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ABSTRACT

The three overall objectives of this thesis are to assess 1) to what degree have soil and vegetation resources 
deteriorated, if at all, 2) how do perceptions of environmental change held by local stakeholders correspond to 
scientific assessments of present and past environmental conditions in the Ombuga grassland and surrounding 
mopane savanna, an important grazing area in central northern Namibia, and 3) how do these relate to national 
level assessments? Analysis of the process of developing national level indicators for monitoring of land degrada-
tion in Namibia concluded that specific indicators should be developed on national level, and in some instances 
even on regional and local level, instead of the often proposed development of a global set of indicators to be 
used everywhere. Reasons for this are: 1) there are no universal causes and effects of land degradation. 2) the par-
ticipatory approach, involving stakeholders on both local and national levels gave them ownership of the process 
and the resulting indicators, and led to an increased understanding of the concepts of environmental monitoring. 
3) the participatory process of developing national indicators taken in Namibia created a common platform for 
representatives from various sectors, leading to increased interaction among sectors, an important aspect in most 
developing countries, where sectoral approaches predominate. Assessment of local perceptions of environmental 
change in and around Ombuga grassland showed that farmers there claimed that overgrazing and low rainfall since 
the beginning of the 1990s cause negative environmental changes in the area, confirming findings from national 
monitoring. However, results from interviews give a more complex picture of causes and effects of environmental 
change, suggesting that 1) decreasing availability of grazing outside the study area, 2) improved access to the area, 
3) provision of permanent water supply, and 4) fencing of large areas of the commons, are major factors contribut-
ing to environmental changes in the area. The results suggest that introduction of permanent water supply was the 
single most important factor, allowing more people and livestock into the area. Results suggest that assessments 
of local knowledge in a relatively small area can provide valuable contributions to development and assessment 
of national monitoring initiatives. Investigation of the influence of permanent water points on grazing resources in 
Ombuga grassland and surrounding mopane savanna showed that significant grazing induced changes, manifested 
by palatable perennial grasses being replaced by less palatable annual grasses, were identified around water points 
along a water pipeline as far as 6 km from water points. However, no significant grazing induced changes in grass 
composition were observed around privately owned hand dug wells. Private ownership leading to stronger control 
of access to traditional wells compared to open access water points along the pipeline seems to be a key factor 
preventing over-utilization of grazing resources around the former. Assessment of the usefulness of satellite remote 
sensing in detecting observed environmental changes in and around Ombuga grassland shows that the Landsat 
TM sensor is capable of identifying bare ground, saltpans and grassland with a fair accuracy. However, there are 
apparent difficulties in separating woodland from shrubland, and also shrubland from grassland, using supervised 
classification. The results suggest that the use of the soil adjusted vegetation index (SAVI) provides valuable in-
formation about variations of green biomass over time in semi-arid environments. However, because of the strong 
influence of underlying soil related to the relatively sparse ground cover in semi-arid environments, it is suggested 
that any investigation based on satellite remote sensing in dry environments be supported by a thorough ground 
based assessment, taking into account the high spatial and temporal variability of rainfall in these environments. 
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INTRODUCTION 

The debate about the threat of negative environmental 
change in Africa, often referred to as land degradation 
and desertification by various authors, caused by both 
natural and human factors has been high on the agenda 
of the United Nations, the international donor commu-
nity, the scientific community, and national and local 
politicians since the early 1970s (Rapp, 1974; Rapp et 
al., 1976; UNCED, 1977; Hellden, 1991; Mainguet, 
1994; Leach and Mearns, 1996b; Koning and Smal-
ing, 2005). The driving force behind much environ-
mental policy and project implementation in Africa is 
a set of powerful, widely perceived images of envi-
ronmental change, e.g. overgrazing, desertification of 
drylands and mining of soil and vegetation resources 
caused by rapidly growing populations (Leach and 
Mearns, 1996a). The occurrence, causes and effects 
of these phenomena are generally regarded as com-
mon knowledge among development professionals in 
African governments, international donor agencies, 
and non-governmental organizations. The power of 
these commonly accepted truths about environmental 
change is exemplified by the formulation of interna-
tional conventions such as the United Nations’ Con-
vention to Combat Desertification and the Convention 
on Biological Diversity. The body of knowledge form-
ing the basis for these widely accepted phenomena is 
here referred to as received wisdom. The origins and 
persistence of received wisdom about environmental 
change in Africa lie in the substance of science, many 
times making science the primary definer of what con-
stitutes an environmental problem (Corell, 1999; Stott 
and Sullivan, 2000). Various authors have questioned 
the validity of that science forming the basis on which 
policy frameworks and international conventions are 
built (Ellis and Swift, 1988; Scoones, 1995; Leach 
and Mearns, 1996b; Stott and Sullivan, 2000; Sullivan 
and Rohde, 2002). Significant in much of the research 
of environmental change in Africa is that knowledge 
about the function of the environment held by local 
land users is often not acknowledged. Instead, the 
users of the land are frequently seen as the cause of 
negative environmental change and are the focus of 
interventions and often restricting remedies believed 
to halt or reverse negative trends of change (Leach 
and Mearns, 1996b; Sullivan, 2000).

Monitoring of the environment

Monitoring of states and changes in environmental 
conditions is central to this thesis. Here the natural 
environment is defined as the complex of physical, 
chemical, and biotic factors (as climate, soil, and or-
ganisms) that act upon an individual, population or 
community and ultimately determine its form and 
survival (Merriam-Webster, 2003). The social envi-
ronment is here defined to be the human society and 

its organization, e.g. the quality of people’s lives. The 
state of the environment is then a measure of both the 
present state of physical, chemical and biotic factors 
and the human society and its organization. Ideally 
both natural and social environments should be inte-
grated when monitoring the state of the environment. 
However, on national level, monitoring of natural en-
vironments tends to dominate the reporting (Klinten-
berg, 2001; Enne and Yeroyanni, 2006; Klintenberg, 
2006). 

In 1992 the United Nation’s Conference on Envi-
ronment and Development (UNCED) approved Agen-
da 21 as an international action plan for sustainable 
development (Corell, 1999; CIESIN, 2001). Chapter 
40 of Agenda 21 calls for improved environmental in-
formation as a prerequisite for reporting on progress 
toward sustainability. Further, it was recommended 
that each nation develop environmental indicators and 
environmental monitoring systems to strengthen deci-
sion-making. GRID-Arendal in Norway, being part of 
UNEP, has taken the lead in developing a common 
framework for national and regional state of the envi-
ronment reports (Denisov et al., 1998). In response to 
the lack of information about extent and rate of deser-
tification on national, regional and continental levels, 
UN recommends that countries that are signatories to 
the UNCCD develop indicator based monitoring sys-
tems to support development and evaluation of policy 
and National Action Plans (NAPs) (UN, 1994). 

There are several methods to evaluate the state of 
the environment, e.g. direct observations and meas-
urements, mathematical models and parametric equa-
tions, remote sensing techniques, and application of 
indicators. The use of indicators has the advantage 
of providing simplified, synthetic information on the 
state and tendency of complex processes. Further, in-
dicators can generally be easily communicated to the 
public and policy-makers (Rubio and Bochet, 1998). 
In response to decision-makers’ increasing needs for 
information about environmental conditions on glo-
bal, regional, national and local levels, the develop-
ment and use of indicators for environmental moni-
toring has become a common approach (Bockstaller 
and Girardin, 2003). Indicators, as a measure of envi-
ronmental health, should ideally determine the present 
state of the environment and be able to timely identify 
changes in measured environmental conditions (Ru-
bio and Bochet, 1998). Indicators should be devel-
oped to represent quantifiable properties, symptoms 
or parameters of a phenomenon relating to a feature of 
the environment as precise and unambiguous as pos-
sible (Mendizabal, 1998). 

The need for a more rigorous definition of indi-
cators became apparent already at the World Summit 
in Rio 1992, when the UN Conference on Environ-
ment and Development (UNCED) adopted Agenda 
21, which led to a large number of countries initiat-
ing preparation of national, indicator-based state of 
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environment reports. An assessment of the state of the 
art of development of indicators for national state of 
the environment reporting in Namibia (Klintenberg, 
2001) and benchmarks and indicators in the coun-
tries in southern Africa (Klintenberg and Seely, 2005; 
Klintenberg, 2006) revealed that there are still many 
uncertainties and contradictions regarding the general 
concept of indicators. Some clarity and consensus are 
required about the definition of what an indicator is, 
as well as in the definition of related concepts such as 
threshold, index, target and standard (Gallopin, 1997; 
Enne and Yeroyanni, 2006). There is currently a vari-
ety of different definitions of indicators e.g. “An indi-
cator is a measure that summarizes information rele-
vant to a particular phenomenon, or a reasonable proxy 
for such a measure” (McQueen and Noak, 1988) and 
“…a parameter, or a value derived from parameters, 
which provides information about the state of an en-
vironment with a significance extending beyond that 
directly associated with a parameter value” (OECD, 
1993). This means that the indicator not only provides 
us with a value, but also explains the significance of 
that value in relation to what is being monitored, e.g. 
the value means that the state of the environment is 
good or that the risk of land degradation is high. A 
review done by Gallopin (1997) concluded that due to 
the diverse meanings assigned to the concept of indic-
tors there is a need to develop a unified, generic and 
rigorous definition of indicators. Indicators should, 
according to Gallopin: assess conditions and trends; 
be comparable across places and situations; assess 
conditions and trends in relation to goals and targets 
(threshold values), provide early warning information 
and anticipate future conditions and trends. 

In Namibia, desertification has been addressed un-
der the umbrella of the United Nations Convention to 
Combat Desertification (UNCCD) since 1994 (Nap-
cod, 1997; Napcod 1999). As part of the National Ac-
tion Programme (NAP) national and local monitoring 
systems were developed attempting to quantify extent 
and rate of environmental change in Namibia, aimed 
at providing decision makers on both national and lo-
cal levels with relevant information to enhance their 
decision making (Napcod, 1999). The process of de-
veloping this monitoring system is discussed in paper 
I below. In general national level monitoring systems 
are intended to support decision-making on national 
and regional levels and it is therefore essential to ver-
ify to what extent results agree with actual environ-
mental conditions and perceptions held by local land 
users.  

Local perceptions of environmental change

Several authors have drawn attention to the impor-
tance of local knowledge and perceptions to improve 
understanding of often complex systems in arid en-

vironments, e.g. (Tiffen et al., 1994; Kinlund, 1996; 
Leach and Mearns, 1996b; Seely, 1998; Ward et al., 
1998; Dahlberg, 2000; Sullivan, 2000; Verlinden and 
Dayot, 2000; Verlinden and Dayot, 2005). In the Ka-
lahari of southern Africa Thomas and Twyman (2004) 
investigated the relationship between perceptions 
about land degradation and change in savanna ecosys-
tems held by scientists and land users. They concluded 
that a combination of local and scientific knowledge 
can lead to a more useful assessment of environmen-
tal change and its implications for local land users. 
In Botswana Kinlund (1996) and Dahlberg (2000) 
compared scientific thinking with local stakeholders’ 
perceptions regarding environmental change and land 
degradation. Findings from these two studies suggest 
that local perceptions held by local land users can pro-
vide valuable insights into the extent and impact of 
environmental change, many times contradicting the 
common views of causes and effects of environmental 
change held by other stakeholders, e.g. the scientific 
community and policy makers. Verlinden and Dayot 
(2005) and Hillyer et al. (in press) showed the exist-
ence of an elaborate environmental knowledge system 
used by local farmers in central northern Namibia for 
resource management. Ward et al. (2000) investigated 
perceptions of land degradation held by local farmers 
in Otjimbingwe, a communal ranging area in Namibia, 
concluding that some causes of environmental degra-
dation perceived by local farmers were inconsistent 
with scientific assessments of the state of environment 
in the area. This discrepancy between local percep-
tion and scientific analysis illustrated the importance 
of understanding local views of how environments 
have changed, because they often include broader vi-
sions of changes considering such things as agricul-
tural practices, human actions and history within their 
local perspectives, aspects that scientists do not gen-
erally consider in their evaluations of change (Gray 
and Morant, 2003). However, it is equally important 
to critically assess local perceptions against scientifi-
cally accepted principles and knowledge. 

Scientific assessment of the state of the 
environment

There is a debate among scientists about the ecologi-
cal dynamics and appropriate management of semi-
arid rangelands (Sandford, 1983; Ellis and Swift, 
1988; Illius and O’Connor, 1999; Sullivan and Roh-
de, 2002; Vetter, 2003). This debate has led to a chal-
lenge of received wisdoms of range management and 
pastoral development in dryland Africa, resulting in a 
critical scrutiny of the use of terms and concepts such 
as vegetation succession, carrying capacity and land 
degradation (Scoones, 1995; Dahlberg, 2000; Vetter, 
2003). Central to the debate is the relative importance 
of biotic and abiotic factors driving primary and sec-
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ondary production in rangelands, and the consequenc-
es of this regarding the potential for grazing-induced 
rangeland degradation (Vetter, 2003). 

