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Abstract 
 

Land degradation and climate change are escalating challenges that affect 

human societies on a staggering scale. The affected people, the majority of whom live 

in third world countries, have limited capacity to respond to these challenges. 

Ecosystem-based Adaptation (EbA) approaches are increasingly acknowledged as 

having the potential to enhance the adaptive capacity of vulnerable communities, 

while at the same time tackling environmental problems such as land degradation. This 

can be achieved through interventions such as ecological restoration.  

 

This project combined social, economic, and ecological aspects to explore the 

feasibility and potential of ecological restoration as an EbA approach to climate 

change and land degradation in Kunene Region, Namibia. I firstly examined the 

current status of the structure, woody species composition, and diversity of perceived 

categories of degradation by community members and compared the perception of 

degradation by community members with ecological results. Vegetation assessment is 

the prerequisite for restoration, and it provides information on species found there, 

level of degradation, among others. Equally important is the perception of the local 

people on the environment, degradation, species, and ecosystem benefits as well as 

the perception of environmental change and causes.  Local knowledge can supplement 

scientific knowledge and help find practical solutions. The assumption is that local 

communities have an elaborate knowledge of plant species, trends in vegetation 

change, palatability, and other factors. I found that, although the herders’ perception 

of degradation for high and moderate degradation sites matches the ecological results, 

the low degradation sites show signs of bush encroachment, a type of degradation that 

the herders did not perceive as degradation. The rangeland currently comprises of 

heavily degraded patches, and they are on the increase.  

 

Secondly, I used a nested mixed-method approach using a qualitative 

methodology to understand the perception, impacts, and adaptation of the 

communities to climate change. Knowledge of climatic perceptions and adaptations is 

an important entry point for decision-makers and policymakers to learn how and where 

to enhance the adaptive capacity of smallholders, and it is, therefore, a part of the 
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solution to effective adaptation. Interview results revealed that pastoralists lack 

scientific knowledge of climate change, and they have no access to climate change 

information. They have, however, perceived climatic variability or change, including 

frequent drought and dry spells and delayed rainfall, and most have lost their livestock, 

their primary livelihood.  Pastoralists have indicated their specific adaptation needs, 

particularly the provision of a water supply to grow food as they can no longer rely on 

the rain.   

 

Lastly, I studied the effectiveness of different restoration techniques (fencing, 

direct seeding, transplant, tilling, direct seeding + tilling, and transplant + tilling), the 

suitability of selected species in revegetating degraded lands, soil conditions before 

and after restoration, and the cost-effectiveness of each restoration technique. After 

two years, self-recruitment of woody species was observed in all the restoration 

techniques, with fencing showing the highest recruitment in terms of total abundance 

followed by transplanted seedlings, while tilling recorded poor recruitment. A well-

known invasive plant species – Pechuel-Loeschea leubnitziae was also prevalent in 

fenced plots and was generally more abundant in non-tilled than tilled plots. Grass 

cover varied in different seasons, showing the highest cover in fenced and non-tilled 

plots. High germination was obtained by planting in polythene bags as opposed to 

direct seeding. Survivorship in transplanted and direct-seeded plots ranged from 0 to 

88% across species. I also recorded significant increases in total nitrogen, calcium, 

phosphorus, potassium, and sodium across all plots. 

 

Though restoration is possible in this system, the local people do not have the 

capacity to implement it on their own, and it is difficult to restore a system that is 

continuously threatened with overgrazing. Using a participatory approach has created 

a platform for knowledge sharing between researchers and community members, and 

now there is an open dialogue, leading to opportunities to work with community 

members and explore restoration opportunities. This study has shown how bridging 

different disciplines could contribute to restoration success. Based on the three 

components, I propose a framework for using restoration as an Ecosystem-based 

Adaptation approach that will incorporate trait-based approaches, make soil health 

part of restoration goal and also incorporate communities' perception and knowledge 

of climate change and consider the cost and feasibility of restoration activities.  
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Chapter 1: 

General introduction 
 

 

“The world’s poorest people and communities are on the frontline of a 

changing climate with everything to lose and little to cushion the blow” 

Girot et al. 2014 
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Climate change has become one of the biggest stories of the century and is one 

of the pressing issues affecting societies, economies, and individuals on a grand scale. 

No wonder it has become a key topic in every discipline as it cuts across many aspects 

that affect humans. As a consequence, there is a plethora of literature about it as books, 

journals, conferences and professional societies are dedicated to the topic. Climate 

change poses one of the most pressing threats in history to the realisation of sustainable 

development because climate hazards are progressively impacting human 

communities and ecosystems (Girot et al. 2014). The most vulnerable to the impacts 

of climate change are the world’s poorest people and communities (Dennig et al. 2015; 

Hallegatte et al. 2016). “They are on the frontline of a changing climate with 

everything to lose and little to cushion the blow” (Girot et al. 2014). The negative 

impacts are most severely felt in developing countries where the majority of the poor 

are to be found (Andrade et al. 2011). 

Climate change is predicted to interact with other drivers of biodiversity 

change, such as land degradation (Herrick et al. 2013; Lohmann et al. 2012; Praveen 

et al. 2016). The synergy of land degradation and climate change offers a dual 

challenge. Land degradation, for example, leads to erosion of fertile topsoil and 

depletes freshwater sources that sustain life and ultimately threatens biodiversity. 

Climate change might aggravate land degradation through changes in temperature, 

rainfall, solar radiation, and winds (World Meteorological Organization 2005).  

Some scholars (for example, Herrick et al. 2013) believe that, although the 

environmental and social impacts of climate change may surpass those of land 

degradation at some point in the future, the effects of land degradation are occurring 

now, and something must be done now. Additionally, while climate-change mitigation 

requires global solutions, individuals and communities can successfully reduce land 

degradation at the local level (Herrick et al. 2013). Losses in ecosystem services due 

to climate change and other pressures directly affect human wellbeing (The World 

Bank 2010) and increase the vulnerability of societies. Climate change also has an 

adverse impact on traditional coping strategies and food security, thereby increasing 

the vulnerability of the world’s poor to famine, droughts, floods, and diseases (Girot 

et al. 2014; Glantz et al. 2009). The vulnerable communities are already being pushed 
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backwards into greater poverty and insecurity, and this is anticipated to worsen (Girot 

et al. 2014). 

Namibia is one of the most vulnerable countries in the world in terms of 

climate change (Huq and Ayers 2007). Namibia’s natural resource-based economy, its 

arid nature, variability in climatic patterns, and socioeconomic factors such as a high 

divergence of income levels makes the country more vulnerable to climate change and 

limit the adaptive capacity of its population (Dirkx et al. 2008; Lotz-Sisitka & 

Urquhart, 2014; Ministry of Environment and Tourism, 2011). The effect of climate 

change is projected to result in severe repercussions for rural communities suffering 

from land degradation. The poor and most vulnerable pastoralists are already feeling 

the twin effects of climate-induced shocks and stresses and rangeland degradation 

(Fenta 2017). Apart from this, natural resources such as forest products and rain-fed 

agriculture on which people depend are vulnerable and sensitive to anthropogenic 

climate change (Reid et al. 2007). Poverty is also an important driver in the sensitivity 

of people to climate change and their adaptive capacities.  

In light of this, more effort is needed to find better strategies that will enhance 

the adaptive capacity of the most vulnerable communities in Namibia and globally. 

The recognition of the importance of “adaptation” to climate change is a fairly recent 

phenomenon (Dodman and Mitlin 2013). It was only during the Thirteenth Conference 

of the Parties (COP - 13) of the United Nations Framework Convention on Climate 

Change, held in Bali in December 2007, that adaptation was recognized, alongside 

mitigation, technology cooperation, and finance as one of the four ‘building blocks’ 

required to respond to climate change (Ayers and Huq 2009). 

Two emerging methods of adaptation have gained traction over the past few 

years, namely Community-based Adaptation (CBA) (Schipper et al., 2014) and 

Ecosystem-based Adaptation (EbA) (Uy & Shaw 2012). To date, more research has 

focused on CBA than on EbA. Though EbA is acknowledged, there is little evidence 

to support its effectiveness. Both CBA and EbA have their specific emphasis; the 

former on empowering local communities to reduce their vulnerabilities, and the latter 

on the management of ecosystems in order to provide goods and services in the face 

of climate change (Girot et al. 2014). My research was conducted in the context of 

EbA. EbA integrates the use of biodiversity and ecosystem services into an overall 
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strategy for helping people adapt to climate change (Doswald et al. 2014). These 

adaptation activities are meant to increase community resilience and to ensure the 

recovery and the sustainable use of ecosystems. These approaches may include 

reforestation or restoration activities, fish farming, agroforestry, conservation 

agriculture, integrated nutrient management, and the establishment of woodlots as land 

management practices. This study focuses on ecological restoration as an adaptation 

strategy to the impacts of climate change.  

 The role of ecological restoration in adapting to global climate change is 

increasingly being considered (Harris et al. 2006; Hobbs & Cramer, 2008; Lavendel, 

2003; Williams et al. 2015). Conversely, restoration can be seen as a possible adaptive 

management approach for enhancing the resilience of ecosystems to climate change 

and land degradation (Biringer and Hansen 2005). Resilient ecosystems are important 

to human well-being as they support communities’ efforts to adapt to climate change 

(Chong 2014). Restoration and conservation strategies falling under EbA approaches 

can create a platform for change. Agricultural land-dependent people, and in particular 

small-scale producers, are struggling to find new ways to ensure a sustained 

livelihood. EbA may offer useful options for vulnerable communities to enhance their 

adaptive capacity. 

1.1. Rationale  

Despite growing concern about land degradation in Namibia, restoration 

projects in the country have mostly focused on restoring mined land. Little research 

has been conducted on restoration work in pastureland or rangelands or work focusing 

on EbA. In many places, no management or restoration action is undertaken to address 

problems caused by current land uses and overstocking (Ruppel and Ruppel-

Schlichting 2016).  

There is a recognition that the science and practice of restoration ecology, in 

alliance with other disciplines, can contribute to overcoming challenges brought by 

environmental change (Perring et al. 2015). Higgs (1997), stated that there is a need 

to look beyond ecology and embrace historical, societal, traditional, political, moral, 

and other aspects in defining the targets for restoration in the era of climate change. 

Few studies have done this. This study is an attempt to examine how bridging the 

different disciplines could contribute to restoration success in the face of climate 
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change.  Some authors (e.g. Jacobs et al. 2013) have acknowledged the importance of 

social and economic factors in determining restoration success and the need to 

understand the human dimension in meeting restoration goals. Developing a global 

evidence base to understand when different interventions work where, and why, would 

be useful (Pullin and Knight 2009), and this study seeks to contribute to this evidence 

base and encourage more practitioners to explore the adoption of experimental 

approaches when conducting practical restoration activities. The study also aims to 

identify ecological interventions that can be accomplished with minimal labour and 

cost.  

Although the importance of EbA in the adaptation toolbox is being 

progressively recognised, robust information on specific benefits of EbA and the 

conditions under which those benefits are likely to be received is generally lacking 

(The World Bank 2010). The study seeks to contribute knowledge on the effectiveness 

of EbA, especially in semi-arid areas and to the process of developing adaptation 

strategies with community members that will enhance the adaptive capacity of people 

at the grass-root level and value addition to livelihood. 

1.2. Conceptual framework 

This study will, therefore, use the concept of restoration as an adaptation 

strategy to climate change and land degradation, under the EbA approach, and 

therefore consider elements relevant to EbA (Fig. 1.1) Here I recognise the linkages 

between people, ecosystems and climate change. EbA represents a potential synergy 

between climate change adaptation, functioning ecosystems and human well-being. 

The assumption is that, where ecological resilience is high, ecosystems will be better 

able to respond to climate-related changes. EbA creates a link between biodiversity 

and ecosystem conservation approaches and sustainable socio-economic development 

as part of an overall strategy to adapt to the shocks and risks of a changing climate 

(FEBA ( (Friends of Ecosystem-based Adaptation) 2017). 
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Figure 1.1:  Framework for EbA to explain linkages between people, climate change, 

and ecosystems and biodiversity (Adopted from Chong, 2014). 

The framework above does not necessarily focus on a specific EbA activity 

such as restoration, agroforestry etc, but it is a general EbA strategy; any EbA option 

should consider the three arms stipulated in the framework: people, ecosystems and 

climate change. We recognise that ecosystem resilience is enhanced through 

conservation and restoration of ecosystems, but we also recognise the human 

dimensions in climate change, as well as the impacts of climate change on ecosystems 

and people. 

For an activity or approach to qualify as an EbA, it should meet the three 

elements and three criteria proposed by FEBA (2017). The three elements reflect the 

2009 CBD definition for EbA which says that EbA (i) helps people adapt to climate 

change (ii) by active use of biodiversity and ecosystem services, (iii) in the context of 

an overall adaptation strategy. All three elements of the CBD definition must be met 

in order for an activity, initiative, project, approach, strategy and/or measure to qualify 

as EbA (FEBA 2017). The five criteria state that an EbA activity: reduces social and 

environmental vulnerabilities, generates societal benefits in the context of climate 

change adaptation, restores, maintains or improves ecosystem health, is supported by 

policies at multiple levels, and supports equitable governance and enhances capacities. 

