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Abstract

The multi-dimensional and dynamic nature of rangeland degradation makes accurate
assessment a difficult challenge. Existing assessment methods rarely integrate
different components of land degradation and local communities rarely participate, or
derive results that can improve the sustainability of their land management.
Sustainability indicators offer one solution to this problem. They can be used by a
range of stakeholders to derive multi-disciplinary information that can be used to both
monitor and respond to environmental change. However, it is increasingly claimed
that existing sustainability indicators provide few benefits to local users who, as a
consequence, rarely apply them. The thesis therefore starts by reviewing land
degradation causes and theoretical models in semi-arid rangelands, and critically

evaluates a range of degradation assessment methods in the semi-arid rangelands of
Botswana. This shows that multi-source, multi-scale land degradation assessment can
provide more accurate and reliable results than the use of any single technique alone.

This information 1s used to identify potential land degradation “hotspots™, and a

learning process for sustainability assessment is developed and tested in three of these
problem areas. The process is designed to facilitate two-way and méaningful
Interaction between local communities, researchers and policy-makers to monitor
environmental sustainability and respond appropriately. Application of the process
identified a range of innovative management options that could prevent, reduce,
reverse or help rangeland stakeholders adapt to land degradation. Communities
identified a wide range of sustainability indicators, the majority of which were
validated through field-based research. Local knowledge was more holistic than many
published indicator lists for monitoring rangelands, encompassing vegetation, soil,
livestock, wild animal and socio-economic indicators. By building on local
knowledge, the indicators and management options were familiar to land users who
could apply them without specialist training or equipment. Indicators and

management options were integrated in a manual-style Decision Support System



designed to help land managers easily monitor progress and adapt management to

reach sustainability goals. These findings emphasise the value of local knowledge in
rangeland monitoring and management. However, they also emphasise the need to
integrate this with the knowledge of researchers, and open dialogue about
environmental sustainability between communities, researchers and policy-makers.
By combining qualitative insights from participatory research with more top-down
empirical research it has been possible to produce more accurate and relevant results
than either approach could have achieved alone. However, the future success of this
work depends to a large extent on institutional reform in Botswana, as many of the

management options are only likely to be effective under common property land

fenure.
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“This alphabet of natural objects - soil, rivers, birds and beasts - spells out a story which
he who runs may read if he knows how. Once you learn to read the land, I have no fear
what you will do with it, And I know the many pleasant things it will do to you.”

(Aldo Leopold, 1948: 129)



Introduction

1.1 Introduction

Land degradation is one of the world’s most pressing environmental problems, and
has been described as “an assault on sustainability” (Warren, 2002: 454). It is widely
perceived as particularly acute in the semi-arid rangelands of sub-Saharan Africa
(Stiles, 1995; UNEP, 1997; Eswaran et al., 2001) that support the livelihoods of over
25 million pastoralists (Lane, 1998). However, major uncertainties remain. Are
Africa’s semi-arid rangelands trapped in a spiral of irreversible and uncontrollably
worsening degradation? Or will human-induced land degradation stimulate the
innovation necessary to overcome resource scarcity and maintain sustainable
livelihoods? Despite the magnitude of these questions, few people can even agree on
the extent or severity of dryland degradation. Partly, this 1s because existing
monitoring methods rarely integrate different components of the problem, focusing
'instead on single issues or research disciplines, which can lead to bias and prevent an
appreciation of the multi-faceted nature of the problem (LADA, 2001, 2004; Warren,
2002). It is often difficult to detect trends in degradation status over time, due to the
use of unreplicable or incomparable methods. In addition, assessments tend to be
carried out by researchers for use by policy-makers and academics. Local
communities rarely participate, or derive results that can improve the sustainability of
their land management. For this reason, monitoring rarely contributes to local
sustainability.

In order to address these problems it is necessary to have a clear understanding
of what is meant by local sustainability, however it 1s rarely defined. Most definitions
of sustainable development emphasise a relationship between human social and
economic systems and the natural environment that perpetuates the health and

integrity of both human and natural systems (e.g. UNCED, 1992; Norton, 1992:



Wimberly, 1993). In terms of systems properties, Constanza (1992) suggests that

sustainability “implies the system’s ability to maintain its structure (organization) and
function (vigour) over time in the face of external stress (resilience)”. In the absence
of an accepted definition for local sustainability, this thesis draws from the results of a
discussion between practitioners (Church & Elster, 2002) to define it as: the
development of a local community, economy and environment that is led by

empowered community members in the context of national and global issues and

priorities, whilst maintaining the resources necessary to safeguard quality of life for

present and future generations.

There is now a growing recognition that credible environmental sustainability

assessment must integrate biophysical and socio-economic data from a range of

sources and scales (UNCCD, 1994; LADA, 2001, 2004; Warren, 2002). Sustainability

indicators offer one way to do this.