On the one hand there is the equilibrium model 
which has its roots in the Clementian school of plant 
ecology (Clement, 1916), based on ideas of succes-
sion and a climax state of vegetation, stressing the 
importance of biotic feedbacks between herbivores 
and their resource. On the other hand there is the non-
equilibrium model, that sees stochastic abiotic factors, 
e.g. highly variable rainfall, as dominating vegetation 
and livestock dynamics (Behnke and Scoones, 1993; 
Vetter, 2003). The fundamental difference between 
predictions of the two models is that the equilibrium 
model sees drought as focusing the effects of herbivo-
ry (Illius and O’Connor, 1999), whereas the non-equi-
librium model sees drought as relieving the pressure 
of high stocking densities, by making grazeable vege-
tation unavailable (Sullivan and Rohde, 2002), and by 
inducing livestock mortality, which reduces grazing 
intensity (Ellis and Swift, 1988; Behnke and Scoones, 
1993). According to the latter, risks of environmental 
degradation in non-equilibrium systems are limited, 
as livestock populations rarely reach levels likely 
to cause irreversible damage (Ellis and Swift, 1988; 
Behnke and Scoones, 1993). However, recent studies 
suggest that most arid and semi-arid rangeland sys-
tems encompass elements of both these models at dif-
ferent scales (Vetter, 2003). Vegetation in areas with 
a higher degree of rainfall variability is more likely to 
be dominated by abiotic factors, while vegetation in 
less variable systems is more dominated by biotic fac-
tors, e.g. herbivory (Illius and O’Connor, 1999; Vet-
ter, 2003). 

Illius and O’Connor (1999) discussed the impact 
of herbivory on grazing resources in semi-arid envi-
ronment with high climatic variability. They suggest-
ed that herbivores have an impact on resources over 
limited parts of these dry systems, i.e. in key resource 
areas and where herbivores have access to permanent 
water supply. Further away from these key resources 
the system is mainly driven by abiotic factors. Findings 
supporting the views of Illius and O’Connor (1999) 
have been presented by several authors, in Australia 
(James et al., 1999), in South Africa (Thrash, 1995; 
Thrash, 1998; Todd and Hoffman, 1999; Thrash, 
2000; Riginos and Hoffman, 2003; Todd, 2006) and 
in Namibia (Quan et al., 1994b; Kuiper and Mead-
ows, 2002; Getzin, 2005). On the other hand there are 
several examples of semi-arid rangelands assumed 
to have been degraded which have shown a dramatic 
resilience, recovering as soon as rainfall conditions 
improve (Hellden, 1991; Olsson, 1993; Agnew and 
Warren, 1996; Swift, 1996; Fynn and O’Connor, 
2000; Sullivan, 2000; Ward et al., 2000; Sullivan 
and Rohde, 2002; Leggett et al., 2003). These find-
ings are more in line with the non-equilibrium model, 
contradicting the importance given to livestock as the 

main controller of rangeland conditions in semi-arid 
environments, i.e. overgrazing leading to degradation 
via undesirable vegetation change and loss of cover 
(Heady and Child, 1994; Tainton, 1999). 

Satellite remote sensing to detect 
environmental changes in semi-arid 
environments

Satellite remote sensing aimed at monitoring the sur-
face of the earth has been pursued since the 1970s 
(Barrett and Hamilton, 1986) and has become a fre-
quently used tool for ecological applications requiring 
data from broad spatial areas that can not be easily col-
lected using field based methodologies (Kerr and Os-
trovsky, 2003). For ecological applications one of the 
most commonly used satellite platforms is the Landsat 
sensor. Landsat data have been translated into useful 
ecological information for more than 30 years, with 
both the methods and applications growing increas-
ingly in sophistication (Cohen and Goward, 2004). 
Information generated by remote sensing is common-
ly used for land cover classification and detection of 
natural and human induced changes within and across 
landscapes (Coppin et al., 2004; Lu et al., 2004). 

Several change detection methods have been de-
veloped and are still being developed, e.g. algebraic 
operations and post classification comparisons (Lu et 
al., 2004). Commonly used algebraic operations are 
image differing, image regression, vegetation index 
differencing and change vector analysis (CVA). Post-
classification comparison is based on a pixel by pixel 
comparison of independently produced spectral clas-
sification results to detect land cover changes over the 
time interval of interest. The main advantage of post 
classification comparison is the fact that the images 
are separately classified, thereby reducing the exter-
nal impact from atmospheric and environmental dif-
ferences between multi-temporal images (Coppin et 
al., 2004). A second advantage of post classification 
methods is that by adequately coding the classifica-
tion results, a complete matrix of change is obtained 
(Coppin et al., 2004; Lu et al., 2004). However, the 
accuracy of the post-classification comparison is to-
tally dependent on the accuracy of the initial classifi-
cations. The final accuracy very closely resembles that 
resulting from the multiplication of the accuracies of 
each individual classification and may be considered 
intrinsically low (Coppin et al., 2004). After assessing 
six different change detection methods Mas (1999) 
concluded that the highest accuracy was obtained 
using post-classification comparison based on super-
vised classification of two images. Image differencing 
and post classification was used by Petit et al. (2001) 
to detect land cover changes in south-eastern Zambia. 
By using these techniques they were able to quantify 
land-cover changes in terms of percentage of area af-
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fected and rates of change, to quantify the nature of 
change in terms of impact on natural vegetation and to 
map the spatial pattern of land-cover change. 

Calculation of vegetation indices derived from sat-
ellite data is one of the primary sources of information 
for operational monitoring of vegetation cover (Perry 
and Lautenschlager, 1984; Gilabert et al., 2002). Most 
of these indices are based on algebraic combinations 
of reflectance in the red and the near infrared spec-
tral bands (Bannari et al., 1995). The most commonly 
used vegetation index is the normalized difference 
vegetation index (NDVI). However, in semi-arid and 
arid environments it has been shown that this index 
does not give a correct reflection of green biomass 
when green canopy cover is lower than 30% (Pech et 
al., 1986). Due to the normally sparse to very sparse 
ground cover in these areas, the underlying soil in-
fluences the spectral signature to such an extent that 
it has to be compensated for (Rondeaux et al., 1996; 
Schmidt and Karnieli, 2001; Gilabert et al., 2002). 
Therefore several indices have been developed, of 
which the Soil Adjusted Vegetation Index (SAVI) is 
one of the most well known (Huete, 1988). 

The papers that form the basis for this thesis elabo-
rate on various aspects of the issues outlined here. The 
findings presented in paper I originate in an assess-
ment of development and implementation of national 
level land degradation indicators under the umbrella 
of Namibia’s Programme to Combat Desertifica-
tion (Napcod). The monitoring system was created 
to determine the extent and rate of land degradation 
in Namibia. Acknowledging the potential of knowl-
edge and experiences held by local land users, paper 
II presents an investigation of local peoples’ percep-
tions about the state of the environment and causes 
and effects of changes in the environment. The find-
ings were compared to results from the national level 
monitoring system discussed in paper I. In paper III 
a detailed vegetation survey, analysing distribution 
of grass species using ordination techniques in areas 
identified as degraded by interviewees in paper II was 
done, in order to assess the correspondence of local 
knowledge to independent scientific observations of 
environmental change. Finally, in paper IV the abil-
ity of satellite remote sensing to detect observed en-
vironmental changes in an important grazing area in 
semi-arid central northern Namibia was assessed in 
the light of results presented in the first three papers 
of this thesis. 

OBJECTIVES
The overall objective of this thesis is to assess to what 
degree have soil and vegetation resources deteriorat-
ed, if at all, and how do perceptions of environmental 
change held by local stakeholders correspond to sci-
entific assessments of present and past environmen-
tal conditions in an important grazing area in central 

northern Namibia, and how do these relate to national 
level assessments? Four specific objectives were de-
fined:

to assess and discus the process taken in Namibia 
to develop national level indicators for a land 
degradation monitoring system, to provide infor-
mation to national and regional decision makers 
and for policy development (paper I). 
to assess the correspondence of developed na-
tional indicators to conditions on the ground by 
investigating perceptions held by farmers about 
the present and past state of the environment in 
an important grazing area in central northern Na-
mibia, identified as being at risk of land degrada-
tion by national indicators (paper II). 
to conduct an independent survey of vegetation 
along transects radiating out from permanent 
water points in central northern Namibia in order 
to evaluate contradicting findings regarding the 
influence of livestock grazing around permanent 
water points in an important grazing area in cen-
tral northern Namibia (paper III). 
to assess the usefulness of satellite remote sens-
ing in detecting identified environmental changes 
in central northern Namibia, presented in papers 
II and III (paper IV).  

STUDY AREA
Namibia

Namibia covers an area of approximately 825 000 km2 
(Fig. 1). Much of Namibia consists of a wide, rather 
flat plateau that continues north, south and east into 
neighbouring countries. The height of the plateau is 
about 900 to 1300 m above sea level. To the west 
a pronounced escarpment rises from a coastal plain 
(Mendelsohn et al., 2002). Mean annual rainfall fol-
lows a gradient from southwest to northeast with 
the far northeast receiving the most rainfall and the 
coastal areas receiving almost no rainfall (Fig. 2). 
Rainfall is highly seasonal in Namibia, with very well 
marked dry and wet seasons. In general the dry season 
extends from April/May to September/October, and 
the wet season over the rest of the year (Olszewski 
and Moorsom, 1995). The seasonality (summer rain-
fall) is consistent throughout much of Namibia. The 
exceptions to summer rainfall are in the very south 
west, experiencing winter rainfall, and the coastal ar-
eas where the wet season hardly exists (Hutchinson, 
1995). Rainfall is naturally low with high inter-annual 
and intra-seasonal variability (Seely, 1978; Marsh and 
Seely, 1992). Temperature also shows a marked sea-
sonality with the highest temperatures occurring just 
before the wet season in wetter areas and during the 
rain season in drier areas. Lowest temperatures occur 
in the dry season months of June, July and August 
(Hutchinson, 1995).

1.

2.

3.

4.
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Figure 1. Map A shows the different tenure forms in Namibia together with main towns, and road network. Note that the 
location of the area being investigated in paper II, III and IV is indicated. Map B shows Namibia’s location on the African 
continent.  

Figure 2. Mean annual rainfall. 
Interpolation of isohyets based 
on approximately 260 rainfall 
stations in Namibia. 
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Most soils in Namibia are unsuitable for crop growth. 
The most fertile soils are Cambisols and Calcisols. In 
the south Kalahari deep sands dominate, while central 
northern Namibia is characterised by clayey and salty 
soils, and in rocky areas, e.g. the escarpment, shal-
low, mica-rich soils are found (Mendelsohn et al., 
2002). Vegetation in Namibia is strongly influenced 
by rainfall. Most vegetation in the country consists of 
shrubland. Dwarf shrubs dominate areas in the south-
west and at the eastern edge of the central Namib sand 
sea. Much of the Namib sand sea is characterised by 
a combination of dwarf shrubs in the dune valleys 
and gravel plains and grasses on the dunes. More and 
more trees replace shrubs from south to north in the 
eastern zone of the Kalahari sands, first as Kalahari 
shrubland, then as shrubland-woodland mosaic and, 
finally, as woodland in northern Namibia. The centre 
of the country has a moderate to dense cover of shrubs 
and small trees, particularly acacias (Mendelsohn et 
al., 2002).

The total human population in Namibia is about 1.8 
million, of which approximately 40 % are settled in 
the central northern regions (NPC, 2002), which com-
prise only 18% of Namibia’s land surface. As a re-
sult of population growth and expanding human set-
tlement during the past century, the natural resources 
of central northern Namibia are presently under high 
pressure (Quan et al., 1994b). In 1994 an estimated 
68 % of the Namibian population derived at least part 
of their livelihood from agriculture (Kruger, 2001). A 
comparison to the census conducted 1991 reveals that 
the population growth rate has decreased from 3.1 % 
to 2.6 % between 1991 and 2001. Furthermore, the ra-
tio between urban and rural populations has changed 
from 28/72 to 33/67, indicating a slight tendency of 
urbanization over the time period (NPC, 2002). 

Due to dry (arid and semi-arid) conditions, farmers 
rely predominantly on livestock for their livelihoods. 
Cattle dominate in central, north and north-east where 
the rainfall is highest, while sheep and goats are pre-
ferred in the western and southern parts of the country. 
Crop production is only possible in the northern parts 
of Namibia, except at a few locations with irrigation 
in the south (Balarrin and New, 1996; UNDP, 1996). 
Due to the more favourable natural conditions in north 
and northeastern Namibia, dense human and animal 
populations occupy these rural areas. High popula-
tion pressure in these areas has had an adverse impact 
on natural resources, evident through deforestation, 
overgrazing and depletion of already scarce water re-
sources (Adams et al., 1990; Fuls, 1992; Quan et al., 
1994a). 

