karoo to desert (Hoffman and Ashwell, 2001, p. 128).

In the light of such projections of external stress on Karoo ecosystems and
production systems, there is a need to undertake research that can inform land
managers about strategic points of intervention that can buffer the land-cover and
land-use system against the unpredictability of this change. Essentially, the
requirement would appear to favor an approach that builds system resilience,
assuming that commercial stocking activities of some sort will continue. The ability
of land management strategies to reduce or increase the effects of these external
stresses thus requires specific investigation.

These investigations should include refinements of the approach used in this study
as well as others. In regard to this study, the NDVI data set had not been corrected
for inter-sensor differences. On determination that radiometrically corrected NDVI
would not be available within the time frame of the study, the effect of no inter-
sensor calibration was quantified and determined to be negligible. Future efforts will
use the newly released corrected and improved 1 km NDVI data set. Also, the simple
interpolation methods employed here may not have removed all rainfall effects,11

and superior interpolation methods will be used in the future. Precipitation is, of
course, not the only biophysical influence on land cover. The effects of such factors
as temperature and soil quality need to be characterized and taken into account.
Lastly, as shown in the section on NDVI-precipitation relationships, a robust
regression methodology and individually defined best-correlated rainfall parameters
will be applied.

These cautions and improvement notwithstanding, the combined detrended NDVI
and stocking strategy approach used here proved to be promising. It seems that the
various calls to explore the use of satellite imagery for a wider array of problems,
some with social implications, have much merit. Several observations are offered
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11 The study area (as defined by the area where sample farms are located) includes 13 meteorological

stations. The use of improved interpolation techniques planned for the next stage of research is

particularly critical due to (a) the low number of meteorological stations in the study area, and (b) the

presence of higher elevation areas. The use of improved techniques, such as modified Kriging, is

anticipated to be helpful in better capturing the spatiotemporal variation in rainfall for the area.
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here that may facilitate this exploration, especially in regard to rangeland issues.
Firstly, case studies should emphasize the development of methods that isolate and
characterize the various drivers of land-cover change, rather than to search for the
key, independent driver. Secondly, as integrative remote sensing-GIS and ethno-
graphic work increase, much scope remains for systematic compilation and
comparison of case studies in order to tease out the general lessons learned, both
methodological and substantive in kind. Thirdly, and from a more technological
viewpoint, development of improved methodologies and approaches around
correcting or ‘‘detrending’’ time-series of satellite images of vegetation cover for
the large-scale effects of biophysical change is crucial. Lastly, attention needs to be
given to questions of the long-term rangeland implications of stocking decisions,
with an eye towards human–environment system resilience.

The need for this last task is illustrated in the case of the Karoo, where human–
environment relationships are necessarily complicated, non-linear and difficult to
predict. Couplings and feedbacks within these systems are neither well understood,
nor well characterized. Much progress is being made in rangeland ecology to
improve this understanding. The study presented here illustrates that headway can
also be made in terms of understanding relevant to the human–environment
condition.
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