So restoration as an adaptation option will need to integrate all the aspects above. 
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Ecological restoration on its own does not qualify as an EbA strategy, but if 

integrated with other elements of EbA, such as climatic, environmental, governance, 

socioeconomic aspects, as well as knowledge across disciplines, it may qualify as an 

EbA. This is because EbA is not a standalone activity (UNEP-IEMP 2019), and so 

natural and social science capacity is needed for conducting EbA research.  As an 

attempt to explore ecological restoration as an EbA option, we carried out three 

studies, all addressing some of the criteria for EbA qualification, using a participatory 

approach and combining both aspects of social and natural sciences.  

 

Appropriate management of ecosystems and the services they offer can 

maintain or increase local resilience and adaptive capacity (Millennium Ecosystem 

Assessment 2005a, Reid & Alam, 2016). The general EbA principle has a focus on 

resilient ecosystems and conservation of ecosystem services as well as multi-sectoral 

approaches. For example, it is important to consider factors such as the functional 

scale of ecosystems, recognising that ecosystems have limits and are interconnected 

and considering biodiversity and ecosystem services in adaptation action design 

(UNEP-IEMP 2019). Furthermore, participatory approaches and decentralised, 

flexible management structures are more likely to enable adaptive management. 

 

The premise of this study is that restoration can help people adapt to the 

impacts of climate change, and can, therefore, be used as an adaptation tool, and this 

is considered within the framework of EbA. However, all elements of an EbA need be 

considered. Though the framework in Figure 1.1 captures general elements of EbA, it 

does not give details of specific EbA options, such as restoration. Therefore, through 

the study elements presented below, I will aim to integrate the use of restoration more 

specifically into the EbA framework (chapter 5). 

 

1.3. Objectives and research questions 

The main objective of this study was to examine the potential and feasibility of 

restoration as an Ecosystem-based Adaptation (EbA) approach to climate change and 

land degradation in rural semi-arid areas of Namibia. The study specifically addressed 

the following questions: 
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 What is the current vegetation structure and the patterns of land degradation in 

the selected study area, and how do communities perceive degradation? 

 What is the perception of climate change impacts, adaptation and vulnerability 

of rural communities in the study area and what biophysical interventions are 

implemented to address climate change impacts?  

 What are the existing coping activities used by smallholder farmers to adapt to 

climate change or variability and how effective are they in helping people 

adapt to climate change? 

 How effective are different restoration techniques in restoring indigenous 

vegetation and which restoration techniques are most effective in restoring 

degraded drylands? 

 Which species are suitable candidates in revegetating degraded areas, and 

what traits are predictive of their establishment?  

 

1.4. Thesis structure 

This thesis is presented as a compilation of research papers. Chapters 1 and 5 

are unpublished work presenting the general introduction, discussion and conclusion 

respectively. Chapters 2 to 4 are manuscripts submitted or prepared for submission to 

peer review journals, and they are prepared in publication format. Chapter 1 introduces 

the thesis, rationale and background, identifying gaps in knowledge and research and 

introducing research aims and objectives. Chapter 2 examines the vegetation structure 

and composition of rangeland and community perception of degradation, and it 

addresses question 1. Chapter 3 addresses questions 2 and 3, and it examines the 

perception of impacts, adaptation and vulnerability of communities to climate change. 

Chapter 4 addresses questions 4 and 5, presenting an experimental study of different 

restoration techniques, the suitability of species and soil conditions before and after 

restoration. Chapter 5 gives a synthesis of all the data chapters and summarises key 

findings, implications and future research opportunities.    
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2.1. Abstract  

 

INTRODUCTION: Land degradation has put the world’s rangelands under intense 

pressure and reduced their capacity to provide vital services to those who solely 

depend on them for survival. To combat rangeland degradation, management systems 

are more effective when they account for community perceptions and practices.  

OBJECTIVES: This study aims to assess the current status of woody plants in 

different categories of degradation as perceived by herders in Kunene, Namibia. 

Furthermore, we wished to compare the perception of degradation by herders with the 

measured ecological condition.  

METHODS: With the help of herders, sites representing different categories of 

degradation (low, moderate, high and protected) were identified and ten 400m2 plots 

were established in each category.  

RESULTS: Species diversity, density, basal area and regeneration of woody plants 

increased sequentially along the degradation gradient (high to low). Vegetation 

attributes such as species diversity, seedling density and standing basal area increased 

with increasing distances from the villages. Although the herders’ perception of 

degradation for high and moderate degradation matches the ecological results, the low 

degradation sites show signs of bush encroachment, a type of degradation that the 

herders did not perceive as degradation. Colophospermum mopane, a known 

encroacher species across Namibia, was the dominant species in the moderate and low 

degradation sites. Pechuel-loeschea leubnitziae, which is also known to be an 

indicator of degradation, was the dominant species in the high degradation sites. 

CONCLUSION: The findings highlight the present and future threats the study area 

is facing and form the basis for current restoration research. 

 

KEY WORDS:  

Namibia, land degradation, vegetation structure, community perception, bush 

encroachment 
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2.2. Introduction 

 

The land is a precious natural resource, and humans ultimately depend on it for 

their livelihoods and raw materials (Imeson, 2012). In many parts of the world the 

quality of the land is declining, thereby limiting its capacity to provide the manifold 

goods and services which humanity depends on for survival (Caspari et al. 2015).  One 

of the major threats to terrestrial ecosystems and ecosystem services is land 

degradation (Gomiero, 2016; Vogt et al. 2011).  

 

Land degradation has been advanced as one of the most pressing global problems 

(Stocking, 2001). Although land degradation is commonly considered in 

environmental protection and nature conservation and management, a precise 

definition has been lacking both in science and policy (Plesnik et al. 2011). This is 

because land degradation is multifaceted, with varying definitions depending on the 

subject to be emphasised (Tesfa & Mekuriaw, 2014). Generally, the term 

“degradation” is taken to mean a loss of structure, productivity and native species 

diversity (Lamb & Gilmour, 2003). Land degradation is related to the loss of 

ecosystem services and is referred to as desertification when it occurs in drylands  

(Abdi et al. 2013). Bush encroachment is also regarded as one of the most extensive 

forms of degradation in rangelands of arid and semi-arid regions (Lukomska et al. 

2014; Reed et al. 2015).  Poor grazing management strategies have often been cited as 

one of the major anthropogenic causes of bush encroachment (Lukomska et al. 2014). 

In many cases, land degradation leads to the removal of organic matter and 

subsequently, reduced soil health (Bhowmik et al. 2019). Poor soil health poses a 

threat to food security and has important repercussions on societies depending on land 

for their livelihoods (Gomiero, 2016).  

 

Land degradation threatens the drylands of Sub-Saharan Africa more than any 

other region in the world (Darkoh, 1993), due to pressures from human and livestock 

populations, coupled with recurrent droughts (Abdi et al. 2013). Darkoh (1993) called 

it the “scourge of Africa”. These drylands occupy the peripheries of the Sahara and 

the Kalahari Desert, where the mean annual precipitation is low (100 - 600mm), and 

human livelihood is based mainly on livestock and crop farming activities (United 

Nations Convention to Combat Desertification, 2009). The dominant land type in 
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Southern Africa is rangeland, the primary use of which is livestock production 

(Hodgson, 1975). These rangelands represent some of the most degraded land use 

types in the world (Papanastasis, 2009).  

 

In Namibia, the most arid country south of the Sahara, 45% of the national land 

area can only be used as rangeland (Mendelsohn, 2003). Thus, many Namibians are 

pastoralists, whose livelihoods mainly depend on natural rangeland resources (Eisold, 

2010). High variability of rainfall and distinct seasonal changes of the amount and 

quality of rangeland fodder resources are typical characteristics of the semi-arid and 

arid rangelands of Namibia (Schneiderat, 2011). Reduced vegetation cover and 

subsequent soil denudation can be found in many regions in Namibia, particularly in 

Erongo (in western Namibia), Kunene (in north-western Namibia) and north-central 

regions (Seely & Jacobson, 1994). Severe rangeland degradation and conflicts over 

rangeland use can create significant social, economic, and environmental problems 

(Bedunah & Angere, 2012).  

 

Kunene is one of the worst drought-affected and most deprived regions in Namibia 

(National Planning Commission (NPC), 2015). It is characterised by rocky and bare 

mountains receiving low and unreliable rainfall, resulting in poor veld condition, with 

little ground cover. The resource base and, subsequently, the livelihood of crop and 

livestock farmers in this area have been significantly eroded and are likely to worsen 

further should the drought conditions continue (Food and Agriculture Organization 

(FAO), 2016). At the household level, livestock provides food and income and is 

considered to be a ‘savings account’ which provides a safety net in times of hardship 

(Food and Agriculture Organization, 2016). Kunene’s tradition of livestock farming 

has been passed on from generation to generation, but it is no longer sustainable due 

to factors such as population increase and recurrent droughts. Despite persistent 

drought and increased human population, the same beliefs anchor the communities; 

“without livestock you are nothing”. Livestock is the currency, and as they lose their 

livestock, they try to acquire more, though their land is no longer able to sustain more. 

In a situation like this, it becomes increasingly difficult to find a realistic solution that 

will benefit both the environment and people. 
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With the current pressures on rangelands in Namibia and worldwide, which 

eventually impact on the livelihoods of many people, it is crucial that something is 

done radically and urgently. One of the first needs is to survey the present condition 

of rangelands. Such detailed surveys can identify where improvement programs can 

be emphasised; whether it be reseeding, stock control, sociological restraints or other 

actions (Hodgson, 1975). Combating rangeland degradation and desertification 

requires an accurate assessment of the current status of land degradation and an 

evaluation of the potential magnitude of the degradation threat (Mahyou et al. 2016). 

It is therefore essential to have a consistent source of information relating to factors 

such as biomass, vegetation composition and diversity as well as cover. Knowledge 

of the patterns of vegetation dynamics provides an integrated response to previous 

ecological events, managerial prescriptions and presents a practical means to evaluate 

rangeland resources (Briske et al. 2005; Kacholi, 2014; Mishra et al. 2013). 

 

To effectively combat rangeland degradation, rangeland management systems also 

need to integrate community perceptions and practices (Khwarae, 2006). Local-

participation approaches assume that pastoralists’ knowledge can supplement 

scientific knowledge concerning environmental assessment and conservation 

(Behmanesh et al. 2016). Understanding the differences between the perceptions of 

scientists and local communities can help bridge the gaps to bring about sustainable 

use of natural resources (Khwarae, 2006). One fundamental element in local 

environmental monitoring in rangelands is the perception and rating of local key 

forage species by the community members (Eisold, 2010; Niamir-Fuller, 1999). 

Pastoral communities have an elaborate knowledge of plant species composition and 

palatability to grazing animals, and trends in vegetation change in response to factors 

such as rainfall variability and grazing pressure (Behmanesh et al. 2016; Kgosikoma 

et al. 2012). This type of knowledge and insight has a significant influence on the 

management strategies adopted to exploit a particular ecosystem (Eisold, 2010). It is 

therefore essential to understand how pastoralists perceive rangeland conditions and 

the extent of degradation in different types of rangelands. A common understanding 

between researchers and pastoral communities will help find practical solutions for 

combating rural poverty and environmental degradation (Kessler & Stroosnijder, 

2010). Understanding and evaluating the significance of land degradation from the 



Emilia Inman PhD thesis 

 

18 
 

farmers’ perspective is, therefore, a crucial first step towards developing a response 

strategy to rural poverty and degradation (Kessler & Stroosnijder, 2010). 

 

The current study aims to record and describe the current status of vegetation in 

different categories of perceived degradation in Kunene Region, Namibia. We 

examined how woody species diversity, composition, structure and the demography 

of plant life - stages (seedlings, trees etc.) varied among land degradation categories. 

We also compared soil characteristics in different degradation categories and 

determined the relationships between vegetation parameters and distances from the 

centres of villages. Finally, we compared the perception of degradation by community 

members with ecological results. We hypothesised that diversity, composition and 

regeneration potentials, as well as soil characteristics, would differ among different 

categories of degradation. This information can help inform rangeland conservation 

and management by providing baseline information on the present rangeland 

condition. Such information can pinpoint where improvement programs can be 

emphasised in terms of restoration, management or other actions. It will also help 

identify gaps in the local perception of rangeland degradation to help improve 

pastoralists’ knowledge.     

   

2.3. Materials and methods 

2.3.1. Study area 

The field survey was conducted in Epupa Constituency, Kunene Region, 

Namibia (Fig. 2.1). Kunene Region occupies the north-west corner of Namibia, 

bordering Angola in the north and the Atlantic Ocean in the west, with a land area of 

115,260 km. Kunene Region has a population of 86 856 people, of which 17 696 live 

in Epupa Constituency (NPC, 2015). The inhabitants of Epupa Constituency in 

Kunene are the Himba people, a pastoral community farming with goats, sheep and 

cattle. Livestock production is one of the key sources of livelihood to many rural 

households in Kunene Region. Kunene has a shrubland-woodland mosaic vegetation 

structure (Mendelsohn et al. 2002). Annual rainfall in Kunene is sporadic and 

increases from west to east from less than 50 to 415 mm  (Integrated Environmental 

Consultants Namibia (IECN), 2011). Summer day temperatures are often very hot, 

reaching up to 35 °C with a minimum average temperature of 14 °C. Average winter 
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temperatures range from 5 to 26 °C (Kunene Regional Council, 2015). The most 

visible and readily felt impacts of climatic variability are perhaps the persistent dry 

spells and frequent droughts in this region. Farmers look forward to the rain every 

year, always on a lookout for available grazing land, but lack of rainfall has led to poor 

livestock condition and loss of animals (IECN, 2011). Kunene is one of the most 

heavily degraded regions in Namibia. Well-known causes, such as over-utilisation of 

the rangeland because of a high concentration of livestock, as well as continuous 

grazing and trampling by livestock were cited (NPC, 2015). For the past ten years, 

average annual rainfall for the study area ranged between 12 mm and 30 mm (P. 