The local study area: Ombuga grassland and 
surrounding mopane savanna

This study was conducted in and around the Ombuga 
grassland in northern Namibia, one of three important 
grazing areas for about 600 000 people living in the 
four regions of northern Namibia encompassing about 
85 000 km2 (Mendelsohn et al., 2000). The study area 
was selected as results from the national level moni-
toring system presented in paper I indicate that the risk 
of land degradation in the area is high. The local area 
investigated covers about 1600 km2 and is referred to 
as the study area in this thesis (Fig. 3).   

Geology

Geologically the study area belongs to the Kalahari 
sequence, characterised by up to 500 m thick semi- to 
unconsolidated sediments (Thomas and Shaw, 1991). 
The study area is situated in a flat landscape at ap-
proximately 1100 m above sea level. Soils consist of 
clayey sodic sands in the lower parts of the landscape 
and sodic sands on surrounding relatively higher 
ground (Mendelsohn et al., 2000). The area typically 
has infertile sandy topsoil, between 0 and 1 m thick, 
underlain by a saline hardpan forming very distinct 
prismatic structures (Marsh and Seely, 1992). 

Climate

In northern Namibia there are two climatic seasons, 
the dry season that lasts from May to October and 
the wet season, characterised by occasional rain-
fall, from November to April (Erkkilä, 2001). The 
climate is semi-arid and the area receives an aver-
age annual precipitation of approximately 350 mm 
in the southwest and 450 mm in the northeast (Fig. 
4 and 5) (Hutchinson, 1995). Rainfall is patchy and 
highly variable in time and space (Mendelsohn et 
al., 2000). Monthly mean temperature ranges from 
26°C in November to 16°C in July. During the cooler 
period, June to August, the night temperature drops 
to 7°C while day temperature rises to 27°C or higher. 
The hottest period is from October to December, 
when maximum day temperature may reach 40°C 
(Hutchinson, 1995). Annual potential evaporation is 
estimated to exceed the annual precipitation by a fac-
tor of about five (Mendelsohn et al., 2000; Erkkilä, 
2001).
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Figure 3. Map A: the extent of the study area, the Ombuga saline grassland, Mopane shrubland and location of settlements 
where interviews were made for paper II. Number of interviewees per settlement is indicated in parenthesis. Map B: location 
of the study area in Namibia. 

Figure 4. Map showing the location of rainfall stations referred to in the text. The square represents the extent of the local 
study area.



14

Figure 5. Rainfall map showing annual rainfall at Okaukuejo and Okatana for the period investigated in paper IV.

The use of a 9-years moving average to filter out year-
to-year variations in rainfall data to reveal long-term 
trends has been described by Wheeler and Martin-
Vide (1992) and Salinger et al. (1995). Applying this 
technique to the rainfall data recorded at four rainfall 
stations closest to the study area reveals that these sta-
tions have recorded two wetter and two drier periods 
since the 1930s (Fig. 6). The first dry period lasted 
from around 1960 to around 1970. The second dry 
period began in the later part of the 1980s and is still 
significantly different from the overall median (Mann 
Whitney U-test, p<0.05) at all stations except Oka-

tana. At Okaukuejo, Okatana and Oshikuku, rainfall 
below median was recorded during the first dry pe-
riod of the 1960s while Ombalantu recorded “less” 
dry conditions. All four stations have recorded rain-
fall below median during the present dry period, start-
ing with the 1984/85 season. The Ombalantu station 
recorded the largest negative deviation from the me-
dian rainfall and Okatana the least. However, the large 
negative deviation recorded at the Ombalantu station 
compared to the three other stations was treated with 
caution as it suggested a possible systematic measur-
ing error or a faulty instrument. 

Figure 6. Graphs showing long term fluctuations in rainfall at the four rainfall stations illustrated in Figure 4.
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Vegetation

Two distinct vegetation types occur in the study area, 
saline grassland and mopane savanna (Giess, 1971) 
(Fig. 7). The saline grassland, named Ombuga grass-
land, is a flat plain covering an area of approximate-
ly 3000 km2 with numerous pans. Perennial grasses 
are abundant in less disturbed parts of the landscape. 
Growth of woody species is prevented by the shal-
low depth of the salty soils underlain by a hardpan 
(Mendelsohn et al., 2000).  In the mopane savanna 
Colophospermum mopane is the dominant tree spe-
cies and under well-developed stands grasses are 

sparse. The height of mopane and other trees is related 
to soil depth, with dense stands of tall trees only oc-
curring in areas with deeper soil (over 1 m sand on top 
of the hardpan). In the more populated areas the mo-
pane savanna has been converted to agricultural fields 
(Verlinden and Dayot, 2005). Both these vegetation 
types are used for extensive grazing. The most com-
mon grasses in Ombuga grassland are Odyssea pau-
cinervis, Aristida stipioides and Schmidtia kaliharien-
sis. In the mopane savanna Schmidtia kalihariensis, 
Pogonarthria fleckii and Stipagrostis uniplumis are 
the most common grasses. 

Figure 7. Illustrations of mopane savanna (A) and saline grassland (B). Photos by P. Klintenberg.
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Population and land tenure

In the past the Ombuga grassland was regularly vis-
ited by San hunter-gatherers and Ovahimba semi-no-
madic pastoralists (Erkkilä, 2001). The grassland was 
crossed along traditional wagon tracks by missionaries 
and traders since the 1800s (Andersson, 1987). Since 
the 1940s the area was occasionally visited by Ow-
ambo people for hunting and grazing and crossed dur-
ing salt collection expeditions to the salt pans in the 
southern part of the study area. The first permanent 
settlements in this part of central northern Namibia 
were established in 1968 (Christelis and Struckmeier, 
2001) located around hand dug wells. By 1991 some 
2000 individuals lived within the study area (Central 
Bureau of Statistics, 1994). By 2001, the population 
in the study area had increased to approximately 3300 
inhabitants, living in about 670 households (NPC, 
2002), which equals a population increase above 5 % 
per year. 

The study area is under communal tenure system, 
i.e. land is owned by the government and is, in princi-
ple, accessible to anyone but with no exclusive rights. 
Traditional norms and rules still regulate use of land 
and resources, especially in areas where wells are still 
the main supply of water (Verlinden and Dayot, 2000). 
In the commons individuals are allowed to fence off 
an area of 10 ha for crop production and reserve graz-
ing (if the entire 10 ha is not ploughed). Availability of 
grazing in the northern communal lands is decreasing 
due to extensive establishment of homesteads and crop 
fields. According to Mendelsohn et al. (2000) livestock 
numbers in central northern Namibia reached a peak 
between 400 000 and 600 000 head of cattle already in 
the 1960s and early 1970s. These numbers have been 
more or less maintained since then. However, the di-
minishing availability of grazing in more populated 
areas has led to an increased number of cattle grazing 
in the Ombuga grassland and establishment of a large 
number of new cattle posts (Low et al., 1997; Denker 
and Schalken, 1998; Denker and Schalken, 1999). A 
cattle post is a temporary dwelling occupied by one 
or several herders, located in an area where livestock 
have access to both water and grazing (Fig. 8).

Water supply systems

There are no perennial watercourses in the area (Erk-
kilä, 2001). Due to the flat character of the landscape 
in central northern Namibia and poor infiltration ow-
ing to shallow soils underlain by hardpans, a large 
number of shallow, ephemeral, poorly defined but 
interconnected flood channels (oshanas) and pans 
occur in the Cuvelai drainage system (Christelis and 
Struckmeier, 2001). During the rain season and early 
dry season oshanas serve as fresh water reservoirs, 
providing drinking water for humans and livestock 
(Marsh and Seely, 1992). These natural water sources 

are complemented by hand-dug wells, which are dug 
mainly in the mopane shrubland in places where the 
groundwater is less saline. Due to population increase 
and the high salinity of the ground water, a pipeline 
system supplying purified water to local communities 
and to evenly spaced water points for livestock in both 
the Ombuga grassland and the mopane savanna was 
constructed in 1992/93 (Fig. 3) (Mendelsohn et al., 
2000; Christelis and Struckmeier, 2001; Directorate 
of Rural Water Supply, 2004). 

METHODS
Here the main methods used to meet the objectives 
of the thesis are presented. In paper I the process of 
developing a national level monitoring system is dis-
cussed. The basis of the study was stakeholder con-
sultations in order to define and develop potential 
indicators useful for land degradation monitoring on 
a national scale. The actual development of indica-
tors was done using three different GIS tools, Map-
Info (MapInfo, 1997), ArcView (ESRI, 2001) and Id-
risi (IDRISI, 1999). Semi-structured interviews with 
farmers in the study area in central northern Namibia 
provided the main source of information in paper II. 
The results were analysed using Mann-Whitney U-
test, to determine if there were any significant differ-
ences between answers given by different groups of 
interviewees. In paper III vegetation sampling using 
a point step method was used to collect data along 7 
– 10 km long transects radiating out from permanent 
water points and hand dug wells. Collected data were 
analysed by ordination techniques, i.e. DCA and CCA 
and species response curves using CANOCO software 
(Ter Braak and Smilauer, 2002). Finally, in paper IV 
supervised classification of Landsat TM imagery and 
calculation of vegetation indices were done using ER 
MAPPER (ER Mapper, 2005). Further analysis of the 
results was done using Idrisi (IDRISI, 1999). 

PRESENTATION OF THE PAPERS

Paper I:

Klintenberg, P. and Seely, M.K., 2004. Land Degradation 
Monitoring in Namibia: A First Approximation. Environ-
mental Monitoring and Assessment, 99: 5-21.

The process of developing land degradation indica-
tors for a national level monitoring system under the 
umbrella of Namibia’s Programme to Combat De-
sertification (Napcod) is presented together with an 
assessment of results generated by the indicators for 
two communal areas in Namibia. The purpose of the 
monitoring system is to provide information about ex-
tent and rate of land degradation in Namibia, contrib-
uting to informed decision-making on national level 
and policy development. 
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Figure 8. Illustration of cattle post in Omapale. The picture shows the craal where cattle is kept over night, Normally the 
herder releases the herd in the morning and brings the animals back to the craal at night fall. Photo by P. Klintenberg.

Involvement of representatives ranging from local 
rural communities to experts working on a national 
level was central in the process of identifying and 
developing indicators for the monitoring system. A 
consultative process involving these representatives 
resulted in the definition of four indicators: popula-
tion pressure, livestock pressure, rainfall variabil-
ity and soil erosion hazard. The four indicators were 
combined into an annual land degradation risk index 
for which maps were generated for the period 1971-
1997. An evaluation of the behaviour of the developed 
indicators was done in two rural communities, Onkani 
in central northern Namibia, and Gibeon in southern 
Namibia. The purpose of this analysis was to identify 
if there are any trends in the time series and if the re-
sults correspond to actual local conditions. 

The indicators suggest that Onkani in central north-
ern Namibia experienced increased livestock numbers 
and decreasing rainfall since the early 1990s. On the 
other hand, at Gibeon in southern Namibia increas-
ing rural population pressure and decreasing rainfall 
were factors causing increasing degradation risk there 
(Fig. 9). Independent studies in the Onkani area have 
shown that both human and livestock populations have 
increased rapidly since 1992 when a fresh water pipe-
line was installed providing people and livestock with 
a permanent supply of water (Akawa et al., 2002). 
 
Based on the experiences gained through the process 
of developing the Namibian national level monitoring 
system a number of conclusions of broader applicabil-
ity could be made: 
1) Those involved in identifying indicators for land 
degradation monitoring are required to have an overall 

Figure 9. National land degradation risk map for year 1997 
(Bethune and Pallett, 2002). The map is based on the four 
indicators presented in the text. 

understanding of both socio-economic and biophysi-
cal key elements of land degradation impacts. 
2) To ensure that developed indicators are relevant 
and useful, a set of well-defined criteria is required. It 
was suggested that a globally accepted set of a small 
number of criteria be developed on an international 
level to ensure that indicators meet set demands of 
quality, e.g. relevance and accuracy.
3) Accessibility of data is fundamental for the func-
tioning of any monitoring system. Many indicators 
proposed by Namibian stakeholders were inappropri-
ate as data were not being collected or could not be 
collected for various reasons involving funding, man-
power and inflexible sectoral programmes. 

At the time when the Namibian national monitoring 
system was developed there was a major thrust within 
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the United Nation’s Convention to Combat Desertifi-
cation (UNCCD) to develop a set of core indicators 
that would be universally applicable. The Namibian 
experience however, underlines the importance of de-
veloping specific indicators applicable on a national 
level. There are several reasons for this:

1) There are no universal causes and effects of land 
degradation.

2) In Namibia the participatory approach gave 
stakeholders ownership of the process and the result-
ing indicators, and led to an increased understanding 
among involved stakeholders of the concept of envi-
ronmental monitoring, something that would not have 
been achieved if indicators were provided from the 
‘outside’. 

3) A common platform was established for stake-
holders from various sectors, leading to an increased 
interaction between sectors, an important aspect in 
most developing countries, where sectoral approaches 
predominate. 