1.2 Sustainability indicators

Sustainability indicators have the capacity to engage a wide range of stakeholders,
from policy-makers to land managers, to provide interdisciplinary information about .
the nature of environmental change. Adaptive rangeland management depends on
effective monitoring to detect change as early as possible. However, it is increasingly
claimed that existing sustainability indicators provide few benefits to users who as a
consequence rarely apply them (Carruthers & Tinning, 2003; Innes & Booher, 1999).
Partly, this is because indicators are usually developed by experts and applied without
engaging local communities (Riley, 2001). Sustainable development literature and the
United Nations Convention to Combat Desertification (UNCCD) stress the need for
local communities to participate in all stages of project planning and implementation,
including the selection, collection and monitoring of indicators (WCED, 1987,
UNCCD, 1994; Corbiere-Nicollier et al., 2003). To do this, the methods used to
collect, apply and interpret indicators must be easily used by non-specialists. To
achieve widespread uptake, sustainability indicators must also be clearly linked to
community needs, priorities and goals.

This is an enormous methodological challenge, but one that could bring many

rewards. In the hands of local communities, sustainability indicators have the



potential to go beyond simply measuring progress. They could enhance the overall
understanding of environmental and social problems and empower communities to
respond appropriately to environmental change without having to rely on external

experts. If the monitoring process can open a dialogue about sustainability with

neighbours and policy-makers, sustainability indicators may be able to help relocalise

and enrich sustainable development policy decisions, and enhance the sustainability

of local livelihoods.
This thesis is an attempt to address this challenge through the development of

a methodological process for local communities, researchers and policy-makers who
wish to monitor environmental sustainability and respond adaptively. Through case
studies at three study areas in the Kalahari rangelands of Botswana, this research asks

about the role of local knowledge in sustainability monitoring and the value of local
adaptive responses to rangeland degradation. Is it possible to fuse the strengths of

local and scientific knowledge together? Will this fusion help us discover more
effective monitoring approaches and innovative solutions to old problems? Or will it

result in a clash of cultures that further entrenches scientific paternalism and public

scepticism?

1.3 Thesis aims and objectives

In an attempt to answer such questions, this thesis develops and tests a learning
process that aims to: facilitate use by non-specialists at local scales to monitor
environmental sustainability; support sustainable land use decisions; integrate
multidisciplinary scientific and local knowledge; combine a range of qualitative and
quantitative research methods; involve active participation by end-users at every

stage; and that is scientifically robust.

More specifically, the objectives of this research are to:

1. Compare and critically evaluate results from different land degradation
assessment methods in Botswana, discuss the potential to integrate participatory
and biophysical techniques at different scales and identify potential land

degradation “hotspots” for more detailed environmental sustainability

assessment;



2. Develop a learning process for environmental sustainability assessment that

facilitates meaningful interaction and two-way communication between different

stakeholders in local communities, between researchers from different

disciplinary and epistemological backgrounds, and between stakeholders and

researchers; and
3. Apply and evaluate this process in three land degradation hotspots in Botswana:

e Investigating the potential for local knowledge and innovation to develop
management options that could prevent, reduce, reverse or help people
adapt to rangeland degradation;

o Identifying potential environmental sustainability indicators from local
stakeholders, evaluating them with stakeholder groups and testing their
validity through field-based research;

¢ Combining sustainability indicators and adaptive management options in a
Decision Support System that can enable local land managers to easily

monitor progress towards sustainability goals; and

o C(Critically evaluating the proposed learning process and suggesting future

improvements.

1.4 Study Area

Botswana (Figure 1.1) is a well studied country that is popularly believed to be
experiencing dryland degradation', or “desertification” (Nellis & Bussing, 1989;
Darkoh, 1999; Masilo et al., 1999). Indeed, Botswana has been described as “one of

the most desertified countries in sub-Saharan Africa” (Barrow, 1991: 191).

Policy-makers and communities are keen to respond to these perceived
problems. However, there is evidence that the Government’s current policy of
communal rangeland privatisation is further worsening land degradation and
deepening already stark social and economic inequalities (e.g. Perkins, 1996; Thomas
et al., 2000; Adams et al., 2002). Despite Botswana’s move from one of the poorest

countries in the world to a middle-income country (drtven largely by the diamond

' Land degradation is defined by UNEP (1997) as “a reduction in the resource potential of the land...”
and by Abel & Blaikie (1989) as “an effectively permanent decline in the rate at which land yields

agricultural products under a given management system”.



industry), 47% of the population still live below the national income poverty line”

(Adams ef al., 2002; CIA, 2004).
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Figure 1.1 Map of Botswana showing location in Africa (inset) (1IFC, 2005)

* Botswana Institute for Development Policy Analysis (1996 in CIA, 2004), considered income and
capability measures of poverty in Botswana through a comparative analysis of the Household Income
and Expenditure Surveys conducted in 1984/5 and 1993/4 by the Ministry of Finance and Development

Planning.