Morgan, Kunene River Lodge, personal communications, 17/11/2018). The 

inhabitants of Epupa are the Himba people, a pastoral tribe farming mostly with goats, 

sheep and cattle. 

 

 

Figure 2.1: Location of the study area (red) in Kunene Region, Namibia. Left: Map of 

Africa, right: map of Namibia showing different constituencies, derived with QGIS, 

EPse32662. 

 

2.3.2. Data collection 

Data were collected September - October 2017. With the help of the herders, sites 

representing different categories of degradation were selected. This was done with 12 

herders between the age of 27 and 68 who took part in drive transects to identify areas 

they thought were degraded, moderately degraded and not degraded. During these 

drives, herders (Table S1 and Fig. S1) shared their perception of degradation and what 
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they based their classification on. From these, three categories of land degradation 

(low, moderate and high) were identified. The drive transects were taken in four 

different directions from the centre of the village (Otjimuhaka) located 10 km west of 

Kunene river lodge (Fig. S2). From the intersection located in Otjimuhaka village, we 

drove east towards Ruacana, west towards Epupa falls, south towards Opuwo and 

followed a track south-west going to Orutumba village. We also sampled along the 

gravel road to Ehomba village east of the gravel road going to Opuwo. All our points 

were located along the main gravel road and village tracks going to small villages such 

as Orutumba. During the drives, herders pointed out different sites in each category 

(Fig. 2.2). At each point, we parked the car by the road and walked for at least 200 m 

from the road to randomly select the starting point of each plot. We took GPS 

coordinates at each sampling point and pictures of each site. The herders selected 10 

sites in each category of degradation, and we established plots of 20 m x 20 m at each 

site. Sites were selected at least 3 - 6 km apart.  So we had 10 sites/plots in each 

category of degradation. We also sampled a protected site inside Kunene River Lodge, 

which has been fenced off to prevent livestock access for the past 15 years. Only five 

plots were established and sampled in the protected area due to the small size of the 

protected site. In each plot, we counted all the woody plants and measured their height, 

and stem diameter (at breast height for individuals above 2 m and at the base of the 

trunk for all woody species below 2 m). For each plant encountered, the herders 

identified it in their local language and provided information on the uses and benefits 

of that particular species to the local inhabitants. We sampled soil from all 35 plots. 

Soil samples were taken to a depth of 20 cm in each plot from selected points (at four 

corners and middle of the plot) to form a composite soil sample representing each plot. 

Soil samples were analysed for pH, conductivity, organic carbon, organic matter and 

particle size analysis at a commercial laboratory (Analytical Laboratory Services) in 

Windhoek, Namibia. Standard analytical procedures were followed. All villages 

within the study area were geo-referenced, and so for each sampling point (plot), we 

measured the distance to all the villages included in the study. Using visual evaluation, 

we assessed the grass cover, bare ground and leaf litter in each plot. This was done by 

using quadrats (1 x 1 m) located at the centre and the four corners of each plot. Each 

quadrat was divided into twenty-five equal subsections, and cover (grass, bare and 

litter) was visually estimated by counting the total number of subsections covered by 

either grass, bare ground or leaf litter. The subsections for each type of cover were 
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tallied (half-covered subsections were added as 0.5 etc.) and converted to percentage 

cover. 

 

Figure 2.2: Sites representing different categories of degradation identified in the study 

area (Kunene Region, Namibia).  

 

2.3.3. Data analysis 

2.3.3.1. Floristic composition 

Based on the individual plants recorded in the plots, vegetation data were 

quantitatively analysed for basal area, relative density, relative frequency, and relative 

dominance. The Importance Value Index (IVI) of all plant species was then 

determined as the sum of relative frequency, relative density, and relative dominance 

(Curtis 1959). Density and standing basal area were also calculated per plot. The 

following formulae were used: 

 

 Basal area, i.e. cross-sectional area of a tree stem measured at breast height 

(BA, m2) = pi * DBH (cm) 2 / 40000. 
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 Dominance = total basal area of species A/ area sampled.  

 Relative dominance = dominance for species A/total dominance of all species 

× 100.  

 Density = number of individuals of species A/area sampled.  

 Relative density = (number of individuals of species A/total number of 

individuals in the area) × 100.  

 Frequency = number of plots in which species A occurs/total number of plots 

sampled. 

 Relative frequency = frequency value for species A/ total frequency values for 

all species.  

 Importance value = relative density + relative frequency + relative dominance. 

 

For each degradation category, species diversity was calculated using the 

Shannon-Wiener Diversity Index (Shannon and Wiener 1963) and the Simpson 

Diversity Index (Simpson 1949). Evenness was also determined by Pielou's Evenness 

Index (Pielou 1966). Differences in the means of the diversity measures between sites 

as well as density and standing basal area were examined using Generalized Linear 

Models (GLM) in R-studio (R Core Team 2013). All analyses were complemented 

with Tukey’s post hoc test where appropriate. The species richness for the four 

degradation categories was estimated using the 1st order Jackknife estimator 

computed in the SpadeR program (Chao et al. 2015). SpadeR is the R-based online 

version of SPADE. Like the original SPADE, it computes various biodiversity indices 

based on abundance data and replicated incidence data taken from one or multiple 

sites.  

 

2.3.3.2.   Life stages and structural composition 

Individual plants were classified into different life stages using their diameter 

at breast height/root collar measures (Mligo et al.2011). In order to avoid misleading 

interpretation of the regeneration results, a well-known perennial invasive bush – 

Pechuel-Loeschea leubnitziae was excluded from the classification and plotted in its 

own category.  The structural composition was analysed by comparing the distribution 

of different life stages. Generalised Linear Models (GLM) in R-studio (R Core Team, 
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2013) were used to determine differences in density, mean height and DBH of life 

stages among the different degradation categories.  

.  

2.3.3.3.   Frequency of occurrence  

The frequency of occurrence was calculated as the proportion (%) of the 

number of plots in which each woody species was recorded from the total number of 

plots. The SpadeR program (Chao et al. 2015) was used to separate observed species 

into two groups: “rare” and “abundant”. The former group includes species observed 

at most κ (the cut-off point (default = 10)) times, and the latter includes those observed 

at least κ+1 times. SpadeR was also used to determine the number of observed 

individuals for the rare group and abundant group, number of observed species for the 

rare and abundant group, and to estimate the coefficient of variance for the rare group. 

Dominance curves for each degradation category were plotted using the Importance 

Value Index for each species. 

 

2.3.3.4.   Regeneration status 

Regeneration status of all the degradation categories was analysed by 

comparing numbers of saplings and seedlings with the mature trees according to  

Dhaulkhandi et al. (2008) and Tiwari et al. (2010). The regeneration status was 

regarded as good if the number of seedlings > number of saplings > number of poles 

(Nagel et al. 2010) /mature trees, fair if number of seedlings > or ≤ number saplings ≤ 

number poles/mature trees, and poor if the species survives only in sapling stage 

(number of saplings may be ≤  number poles/mature trees). If a species is present only 

in an adult form (mature tree), it is considered as not regenerating.  

 

2.3.3.5.   Community Composition 

Characterisations of plant communities and species indicator analysis were 

performed using PC-ORD V.5 (McCune & Mefford, 2006). The significance of all 

tests was determined at α ≤ 0.05 level. A nonparametric method called Multi-Response 

Permutation Procedure (MRPP) was used to test the hypothesis of no difference in 

species composition between the four categories (Mielke et al. 1976). An advantage 

of MRPP is the fact that it does not require assumptions such as normality and 

homogeneity of variances, which are rarely met with ecological community data 
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(Mielke et al. 1976). An MRPP was carried out in PC-ORD version 5 (McCune & 

Mefford, 2006) using Sorensen (Bray Curtis) as a measure of distance. We also 

visually represented site similarities in plant species composition using Non-metric 

Multidimensional Scaling (NMDS) based on a Bray Curtis similarity matrix and 

displayed the first two axes. We used Pearson’s correlation coefficient (r) to examine 

relationships between vegetation characteristics using IBM SPSS v. 25 (SPSS Inc, 

2017). 

 

2.3.3.6.   Soil characteristics  

Generalised Linear Models (GLM) in r-studio (R Core Team 2013) were used 

to determine differences in soil properties between the four degradation categories. 

Where significant differences were found, Tukey’s HSD test was applied to test for 

differences between means. 

 

2.3.3.7.   Relationship between distances from the centre of villages and 

vegetation parameters 

We correlated distances from the centre of villages with vegetation parameters 

(plant species diversity, density, standing basal area, seedling and mature tree density, 

height as well as density of invasive species) using Pearson correlations run in SPSS 

v.25 (SPSS Inc 2017).  

 

2.3.3.8.   Percentage cover for grass, bare ground and leaf litter 

Mean grass, bare and litter cover per plot was determined for each degradation 

category and GLMs were used to determine differences in in cover among the 

degradation categories. Where significant differences were found, we used the 

Tukey’s HSD test to test for differences between means. 

2.4. Results 

 

2.4.1. Herder perception of degradation  

Herders described degradation based on the absence or presence of woody plant 

species. They perceived an area that was bare or with few woody plant species as 

degraded.  An area with a high density of woody plant species was perceived as “not 

degraded”.  Hence the absence of woody plant species was the indicator they used to 
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measure degradation. All the herders attributed degradation to overgrazing and lack of 

rain. They indicated that they depended on woody rather than herbaceous plant species 

during prolonged drought. Most herders cited an increase in the bare ground compared 

to how it used to be in the past, and they seemed to know where the good, better and 

worst degraded areas were in their community. 

 

2.4.2. Floristic composition and diversity 

A total of 1662 individuals representing 56 species from 26 families were found 

in the 35 plots (Table S2). We recorded 117 individuals of 15 species in the high 

degradation sites, 419 individuals of 19 species in the moderate degradation sites, 881 

individuals of 30 species in the low degradation sites and 245 individuals of 19 species 

in the protected sites. The five species with the highest Importance Value Index across 

all sites were Colophospermum mopane (165.7), Terminalia prunioides (59.0), 

Catophractes alexandri (47.5), Pechuel-loeschea leubnitziae (43.6) and Dialium 

engleranum (31.9). The total Importance Value of these five dominant species makes 

up 60% of the total of all the Importance Value Indices for all 56 species. 

Colophospermum mopane was the most abundant species in the low degradation and 

moderate degradation sites, while Pechuel-loeschea leubnitziae and Rhus quartiniana 

were the most abundant species in the high degradation and protected sites, 

respectively. 

 

Species richness as estimated by 1st order Jackknife was lowest in the high 

degradation sites (23 ± 4.6 species), but quite similar between the moderate 

degradation (25 ± 3.4 species) and the protected sites (26 ± 2.8 species). The highest 

species richness was recorded in the low degradation sites (34 ± 2.8 species). 

 

For the Shannon-Weiner Diversity Index, significant differences were observed 

between different categories of degradation (F 3, 34 = 5.247, P = 0.005). Average 

Shannon-Weiner Diversity values for different categories were 0.6 ± 0.18 for high 

degradation sites, 1.2 ± 0.13 for moderate degradation sites, 1.3 ± 0.12 for low 

degradation sites and 1.4 ± 0.18 for the protected sites. However, there were no 

significant differences among degradation categories in Simpson and Pielou 
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(evenness) indices of species diversity (F 3, 34 = 2.636, P = 0.067 and F3, 34 = 1.308, P 

= 0.289, respectively).  

 

Of the 56 species recorded in the present study, only two were common in all four 

degradation categories, 19 species occurred only in the moderate and low degradation 

sites, and 34 species occurred only in one degradation category. The largest number 

of species occurring only in one category was recorded in the low degradation sites, 

followed by the protected sites, then moderate and high degradation sites (Table S3). 

The frequency distribution of species in the study area resulted in about 60% of species 

showing a low-frequency distribution (occurring only in one degradation category), 

and species having higher frequency classes were few or almost absent. 

 

For the dominance curves, the three categories represented by high, moderate and 

low degradation sites showed a geometric distribution model, while the protected sites 

showed a somewhat normal distribution model (Fig. S3). The geometric model 

showed that in the three categories, the plant communities were characterised by 

dominant species. SPADE analysis (Table 2.1) revealed that across all the degradation 

categories, about 70% of the species were categorised as rare. Only 30% of the total 

species were abundant in all the degradation categories, although the abundant species 

made up more than 80% of all the individuals in all the sites (Table 2.1). 

 

Table 2.1: SPADE analysis on frequency counts of rare and abundant species in 
different categories of degradation sampled in Kunene Region, Namibia. 