Finally, it was concluded that land degradation is 
a multi-faceted phenomenon with many causes and 
effects. Therefore, it is clear that the four indicators 
developed for the Namibian monitoring system are 
not sufficient to provide a complete picture of land 
degradation in Namibia. The first approximation pre-
sented in paper I should rather be seen as a first na-
tional monitoring system developed in a fully partici-
patory manner, involving stakeholders from all levels. 
To improve the monitoring system, the four indicators 
have to be tested and evaluated in the field and addi-
tional indicators developed. 

PAPER II

Klintenberg, P., Seely, M.K. and Christiansson, C., 2007. 
Local and national perceptions of environmental change in 
central northern Namibia: Do they correspond? Journal of 
Arid Environments, in press.

The study presented in paper II compares results from 
the national level monitoring system discussed in Pa-
per I with those obtained from interviews of local farm-
ers about their perceptions of past and present states of 
the environment in and around Ombuga grassland in 
central northern Namibia. Semi-structured interviews 
were conducted with 50 representatives (12 female 
and 38 male) representing 50 homesteads in nine vil-
lages in the study area (Fig. 3). Five key questions 
were asked: 1) When and why did you first come to 
this area? 2) What was the condition of the environ-
ment when you first came here? 3) Have you noticed 
any changes in the state of the environment since you 
came here, and if so, can you describe them? 4) Where 
have you observed these changes? 5) What are the 
caused of these changes? 
Results were analysed by dividing the interviewees 
in the following groups: 1) All interviewees, 2) Inter-
viewees that arrived in 1990 or before and interview-

ees arriving after 1990; and 3) interviewees depending 
on pipeline water for all their needs and interviewees 
less dependent on pipeline water, also using hand dug 
wells. Separation of farmers arriving before or after 
1990 was used as Namibia became independent this 
year and 1991 was the year when the construction of 
a fresh water pipeline, providing permanent access to 
water for people and livestock in the area, was initi-
ated. 

The most common changes observed by the inter-
viewees were those related to abundance and quality 
of grasses. Regardless of time of arrival to the area, in-
terviewees said that palatable perennial grasses were 
plentiful when they first arrived. However, as many 
as 86% of the respondents stated that the abundance 
of these desirable grasses has decreased in the area 
since they first came there. Further, as many as 66% 
of respondents said that the quality of grasses has de-
creased; grasses were said to be weaker and shorter 
now. Twenty-eight per cent of the interviewed farm-
ers had noted that palatable perennial grasses had dis-
appeared from the area. Answers related to quality of 
grazing given by farmers depending on pipeline wa-
ter and farmers having access to other water sources 
show that mainly farmers depending on pipeline wa-
ter referred to grazing related changes. This suggests 
that grazing quality has decreased more around wa-
ter points along the pipeline than around traditional 
wells.

Seventy six per cent of the respondents stated that 
overgrazing is a cause of perceived environmental 
changes. Decreasing rainfall was another cause men-
tioned by more than half of the respondents as causing 
observed changes. Apart from these, construction of 
the water pipeline, building of homesteads, fencing of 
large parts of the commons and improved access to the 
area were other causes mentioned. Overgrazing and 
decreasing rainfall were factors identified as causing 
increased risk of land degradation in the Onkani area 
by the national level monitoring system discussed in 
paper I above. However, results from interviews with 
local farmers revealed a more complex picture of 
causes and effects leading to environmental changes 
in the area compared to the one given by the national 
level monitoring system (Fig. 10). Results presented 
in paper II suggest 1) decreased availability of palat-
able grasses in areas north of Ombuga grassland, 2) 
improved access to the area, 3) permanent access to 
water after the water pipeline was constructed making 
it possible for more farmers to settle in the area, lead-
ing to increased numbers of livestock and extensive 
grazing in areas that previously only were used when 
surface water was available, and 4) fencing of large 
areas of the commons, are major factors causing the 
environmental changes referred to by the interview-
ees. Results suggest that introduction of permanent 
water supply was the single most important factor, al-
lowing more people and livestock into the area.
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The results presented reflect the conditions in the 
study area but the factors identified by the interviews 
as causing environmental changes are most likely also 
applicable for other semi-arid areas where inhabitants 

Figure 10. Relationships between manifestations and causes of perceived land degradation in the study area according to 
interviewed farmers. Thick lines indicate strong relationships between variables, while dashed lines indicate weaker relation-
ships. Variables responding in similarly, i.e. an increase of variable A leads to an increase in variable B, are linked with (+) 
and variables responding opposite to each other, e.g. an increase in variable A leads to a decrease in variable B, are linked 
with (-).

rely on natural resources. This suggests that assess-
ments of local knowledge in a relatively small area 
can provide a valuable contribution to development 
and assessment of national monitoring initiatives. 

PAPER III 

Klintenberg, P., Verlinden, A., submitted. Water points and 
their influence on grazing resources in central northern 
Namibia. Land Degradation and Development.

The study presented in Paper III investigated impacts 
of grazing on grass composition around permanent 
water points along a water pipeline and around a tra-
ditional hand dug well in the same area that was in-
vestigated in paper II above. Grass species abundance 
and selected environmental variables sampled along 
transects radiating out from these water points were 
analysed using Canonical Correspondence Analysis 
(CCA). 

The results show a high frequency of grazing toler-
ant species, mainly annual grasses compared to more 
palatable, perennial grasses. This suggests that there is 
a fairly high grazing pressure throughout the area. A 
comparison between the influence of grazing around 
the permanent water points in the Ombuga grassland 

and a traditional hand dug well shows that grazing 
around the water points has resulted in significant 
changes of the grass species composition. This was 
manifested in the dominance of Schmidtia kaliharien-
sis and Aristida stipioides closest to the water points, 
and more palatable perennial grasses, i.e. Stipagros-
tis uniplumis, Antephora pubescens and Eragrostis 
trichophora, further away from the water points. The 
impact of grazing could be seen as far as 6-8 km from 
these water points. In contrast to the Ombuga grass-
land, no grazing related changes in grass composition 
could be shown around hand dug wells in the mopane 
savanna. 

Several factors seem to contribute to the higher im-
pact of grazing around permanent water points along 
the water pipeline in Ombuga grassland compared to 
around hand dug wells in the mopane savanna. It is 
argued that the provision of artificial permanent wa-
ter points makes livestock more sedentary, resulting 
in unnaturally constant and heavy grazing pressure 
on grass resources, compared to a system where rain-
water is the only source of water. Under such condi-
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tions livestock movements are driven by the irregular 
distribution of rainfall characteristic of semi-arid en-
vironments (Marsh and Seely, 1992; Tainton, 1999). 
Another factor that has led to additional pressure on 
the grass resources is the accelerated immigration of 
humans and livestock to the area that apparently has 
taken place since the introduction of freely available 
water in the Ombuga grassland. On the other hand, 
private ownership of the traditional hand dug wells 
seems to result in stronger control of use and there-
fore a lesser impact of herbivory compared to the open 
access situation along the water pipeline in Ombuga 
grassland. 

PAPER IV

Klintenberg, P., Niipele, N., Kleman, J., manuscript. Can 
remote sensing detect environmental changes in an impor-
tant grazing area in northern Namibia?

In Paper IV the usefulness of satellite remote sens-
ing in detecting environmental changes around per-
manent water points in Ombuga grassland referred to 
in the previous papers was investigated. Landsat TM 
data recorded after the rainfall season (March – April) 
1989, 1991, 1993, 1997, 2000 and 2005 were used for 
the analysis. Land cover classification was done based 
on supervised classification applying maximum likeli-
hood classification and a nearest neighbour algorithm, 
using bands 1-5 and 7. The following land cover class-
es were identified: woodland, shrubland, grassland, 
water, saltpan and bare ground. To assess changes in 
green biomass during the time series the soil adjusted 
vegetation index (SAVI, L-factor=0.5) was calculated 
for each of the scenes. Changes in SAVI over the time 
series were analysed by re-classifying images into 0 
(SAVI<0.15) and 1 (SAVI >=0.15). All six scenes 
were combined into a composite map showing how 
many times each pixel had SAVI values above 0.15. 
SAVI values for each scene were also compared along 
two transects radiating 7 km to the west and east of 
two of the water points in the study area (Fig. 11). 

Results of the land cover classification show a 
fairly consistent distribution of grassland, shrubland 
and woodland in the study area throughout the time 
series. However, the occurrence of bare ground shift-
ed notably over time. Before the water pipeline was 
operational, i.e. 1989 and 1991, bare ground mainly 
occurred in the saltpan in the south and in a limited 
area in the northeast corner around Lake Oponono, a 
central source of water in that part of the study area. 
Already in the satellite scene of 1993 the impact of 
the newly established permanent water points on the 
environment can be seen. The most striking change 
is the occurrence of bare ground, so called sacrifice 
zones resulting from concentrated trampling and graz-
ing by graziers (Thomas et al., 2000), around the wa-
ter points. At that time the extent of bare ground had 

Figure 11. The map shows the resulting SAVI composite 
map illustrating the number of occasions the satellite im-
ages recorded SAVI>=0.15 over the time series. The two 
transects which were used for assessment of variations in 
green biomass over the time series are also indicated. 

increased in the north, occurring throughout that part 
of the study area. The following years bare ground 
mainly occurred around the water point and in the 
northwest part of the study area. Similar changes are 
revealed after analysing how SAVI varied during the 
time series. Results show that the areas with the low-
est SAVI over the time series are in the northern part 
of the study area, which corresponds to the land cover 
classifications. The occurrence of bare ground in the 
northern part of the study area is most likely a conse-
quence of the higher population pressure there, lead-
ing to clearing of land for cultivation and continuous 
heavy grazing and trampling by both large and small 
stock. An assessment of variation of SAVI along the 
two transects (Fig. 12) based on approximately 200 
points sampled from each satellite scene shows that 
the highest SAVI values were recorded in 1989 which 
was a relatively good rainfall year. Results show that 
SAVI have changed substantially over the time series. 
In the later part of the time series, i.e. 2000 and 2005, 
when rainfall was even higher than 1989, SAVI did 
not respond accordingly, suggesting that, even during 
years of plentiful rainfall the vegetation does not re-
cover to the same levels recorded in the beginning of 
the time series. This indicates that the increasing num-
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bers of people and livestock in the area after the water 
pipeline was installed have had a negative influence 
on the resilience of green biomass in the area. Howev-
er, a statistical assessment of the fluctuations of SAVI 
values along the two transects radiating out from two 
water points along the pipeline reveals that most of 
the fluctuations in greenness are not significant. This 
suggests that natural fluctuations of green biomass 
caused by high spatial and temporal variability of 
rainfall, regardless of distance to water points have a 
stronger influence on the greenness of the vegetation 

than intensity of grazing has. It is important to note 
that this does not mean that grazing does not influ-
ence the vegetation around water points. The findings 
show that greenness of vegetation is more responsive 
to rainfall than grazing. Grazing around the water 
points has been shown to cause a change in vegetation 
composition, e.g. from palatable perennial grasses to 
less palatable annual once. However, these changes 
will most likely not be detected by using SAVI as it 
only gives a measure of greenness and not quality of 
the vegetation. 

Figure 12. SAVI values recorded 0-7 km east and west from water point 7 (WP 7). Note that each value is an average value of 
the eastern and western part of the transect. Values were adjusted to be equal at 6 (6 to 7 km from the water point) where the 
impact of grazing was assumed to be non-significant. 

GENERAL DISCUSSION

The four papers forming the core of this thesis present 
four different approaches related to environmental 
monitoring, ranging from national level monitoring 
based on indicators, local perceptions of environ-
mental changes held by farmers in central northern 
Namibia, detailed assessment of the state of the en-
vironment surrounding permanent water points in the 
same area, and finally the use of remote sensing to 
investigate environmental changes over time also in 
central northern Namibia. In this general discussion 
these four approaches are examined in light of other 
relevant investigations. 

The development of national level land 
degradation indicators

Several important factors required for successful de-
velopment of national level indicators were identified 
in paper I. First, an obvious fact, the importance of 
those involved in developing indicators having an 
overall understanding of causes and effects of the 

processes to be monitored. Based on the Namibian 
experience it was shown that the involvement of rep-
resentatives from a large number of different disci-
plines and institutions often led to misunderstandings 
between involved groups due to sectoral thinking. At 
the onset of the project it was clear that there was no 
common understanding among the representatives 
from these different institutions about causes and ef-
fects of land degradation in Namibia. The most ob-
vious problem was the lack of understanding among 
biophysical scientists towards socio-economic factors 
contributing to land degradation and being affected by 
land degradation. Similar problems were identified by 
reviewing indicators developed for Namibian state of 
the environment reporting (Klintenberg, 2001). After 
assessing 99 indicators developed for Namibian state 
of the environment monitoring Klintenberg (2001) 
showed that only 67% of the indicators fulfilled the 
criterion of perceived scientific relevance by reflect-
ing what could be argued to represent “current re-
ceived wisdom”. Furthermore, only 25 of the 99 in-
dicators were considered to be potentially useful for 
practical environmental monitoring. The low useful-
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ness of indicators developed for the Namibian state of 
the environment monitoring programme suggests that 
there was limited understanding among involved par-
ties towards what to monitor and what requirements a 
functional indicator has to fulfil. To guide the devel-
opment of indicators, it was suggested in paper I that 
a set of well-defined criteria that have to be fulfilled 
by developed indicators was required. Further, it was 
suggested that this should be a globally accepted set of 
criteria, ensuring equal quality requirements for dif-
ferent indicators independent of where the indicator 
is used. The need for criteria to assess the quality of 
suggested indicators has been suggested by several in-
stitutions and authors, e.g. (OECD, 1993; Denisov et 
al., 1998; Rubio and Bochet, 1998; OECD, 2001). 