In an attempt to address some of these perceived concerns, the Global
Environment Facility is funding pilot project between UNEP, UNDP and the
Government of Botswana to develop sustainable management systems based on

indigenous knowledge for the “Management of Indigenous Vegetation for the

Rehabilitation of Degraded Rangelands in the Arid Zone of Africa” (abbreviated to
Indigenous Vegetation Project or IVP). The project aims to empower local pastoral
communities to monitor and manage their rangeland and to develop, adapt and apply
traditional and innovative rangeland management. Although Botswana has a
community-based natural resource management (CBNRM) programme for wildlife,
the idea of developing CBNRM for the full spectrum of rangeland resources,
including livestock management, is a new concept in southern Africa (Taylor, 2003).
As a pilot project based in the Government of Botswana’s Ministry of Agriculture, if
successful, there are plans to extend common property management regimes more
widely as an alternative to privatisation in Botswana’s rangelands.

For this project to be successful there is an urgent need to document and build
upon local knowledge of environmental monitoring and management. To this end,
much of the research for this thesis was conducted in collaboration with the IVP,
building on and contributing to the institutional capacity currently being developed
with local communities in their study areas.

There have been a number of former attempts to assess environmental
sustainability in Botswana. A range of indicator-based approaches have been
employed, including remote sensing (e.g. Ringrose et al., 1996; Ringrose et al., 1999),
soil hydrochemical analysis (e.g. Dougill et al., 1998; 1999); economic analyses (e.g.
White, 1993); plant ecology (e.g. Perkins & Thomas, 1993; Thomas et al., 2002);

participatory methods (e.g. Ringrose et al., 1996; Thomas et al., 2000) and expert
opinion (Oldeman et al., 1990) (see chapter 2 for details). While many of these

studies have provided valuable insights, results have often been conflicting, and have
rarely been communicated to land managers. Each of these assessments was
conducted by researchers for use by researchers and policy-makers, and has provided
little guidance for land users to enhance the sustainability of land management. There
is therefore a clear need to develop tools that can provide local communities with the
capacity to monitor environmental sustainability and respond appropriately to land

degradation without relying on the use of external experts or hi-tech equipment.



1.5 Thesis Overview

This thesis starts by reviewing land degradation causes and theoretical models in
semi-arid rangelands, and critically evaluates a range of degradation assessment
methods in the semi-arid rangelands of Botswana (chapter 2). This shows that multi-
source, multi-scale land degradation assessment can provide more accurate and
reliable results than the use of any single technique alone. This information is used to
identify potential land degradation “hotspots™ in Botswana. A learning process for
sustainability assessment is developed in Chapter 3 through a review of literature on
sustainability indicators. It proposes that there are four steps needed to use indicators
as a tool for sustainability assessment at local scales (Figure 1.2). These four steps are
applied and tested in the rest of the thesis. The process is designed to facilitate two-
way and meaningful interaction between local communities, researchers and policy-
makers to monitor environmental sustainability and respond appropriately. Chapter 4

describes the methods that were used to do this.

Following the four steps in Figure 1.2, chapter 5 identifies local stakeholders
and the boundaries of the system that is to be assessed. In this chapter, a number of
participatory research tools are used in a Sustainable Livelihoods Analysis to better
understand the socio-economic, institutional and environmental context of each study

area.
In chapter 6, local stakeholders identify sustainability goals and develop

strategies that can help them reach these goals. This chapter identifies a wide range of

Innovative management options that could prevent, reduce, reverse or help rangeland

stakeholders adapt to land degradation.

Then in chapter 7, sustainability indicators are identified, evaluated and

selected through a combination of participatory and ecological research. Communities

1dentified a range of sustainability indicators, the majority of which were validated
through field-based research. Local knowledge was more holistic than many

published indicator lists for monitoring rangelands, encompassing vegetation, soil,
livestock, wild animal and socio-economic indicators. By building on local

knowledge, the indicators and management options were familiar to land users who

could apply them without specialist training or equipment.
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Figure 1.2 Summary of learning process for sustainability indicator development and

application (for full version see chapter 3)

Then in chapter 8, indicators and management options were integrated in a
manual-style Decision Support System designed to help land managers easily collect
data to monitor progress and adapt management to reach sustainability goals.