    High Moderate Low Protected 
  Variable  Value 
    Cut-off point                                                k     10 10 10 10 
Number of observed individuals for rare 
group      n_rare     16 41 76 43 
Number of observed species for rare group           D_rare     13 13 21 13 
Number of observed individuals for 
abundant group   n_abun    101 378 805 202 
Number of observed species for the abundant 
group           D_abun   2 6 9 6 
% of rare species %n_rare 86.7 68.4 68.4 70.0 
% of abundant species %n_abun   13.3 31.6 31.6 30.0 
% of individuals of rare species %D_rare    13.7 9.8 8.6 17.6 
% of individuals of abundant species %D_abun   86.3 90.2 91.4 82.4 
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GLM established that there was a significant difference in the mean woody species 

density (F 3, 34 = 64.124, P = 0.001) and standing basal area of woody species (F 3, 34 = 

6.938, P = 0.010) between the four degradation categories. The highest standing basal 

area was recorded in the protected sites, followed by the low degradation sites and 

lowest in the high degradation sites (Fig. 2.3A). The low degradation sites recorded 

the highest overall mean density (2446 ± 241 individuals ha-1), and the high 

degradation sites recorded the lowest mean density (361 ± 97 individuals ha-1). The 

protected and moderate degradation sites had a mean density of 1225 ± 148 individuals 

ha-1 and 1154 ± 192 individuals ha-1, respectively (Fig. 2.3 B). 

 

Figure 2.3: Mean (±SE) standing basal area (A) and woody species density (B) 

compared in different categories of degradation in Epupa, Kunene Region, Namibia. 

Significant differences within entries are indicated with upper case letters. 

The low degradation sites had the highest proportion and density of seedlings, 

saplings and poles, but not mature trees (Fig. 2.4 A and Fig S4). The high degradation 

sites had the highest proportion of perennial invasive bush (Pechuel-Loeschea 

leubnitziae.) Mean tree height was significantly greater (F 3, 34 = 5.948, P = 0.003) in 

the protected site (11.2 ± 4.6 m) in comparison with the low degradation (4.6 ± 1.03 

m) and moderate degradation sites (4.4 ± 2.4 m) (Fig. 2.4 B). 
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Figure 2.4: A) Proportions and B) Mean (±SE) height of life stages compared in 

different degradation categories, Kunene Region, Namibia. 

2.4.3. Community Structure and similarity 
 

An MRPP (A = 0.29 and p < 0.001) of the plant communities identified by the 

total species assemblage and abundance of the plots showed a significant difference 

in species composition between the sampled sites. The high degradation sites were 

very different from the other sites in the three categories, but the low degradation and 

the moderate degradation sites were quite similar (Fig. 2.5). The two-dimensional 

NMDS ordination showed strong associations with several ecological gradients. Axis 

1 was strongly associated with species richness, mature trees and seedlings as well as 

the low degradation and protected sites. Axis 2 was strongly associated with high 

degradation sites and Pechuel-Loeschea leubnitziae. 



Emilia Inman PhD thesis 

 

29 
 

 

Figure 2.5: NMDS ordination based on Bray-Curtis distance measure on species 

composition (n = 28 species, three-dimensional stress = 0.095, axis 1, r2 = 0.492 and 

axis 2, r2 = 0.231; A = 0.29 and P<0.0). 

2.4.4. Uses of woody species 

Community members use the available plants mostly for fodder, medicine and 

food. They seem to have a rich knowledge of medicinal uses of plants in their area. 

This knowledge was passed on from generation to generation because modern 

medicine was not accessible to the people, and for hundreds of years, they have used 

traditional medicines that still work today. These medicines range from treatment of 

simple cases of a headache and pain to more serious sicknesses such as Sexually 

Transmitted Infections.  Among the 56 sampled species, 50% are used for medicinal 

purposes, and more than 50% are suitable for browsing (Table 2.2). 
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Table 2.2: Uses of tree species by community members in Kunene Region, Namibia. 

  Uses 
Species Construction Medicine Food Grazing Firewood  Others 
Catophractes alexandri Build kraals Roots used to cure 

headaches 
  Eaten by livestock especially 

goats and cows during dry 
months 

    

Colophospermum mopane Used for 
building 
houses 

Leaves treat 
stomach-ache 

Leaves are used to 
make tea 

Leaves are eaten by livestock Used as one of 
the best trees 
for firewood 

  

Terminalia prunioides   Roots used to cure 
cough and 
headache 

Fresh seeds used 
for tea 

Very palatable and preferred  by 
all livestock 

    

Croton gratissimus   Roots treat a cough   Preferred by livestock especially 
when it is dry 

    

Rhigozum brevispinosum       Very palatable and preferred  by 
all livestock 

  Used as a firelighter 

Grewia flava   Used as medicine 
for sick livestock 

Fruits are eaten by 
humans and 
animals 

Very palatable and used for 
walking sticks 

  Used to make walking 
sticks 

Grewia villosa     Fruits are edible Palatable   The wood used to make 
walking sticks 

Pechuel-loeschea   Treats headaches       Used as a toothbrush to 
clean teeth 

Commiphora glandulosa           Used to make soap and 
perfume 

Commiphora angolensis       Preferred by livestock     The bark is used as a dye 
as well as perfumes, also 
used as a pounding stick 

Vachellia reficiens       Eaten by livestock     
Dialium engleranum           Used to make perfumes 

Grewia flava       Leaves preferred by livestock 
especially in summer 
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Maerua juncea   Treats epilepsy, 
induce vomiting 

Fruits are edible       

Senegalia mellifera   Treat mouth 
wounds 

  Palatable   Used to make sticks for 
grinding grains and hoes 

Tamarix usneoides       Browsed by livestock     

Combretum imberbe Used as 
hardwood for 
construction 

Leaves treat coughs   Pods and leaves preferred by 
livestock 

  Used to make axe sticks 

Salvadora persica   Roots used for 
treating diarrhoea 

Fruits are edible 
by people and 
livestock 

      

Gardenia volkensii        Livestock browsing   Used to make arrows and 
perfumes 

Hyphaene petersiana Make baskets 
and build 
houses 

  Fruits edible Livestock browsing   Makes alcohol 

Boscia albitrunca   Treats coughing   Liked a lot by livestock     

Manilkara mochisia   Treat gonorrhoea 
and roots treats 
stomach pains, it is 
also used as a 
painkiller 

  Palatable     

Grewia flavescens   Treats eye itching Fruits edible palatable     
Euphorbia virosa   Treats fever         
Erythrina decora   Relieve coughing Fruits edible       
Cordia sinensis     Fruits edible Palatable   Used to clean teeth 
Commiphora mollis    Treats pregnancy 

pains 
     Firelighter and make 

cutleries 
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2.4.5. Soil characteristics 

We recorded significant differences in pH (F 3, 34 = 4.247, P = 0.013), organic 

matter (F 3, 34 = 4.492, P = 0.010), organic carbon (F 3, 34 = 4.879, P = 0.007),  

conductivity ((F 3, 34 = 4. 269, P = 0.002),  sand (F 3, 34 = 4.880, P = 0.007), silt  (F 3, 34 

= 4.053, P = 0.015) and clay (F 3, 34 = 6.868, P = 0.001), among the four degradation 

categories with the protected sites recording the highest organic matter, carbon and 

clay content (Table 2.3). 

Table 2.3 : Descriptions of soil properties in all the degradation categories. Significant 
differences are indicated by different lower case letters 
 

 
 

Soil property Degradation category Mean Min. Max.
Std. 
Error

High degradation 7.70 b 7.00 8.00 0.11
Moderate degradation 7.75 b 6.50 8.40 0.22
Low degradation 8.18 a 7.50 8.50 0.15
Protected 7.36 c 7.60 8.00 0.10
High degradation 19.3 b 6.30 29.00 2.32
Moderate degradation 12.27 b 4.10 25.00 2.81
Low degradation 20.25 b 17.00 28.90 1.79
Protected 37.975 a 24.30 59.40 7.51
High degradation 0.23 c 0.10 1.00 0.10
Moderate degradation 0.48 b 0.10 0.60 0.05
Low degradation 0.52 b 0.20 1.20 0.14
Protected 1.68 a 1.30 2.10 0.18
High degradation 0.39 c 0.20 1.70 0.17
Moderate degradation 0.83 b 0.25 0.20 0.08
Low degradation 0.95 b 0.40 2.10 0.24
Protected 2.92 a 2.20 3.60 0.30
High degradation 83.25 a 4.42 76.10 1.47
Moderate degradation 77.55 b 62.80 84.00 2.35
Low degradation 70.11 c 52.70 81.70 4.50
Protected 71.72 c 69.60 74.40 1.05
High degradation 12.01 b 2.30 17.70 1.45
Moderate degradation 16.96 b 9.30 33.70 2.49
Low degradation 22.10 a 11.60 36.50 4.09
Protected 16.22 b 14.00 18.90 1.05
High degradation 4.73 b 1.00 9.60 0.93
Moderate degradation 5.51 b 3.50 10.10 0.69
Low degradation 7.78 b 6.60 10.80 0.64
Protected 12.05 a 10.50 13.80 0.69

Clay %

pH (H2O)

Conductivity (mS/m)

Organic matter (% 
m/m OM)

Organic carbon (% 
m/m C)

Sand %

Silt %
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2.4.6. Relationships between vegetation parameters and distances to the 

villages 

We recorded significant positive correlations between plant species diversity 

(r=0.550, p-value < 0.0001), standing basal area (r=0.892 p-value < 0.0001), density 

of mature trees (r=0.289, p-value < 0.0001), density of seedlings (r=0.218, p-value < 

0.002), height of woody plants (r=0.547, p-value < 0.0001), woody plant abundance 

(r=0.152, p-value = 0.028) and distances from the centre of the villages. All these 

parameters increased with the increase in distance from the centres of the villages. 

We, however, recorded significant negative correlations between the density of an 

invasive shrub (Pechuel-loeschea leubnitziae) (r= - 0.283, p-value<0.0001), with 

distances from the centre of the villages. Invasive species decreased with increase in 

distance from the villages.  

 

2.4.7. Percentage cover for grass, bare ground and leaf litter 

The protected sites recorded the highest grass cover, followed by moderate 

degradation sites. The grass cover in low and high degradation sites was very low to 

zero. Most high and low degradations sites had a bare ground cover. Leaf litter was 

highest in moderate degradation sites followed by the protected sites (Fig 2.6). 
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Figure 2.6: Mean cover (%) and standard error (SE) for grasses, bare ground and leaf 

litter, estimated using a 1m2 quadrat. General Linear Model analyses were used to 

determine differences between the degradation categories. Significant P values are 

noted with small case letters for grass cover, big case letters for bare ground cover 

and numbers for leaf litter cover.  

2.5. Discussion 

 

2.5.1. Perception of degradation by community members 

In this study, local land users perceived woody plant species to be more important 

than herbaceous plant species because woody plants provide palatable biomass in 

times of low resource availability, and are thus an important objective of management 

decisions for livestock herding in resource-scarce times (Eisold 2010). The availability 

of herbaceous biomass is determined by the high variability of annual rainfall, and 

thus the reliability of woody species is uppermost in local perception (Eisold 2010). 

Thus, in this study, degradation to the community members means an absence of or 

low density of woody species. Hence, the sites classified as high degradation were 

those that were mostly bare or with few woody species while sites with a high density 

of woody species were classified as low or not degraded. Understandably, community 

members would perceive degradation in terms of availability of woody species 

because most of the benefits they get from the environment (e.g. firewood, 

construction materials, medicine and forage for browsing livestock) are derived from 

these woody species.   

 

2.5.2. Ecological results 

2.5.2.1. Floristic diversity, richness and composition 

Diversity varied across the different categories of degradation, with the protected 

sites recording the highest species diversity and the high degradation sites recording 

the lowest. The diversity values are comparable to those from several other studies 

(e.g. Gobelle & Gure, 2018; Rutherford et al. 2014)  conducted in communal or 

overgrazed African rangelands. This result was expected - other studies have shown 

that increasing frequency and intensity of disturbances leads to a decrease in plant 

diversity and other associated vegetation attributes (Funk & Vitousek, 2007; Perrings, 

2010). The relationships between disturbance and plant diversity, composition, 
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structure, and regeneration have been discussed in many studies (e.g. Gautam et al. 

2016; Ren et al. 2012; Shrestha et al. 2013; Singh et al. 2016; Symstad & Jonas, 2011). 

Disturbances are perceived by many to be detrimental to plant diversity, structure, and 

regeneration of ecosystems because they change the environmental conditions and the 

ecosystem processes (Sheil & Burslem, 2003). It is, however, important to note that 

disturbances can also act as an essential part of ecological systems and have critical 

impacts on the composition of species and diversity. The ecological impact of a 

disturbance is, therefore, determined by the intensity and frequency of the disturbance. 

Some studies (e.g. Shackleton et al. 1994) found that woody stem density, basal area, 

biomass, height, seedling density, and species richness all exhibited a significant 

decrease with increasing disturbance intensity.  

 

The low plant diversity recorded in the high degradation category reflects the fact 

that these sites were dominated by a single species – Pechuel-loeschea leubnitziae. 

This species contributed nearly 90% of the total number of individuals in high 

degradation sites. Pechuel-loeschea leubnitziae is indigenous to Southern Africa and 

is a pioneer species that colonises sandy, alkaline soils, common in open woodland 

and grassland regions, and often occurring in disturbed areas, such as overgrazed and 

trampled sites (Strohbach, 2001; Murray-Hudson, 2009; Tedder et al. 2012). 