Furthermore, it was stated in Paper I that there are 
no universal causes and effects of land degradation. 
This was also shown in an assessment of the state of 
the art of land degradation indicators identified and 
developed by the SADC countries in southern Africa 
as part of their commitments to the UNCCD (Klin-
tenberg and Seely, 2005). Their review identified 
approximately 225 unique indicators related to land 
degradation monitoring or to the implementation of 
national action plans (NAPs) under the UNCCD. It 
was shown that even though monitoring of various as-
pects of rainfall and soil properties was most common, 
the same indicators are seldom used in more than one 
country. This suggests that issues related to land deg-
radation differ widely between different countries in 
southern Africa, which makes it difficult to develop 
a universal core set of land degradation indicators 
(Klintenberg and Seely, 2005). On the contrary, pa-
per I suggests that the development of country specific 
indicators through a participatory process involving 
representatives from all relevant disciplines and insti-
tutions, would be more useful than striving towards 
the creation of a globally accepted set of indicators. 
The same recommendation emerged from a discussion 
among international experts, arranged by FAO, where 
it was recommended that end users, e.g. national deci-
sion makers, should identify and prioritize key issues 
and questions that form the basis for indicators to be 
developed (Snel et al., 2003). The Namibian experi-
ences showed that the participatory approach led to 
better understanding of concepts of indicators and en-
vironmental monitoring among the participants. Sec-
ondly, through the process a common platform was 
established for stakeholders from various sectors, e.g. 
environment, agriculture, finance NGO and private, 
promoting an increased interaction among sectors, an 
important aspect in most developing countries, where 
sectoral approaches predominate. 

Regardless of the benefits of the participatory ap-
proach taken to develop national land degradation 
indicators in Namibia, there are a number of issues 
that still need to be dealt with. A closer look at the 
indicators developed for the Namibian national level 

monitoring system reveals a number of limitations. 
First, the indicators are based on a large number of as-
sumptions. For instance the population pressure index 
relies on population figures from only one national 
census carried out in1991. A constant growth rate of 
3.1% per annum was assumed (growth rate 1991), 
which is an oversimplification of the actual situation, 
as growth rate might be higher or lower in different 
parts of the country. The livestock index is based on 
annual summarised livestock counts in the 15 state vet-
erinary districts. It was assumed that all livestock are 
found within 10 km from any permanent water source 
and that they are evenly distributed within these ar-
eas. All these assumptions reflect a poor availability 
of data with high enough resolution as commonly 
found in a developing country. This is also reflected 
by the fact that annual risk assessment maps have 
only been produced for the time period 1971-1997 
due to lack of rainfall data. After 1997 there was not 
enough rainfall data available to calculate the rainfall 
index. The number of operating official rainfall sta-
tions decreased from approximately 265 to about 115 
just after Independence in 1990. A drastic reduction 
in data accessibility from 1997 onwards is related to 
slow data processing.  Based on these considerations 
it is clear that the four indicators presented in Paper I 
are not sufficient to provide a complete picture of land 
degradation risk in Namibia. After taking these limi-
tations into consideration the need for an assessment 
of the accuracy of the indicators developed and the 
resulting land degradation risk maps became obvious. 
This was the starting points for the study presented in 
paper II, the comparison of results generated by the 
national level monitoring system and perceptions held 
by interviewed farmers. 

Local and national perceptions of 
environmental change in central northern 
Namibia

According to results based on interviews with farm-
ers presented in paper II, the quantity and quality of 
grazing has decreased in the area being investigated. 
Farmers stated this regardless of when they first ar-
rived to the area. However, one of the most significant 
findings in paper II is that according to interviewed 
farmers, the degradation of grazing resources in the 
area started after the construction of a water pipeline 
in 1992/93, providing permanent access to water. This 
was further confirmed by interviewees stating that the 
degradation was more extensive around free access 
water points along the water pipeline, compared to 
around privately owned hand dug wells. 

When asked about the causes of observed environ-
mental changes in the area, interviewees responded 
that main causes are: overgrazing, decreasing rainfall, 
extensive use of wood for construction, illegal fenc-
ing and increasing number of regularly used informal 
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vehicle tracks. This corresponds to two of the main 
factors identified by the national level monitoring sys-
tem discussed in paper I, which indicated that increas-
ing livestock numbers and below average rainfall are 
main causes of environmental change in the Ombuga 
grassland. The suggestion made by the interviewees 
that decreasing rainfall is a cause of environmental 
changes in the area was compared to rainfall records 
from four stations surrounding the study area. These 
records suggest a periodicity of drier and wetter con-
ditions, similar to the southern African 18 year rainfall 
cycle described by Tyson (1986, 1991). However, the 
rainfall records presented in Figures 5 and 6 show that 
the drier conditions that prevailed when the interviews 
were made are not unique and that drier periods are 
part of normal conditions in northern Namibia. This 
does not support the notion that decreasing rainfall 
alone is a cause of observed environmental changes. 
This corresponds to findings by Ward et al. (2000) 
who concluded that perceptions held by farmers in 
Otjimbingwe about decreasing rainfall causing en-
vironmental changes in that area were not consistent 
with scientific records. Therefore it is more probable 
that non-adaptive management during prolonged dry-
ness, allowing cattle to continuously graze the area 
along the pipeline is causing perceived environmental 
change in the study area. 

The construction of the water pipeline is central 
in the development of the study area. According to 
interviewees the provision of permanent water supply 
allowed cattle to graze permanently in areas that pre-
viously were used only when rainwater was available. 
The relationship between grazing and negative envi-
ronmental changes around permanent water sources 
in Ombuga grassland along the water pipeline was 
shown by Langanke (2000) and Larsson (2003). Lars-
son’s investigation of 2003, based on remote sensing 
and field observations, concluded that intensive graz-
ing around permanent water points in Ombuga grass-
land has a negative effect on the rangeland. Vegeta-
tion was shown to gradually decline with 1) proximity 
to water point, 2) length of period of use and, 3) in-
creased grazing intensity. Similar findings have been 
reported by Susco et al. (1995), Dougill et al. (1999) 
and Nash et al. (1999). However, after investigating if 
grazing had caused change from perennial to annual 
grasses in the Ombuga grassland by sampling vegeta-
tion along transects radiating from water points along 
the pipeline, Nangula and Oba (2004) concluded that 
no change from perennial to annual grass species due 
to increased grazing pressure could be detected.

The findings from the interviews of farmers in 
the study area, together with contradicting results by 
other scientists regarding the impact made by grazing 
livestock on the vegetation surrounding the perma-
nent water points in the study area, led to the in depth 
assessment of grass species composition in areas sur-
rounding permanent water points presented in paper 
III. 

Vegetation survey to assess impacts of grazing 
by domestic large stock around permanent 
water points in Ombuga grassland and 
surrounding mopane savanna

A key finding from this investigation is that the grass 
species composition has changed significantly around 
permanent water points along the water pipeline in 
Ombuga grassland. The ordination analysis based on 
detrended correspondence analysis (DCA) and canoni-
cal correspondence analysis (CCA) suggests that there 
is a grazing gradient radiating out from the permanent 
water points along the water pipeline. However, no 
grazing related changes in grass species composition 
could be shown around hand-dug wells in the mopane 
savanna. This suggests that grazing does not have a 
significant effect on the distribution and abundance of 
grass species along transects radiating out from these. 

Results presented in paper III correspond to in-
formation provided by interviewees in paper II, who 
observed decreasing quality of grasses around water 
points along the pipeline. Further, the species com-
position along the transects surveyed in paper III cor-
responds to findings by Thrash et al. (1993) who show 
that heavy grazing around water points in Kruger 
national park led to selective removal of perennial 
grass species, promoting the growth of annual grass 
species. In the Kalahari of Botswana, Thomas et al. 
(2000) showed that sacrifice zones were formed and 
palatable grass species were replaced by unpalatable 
ones around water points. James et al. (1999) de-
scribed a radial pattern in vegetation surrounding per-
manent water points generated by increasing grazing 
and trampling intensity towards water points. Similar 
impacts of heavy grazing were reported from South 
Africa around animal kraals in succulent Karoo (Rigi-
nos and Hoffman, 2003), in Nama-Karoo shrublands 
(Todd, 2006) and in communal grazing areas domi-
nated by leaf succulents (Todd and Hoffman, 1999). 
In northern Namibia Kuiper and Meadows (2002) 
observed a change in vegetation composition in com-
munal grazing areas, from predominantly perennial to 
unpalatable annual grasses. In central Namibia Getzin 
(2005) identified a grazing gradient around artificial 
water sources in a game reserve. In the study present-
ed in paper III, perennial and more palatable species 
were shown to have their maximum as far as 6 to 8 
km from the water points in the Ombuga grassland. 
Dougill et al. (1999) observed grazing induced veg-
etation changes as far as 8 km from permanent water 
points in the Kalahari of Botswana. 

However, as was indicated already in paper II, 
findings presented in paper III disagree with find-
ings reported by Nangula (2001) and Nangula and 
Oba (2004) regarding impacts of grazing on occur-
rence and abundance of grass species around perma-
nent water points in Ombuga grassland. According to 
their findings many differences in vegetation compo-
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sition and abundance were explained by differences 
between landscape types, e.g. deep sandy soils vs. 
shallow silty soils, pans and shallow depressions. The 
influence of differences in landscape types on vegeta-
tion was confirmed in paper III. However, even after 
taking this into consideration it is clear that the results 
differ when it comes to impacts of grazing. One like-
ly explanation to this is the different distances from 
water points where data was collected. The study by 
Nangula and Oba (2004) investigated grazing impacts 
to a distance of 1 km from water points in the Ombuga 
grassland. These results were compared to benchmark 
sites less than 5 km from water points. However, re-
sults presented in paper III indicate that the impact 
of grazing livestock reaches as far as 6 to 8 km away 
from permanent water points in this area. This sug-
gests that both the samples collected within the dis-
tance of 1 km from the water points and the samples 
at benchmark sites by Nangula and Oba (2004) might 
have been located within the disturbed zone around 
the water points, making the identification of a graz-
ing gradient less obvious. 

The fact that findings in both paper II and III sug-
gest that the grass species composition around pri-
vately owned hand dug wells do not show the same 
negative changes as observed around freely accessible 
water points in Ombuga grassland is interesting. This 
suggests that private ownership allows a stronger con-
trol of use, which seems to lessen the impact of her-
bivory compared to the open access situation along the 
pipeline. This scenario is similar to what was termed 
as the tragedy of the commons by Hardin (1968). In 
his rather controversial paper Hardin illustrates the 
tragedy of the commons with a hypothetical example 
from a pastoral open access system, similar to the pas-
toral system in the study area. Each individual using 
Hardin’s ‘commons’, (more commonly termed ‘open 
access’) is assumed to wish to maximize his yield, and 
will therefore increase his herd size when ever possi-
ble. This has both positive and negative consequences 
for the individual. The owner receives all benefits of 
each animal he adds to his herd. However all pasto-
ralists share the environmental impact of each animal 
added to the commons. As the gain is higher than the 
losses the rational for the individual would be to keep 
adding animals to his herd. However, since all pasto-
ralists reach the same conclusion the consequence will 
be overgrazing and degradation of the pasture (Har-
din, 1968). 

Before the water pipeline was constructed in the 
study area access to water and grazing was ultimately 
controlled by the amount and distribution of rainfall. 
The lack of permanent water supply limited the use 
of the area to the few months when rainwater was 
available. Furthermore, the high spatial variability of 
rainfall led to a natural rotation of grazing, as cattle 
would follow the rain in search of grazing. However, 
since permanent water supply was provided more and 

more people are moving in to the area. Interviewees 
in paper II confirmed the increased immigration to the 
area after the pipeline was put in place. Most of these 
new arrivals establish cattle posts, of which some are 
turned into permanent homesteads occupied by entire 
families and with permanent crop fields, close to the 
water pipeline. A common critique of Hardin’s sce-
nario is that even the commons have regulatory sys-
tems in place aimed at preventing maximization of the 
individuals gain on the expense of the common good. 
In the study area there are traditional authorities rep-
resented by a senior headman and several headmen 
and there are a number of customary laws in place 
aimed at preventing the over use of common resourc-
es. These laws apply to the individually owned hand-
dug wells. However, in the case of the water pipeline 
there are presently no control functions in place, mak-
ing this an unmanaged common (Hardin, 1998). As 
the results presented in paper III suggest, the lack of 
management of water and grazing around open ac-
cess water points has resulted in degradation of the 
grass resources there. The fact that this does not take 
place around the privately owned wells suggests that 
the “tragedy of the commons” is a reality around open 
access water points in Ombuga grassland.