Finally, chapter 9 uses lessons from the Kalahari case study to critically
evaluate the proposed learning process. Suggestions for future improvements are
made, and the extent to which the approach could be transferred to other

environmental, social, economic and institutional settings 1s discussed.
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2

Rangeland Degradation: problems & research
priorities

Summary

This chapter reviews land degradation causes and theoretical models in semi-arid rangelands, and
critically evaluates a range of degradation assessment methods in Botswana (field monitoring, remote
sensing, agricultural productivity change, expert opinion and land user perspectives). This was done
through a combination of literature review and the collection and analysis of primary (expert opinion)
and secondary (agricultural) data. The assessment of land degradation provided by the expert opinion
map developed here contrasts significantly with the map developed by the UN for their Global
Assessment of Soil Degradation (GLASOD). The new map does however largely agree with
degradation “hot-spots” identified through ecological and remote sensing research. Published land user
perspectives and agricultural productivity changes did not always correspond with the outputs of other
assessment methods. Expert opinion and remote sensing can provide degradation assessments at coarse
spatial scales that are rapid and cost-effective. However, to interpret an assessment in an appropriate
environmental and socio-economic context, it is essential to supplement this information with
participatory, ecological and economic data at different spatial scales. At present, land user

involvement in land degradation assessment, globally and in Botswana, is both rare and passive.
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2.1 Introduction

The environmental, social and economic complexities of land degradation make

accurate assessment a difficult challenge, especially in dynamic semi-arid rangeland
environments. Existing methods rarely integrate different components of land
degradation, focusing instead on single issues or academic disciplines. In particular,
the majority of research to date has focussed on soil degradation, in particular erosion

(Lynden & Kuhlmann, 2002). In addition to this, it is often difficult to detect trends in
degradation status over time, due to the use of unreplicable or incomparable methods.
Assessments tend to be carried out by researchers for use by the policy and academic
community. Local communities rarely participate, or derive results that can improve
the sustainability of their land management.

Acknowledging these limitations, researchers are increasingly recognising the

value of multi-scale, multi-method studies that can assess degradation in the context
of heterogeneous and dynamic local socio-economic, cultural and environmental

conditions (LADA, 2001, 2004; Warren, 2002). However, to date there have been
very few systematic comparisons of the outputs of different assessment methods,

especially at a national scale. Using Botswana as a case study, this chapter therefore

aims to:

e Review theoretical models of land degradation in semi-arid rangelands and
the causes of land degradation in Botswana;

e Compare and critically evaluate results from five different land degradation
assessment methods on a national scale for Botswana: field monitoring,
remote sensing, agricultural productivity change, expert opinion and land user
perspectives;

e Discuss the potential to integrate participatory and biophysical assessment
methods at different scales; and

o Identify degradation “hotspots” where further investigations and remedial
action could usefully be focussed. These areas will then be used to develop
and test a learning process for environmental sustainability assessment in the
rest of this thests.

This chapter meets these objectives through a combination of literature review

and the analysis of primary (expert opinion) and secondary (agricultural) data.
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Botswana is an ideal setting for this analysis, given the extensive amount of research

already conducted there, its predominantly semi-arid rangeland setting, and extensive

Government and UN support for improving rangeland assessment methods.

2.2 Land degradation: definitions

Before any comparison of assessment methods can be made, it is essential to be clear
about what 1s meant by land degradation. UNEP (1992: 13) defined land degradation
as “a lowering of the productive capacity of land as a result of human activities”. It
was recognised that such changes should be “effectively permanent” (Abel & Blaikie,
1989: 13), distinguishing it from short-term, reversible changes such as drought. It
should be noted that while many forms of environmental change are theoretically
reversible over short time-frames (e.g. thomy bush encroachment that out-competes
more productive forage), socio-economic constraints may render the change
effectively permanent (e.g. if land users do not have the capacity to remove bushes and
exclude livestock to facilitate recovery). This definition also clearly describes land
degradation as a human-induced phenomenon that cannot be caused by natural
processes alone. As a direct result of political discussions of the land degradation
definition at and following the Rio Summit in 1992 (UNCED, 1992), the United
Nations Convention to Combat Desertification (1994) also included climatic variation
as a primary cause of land degradation in drylands (or “desertification”), as well as
human activities (UNCCD, 1994). Both climatic variation (particularly drought) and
longer-term drying out or “desiccation” (due to climate change) can increase
susceptibility to human-induced land degradation. To date, there is no evidence of
long-term human-induced desiccation in southern Africa (Endfield & Nash, 2002),

but there are suggestions that droughts may become more frequent and severe in the

future, especially in relation to El Nino events (Mason, 2001).

Many academic definitions of land degradation refer to a loss of the biological

and/or economic resilience’ and adaptive ca;:a::u:ity4 of the land system (Holling, 1986;

Dean et al., 1995; Kasperson et al., 1995; Holling, 2001; IP