Strohbach (2000) observed that the cover of P. leubnitziae increased with increasing 

rangeland degradation. The species produces many small, wind-dispersed seeds 

(Murray-Hudson, 2009) and has a chamaephyte growth form and perennating buds 

close to the ground, making it fairly resistant to burning, and it resprouts from the base 

after the aboveground biomass has been burnt  (Tedder et al. 2012). This makes it 

difficult to manage and control. The species is considered a problematic weed as it 

forms dense monotypic stands in grasslands and woodlands, and is associated with 

veld degradation and dominance of shade-tolerant, poor-quality grass species 

especially in the Okavango Delta, Namibia (Tedder et al. 2012).  

 

Although the low degradation sites recorded the highest number of species, most 

were rare, and the community was dominated by a few species making up 80% of all 

the individuals. The same pattern was observed for the moderate degradation sites 

while the protected sites had a more even distribution of species abundances. Bock et 

al. (2007) emphasised that species richness alone could be a misleading indicator of 
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biological diversity if it is uncorrelated or negatively correlated with other key 

attributes of species assemblages, including evenness and the abundances of species. 

In the present study, there was no correlation between diversity and abundance, and 

although there was a strong correlation between diversity and richness, the correlation 

between evenness and diversity was quite weak (Table S4). Species diversity was 

more positively correlated with evenness than with richness among the plants. This 

could be attributed to the fact that assemblages of plants were numerically dominated 

by small subsets of common species, especially in the low degradation and high 

degradation sites.  

 

Significant relationships were found between distances from the centres of the 

villages and woody plant species diversity, abundance, richness, height and standing 

basal area. While these parameters increased with increasing distances from the 

centres of the villages, others such as the density of the invasive species decreased 

with increasing distances from the centre of villages. The sites closer to the villages, 

therefore, recorded the lowest species diversity and richness, the lowest standing basal 

area and mature trees, as well as poor regeneration. This points to anthropogenic 

disturbances in the rangeland and the sites closest to the villages are more degraded 

than those further away. Activities contributing to this could be cutting down trees 

near their villages for building purpose, as well as harvesting medicine, and the fact 

that the livestock are kept in the kraals near their homestead, and therefore grazing on 

what is near them first. Grazing and trampling by livestock as well as pressure from 

both livestock and people around villages could potentially remove plant cover and 

create bare soil patches. 

 

2.5.2.2. Soil characteristics 

The protected sites recorded the highest organic matter, and this is an indication 

of soil fertility and good soil health. On the contrary, high degradation and low 

degradation sites recorded the lowest organic matter and carbon content. Soil organic 

carbon is one of the key indicators for estimating soil quality and act as important 

carbon reservoirs (Xue & An, 2018). Several studies have shown that grazing leads to 

decrease in plant cover and soil organic carbon  (He et al. 2011; Mohammed et al. 

2017; Zarekia et al. 2012). This may be the case in the three categories of degradation, 
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excluding the protected sites.  The higher soil organic carbon and matter in the 

protected sites could be ascribed to the increased vegetation production, litter quality 

and nutrient cycling (Mohammed et al. 2017). 

 

The pH ranged from 7.3 to 8.1 for all the degradation categories, with the high 

degradation sites recording the highest pH value (8.1) moving towards moderately 

alkaline soils. According to  USDA, (1998), a pH range of 6 to 7 is usually most 

favourable for plant growth because most plant nutrients are readily available in this 

range. A pH of 6.6 to 7.3 is favourable for microbial activities that contribute to the 

availability of nitrogen, sulphur, and phosphorus in soils (Abate et al. 2012). Soil 

organic carbon in the high, moderate and low degradation sites was below 0.9, 

compared to 2.8 in the protected sites. These sites also recorded low to no grass cover 

in most of the plots, while the protected sites recorded a grass cover of more than 80%. 

 

2.5.2.3. Density and standing structure of woody plants  

The highest woody plant density was recorded in the low degradation sites (2446 

individuals ha-1) and the lowest in the high degradation sites (361 individuals ha-1). 

According to Abate et al. (2012), an increase in the woody plant density beyond a 

critical density limit is referred to as “bush encroached”. A shrub cover of 40% and/or 

2,400 woody plants ha-1 has been considered as a borderline between non-encroached 

and encroached condition in South Africa (Dalle et al. 2001), with 2,500 tree 

equivalents ha-1 indicating an encroached condition (Richter et al. 2001). In Abate et 

al. (2012) study, pastoralists reported that drought, overgrazing, livestock movement 

and absence of fire were major factors triggering bush encroachment. Abate and others 

claimed that there was ample evidence in the literature that bush encroachment caused 

a decline in rangeland condition and the respondents  

 

The low degradation sites in the present study are at the borderline of being 

classified as bush encroached. This is not surprising considering the fact that the most 

abundant species (Colophospermum mopane) in these sites is also classified among 

the nine encroaching species in Namibia (de Klerk, 2004). Smit (2005) reported that 

savannahs dominated by C. mopane in South Africa were water-limited, resulting in 

the suppression of herbaceous plants. Due to this suppression effect, the grazing 
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capacity of large areas of these savannahs are known to have declined due to bush 

encroachment, often to such a degree that many formerly thriving livestock properties 

are no longer economically viable. Studies focusing on native species invasions are 

numerous. Examples include Grewia flava (Tews et al. 2004) in South Africa, which 

was the second most abundant species in the low degradation sites in this study, 

Vachellia species (Ward et al. 2014), Dichrostachys cinerea and Grewia bicolor in 

Swaziland (Roques et al. 2001). Encroachment has, in some cases, resulted in the loss 

of available grazing land (Moleele et al. 2002) reduced species richness (Price & 

Morgan, 2008) and loss of biodiversity (Gobelle & Gure, 2018). Grasses generally 

have shallow roots and higher relative growth rates, while shrubs have deep roots that 

can reach the water table (Gaitán et al. (2014), making shrubs more drought-tolerant 

than grasses.  

 

A substantial body of thought suffusing the literature suggests that bush 

encroachment is an ecological expression of degradation or desertification (e.g. Báez 

& Collins, 2008; Havstad et al. 2006; MEA, 2005; Schlesinger et al.1990). It is, 

however, important to note that the ecological impacts of bush encroachment 

processes are diverse, and often ambiguous, ranging from negative through neutral to 

positive depending on the particular ecosystem and function (Wagner et al. 2016). 

While some scholars classify bush encroachment as a form of degradation, some have 

argued that it is not necessarily degradation because in some cases, it can increase 

desirable ecosystem attributes. Eldridge et al. (2013) argued that a single interpretation 

of bush encroachment as a form of degradation is not possible and that perspectives 

on the adverse effects of bush encroachment have been strongly influenced by the 

prevalence of pastoralism involving grass-feeding livestock. If both human and natural 

systems are considered, there are multiple components of the encroachment outcome; 

utilitarian, functional and structural.   

 

2.5.2.4. Regeneration 

Singh et al. (2016) established that the health of plant communities depended on 

the potential regenerative status of species in space and time. We found that the high 

degradation sites showed poor regeneration, having fewer seedlings than mature trees. 

The regeneration status for the protected sites and the low degradation sites was 
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“good” because the density of seedlings was higher than the density of saplings and 

mature trees, and “fair” for the moderate degradation sites, because the density of 

seedlings was lower than that of saplings and poles. Kikoti et al. (2015) obtained 

similar results in Tanzania, where the number of seedlings was significantly higher in 

the least and ungrazed areas than heavily and moderately grazed areas. The ratio of 

various age groups of plants in a population determines the reproductive status of the 

population and indicates its future course (Malik & Bhatt 2016). Ballabha et al. (2013) 

and Malik & Bhatt (2016) pointed out that some anthropogenic disturbances such as 

forest fires, overgrazing and lopping affect both plant diversity and their regeneration. 

More often, the plant regeneration process is adversely affected by the uncontrolled 

grazing by domestic livestock, which removes young seedlings and saplings, causing 

soil loss due to trampling, and this is likely to be the case for this study. 

 

2.5.3. Matching the perception of degradation with ecological results 

Our results show that the herders’ perception of degradation for high and moderate 

degradation matches the ecological results. For example, the ecological results show 

that diversity, richness, regeneration and density of woody plant species increased in 

order along the degradation gradient from high to low levels of degradation.  As 

classified by herders, the high degradation sites recorded the lowest species richness, 

the poorest regeneration, low organic carbon and matter, as well as the lowest density 

of woody plant species followed by moderate degradation. On the other hand, the 

ecological results indicated that the sites perceived as being in the low degradation 

category are, in fact, at the borderline of another form of degradation – bush 

encroachment (having a density of more than 2400 plants ha-1). The ecological results 

also recorded the second-lowest organic matter and carbon in these sites, indicating 

poor soil fertility. Soil organic carbon threshold for sustaining soil quality is widely 

suggested to be about 2% below which deterioration may occur (Patrick et al. 2013). 

So the area also classified as least degraded or not degraded by herders, could be 

interpreted as being degraded according to the results. However, bush encroachment 

is the type of degradation that community members do not currently recognise because 

woody species provide important benefits, especially in times of scarcity. According 

to (Katjiua & Ward, 2012), while bush encroachment may reduce range productivity 

on some Namibia rangelands, it may also provide valuable forage for livestock 
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production on other rangelands. In a case like this, the pastoralists will perceive bush 

encroachment as a positive outcome of vegetation change. Woody plant species also 

provide shelter for livestock, building materials, medicine and fuelwood. Thus, current 

levels of bush encroachment in this study were regarded as beneficial to the 

communities.  

 

It may be that the herders are not looking at the bigger picture of the whole 

ecosystem but only from the perspective of what helps them. Here, the indicator of 

degradation is the absence of woody species to community members. According to 

Ibrahim (2017, p.34), “the pastoralist’s view of land degradation is not a complex 

relationship between landscape and the vegetation, but rather in the context of the 

availability of pasture”. To them, land degradation takes place when the landscape can 

no longer provide enough for their livestock. Pastoralists farming with grass-eating 

livestock will probably see bush encroachment as a problem due to a reduction in grass 

availability, while pastoralists farming with mainly browsers such as goats, may not 

see bush encroachment as a problem. This may be the case in this study because most 

of the community members farm mainly with goats. Other studies looking at the 

perception of degradation by farmers have shown different opinions, with some 

recognising bush encroachment (e.g. Abate et al. 2012; Angassa & Oba, 2008) and 

others stating the benefits of bush encroachment (e.g. Wigley et al. 2009). So where 

to from here? If the future of the rangeland will be affected by increasing shrub 

encroachment, how can this be rectified when farmers do not see it as a problem? 

Moreover, where does one draw a line in terms of what degradation truly means? 

Hobbs, (2016) suggested that the perception of degradation is subjective; people can 

have fairly different perspectives about the same landscape. A certain forest may seem 

impoverished to a wildlife enthusiast, but a forester may see it as a productive forest 

regenerating after logging. Likewise, a forester may see a degraded forest while a 

shifting cultivator sees a piece of prime agricultural land. Unescapably, ‘degradation’ 

is in the eye of the beholder.  

2.6. Conclusions 

This study sought to address the current status of woody vegetation in different 

perceived levels of degradation in the selected rangeland. The results revealed that the 

study area currently had patches differing in vegetation attributes and regeneration 
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potentials. Species diversity, seedling density, basal area and regeneration of woody 

plants increased sequentially from high degradation to low degradation. The 

degradation categories occur in the same rangeland under the same climate, sharing 

similar environmental conditions, and yet differing in vegetation attributes. This points 

to anthropogenic disturbances causing changes in the vegetation structure and 

composition in this rangeland. The area classified as low degradation by community 

members shows signs of another type of degradation- bush encroachment, suggesting 

that bush encroachment is not perceived as degradation.  The findings from the 

ecological sampling highlight the present and future threats the study area is facing, 

including bush encroachment, bare patches and an increase of unpalatable annual 

herbs/shrubs. The high degradation sites are dominated by an undesirable and 

unpalatable herb and show poor regeneration, very low species diversity and richness, 

and this is cause for concern. It is likely that, in the absence of intervention, even the 

low degradation sites will eventually become heavily degraded in the future. Without 

some form of intervention to improve the ecological situation, it is hard to imagine the 

future of the people living in the area, 10 years and 20 years from now. There is an 

urgent need to find effective interventions that can improve rangeland condition and 

subsequently help sustain the livelihood of many living there. Sharing knowledge 

between local people and researchers may be helpful because both parties can learn 

from each other. Dealing with land degradation will require a behaviour change that 

may be promoted through increased knowledge. Farmers can no longer afford to just 

focus on food production, without considering the ecosystem processes that ensure 

long-term production and provide other essential resources required, such as for their 

well-being (Ingram et al. 2012). The way forward will require synergistic effort from 

farmers, researchers, educators, among others.  
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2.8. Supplementary materials 

Table S1: List of participants 

Name Sex Age 

Hafeni Ndera Male 27 

Kaulitjuna  Male 48 

Kumba Moukopapi Male 39 

Katrina Female 64 

Kaendapeke Male 68 

Vetupatjo Muundjua Female 52 

Katumba Female 60 

Antonio Ondozoozu Male 55 

Simon Paulus Male 74 

Upanga Ttjiposa Female 52 

Abel Kamutjaa Male 65 

Ngombe Female 49 
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Table S2: Abundance and Importance Value Index of all woody species encountered across the sites 