The question if the grazing area is an equilibrium 
or non-equilibrium system is also interesting. The 
findings presented clearly show that herbivory has in-
fluenced grass species composition around permanent 
water points along the water pipeline. This supports 
the argument of Illius and O’Connor (1999) that key 
resources and water points create hot spots in semi-
arid rangelands where herbivory does have an effect 
on grass species composition. According to Vetter 
(2003) it is likely that areas further away from the wa-
ter points, which can only be grazed as long as there 
is surface water available in the rangeland, are more 
driven by abiotic factors, e.g. rainfall and less influ-
enced by cattle grazing. However, findings presented 
in paper III do not give a clear indication if this is the 
case. 

Using remote sensing to identify environmen-
tal changes in the study area

In paper IV the usefulness of satellite remote sensing 
for detection of environmental changes recorded in the 
field was tested. A key finding is that it was possible 
to detect an increase of bare ground around permanent 
water points and in the northern, more populated part 
of the study area, after the construction of the water 
pipeline 1992/93. These findings were supported to 
some extent by an analysis of the soil adjusted veg-
etation index, indicating that the northern parts of the 
study area showed the lowest SAVI values throughout 
the time series, suggesting that the higher population 
pressure in that part of the study area has resulted in 
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less green biomass there. As was discussed above, the 
occurrence of sacrifice zones around permanent water 
points in semi-arid environments have been reported 
by several authors (Thrash et al., 1993; James et al., 
1999; Nash et al., 1999; Todd, 2006) and specifical-
ly in Namibia (Kuiper and Meadows, 2002; Getzin, 
2005) and in the study area (Larsson, 2003). Results 
show that the number of pixels classified as wood-
land, shrubland and grassland fluctuated largely over 
the time series. A steady decrease of woodland could 
have been explained by the rapid population increase 
that took place in the area after the introduction of 
the permanent water supply, but fluctuations between 
high and low abundance of woodland most likely il-
lustrates a difficulty in separating woodland from other 
woody vegetation. Shrubland on the other hand could 
increase due to the increased grazing pressure, as it 
has been show that increasing grazing pressure might 
stimulate the encroachment of bush (De Klerk, 2004). 
In the study area it has been observed that the density 
of bitter bush (Pechuel-Loeschea leubnitziae) has in-
creased in areas under heavy grazing and trampling 
pressure. However, if that is the cause of increasing 
number of pixels being classified as shrubland then 
the abundance would be increasing most around the 
water points towards the end of the time series, some-
thing that is not evident. It is most likely that the fluc-
tuating number of pixels classified as shrubland and 
woodland illustrate a difficulty in separating these two 
classes from each other in this environment. A reason 
for this could be the generally sparse canopy cover 
of woody vegetation in this part of central northern 
Namibia (Mendelsohn et al., 2000). 

The number of pixels classified as grassland was 
at their maximum in 1989 and 1991, after which the 
numbers dropped significantly. This corresponds to 
the number of pixels classified as bare ground, which 
was at a minimum for the first two years and then in-
creased after 1991. This could be an effect of the in-
creased grazing pressure associated with the introduc-
tion of permanent water supply. However, decreasing 
rainfall during the same period could also cause the 
increasing occurrence of bare ground. An examina-
tion of the rainfall during the time series reveals that 
rainfall was low in 1993 and relatively good rainfall 
was received in 2000 and 2005 (Fig. 5). This contra-
dicts the expectation that decreasing rainfall would 
cause the increased occurrence of bare ground. How-
ever, the rainfall records used are recorded northeast 
and southwest of the study area. Knowing that rainfall 
is highly variable both in time and space in semi-arid 
environments, this might not be the best data to use 
for this assessment. However, the amount of water 
in the saltpan in the southern part of the study area, 
closer than either of the rain gauges, could serve as a 
valuable indicator of how much rainfall was received 
in the area. An assessment of the land cover maps 
reveals that the years with most water in the saltpan 

were 1993, 2000 and 2005, indicating that at least the 
southern part of the area received plenty of rainfall 
these three years. This supports the argument that the 
increased occurrence of bare ground could be caused 
by increasing grazing pressure around the permanent 
water points in the area, which has been proposed by 
Niemann, (2002), Larsson (2003), Klintenberg and 
Christiansson (2005) and in paper II and III presented 
here.

Findings presented in paper IV show that satellite 
remote sensing based on Landsat TM data can detect 
some of the environmental changes identified during 
previous field based assessments in the study area, 
e.g. sacrifice zones around water points. However, the 
difficulties of separating woodland and shrubland and 
the low accuracy of some of the land cover classes 
illustrated the importance of timely collection of con-
trol points used for the evaluation of results (Con-
galton, 1991; Fitzgerald and Lees, 1994; Congalton 
and Green, 1999). In this study it was shown that the 
timing of collection of ground control points strongly 
influences the result. The relatively high abundance of 
mopane shrubs in the western part of the study area 
illustrates another complication of using satellite data. 
It is difficult, and sometimes even impossible for the 
satellite to record what hides under the leaf cover of 
shrubs, in other words, it is not possible to see if there 
are any grasses under the shrubs, which therefore 
makes satellite remote sensing less useful to detect 
grazing induced changes in shrubland. 

CONCLUSIONS

Here the most important conclusions of this thesis 
are presented. The conclusions are based on findings 
from the four papers, summarized above. Conclusions 
based on studies in and around the Ombuga grassland 
reflect the conditions there but are most likely also ap-
plicable to other semi-arid environments where inhab-
itants rely on natural resources to a similar extent. 

The analysis of the process of developing national 
level indicators for monitoring of land degradation 
concluded that specific indicators should be developed 
on national level, and in some instances even on a re-
gional and local level, instead of the often proposed 
development of a global set of indicators to be used 
everywhere. The reason for this is that 1) there are no 
universal causes and effects of land degradation. 2) 
the participatory approach, involving stakeholders on 
both local and national levels gave them ownership of 
the process and the resulting indicators, and led to an 
increased understanding of the concepts of environ-
mental monitoring. 3) the participatory process of de-
veloping national indicators taken in Namibia created 
a common platform for representatives from various 
sectors, leading to increased interaction among sec-
tors, an important aspect in most developing coun-
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tries, where sectoral approaches predominate. 
The four indicators developed in Namibia do not 

provide a complete picture of land degradation in Na-
mibia. To improve the system further, these indica-
tors have to be tested and most likely adjusted and 
additional indicators have to be added. The strength 
of the findings in paper I is not so much the results of 
the indicators but the manner in which these indica-
tors were developed, promoting participation, creat-
ing ownership and a platform for further development 
of monitoring systems.

The assessment of local perceptions of land degra-
dation in and around Ombuga grassland showed that 
farmers there claimed that overgrazing and low rain-
fall since the beginning of the 1990s cause negative 
environmental changes in the area, which corresponds 
to the results of the national level monitoring system 
discussed in paper I. However, results from the inter-
views reveal a more complex picture of causes and 
effects leading to environmental changes in the area 
compared to the one given by the national level moni-
toring system. These results suggest that 1) decreasing 
availability of grazing outside the study area, 2) im-
proved access to the area, 3) provision of permanent 
water supply after the water pipeline was constructed, 
and 4) fencing of large areas of the commons, are ma-
jor factors contributing to environmental changes in 
the area. The results suggest that introduction of per-
manent water supply was the single most important 
factor, allowing more people and livestock into the 
area.

The results suggest that assessments of local 
knowledge in a relatively small area can provide a 
valuable contribution to development and assessment 
of national monitoring initiatives. 

The investigation of impacts of permanent water 
points and their influence on grazing resources in 
Ombuga grassland and surrounding mopane savan-
na showed that significant grazing induced changes, 
manifested by palatable perennial grasses being re-
placed by less palatable annual grasses, were identi-
fied around water points along the water pipeline. The 
annual grasses Schmidtia kalihariensis and Aristida 
stipioides dominate the vegetation as far as 6 km from 
the water points. However, no significant grazing in-
duced changes in grass composition were observed 
around privately owned hand dug wells. Private own-
ership leading to stronger control of access to tradi-
tional wells compared to open access water points 
along the pipeline seems to be a key factor prevent-
ing over-utilization of grazing resources around the 
former. 

The assessment of the usefulness of satellite re-
mote sensing in detecting environmental changes in 
and around Ombuga grassland shows that the Landsat 
TM sensor is capable of identifying the bare ground, 
grassland and pan with a fair accuracy, while water, 
shrubland and woodland were classified with lower 

accuracy, caused by difficulties in separating different 
classes of woody vegetation from each other and also 
from grassland in some instances, using supervise 
classification. Woodland and shrubland are most like-
ly difficult to separate due to the similarities in canopy 
cover and spectral signature from green leaves, mak-
ing height of the woody vegetation the main factor 
separating the two classes. The difficulty of separating 
shrubland from grassland mainly occurs in the transi-
tion between the two main vegetation types, mopane 
savanna and open grassland, where the density of 
shrubs decrease gradually towards the east, into the 
grassland. 

The results suggest that the use of the soil adjusted 
vegetation index (SAVI) provides valuable informa-
tion about variations of green biomass over time in 
semi-arid environments. However, because of the 
strong influence of underlying soil related to the rela-
tively sparse ground cover in semi-arid environments, 
it is suggested that any investigation based on satellite 
remote sensing in dry environments be supported by 
a thorough ground based assessment, taking into ac-
count the high spatial and temporal variability of rain-
fall in these environments. 

SUGGESTED FUTURE RESEARCH

The results emerging from this thesis reveal that there 
is a need for future research within a number of fields 
related to environmental monitoring. However, seen 
from the authors perspective there are two fields in 
particular that would require further research. First 
the aspects related to open or free access to natural 
resources versus private ownership and what influ-
ences this has on the use of the resource base. This is 
a topic that has been discussed and debated for many 
years but given a lot of interest after Hardin’s text in 
Science in 1968, where he discusses aspects of uncon-
trolled access to a common resource. The investiga-
tions in Ombuga grassland clearly show that, perhaps 
not ownership, but at least controlled use of natural 
resources in the commons is very important. Second-
ly, the contributions of local knowledge to improve 
our understanding of the dynamics of the natural re-
source base, and the management and use of these 
resources by local land users was identified in paper 
II. This is a field that is receiving increasing attention 
from the scientific community. In Namibia a number 
of studies in the central northern part of the country 
have been published, but there are still many aspects 
of local knowledge and its contributions to science to 
explore. It would therefore be interesting to carry out 
a focused investigation into these issues, not only in 
the Ombuga area but throughout the entire Cuvelai 
basin, starting in southern Angola and ending south 
of Etosha national park in Namibia. By extending the 
investigation to the entire Cuvelai basin a wider vari-
ety of conditions, e.g. the higher population pressure 
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towards the Angolan border in Namibia and its influ-
ence on the management of natural resources and the 
present state of these resources could be compared to 
the conditions observed in Ombuga grassland, which 
still has a relatively low population density. Further-
more, to also include the Angolan part of the basin 
would provide information about conditions in areas 
that have been very little utilized and which so far, 
in parts, have seen little development in the form of 
improved infrastructure. These less developed areas 
are therefore most likely still managed in a more ‘tra-
ditional’ way, without provision of permanent water 
and other development initiatives. 

Finally, a different field of research, but not less im-
portant, is the study of information sharing. Research 
findings like these presented in this thesis are seldom 
communicated to the people that are being researched. 
Seen in a more general perspective, there seems to be 
a need to investigate how scientific findings can bet-
ter contribute to the general public and decision mak-
ers. Presently there are few incentive systems in place 
within the academic world, promoting the scientist to 
communicate findings outside this world. However, 
this is a field that would be worthwhile to research. 

ACKNOWLEDGEMENTS

I would like to thank my supervisors at the Depart-
ment of Physical Geography and Quaternary Geol-
ogy, Stockholm University; Professor Carl Chris-
tiansson, Associate Professor Wolter Arnberg and Dr. 
Peter Schlyter, for their supervision throughout this 
research. 

A warm thank you to my local supervisor, Profes-
sor Mary Seely, former Executive Director and now 
an associate of the Desert Research Foundation of 
Namibia.
My gratitude also extends to Dr. Peter Kinlund, a 
friend and colleague who’s provided valuable ad-
viced and guidance throughout this thesis.

Thank you to my colleagues at the Desert Research 
Foundation of Namibia, a number of Namibian and 
international students and representatives from the 
communities in the study area in central northern Na-
mibia, who contributed to this thesis. 

The author is grateful for support received from 
the Swedish International Development Cooperation 
Agency (Sida) grant SW2004-343 which provided 
a substantial part of the funding of this thesis. Ahl-
manns Fond för Geografisk Forskning contributed to 
funding of fieldwork carried out for paper II and two 
scholarships were received from Svenska sällskapet 
för Antropologi och Geografi (SSAG) and Margit Al-
thins fond.

To my fantastic wife, Elsie, for your love and sup-
port that always keeps me motivated. 

To my family in Sweden for their great patience 
and for always being there.

REFERENCES

Adams, F., Werner, W., Vale, P., 1990. The land issue in 
Namibia: an inquiry, Namibia Institutes for Social and 
Economic Research (NISER) University of Namibia, 
Windhoek, 186 pp.

Agnew, C., Warren, A., 1996. A framework for tackling 
drought and land degradation. Journal of Arid Environ-
ments, 33: 309-320.

Akawa, M., Andreas, K., Endjala, T., Halundonga, A., 
Hamukoshi, E., Iiyambo, D., Mbango, T., Mulonga, S., 
Muteyauli, P., Nghikembua, M., Nkandi, K., Steenkamp, 
B., Uazukuani, U. (Editors), 2002. Water use and envi-
ronmental conditions along the Etaka Canal in North-
Central Namibia. Occasional Paper, 11. Desert Research 
Foundation of Namibia, Windhoek, 57 pp.

Andersson, C.J., 1987. Lake Nagami or explorations and 
discovery during four years of wandering in wilds of 
South-Western Africa. C. Struik, 546 pp.

Balarrin, J., New, M., 1996. National preview of aquac-
ulture development in Namibia, GOPA-Consultants, 
Hindenburgring, Unpublished, 95 pp.

Bannari, A., Morin, D., Bonn, F., Huete, A.R., 1995. A re-
view of vegetation indices. Remote Sensing Reviews, 
13: 95-120.

Barrett, E.C., Hamilton, M.G., 1986. Potentials and prob-
lems of satellite remote sensing with special reference to 
arid and semiarid regions. Climate Change, 9: 167-186.

Behnke, R.H., Scoones, I., 1993. Rethinking range ecol-
ogy: implications for range management in Africa. In: 
Behnke, R.H., Scoones, I., Kerven, C., (Editors), Range 
ecology and disequilibrium: new models of natural 
variability and pastoral adaptation in African savannas. 
Overseas Development Institute, London, 1-30.

Bethune, S., Pallett, J., 2002. Namibia’s second national 
report on the implementation of the UN convention to 
combat desertification, Namibia’s Programme to Com-
bat Desertification, Windhoek, 37 pp.

Bockstaller, C., Girardin, P., 2003. How to validate environ-
mental indicators. Agricultural Systems, 76: 639-653.

Central Bureau of Statistics, 1994. 1991 population and 
housing census, National Planning Commission, Wind-
hoek.

Christelis, G., Struckmeier, W. (Editors), 2001. Groundwa-
ter in Namibia - an explanation to the hydrogeological 
map, Windhoek, Namibia, 128 pp.

CIESIN, 2001. United Nations conference on environment 
and development collection. CIESIN Columbia Univer-
sity.

Clement, F.E., 1916. Plant succession: an analysis of the 
development of vegetation. Carnegie Institute, Washing-
ton, 512 pp.

Cohen, W.B., Goward, S.N., 2004. Landsat’s role in eco-
logical applications of remote sensing. Bioscience, 
54(6): 535-545.

Congalton, R., Green, K., 1999. Assessing the Accuracy of 
Remotely Sensed Data: Principles and Practices. CRC/
Lewis Press, Boca Raton, FL., 137 pp.



28

Congalton, R.G., 1991. A review of assessing the accuracy 
of classification of remotely sensed data. Remote Sens-
ing and Environment, 37: 35-46.

Coppin, P., Jonckheere, I., Nackaerts, K., Muys, B., 
Lambin, E.F., 2004. Digital change detection methods in 
ecosystem monitoring: a review. International Journal of 
Remote Sensing, 25(9): 1565-1596.

Corell, E., 1999. The negotiable desert: Expert knowledge 
in the negotiations of the Convention to Combat Deserti-
fication, Linköping University, Linköping, 286 pp.

Dahlberg, A.C., 2000. Interpretations of environmental 
change and diversity: a critical approach to indicators of 
degradation - the case of Kalakamate, northeast Botswa-
na. Land Degradation and Development, 11: 549-562.

De Klerk, J.N., 2004. Bush encroachment in Namibia: 
Report on phase 1 of the bush encroachment research, 
monitoring and management project, Ministry of Envi-
ronment and Tourism, Government of the Republic of 
Namibia, Windhoek, 253 pp.

Denisov, N., Hislop, L., Rekacewicz, P., Simonett, O., 
1998. Cookbook for state of the environment reporting 
on the Internet. UNEP/GRID-Arendal, Norway, Aren-
dal, 32 pp.

Denker, H., Schalken, W., 1998. Tourism Survey of the 
Four “O” Regions., Northern Namibia Environmental 
Project, Oshakati, Namibia.

Denker, H., Schalken, W., 1999. Tourism Development 
Plan for the Ohangwena, Omusati, Oshana and Oshikoto 
Regions. Oshakati, Northern Namibia Environmental 
Project, Oshakati, Namibia.

Directorate of Rural Water Supply, 2004. 10 Years: Direc-
torate of Rural Water Supply 1993-2003. Ministry of 
Agriculture, Water and Rural Development, Windhoek, 
Namibia, 64 pp.

Dougill, A.J., Thomas, D.S.G., Heathwaite, A.L., 1999. 
Environmental change in the Kalahari: Integrated land 
degradation studies for nonequilibrium dryland environ-
ments. Annals of the Association of American Geogra-
phers, 89(3): 420-442.

Ellis, J.E., Swift, D.M., 1988. Stability of African pastoral 
ecosystems: Alternative paradigms and implications for 
development. Journal of Range Management, 41: 450-
459.

Enne, G., Yeroyanni, M. (Editors), 2006. AIDCCD - Ac-
tive exchange of experience on indicators and devel-
opment of perspectives in the context of the UNCCD: 
Local and regional desertification indicators in a global 
perspective. Centro Interdipartimentale di Ateneo Nu-
clep Ricerca Desertificazione, Universita degli Studi di 
Sassari, Sassari, 246 pp.

ER Mapper, 2005. ER Mapper version 7. Earth Resource 
Mapping Ltd.

Erkkilä, A., 2001. Living on the land: change in forest 
cover in north-central Namibia 1943-1996. PhD Thesis, 
University of Joensuu, Joensuu, Finland, 118 pp.

ESRI, 2001. Arcview. ESRI Inc., Redlands.
Fitzgerald, R.W., Lees, B.G., 1994. Assessing the classifi-

cation accuracy of multisource remote sensing data. Re-
mote Sensing and Environment, 47: 362-368.

Fuls, E.R., 1992. Ecosystem modification created by patch 
overgrazing in semi-arid grassland. Journal of Arid En-
vironments, 24: 59-69.

Fynn, R.W.S., O’Connor, T.G., 2000. Effect of stocking 
rate and rainfall on rangeland dynamics and cattle per-
formance in a semi-arid savanna, South Africa. Journal 
of Applied Ecology, 37: 491-507.

Gallopin, G.C., 1997. Indicators and their use: information 
for decision-making. In: Moldan, B., Billharz, S., Mat-
ravers, R., (Editors), Sustainability indicators: A report 
on the project on indicators of sustainable development. 
John Wiley & Sons  Ltd., West Sussex, 13-27.

Getzin, S., 2005. The sustainability of the degradation gra-
dient method in arid Namibia. African Journal of Ecol-
ogy, 43: 340-351.

Giess, W., 1971. A preliminary vegetation map of South 
West Africa. Dinteria, 4: 1-114.

Gilabert, M.A., Gonzalez-Piqueras, J., Garcia-Haro, F.J., 
Melia, J., 2002. A generalized soil-adjusted vegetation 
index. Remote Sensing and Environment, 82: 303-310.

Gray, L.C., Morant, P., 2003. Reconciling indigenous 
knowledge with scientific assessment of soil fertility 
changes in southwestern Burkina Faso. Geoderma, 111: 
425-437.

Hardin, G., 1968. The tragedy of the commons. Science, 
162: 1243-1248.

Hardin, G., 1998. Extensions of “The Tragedy of the Com-
mons”. Science, 280: 682-683.

Heady, G., Child, D., 1994. Rangeland ecology and man-
agement. Westview Press, Boulder, Colorado, 519 pp.

Hellden, U., 1991. Desertification: time for an assessment? 
Ambio, 20: 372-383.

Hillyer, A.E.M., McDonagh, J.F., Verlinden, A., in press. 
Land use and legumes in Northern Namibia - the value 
o a local classification system. Agriculture, Ecosystems  
and Environment.

Huete, A.R., 1988. A soil adjusted vegetation index (SAVI). 
Remote Sensing and Environment, 25: 295-309.

Hutchinson, P., 1995. The climatology of Namibia and 
its relevance to the drought situation. In: Moorsom, R., 
Franz, J., Mupotola, M., (Editors), Coping with aridity: 
Drought impacts and preparedness in Namibia. Brandes 
& Apsel Verlag / Nepru, Frankfurt, 17-38.

IDRISI, 1999. IDRISI 32. Clark Labs, Clark University, 
Worcester, MA, USA.

Illius, A.W., O’Connor, T.G., 1999. On the relevance of 
nonequilibrium concepts to semi-arid grazing systems. 
Ecological Applications, 9: 798-813.

James, C.D., Landsberg, J., Morton, S.R., 1999. Provision 
of watering points in the Australian arid zone: a review 
of effects on biota. Journal of Arid Environments, 41: 
87-121.

Kerr, J.T., Ostrovsky, M., 2003. From space to species: 
ecological applications for remote sensing. Trends in 
Ecology and Evolution, 18(6): 299-305.

Kinlund, P., 1996. Does land degradation matter? Perspec-
tives on environmental change in north-eastern Botswa-
na. PhD Thesis, Stockholm University, Stockholm, 246 
pp.



29

Klintenberg, P., 2001. Analysis of the development of in-
dicators in State of the Environment Reports (SoER) for 
Namibia compiled between 1998-2000. In: Nakanuku, 
L., Iinana, E., Zeidler, J., Katjiua, M., (Editors), Environ-
mental Monitoring and Indicators Network (EMIN) for 
Namibia’s state of the environment reporting. Gamsberg 
Macmillan, Windhoek. 21-22 and Appendix (31 pp.).

Klintenberg, P., 2006. Case studies of benchmarks and 
indicator operational monitoring initiatives at various 
scales. In: Enne, G., Yeroyanni, M., (Editors), AIDCCD 
- Active exchange of experience on indicators and de-
velopment of perspectives in the context of UNCCD, 
Local and regional desertification indicators in a global 
perspective. Centro Interdipartimentale di Ateneo Nu-
clep Ricerca Desertificazione, Universita degli Studi di 
Sassari, Beijing, China, 186-194.

Klintenberg, P., Christiansson, C., 2005. Improved access 
to water: an enemy in disguise?, Drainage basin manage-
ment -Hard and soft solutions in regional development. 
Stockholm International Water Institute, Stockholm. 
267-268.

Klintenberg, P., Seely, M.K., 2005. State of the art on ex-
isting indicators and their use for desertification moni-
toring and CCD implementation in southern Africa. In: 
Enne, G., Yeroyanni, M., (Editors), AIDCCD - Active 
exchange of experience on indicators and development 
of perspectives in the context of UNCCD: Report on the 
state of the art on existing indicators and CCD imple-
mentation in the UNCCD annexes. Centro Interdiparti-
mentale di Ateneo Nucleo Ricerca Desertificazione Uni-
verista degli Studi di Sassari, Sassari, Italy, 95-139.

Koning, N., Smaling, E., 2005. Environmental crisis or ‘lie 
of the land’? The debate on soil degradation in Africa. 
Land Use Policy, 22(1): 3-11.

Kruger, A.S. (Editor), 2001. Coping in a fragile environ-
ment: the SARDEP experience. Ministry of Agriculture, 
Water and Rural Development, Windhoek, Namibia, 
157 pp.

Kuiper, S.M., Meadows, M.E., 2002. Sustainability of 
livestock farming in the communal lands of southern 
Namibia. Land Degradation and Development, 13(1): 
1-15.

Langanke, T., 2000. Indicators for national level monitor-
ing of Desertification. Towards linking local level and 
national level monitoring: An example from north-cen-
tral Namibia, Johannes Gutenberg- Universität Mainz 
Fachbereich Geowissenschaften  Geographisches Insti-
tut, Mainz, Germany, 125 pp.

Larsson, H., 2003. Water distribution, grazing intensity and 
alterations in vegetation around different water points, 
in Ombuga grassland, northern Namibia. MSc. Thesis, 
Stockholm University, Sweden, Stockholm, 54 pp.

Leach, M., Mearns, R., 1996a. Environmental change 
and policy: challenging received wisdom in Africa. In: 
Leach, M., Mearns, R., (Editors), The lie of the land: 
challenging received wisdom on the African environ-
ment. The International African Institute, James Currey 
and Heinemann, London, Oxford and Portsmouth, 1-33.

Leach, M., Mearns, R., 1996b. The lie of the land: challeng-

ing received wisdom on the African environment. The 
International African Institute, London, 240 pp.