(High, Mod, Low and Prot, for high degradation, moderate degradation, low degradation and 

protected area, respectively) 

Species Family 

Abundance Importance Value Index 

High Mod Low Prot High Mod Low Prot 
Adenium boehmianum Apocynaceae   1       10.3     

Berchemia discolor Rhamnaceae       2       20.8 

Boscia albitrunca Capparaceae 1   3   17.9   23.8   

Boscia foetida Capparaceae   2 1     21.2 10.3   

Catophractes alexandri Bignoniaceae   81 290     82.1 107.9   

Cissus nymphaeifolia Vitaceae       24       90.1 

Colophospermum mopane Fabaceae 16 194 293 8 149.4 204.6 192.8 116.1 

Combretum apiculatum Combretaceae   15 18     45.6 42.4   

Combretum imberbe Combretaceae 1     1 30.4     32.8 

Commiphora angolensis Burseraceae     2       24.7   

Commiphora discolor Burseraceae     2       10.3   

Commiphora glandulosa Burseraceae     2       21.5   

Commiphora mollis Burseraceae     2       22.8   

Commiphora tenuipetiolata Burseraceae     1       14.5   

Commiphora wildii Burseraceae   1       10.3     

Cordia sinensis Boraginaceae   1   34   10.4   54.4 

Croton gratissimus Euphorbiaceae    26 22     46.7 42.9   

Dialium engleranum Fabaceae   8 14     76.7 50.9   

Dichrostachys cinerea Fabaceae 1     4 10.9     41.7 

Diospyros lycioides Ebenaceae     3       20.4   

Diospyros mespiliformis Ebenaceae       14       94.1 

Ehretia namibiensis Boraginaceae       9       43.8 
Elephantorrhiza 
suffruticosa Fabaceae     10 3     11.2 21.3 

Erythrina decora Fabaceae   1       10.2     

Euclea pseudebenus Ebenaceae   2 2     20.5 10.2   

Euphorbia virosa Euphorbiaceae    4 13     21.0 11.8   

Gardenia volkensii Rubiaceae 1       10.9       

Gossypium herbaceum Malvaceae        3       21.2 

Grewia avellana Malvaceae        41       76.9 

Grewia bicolor Malvaceae        14       65.8 

Grewia flava Malvaceae    24 66     56.5 78.5   

Grewia flavescens Malvaceae      2     0.0 20.2   

Grewia villosa Malvaceae  1 2 3   10.9 10.5 10.4   

Hyphaene petersiana Arecaceae 1     4 10.9     22.2 

Kirkia acuminata Kirkiaceae   1       16.3     

Maerua juncea Capparaceae     3       10.5   
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Manilkara mochisia Sapotaceae     4       20.5   
Pechuel-
loeschea leubnitziae Asteraceae 85     1 154.1     20.4 

Philenoptera nelsii Fabaceae       1       21.0 

Phyllanthus reticulatus Phyllanthaceae     3       20.4   

Ptaeroxylon obliquum Rutaceae 1       10.9       

Rhigozum brevispinosum Bignoniaceae   1 43     10.2 45.6   

Rhigozum trichotomum Bignoniaceae   10       33.2     

Rhigozum virgatum Bignoniaceae   7 8     22.1 31.1   

Searsia quartiniana Anacardiaceae       75       111.0 

Rotheca myricoides Lamiaceae       3       41.3 

Salvadora persica Salvadoraceae 1     3 16.0     44.7 

Senegalia erubescens Fabaceae 1       11.0       

Senegalia hereroensis Fabaceae 1       10.9       

Senegalia mellifera Fabaceae 1   1   10.9   10.1   

Sterculia africana Malvaceae      1       10.3   

Tamarix usneoides Tamaricaceae 2       11.8       

Terminalia prunioides Combretaceae 3 38 46 1 23.3 91.6 100.5 20.4 

Vachellia reficiens Fabaceae     10       11.9   

Xerophyta squarrosa Velloziaceae     10       11.2   

Ximenia americana Olacaceae     3       10.39   
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Table S3: Categories of the frequency of occurrence (%) for all the sampled species in the four sites  

 

Frequency 
occurrence of 
100%/Species 

occurring in all 4 
categories 

Frequency 
occurrence of 
75%/Species 

occurring in 3 
categories 

Frequency occurrence of 
50%/Species occurring in 

2 categories 

Frequency occurrence of 25%/Species 
occurring in 1 category 

Colophospermum 
mopane Grewia villosa Boscia albitrunca Berchemia discolor 

Protected 
site 

Terminalia 
prunioides 

 

Boscia foetida Cissus nymphaeifolia 

 

Catophractes alexandri Diospyros mespiliformis 
Combretum apiculatum Ehretia namibiensis 

Combretum imberbe Gossypium herbaceum 
Cordia sinensis Grewia avellana 

Croton gratissimus Grewia bicolor 
Dialium engleranum Philenoptera nelsii 

Dichrostachys cinerea Rhus quartiniana 
Elephantorrhiza 

suffruticosa Rotheca myricoides 
Euclea pseudebenus Commiphora angolensis 

Low 
degraded 

Euphorbia virosa Commiphora discolor 
Grewia flava Commiphora glandulosa 

Hyphaene petersiana Commiphora mollis 
Pechuel-loeschea 

leubnitziae 
Commiphora 
tenuipetiolata 

Rhigozum virgatum Diospyros lycioides 
Rhigozum brevispinosum Grewia flavescens 

Salvadora persica Maerua juncea 
Senegalia mellifera Manilkara mochisia 

 

Phyllanthus reticulatus 
Sterculia africana 
Vachellia reficiens 

Xerophyta squarrosa 
Ximenia americana 

Adenium boehmianum 

Moderately 
degraded 

Commiphora wildii 
Erythrina decora 
Kirkia acuminata 

Rhigozum trichotomum 
Acacia erubescens 

High 
degraded 

Acacia hereroensis 

Gardenia volkensis 

Ptaeroxylon obliquum 

Tamarix usneoides 
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Table S4: Kendall’s tau_b Correlations of richness, abundance, evenness and diversity across all 

sites 

 

 

Diversity Evenness AbundanceRichness
Richness Correlation Coefficient 0.377** 0.169 0.030 1.000

P 0.002 0.169 0.807 .
AbundanceCorrelation Coefficient 0.110 -0.181 1.000 0.030

P 0.356 0.128 . 0.807
EvennessCorrelation Coefficient 0.256* 1.000 -0.181 0.169

P 0.031 . 0.128 0.169
Diversity Correlation Coefficient 1.000 0.256* 0.110 0.377**

P . 0.031 0.356 0.002
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Figure S1: Herders participating in vegetation surveys, Kunene Region, Namibia. 
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Figure S2: Sampling points located along the main gravel road and village tracks, near 

Kunene River Lodge, Namibia. A) Sampling points shown on google earth, B)Sampling 

points derived from QGIS, EPse32662., C) Hand drawn map to show the roads sampled 

and D) Maps showing roads sampled, derived from google maps.   
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Figure S3: Dominance curve for each degradation category, plotted with Species 

Importance Value Indices for all species, A) High degradation B) Moderate degradation 

C) Low degradation and D) Protected sites.  
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Figure S4: Density (±SE) of life stages compared in different categories of degradation, 

Kunene Region, Namibia. 
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Chapter 3: 

No safety net in the face of climate 
change: The case of pastoralists in 
Kunene Region, Namibia 
 
 

Emilia N Inman, Richard J Hobbs, Zivanai Tsvuura 
 

 

 

 

There is hope, and that hope comes from people being knowledgeable, 

aware and working together “Max Finlayson” 
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3.1. Abstract 

For the past decade, pastoralists in Kunene Region, Namibia, have endured recurrent 

droughts that have culminated in the loss of their primary form of livelihood – 

pastoralism. Most pastoralists are finding it difficult to sustain their livelihood, and 

their community has fallen into extreme poverty. In this study, we examined 

pastoralists’ perception of, and adaptation practices to, climate change in Epupa 

constituency, Kunene Region, Namibia. Specifically, we asked how climate-related 

disasters such as drought and flood have impacted the livelihood of the pastoralists 

and affected their vulnerability to climate change. Furthermore, we examined the 

perception and descriptions of the biophysical impacts in order to explore the 

Ecosystem-based Adaptation (EbA) approaches. A nested mixed-methods approach 

involving household surveys, key informant interviews and in-depth structured 

interviews were employed to address the study objectives.  Though pastoralists have 

coping and adaptation approaches at the community level, these have become 

ineffective as climatic uncertainty and change persist.  There are currently no 

biodiversity interventions at the community level, and pastoralists no longer get 

benefits from the environment due to reoccurring droughts. They have indicated their 

adaptation needs, particularly the provision of water supply to grow food. This is an 

open avenue to explore EbA approaches, specifically ecological restoration, while still 

addressing the need of the pastoralists. There is an urgent need to develop new 

practical adaptation strategies, including restoration options that will strengthen their 

adaptive capacity. 

 

Key Words: Kunene, climate change, perception, drought, adaptation, pastoralists. 
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3.2 . Introduction 

 

In the era of accelerated climate change, there is an urgent need to understand 

how people are affected by and are dealing or coping with, climate change. This is 

especially true for the most vulnerable communities in the world. IPCC’s latest report 

(IPCC 2018) on the envisaged future impacts of climate change was, to many, a wake-

up call that climate change is indeed here, and visible impacts are being experienced 

all over the world. Finding real solutions to help human communities adapt to these 

impacts is an urgent challenge (Kima et al. 2015). 

 

Climate change impacts are projected to acutely affect arid and semi-arid 

rangelands, which cover approximately two-thirds of the African continent (Kimaro 

et al. 2018). The majority of the population living in these areas, rely on natural 

resources for their livelihood (Kimaro et al. 2018; Guillaumont and Simonet 2011), 

making them vulnerable to climate change. Farmers are the most affected as they have 

to respond to climatic variabilities relentlessly (Dhanya and Ramachandran 2016). The 

situation is exacerbated by deep rural poverty, limited government capacity, and 

exposure to synergistic challenges (Guillaumont and Simonet 2011; Herrero et al. 

2016).  

 

Pastoralists and agro-pastoralists are one of the most affected groups all around 

the globe (Herrero et al. 2016; Berhanu and Beyene 2015; Birch and Grahn 2007; 

Nkuba et al. 2019). Climate change may severely impact livelihoods, food security, 

and health of pastoralists through its effects on livestock and livestock systems 

(Silvestri et al. 2012). The impacts of projected climate change on livestock systems 

include changes in herbage growth, the composition of pastures and in herbage quality 

(Herrero et al. 2016). Climate-related risks may also lead to low milk yields and high 

livestock mortality in many pastoral communities leading to high poverty rates (Nkuba 

et al. 2019).  

 

Climate change is a real problem to Namibia’s continued development process 

(Zeidler et al. 2013). The country is already characterised by a harsh arid environment, 

low levels of precipitation, persistent droughts, and variable temperatures (Zeidler et 

al. 2013). Other influences, such as population growth and severe inequality, will 
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interact with changing rainfall patterns to intensify the situation (Crawford and Terton 

2016). Namibia’s vulnerability to climate change is particularly acute due to the 

existence of highly erratic climate and the high dependence by poor and rural 

populations on climate-sensitive livelihoods and climate-related natural resources 

(Crawford and Terton 2016). The country has experienced natural disasters of various 

scales such as floods, droughts and wildfires (Siwingwa 2016). Recently, the president 

of Namibia declared drought as a state of emergency - the third in six years after poor 

rainfall resulted in crop failure and scorched grazing fields (Tjitemisa 2019).  

Namibia’s climate is expected to become hotter and drier in the future, with more 

unpredictability in rainfall (Zeidler et al. 2013). The available agricultural land can 

hardly support the people who depend on it, and the predicted reduction in rainfall will 

likely make these areas less suitable for agriculture. There is a recognised need for 

proactive adaptation and disaster management efforts to decrease the negative impacts 

of climate change and related disasters on ecosystems and people’s lives (Munang et 

al. 2013). 

 

Knowledge of climatic perceptions and adaptations is a critical entry point for 

decision and policymakers to study how and where to improve the adaptive capacity 

of farmers (Ayeri et al. 2012). Local knowledge, therefore, contributes to effective 

adaptation. The remarkable thing about building on the local knowledge is the fact that 

it promotes adaptive capacity that is suitable to farmers by endorsing and supporting 

locally established adaptations (Munang et al. 2013; Ayeri et al. 2012) (15,16). 

Farmers’ perception of climate change and variability is, therefore, a prerequisite for 

adaptation within rural farming communities (Kasulo et al. 2013; Opiyo et al. 2016; 

Silvestri et al. 2012). Many authors have indeed acknowledged that perception is 

critical in adaptation (Alemayehu and Bewket 2017; Gbetibouo 2009; Kasulo et al. 

2013; Mburu et al. 2015; Opiyo et al. 2016; Silvestri et al. 2012).  For farmers to 

consider whether to adopt a specific adaptation measure, they must first perceive that 

climate change has undoubtedly taken place (Kasulo et al. 2013; Gbetibouo 2009), 

and then respond to changes through adaptation (Dhanya and Ramachandran 2016). 