Leggett, K., Fennessy, J., Schneider, S., 2003. Seasonal 
vegetation changes in the Hoanib River catchment, 
north-western Namibia: a study of a non-equilibrium 
system. Journal of Arid Environments, 53: 99-113.

Low, A., Werner, W., Embundile, M., Haashoongo, N., 
1997. An evaluation of the orientation phase of the 
SARDEP-North programme. Volume 1 Main report, 
Namibian Economic Policy Research Unit, Windhoek.

Lu, D., Mausel, P., Brondizio, E., Moran, E., 2004. Change 
detection techniques. International Journal of Remote 
Sensing, 25(12): 2365-2407.

Mainguet, M., 1994. Desertification: Natural Background 
and Human Mismanagement. Springer-Verlag, New 
York, 314 pp.

MapInfo, 1997. MapInfo Professional. MapInfo Corpora-
tion, New York.

Marsh, A., Seely, M.K. (Editors), 1992. Oshanas, sustain-
ing people, environment and development in central 
Owambo, Namibia, Windhoek, Namibia, 52 pp.

Mas, J.-F., 1999. Monitoring land-cover changes: a com-
parison of change detection techniques. International 
Journal of Remote Sensing, 20(1): 139-152.

McQueen, D., Noak, H., 1988. Health promotion indica-
tors: current status, issues and problems. Health Promo-
tion, 3: 117-125.

Mendelsohn, J., el Obeid, S., Roberts, C., 2000. A profile of 
north-central Namibia.  Environmental Profiles Project. 
Gamsberg Macmillan Publishers, Windhoek, Namibia, 
79 pp.

Mendelsohn, J., Jarvis, A., Roberts, C., Robertson, T., 2002. 
Atlas of Namibia: A portrait of the land and its people. 
David Philip Publishers, Cape Town, 200 pp.

Mendizabal, T., 1998. Comments on the methodology for 
determining impact indicators. In: Enne, G., D’Angelo, 
M., Zanolla, C., (Editors), Indicators for Assessing De-
sertification in the Mediterranean, Porto Torre, Italy. 1-
4.

Merriam-Webster, 2003. Merriam-Webster’s Collegiate 
Dictionary. Merriam-Webster Inc, Springfield, 1664 pp.

Nangula, S., Oba, G., 2004. Effect of artificial water points 
on the Oshana ecosystem in Namibia. Environmental 
Conservation, 31(1): 47-54.

Napcod, 1997. Namibia’s National Programme to Combat 
Desertification: Fighting desertification together, Desert 
Research Foundation of Namibia, Windhoek, 15 pp. Un-
published.

Napcod, 1999. First national report on the implementation 
of the United Nations convention to combat desertifica-
tion. Ministry of Environment and Tourism, Windhoek, 
23 pp.

Nash, M.S., Whitford, W.G., de Soyza, A.G., Van Zee, 
J.W., Havstad, K.M., 1999. Livestock activity and Chi-
huahuan desert annual plant communities: boundary 
analysis of disturbance gradients. Ecological Applica-
tions, 9(3): 814-823.

Niemann, S., 2002. Indigenous water resources manage-
ment and water utilisation in northern Namibia (former 



30

Owamboland) - Can tradition help to overcome current 
problems? Die Erde, 133: 183-199.

NPC, 2002. 2001 Population and housing census: Prelimi-
nary report, Census office, National Planning Commis-
sion, Windhoek, 46 pp.

OECD, 1993. OECD core set of indicators for environmen-
tal performance reviews. Organisation for economic co-
operation and development (OECD), Paris, 39 pp.

OECD, 2001. Environmental indicators for agriculture: 
Methods and results, executive summary, Organisation 
for Economic Co-operation and Development, Paris, 53 
pp.

Olsson, L., 1993. Desertification in Africa - a critique and 
an alternative approach. GeoJournal, 31(1): 23-31.

Olszewski, J.D.S., Moorsom, R., 1995. Rainfall records 
and the analysis of drought. In: Moorsom, R., Franz, J., 
Mupotola, M., (Editors), Coping with aridity: Drought 
impacts and preparedness in Namibia. Brandes & Apsel 
Verlag / Nepru, Frankfurt, 39-50.

Pech, R.P., Davis, A.W., Lamacraft, R.R., Graetz, R.D., 
1986. Calibration of Landsat data for sparsely vegetated 
semi-arid rangelands. International Journal of Remote 
Sensing, 7(1729-1750).

Perry, C.R., Lautenschlager, L.F., 1984. Functional equiva-
lence of spectral vegetation indices. Remote Sensing and 
Environment, 14: 169-182.

Petit, C., Scudder, T., Lambin, E.F., 2001. Quantifying 
processes of land-cover change by remote sensing: re-
settlement and rapid land-cover change in southeast-
ern Zambia. International Journal of Remote Sensing, 
22(17): 3435-3456.

Quan, J., Barton, D., Conroy, C., 1994a. A preliminary as-
sessment of the economic impact of desertification in 
Namibia. Directorate of Environmental Affairs, Wind-
hoek, 62 pp.

Quan, J., Barton, D., Conroy, C., 1994b. The economic im-
pact of desertification in northern communal areas: Uuk-
waluudhi, Directorate of Environmental Affairs, Minis-
try of Environment and Tourism, Windhoek, 35 pp.

Rapp, A., 1974. A review of desertization in Africa - Water, 
vegetation and man, SIES Report No. 1, Stockholm, 77 
pp.

Rapp, A., Le Houerou, H.N., Lundholm, B. (Editors), 1976. 
Can desert encroachment be stopped? A study with em-
phasis on Africa. Swedish Natural Science Research 
Council, Stockholm, 241 pp.

Riginos, C., Hoffman, M.T., 2003. Changes in population 
biology of two succulent shrubs along a grazing gradi-
ent. Journal of Applied Ecology, 40: 615-625.

Rondeaux, G., Steven, M., Baret, F., 1996. Optimization 
of soil-adjusted vegetation indices. Remote Sensing and 
Environment, 55: 95-107.

Rubio, J.L., Bochet, E., 1998. Desertification indicators as 
diagnosis criteria for desertification risk assessment in 
Europe. Journal of Arid Environments, 39: 113-120.

Salinger, M.J., Basher, R.E., Fitzharris, B.B., Hay, J.E., 
Jones, P.D., Macveigh, J.P., Schmidely-Leleu, I., 1995. 
Climate trends in the south-west Pacific. International 
Journal of Climatology, 15: 285-302.

Sandford, S., 1983. Management of pastoral development 
in the third world. John Wiley and Sons, Chichester, UK, 
316 pp.

Schmidt, H., Karnieli, A., 2001. Sensitivity of vegetation 
indices to substrate brightness in hyper-arid environ-
ments: the Makhtesh Ramon Crater (Israel) case study. 
International Journal of Remote Sensing, 22(17): 3503-
3520.

Scoones, I. (Editor), 1995. Living with uncertainty. New di-
rections in pastoral development in Africa. International 
Technology Publications Ltd., London, 210 pp.

Seely, M.K., 1978. Grassland productivity:  the desert end 
of the curve. South African Journal of Science, 74: 295-
297.

Seely, M.K., 1998. Can science and community action con-
nect to combat desertification? Journal of Arid Environ-
ments, 39(2): 267-277.

Snel, M., Nachtergaele, F., Sonneveld, B., 2003. Data sets, 
indicators and methods to assess land degradation in dr-
ylands. World Soil Resources Reports 100, FAO, Rome, 
104 pp.

Stott, P., Sullivan, S. (Editors), 2000. Political ecology: 
Science, myth and power. Arnold, London, 276 pp.

Sullivan, S., 2000. Getting the science right, or introducing 
science in the first place? Local ‘facts’, global discourse 
- ‘desertification’ in north-west Namibia. In: Stott, P., 
Sullivan, S., (Editors), Political ecology: Science, myth 
and power. Arnold, London, 15-44.

Sullivan, S., Rohde, R., 2002. On non-equilibrium in arid 
and semi-arid grazing systems. Journal of Biogeogra-
phy, 29: 1595-1618.

Swift, J., 1996. Desertification: narratives, winners and los-
ers. In: Leach, M., Means, R., (Editor), The lie of the 
land: challenging received wisdom on the African envi-
ronment. The International African Institute, James Cur-
rey and Heinemann, London, Oxford and Portsmouth, 
73-90.

Tainton, N.M., 1999. The ecology of the main grazing 
lands of South Africa. In: Tainton, N.M., (Editor), Veld 
and pasture management in South Africa. University of 
Natal Press, Pietermaritzburg, 23-53.

Ter Braak, C.F.J., Smilauer, P., 2002. CANOCO Refer-
ence manual and CanoDraw for Windows User’s guide: 
software for canonical community ordination (vers. 4.5). 
Microcomputer Power Ithaca, New York, NY., 500 pp.

Thomas, D.S.G., Shaw, P.A., 1991. The Kalahari environ-
ment. Cambridge University Press, Cambridge, 284 pp.

Thomas, D.S.G., Sporton, D., Perkins, J.S., 2000. The en-
vironmental impact of livestock ranches in the Kalahari, 
Botswana: Natural resource use, ecological change and 
human response in a dynamic dryland system. Land 
Degradation and Development, 11(4): 327-241.

Thomas, D.S.G., Twyman, C., 2004. Good or bad range-
land? Hybrid knowledge, science and local understand-
ings of vegetation dynamics in the Kalahari. Land Deg-
radation and Development, 15: 215-231.

Thrash, I., 1995. Dry season herbivore densities around 
drinking troughs in the Kruger National Park. Journal of 
Arid Environments, 29: 213-219.



31

Thrash, I., 1998. Impact of water provision on herbaceous 
vegetation in Kruger National Park, South Africa. Jour-
nal of Arid Environments, 38: 437-450.

Thrash, I., 2000. Determinants of the extent of indigenous 
large herbivore impacts on herbaceous vegetation at wa-
tering points in the north-eastern lowveld, South Africa. 
Journal of Arid Environments, 44: 61-72.

Thrash, I., Theron, G.K., Bothma, J.d.P., 1993. Impact of 
water provision on herbaceous plant community compo-
sition in Kruger National Park. African Journal of Range 
& Forage Science, 10: 31-35.

Tiffen, M., Mortimore, M., Gichuki, F., 1994. More people, 
less erosion: environmental recovery in Kenya. John Wi-
ley & Sons, Chichester, 311pp.

Todd, S.W., 2006. Gradients in vegetation cover, structure 
and species richness of Nama-Karoo shrublands in rela-
tion to distance from livestock watering points. Journal 
of Applied Ecology, 43: 293-304.

Todd, S.W., Hoffman, M.T., 1999. A fence-line contrast 
reveals effects of heavy grazing on plant diversity and 
community composition in Namaqualand, South Africa. 
Plant Ecology, 142: 169-178.

Tyson, P.D., 1986. Climatic change and variability in 
southern Africa. Oxford University Press, Cape Town, 
217pp.

Tyson, P.D., 1991. Climate change in southern Africa: past 
and present conditions and possible future scenarios. 
Climate Change, 18: 241-258.

UN, 1994. United Nations Convention to Combat Deserti-
fication in Countries Experiencing Serious Drought and/
or Desertification, Particularly in Africa. United Nations 
General Assembly, 58 pp.

UNCED (Editor), 1977. Desertification: its causes and con-
sequences. Pergamon Press, Oxford, 448 pp.

UNDP, 1996. Namibia human development report,1996, 
United Nations Development Programme, Windhoek, 
94 pp.

Verlinden, A., Dayot, B., 2000. Working with local knowl-
edge systems in a GIS for natural resource assessment, 
planning and management in North Central Namibia. In: 
Caron, P., Swanepoel, F. & Stroebel, A., (Editor), Re-
gional Workshop on Spatial Approaches for Land Use 
and Local Governance. SACCAR and the University of 
Pretoria, post-graduate school of Agriculture and Devel-
opment, Pretoria.

Verlinden, A., Dayot, B., 2005. A comparison between in-
digenous environmental knowledge and a conventional 
vegetation analysis in north central Namibia. Journal of 
Arid Environments, 62: 143-175.

Vetter, S., 2003. Equilibrium and non-equilibrium in range-
lands - a review of the debate, VIIth International Range-
lands Congress. Professional Workshop 01: Rangelands 
in equilibrium and disequilibrium, Durban, South Af-
rica. 2-15.

Ward, D., Ngairorue, B.T., Apollus, A., Tjiveze, H., 2000. 
Perceptions and realities of land degradation in arid 
Otjimbingwe, Namibia. Journal of Arid Environments, 
45: 337-356.

Ward, D., Ngairorue, B.T., Kathena, J., Samuels, R., Ofran, 
Y., 1998. Land degradation is not a necessary outcome 
of communal pastoralism in arid Namibia. Journal of 
Arid Environments, 40: 357-371.

Wheeler, D., Martin-Vide, J., 1992. Rainfall characteristics 
of mainland Europe’s most southern stations. Interna-
tional Journal of Climatology, 12: 69-76.