Identifying the perceptions of farmers about climate change is, therefore, essential for 

understanding their potential adaptation approaches and supporting them in their 

initiatives (Kasulo et al. 2013; Opiyo et al. 2016). This can then be merged with 

scientific knowledge to ensure effective adaptation policy planning. According to 
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Schipper et al. (2014), to truly support the needs of local communities, expert advice 

and scientific information must be inclusive of local indigenous knowledge, and this 

information needs to be site-specific and more user friendly. People’s perceptions can 

reveal local concerns to shed light on the actual impacts of climate change and 

variability on their livelihoods (Devkota et al. 2017). 

 

Local ecological knowledge provides information on the status and use of 

biophysical components of the environment (Kupika et al. 2019). This is especially 

important when considering the use of Ecosystem-based Adaptation (EbA) strategies. 

We need to understand how communities live, how they respond to climate change 

and the biophysical impacts of climate change in their communities. Additionally, in 

order to inform EbA strategies, we need to understand how they cope and what 

benefits they get from their environment. EbA strategies should, therefore, take into 

consideration the multiple social, economic, and cultural aspects of local communities 

as part of an overall adaptation strategy (Scarano 2017). This study aims to collect this 

information in order to explore the use of EbA to help pastoralists adapt to climate 

change. Several studies (e.g. Pramova et al. 2012; Harvey et al. 2017; Hausner et al. 

2020), have highlighted the importance of EbA to help farmers adapt to climate 

change. Unlike other nature-based solutions for adapting to climate change, EbA 

entails a more inclusive and participatory approach  (UNEP-WCMC and UN 

Environment 2019). 

 

Pramova et al. (2012) provided examples of EbA initiatives that farmers in 

some parts of Africa and around the world have successfully implemented. For 

instance, in West Africa (Niger, Mali and Burkina Faso) farmers have long been 

managing trees to reduce their sensitivity to climate variability through a continuous 

harvest of products. In Rajasthan, India, farmers maintain trees on croplands and sell 

fodder from these trees for a higher price during drought years. In the Padma 

floodplain in Bangladesh, farmers use mango-based multi-storey cropping systems to 

increase farmer resilience to climate-related and other shocks by providing various 

products all year round. EbA specifically targets those vulnerable to climate change, 

especially those dependent on ecosystems and their services for their livelihoods 

(Munang et al. 2013; Hannah Reid 2016).  
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Important to consider when addressing climate change is the fact that; each 

community is unique, and thus, the focus needs to be location-specific and need-based, 

taking into consideration the unique circumstances of each vulnerable community. 

Moreover, just as the impacts of climate change vary according to location, the 

strategies employed to cope with these changes may also differ (Mclean 2010).  

 

Though many studies have addressed the impacts of climate change on poor 

communities and explored their perception of climate change, few have focused on 

isolated tribes and communities, especially in Africa. Furthermore, limited studies 

have been done to inform Ecosystem-based Adaptation strategies and explore 

ecological restoration opportunities towards addressing the impacts of climate change. 

Previous studies on climate change adaptation and vulnerability in Namibia have 

focused mostly on agro-pastoralist farmers in north-central Namibia (Kaundjua et al. 

2012; Newsham and Thomas 2011; Spear and Chappel 2018; Wilhelm 2012),  

particularly on Oshiwambo farmers. Most studies have focused on crop farming, 

despite pastoralists being one of the most vulnerable groups to climate change (Cuni-

Sanchez et al. 2018).   

 

In this study, we examined an isolated pastoral Himba community, to 

understand their perceptions, experiences and understanding of climate change and its 

related impacts on their livelihood. Specifically, we wished to: 1) identify early 

warning systems and local perceptions related to weather, 2) identify the impacts of 

climate-related scenarios such as drought or flood and identify vulnerable 

communities, 3) determine coping and adaptation strategies used by pastoralists to 

alleviate the hostile impacts of climate change/variability as well as barriers to 

adaptation, and finally, 4) determine the ecosystem services and biophysical impacts 

especially on plants and vegetation cover, in order to propose EbA strategies of 

relevance to the Himba pastoral community. This information can help inform 

recommendations as to how pastoralists can diversify or adapt their farming practices 

to reduce their vulnerability. It can also inform policymakers, particularly at the 

government level, on formulating strategies to improve livelihoods of pastoralists 

especially focusing on EbA.  
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Background to the Himba pastoralists in Kunene Region 

 

The Himba people are a pastoral ethnic group inhabiting the Kunene Region 

(formerly called Kaokoland) in Namibia. Their main form of livelihood is based on 

keeping cattle, sheep and goats. It is difficult to tell precisely how old some of their 

customs and practices are because most African history is based on an oral record 

(Bollig, 2008). To the best of our knowledge, there is, therefore, no archaeological 

evidence to reconstruct the beginnings of pastoralism in Kunene or Namibia. The 

earliest record of cattle, goat and sheep herders being well established in southern 

Angola and presumably, in neighbouring Kunene, was in the 16th century by 

Portuguese mariners (Jacobsohn, 1995). “The Himba people are cherished as the last 

remnants of the ̀ old Africa' (Bollig & Gewald, 2000) for many reasons such as holding 

onto their primitive lifestyle despite the progress of the 21st century  (Bollig, 1998)”. 

Livestock is core to their cultural beliefs and practices, and provides a connection to 

their ancestors through sacrifice (Jacobsohn, 1995). The Himba were one of the 

wealthiest cattle-herding groups in Africa (Jacobsohn, 1995). This is before the stock 

losses in the devastating drought of the early 1980s, and several subsequent droughts, 

though in many cases they managed to rebuild their herds (Jacobsohn, 1995).  

 

Harring (2001) described the Himba people as: 

“A distinct people because they are visually conspicuous; their bodies-tall, 

mostly naked, bejewelled, covered hair to foot with a red ochre and butter paste. These 

are immediately recognisable. Their land is an isolated, mountainous high desert, 

straddling the border between Namibia and Angola. It is inland on an escarpment 

above the Atlantic Ocean, a "wilderness" inhabited by free-roaming desert elephants 

and other exotic game species; a corner of the "real" Africa, relatively isolated, but 

accessible by anyone with a credit card. The Himba's visual distinctiveness is 

deliberate. Over the past hundred years the nearby peoples, like most Africans, have 

largely adjusted their dress in response to missionary and colonial demands. The 

Himba did not, remaining dressed in leather aprons, naked above the waist. This is 

not, entirely, an indication of their "isolation"; rather, it reflects a prosperous pastoral 

people with a strong will to continue their lives”. 
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However, a once prosperous tribe has been reduced to a people dependent on 

government drought relief, their land is no longer able to sustain them, and most have 

lost their livestock due to reoccurring droughts for the past decade. Furthermore, 

history has not been exactly kind to them either. According to Harring (2001), for 

many decades, the cattle wealth of the Himba kept them prosperous, many of them 

refusing to work for the colonisers as they lived contented lives. They benefited greatly 

from cattle trade with other tribes and at the border of Angola. This allowed them to 

grow strong as a tribe. In 1921, however, the then colony (South Africa) closed the 

border between their land (Kunene) and other tribal lands, as well as enforcing control 

at the Angolan border in order stop the trade. This was devastating to the Himba 

because most of their traditional trade routes were no longer available. The South 

African plan was to segregate Kunene and destroy the Himba pastoral economy in 

order to coerce them into signing migrant labour contracts. However, the Himba cattle 

economy continued to grow because they kept cattle for social and political reasons as 

well.  Their cattle economy was so parsimonious and efficient that it expanded, even 

when their trade outlets were abridged. South Africa then prohibited labour 

recruitment among the Himbas and in the 1980s built three army bases in their region, 

and the Himba were forced to move to fortified villages surrounded by barbed wires, 

under army watchtowers. Still, they tended their herds, although these were not 

prosperous times (Harring, 2001). 

 

Though their traditional practices have contributed to the current situation of 

degradation, much of it has been shaped profoundly by a century of colonialism and 

climatic variability. For example, boundaries restricted their spatial mobility, a 

prohibition on livestock trading forced them into subsistence herding, and the forced 

internal relocation of large numbers of people led to environmental degradation 

(Jacobsohn, 1995). The first main western technological intervention in Kunene 

started in the 1960s with the creation of artificial water points, which resulted in severe 

land degradation (Jacobsohn, 1995). Although this was a good initiative, it also 

interfered with the grazing systems that had been practised in the region for centuries. 

Before the creation of artificial water points, some areas were only used seasonally. 

As a result of the drilling programme, tens of thousands more cattle, goats and sheep 

were able to be supported during the dry season. Today, Kunene is one of the most 

degraded regions in Namibia.  
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When times were good, the Himba had large herds, numbering up to five 

hundred per family, and grazing on common lands (Harring, 2001). A 1972 survey 

reported that Kunene held 160,000 cattle, perhaps half-owned by the Himba (Harring, 

2001). Between 1979 and 1982, war and the worst drought on record devastated 

Kunene killing 80 to 90 per cent of the domestic stock (Jacobsohn, 1995). Still, they 

rebuilt their herds, but subsequent recurrent droughts during 1990, 1995, 1998, 2001, 

2002, 2013, 2016 and 2018 (Lendelvo et al. 2018; Masih et al. 2014) made it more 

challenging to retain their livestock. The drought of 2012/2013 was labelled as the 

worst drought in 30 years, and many pastoralists were badly affected. The decade long 

drought that decimated their livestock led them into extreme poverty.  Today political 

struggles of the 20th century have passed them by as they continue to practice their 

traditional way of life (Hailombe, 2011); however, prosperous times are things of the 

past”.  

 

3.3. Methodology 

 

3.3.1. Study area 

The study was conducted in Epupa constituency (-17°00'13.97" S 

13°14'53.70" E) in Kunene Region, Namibia. Namibia is situated in Southern Africa, 

neighbouring South Africa in the South, Botswana in the East and Angola in the North. 

Kunene region occupies the north-west corner of Namibia, and livestock production 

is one of the key sources of livelihood to many rural households. It has a population 

of 86 856 people, of which 17 696 live in Epupa Constituency (National Planning 

Commission 2015). Annual rainfall in Kunene is sporadic and increases from west to 

east from less than 50 to 415 mm (Integrated Environmental Consultants Namibia 

(IECN) 2011b). The region has an arid climate like the rest of the country, and an 

abridged wet season, mainly extending from February to April and is characterised by 

dust storms particularly from August to October. The terrain is semi-arid and 

progressively becomes desert land towards the Skeleton Coast (Kunene Regional 

Council 2015). The most visible and readily felt impacts of climate change are perhaps 

the increasingly persistent dry spells and frequent droughts in this region. Farmers 

look forward to the rain every year, always on a lookout for available grazing land, 

but lack of rainfall has led to poor livestock condition and loss of animals (IECN 
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2011b). Epupa Constituency has a literacy rate of 29% of the total population of the 

area, and 70% of the children from this constituency never attended school. Epupa is 

also the least developed constituency in the region (Kunene Regional Council 2015), 

and about 77% of the population depends on farming as their primary source of 

income. Epupa is categorised as the most impoverished constituency with 51% of the 

population classified as severely poor.  

 

3.3.2. The climatic situation of Kunene 
 

In Kunene, there has only been one weather station (in Opuwo town) for the 

Namibian Meteorological Service since the 1960s. It was only recently that they 

installed another station in Okangwati, Kunene. The Opuwo station is about 110 km 

from the study site and has 59 years of records with some missing data. No temperature 

data for Kunene is available until 2012. It is expected that extreme weather events 

such as floods and droughts will become more prevalent in Kunene  (IECN 2011a), 

and this has already been happening. The onset of the rainy season will become more 

variable, and prolonged dry spells will also affect the development of functional 

grazing areas. Hunger is already pestilent among rural and poor populations in 

Kunene, exacerbated during prolonged drought conditions  (IECN 2011a). Fig 3.1 

shows a drastic decrease in rainfall since 1962. 
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Figure 3.1: Total annual rainfall recorded at Opuwo town, Kunene Region from 1961–

2019. Rainfall data accessed by the corresponding author from the Namibia 

Meteorological Service data records in Windhoek on 25 February 2020. The following 

years 1976-1994, 1999-2009) have no data available. 

 

3.3.3. Sampling design and approach 

This study utilised a concurrent nested mixed-method design using a 

qualitative methodology. The term ‘concurrent’ shows that both qualitative and 

quantitative data are collected at the same time (Kroll and Neri 2009). In concurrent 

nested studies, one of the methods dominates, and the other is embedded, or nested, in 

it (Kroll and Neri 2009). In this case, quantitative data was embedded or nested within 

the larger qualitative study. We chose a qualitatively driven mixed-method approach 

because it allowed us to explore in-depth how climate change has impacted 

pastoralists’ livelihoods and hear their story. Qualitatively driven praxis stimulates a 

deep listening between the researcher and the researched, to get deeper and more 

honest assertion of beliefs and values that surface through dialogue to uphold a more 

accurate description of views held (Howe 2004). Also, qualitative approaches tend to 

be open to new information and involve understanding people in their own terms, in 

their own social settings (Howe 2004). Qualitative dominant mixed methods research 

depend on a qualitative, constructivist critical view of the research process, while 

concurrently recognising that including quantitative data and approaches will likely 

add further benefit (Schoonenboom and Johnson 2017).  

 

Three stage-sampling procedures were used: household interviews, in-depth 

interviews and key informant interviews. A semi-structured questionnaire with open-

ended, multiple-response and dichotomous questions was used to collect data for both 

key informant and household interviews, while a structured questionnaire was used 

for in-depth interviews. A convenient sampling technique was used to select the 

villages due to dangerous road conditions. Only villages that were accessible by road 

were selected in the study area. For accessible villages, we randomly selected six 

villages, three of which were very close to Kunene River and three far from the river 

(over 25 km from the river). The distance was in terms of walking because people in 

the area lack vehicular transport. Kunene River is the main source of water for many 
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people living in the area. They use water from the river for drinking, household use 

and for livestock. Purposive sampling (Seidman 2006) was used for the in-depth 

interviews according to the recommendation of the village headmen and other leaders, 

targeting extreme cases of poverty in the villages and pastoralists who have lost many 

livestock due to drought. In-depth interviews made it possible to gain insights into 

people's concerns over fundamental drought problems in the area. Key informant 

interviews were also purposively selected and administered to the leaders in the area, 

including but not limited to headmen, teachers and ministry workers. These are people 

who have been working with the communities for more than five years and have access 

to information, have worked with NGOs and government officials and therefore able 

to give details of prevalent problems in the community. A snowball sampling 

procedure was used for household interviews. This entails identifying respondents 

who are then used to refer researchers on to other respondents (Atkinson and Flint 

2001). Using snowball strategies provide a means of accessing vulnerable and more 

impenetrable social groupings.  

 

The qualitative component of the study consisted of open-ended questions 

which explored how pastoralists understand climate change, how it has affected them, 

how they cope or adapt to it, and who is more vulnerable in their community. The 

quantitative component was nested in the qualitative and was intended to collect 

attributes such as livelihood information, herd sizes, years of farming experience, 

drought and flood relief information and government’s involvement.  Apart from 

demographic data, all in-depth interview questions were strictly open-ended.   

 

3.3.4. Data collection 

All interviews were conducted between June and November 2018. We 

collected data on demographic and socio-economic characteristics, the perception of 

climate change and coping strategies, livestock and crop production, adaptation 

options, impacts of drought and flood, water availability and diseases, and also 

included further suggestions by community members.  All the interviews were carried 

out by the first author with her assistant as an interpreter who spoke the local language 

fluently, was born and grew up in the study area, and was therefore familiar with the 

local dynamics.  The fact that one person conducted the interviews also meant bias 
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was minimised in the data collection, although it also meant it was time-consuming. I 

am aware that our social identities are affected by our experiences with issues of class, 

race, ethnicity, and gender, and those social forces influence our world views, often 

defining our prejudice (Seidman 2006). Although the lead author is a young black 

woman from a poor background similar to some Himba people, she has had the 

privilege of a good education, is well-travelled and has been exposed to people from 

all walks of life. Apart from this, she also belongs to a different tribe and cannot speak 

the Himba language.  This perhaps could have made the Himba people perceive her 

as “different” or as an outsider. Some may have perceived her as someone in a position 

to help them, thus perhaps influencing them to make their case sound desperate. 

Growing up in similar circumstances as the Himba people, gave the lead author an 

advantage in that she was able to relate to what they were going through. However, 

this may have also tempted her to become too involved; thus, she maintained a neutral 

position as far as possible”. The research was conducted with the University of 

Western Australia Human Ethics Approval (RA/4/1/9296).  

 

A total of 16 key informant interviews, 16 in-depth interviews and 60 

household interviews were conducted. We dedicated three to four days to each village. 

Upon getting permission, we started interviewing households and employed the 

snowball sampling procedure until we reached saturation. Theoretical saturation 

happens when adding study participants no longer produces new information, and, as 

a guide, is often reached after approximately 15 interviews (+/- 10) (Kvale and 

Brinkmann 2009). When no new information was coming out in the villages near the 

river, we proceeded to the villages far from the river where we then used the same 

procedures for interviewing households. Average interview length was one hour. For 

in-depth and key informant interviews, scheduled appointments were carried out at 

respondent’s houses, or offices. For household interviews, each interview was 

conducted with the household head, or if he or she was not available, his or her life 

partner was interviewed instead, if they had a partner. 

 

3.3.5. Data analysis 

The quantitative data were analysed using SPSS V. 25 (SPSS Inc 2017) and 

Microsoft Excel 2016. Descriptive statistics were run to give frequencies and 
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percentages of households’ socio-economic characteristics. For qualitative data, 

thematic analysis was carried out using NVIVO software version 12 (QSR 

International Pty Ltd 2018) to identify different themes that came out of the interviews. 

Data were prepared for analysis by transcribing all the interviews, reducing the data 

into themes through a process of coding and representing the data. In the first stage, 

the coding process was guided by the main research question of the study, and some 

codes or themes were identified from the interview questions.  Themes relevant to the 

objectives were identified, to explain, compare or describe different phenomena. 

Secondly, data-driven coding followed with a focus on finding patterns of meaning. 

By reading through all the transcripts, more nodes and sub-nodes were identified that 

explained the patterns of the research questions from the interviewees’ perspectives. 

Transcripts were coded according to interviewees’ responses to each question, and the 

most prominent themes emerging across the set of interviews were identified. The 

interview questions also guided the coding process, mainly if there was a pattern in 

the responses of the participants, and key ideas related to the research questions were 

identified as themes. Important points mentioned multiple times were also clustered 

together into a node or theme. Texts were coded to reflect the most frequently 

mentioned factors in response to a specific question asked. 

3.4. Results 

 

3.4.1. Socio-economic characteristics of the respondents 

About 67% of the households were headed by males, while females headed 

33% of the households. Most of the respondents (70%) were within the ages of 40 - 

88 years and the majority dwell in clumped houses with an average family size of nine 

persons.  More than 70% of the respondents have never attended school, and this 

reflects the literacy rate of only 29% in Epupa Constituency (Table 3.1). The majority 

of the respondents (50%) were married, 21% were single parents, 16% were widowed, 

and the rest were divorced (8%) or cohabitating (5%). Pastoralism is the primary 

source of livelihood, and most respondents (57%) get their income from livestock 

production. About 16% depend on gardening or crops, 10% solely depend on drought 

relief or government pension. Some of them (4%) do not have gardens or livestock, 

and depend on activities such as fishing, making baskets, selling firewood, selling 

alcohol or food, and 2% depend on small-scale mining. Livestock species kept by 
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households were mostly goats, selected for their drought resistance, followed by cattle 

and sheep. The participants were mainly living in non-brick houses (97%), and their 

main source of drinking water was either a river, tributary or human-made springs or 

wells.  

 

Table 3.1 Summary of respondents (n=92) 

Item Category N Percentage% 
Education None 66 72 

Primary education 13 14 
Secondary education 7 8 
Tertiary education 6 6 

Household 
head 

Female-headed 30 33 
Male headed 62 67 

Marital status Cohabitating 5 5 
Divorced 7 8 
Married 46 50 
Single 19 21 
Widow 15 16 

Family size Average of family size 9   
Age Average age 51   
Livelihood Cattle and goat farming 52 57 

Drought relief 3 3 
Gardening/crops 15 16 
Government pension 6 7 
Small scale mining 2 2 
Government employees 10 11 
Others (such  as selling baskets, 
alcohol) 

4 4 

  

3.4.2. Knowledge of climate change 

About 67% of the respondents have heard of climate change (Fig 3.2A). The 

majority, including those who have heard of climate change, do not have an 

understanding of what climate change is and what causes it, and because of this many 

expressed that it was not relevant to them. With regard to causes or reasons for climate 

change, many respondents (47%) did not know what causes climate change, and some 

(26%) expressed that it was caused by God (Fig 3.2B).  More than half (52%) of the 

respondents noted that climate change was not really important to them (Fig 3.2C). 

The respondents were asked if they think anything can be done to tackle climate 
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change. Many (39%) indicated that they do not know, and some (39%) expressed that 

there is nothing that can possibly be done to tackle climate change (Fig 3.2D).   

 

 

Figure 3.2: Perceived knowledge of causes, importance and beliefs of climate change 
among respondents (n=60, household interviews). 

 

When climate change was explained to them, the majority of the respondents 

expressed that they have perceived or experienced climate change or variability, 

especially delayed rainfall (98%), lack of rain (100%) and change in the temperatures 

(76%). Discussing climate change and explaining it to the community members 

seemed like a wake-up call, a new knowledge to them. Many expressed that though 

they have observed these changes, especially in the rainfall patterns, they did not 

understand why and what was causing all these changes (Table 3.2).
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Table 3.2: Responses of some participants on their knowledge and beliefs of climate change 

 

Knowledge of climate change Perceived climate change 

 “I do not know anything about it. I have 
heard about it, but I do not have an 
understanding of what it is and what causes 
it, but we have seen these changes over 
many years” H49 

 “When I was young, though I did not pay 
much attention to the weather, I can see that 
things have changed now. We used to receive 
more rain, and it came on time. March to May 
is now the rainy season, but in the past, it used 
to come in October, and it rained until March 
or April” I10 

 “I do not really know anything about it” H1 

“Some years, we receive rain and others not so 
much, several years can go by without any 
rain, sometimes even five years can pass 
without rain. We wonder why life is like this, 
but God is the one that gives all things” H19 

“I just hear announcements on the radio 
about daily temperatures and wind direction 
etc. but we do not know anything about 
climate change and what causes it” H10 

“When I was growing up, my parents told me 
and warned me that the world would change; 
the world will keep changing. The world is 
dynamic, and now I have observed they were 
right. Some years we get good rains, other 
years, not so good and I keep telling my 
children that things change, sometimes they 
become better and sometimes worse, but it will 
keep changing, and one needs to be ready for 
these changes” H2 

“I hear about it on the radio, and I know it 
has become warmer this side of the river 
than it used to be years ago” H12 

“Growing up, things were different, and we 
received enough rain, more than enough rain, 
now it is just drought” H6 

“I know there are changes, and they are 
inevitable and up to God, and they will 
continue to happen. I know we may face any 
changes at any time. Suddenly there will be 
drought or flood; it will never be constant” 
H15 

“I have observed these changes. So many 
changes and this brings me high blood 
pressure as I think about all the problems, and 
things are not getting better at all” H32 

“I hear about it on the radio, but I have no 
idea what it is. How can someone know if 
something is important if they do not know it 
in the first place or have an understanding 
of it, but I guess if it is announced on the 
radio, it must be important” H56 

“I just observe changes in different months, 
and sometimes the rain comes early, and other 
times, it is delayed. When drought occurs, it 
affects planting season and even plants in the 
wild are affected badly” H4 

“Sometimes we hear from people discussing 
that the weather is changing and we talk 
about these changes with my friends” H5 

 The rain fluctuates and comes rarely, and for 
the past six years, we had no rain at all. The 
vegetation and all our crops just dry up, and 
we lose everything, crops, livestock etc. It is 
just hunger in this community, hunger for 
people and animals “H26 
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“I do not know anything, I just hear 
announcements on the radio, and I have 
observed these changes, and they make me 
really angry” H35 

 We have frequent drought in this area; we are 
only living because of God “H33 
 
 

Causes of climate change Tackling climate change 

 “I do not know, and we see that these 
fluctuations have brought many bad things, 
but we do not know what causes these 
changes” H20 

“I don’t think there is anything that anyone can 
do about climate change, not even the 
government, and that is because even in 
different countries where there are good 
hospitals, people are still dying every day, and 
human beings cannot do anything about this, in 
the same way, they can’t change climate 
change. It will not stop, it cannot be stopped 
because it is beyond us, just like death is 
inevitable” H10 

“I do not know, and I do not give attention 
to it because it is something I cannot see 
“H10 

“No, we are not God, we cannot do anything to 
change these things unless we can go to heaven 
and stop these changes” H3 

“Drought causes climate change and God 
who is supreme” H11 

“Only God can do something about climate 
change” H7 

“I think they are brought by hot weathers” 
H12 

“There is nothing we can do to avoid these 
changes” H21 

“We do not know” H13 
“Maybe we can pray to God, but it is truly 
hopeless” H37 

“Climate change is caused by wind and 
rain” H14 

“We need to pray harder and stop sinning, and 
all these bad things will stop. Things will 
change” H54 

“I think God is responsible for these 
changes” H15 

 Maybe the government of perhaps 
international organisations could help to tackle 
these problems. If money is given, it can be 
used to help people make gardens and invest in 
education and in turn create jobs “H41 

“The rain is the cause of climate change” 
H2 

 The elders in the community are the ones to 
decide on what could be done “H58 

“These changes are brought by God 
because we do not pray enough” H21 

 We need to be educated and taught about these 
things so that we can do something about it 
“H2 
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The majority of the pastoralists noted that they had no access to climate change 

(scientific) information. There was an indication that some were willing to do 

something about it if they had enough knowledge of what was expected of them. A 

64-year-old pastoralist expressed that: 

“First of all, we need an understanding of what climate change is, what causes 

it, etc. We need to understand what brings rain, so that if there is something 

we are doing that is stopping the rain, then we can stop doing it. If there is 

something we can do to bring the rain, then we need to know so we can do 

these things. Without understanding, we cannot do anything at all” H2 

 

3.4.3. Early warning systems and indigenous knowledge 

  Our results revealed that there are no local campaigns or initiatives on climate 

information or early warning schemes in the study area. Many key informants (81%) 

and 100% of household interviewees indicated that there are no initiatives or 

campaigns to create awareness about climate change in the community. One of the 

pastoralists also expressed the need for awareness and early warning systems as 

follow: 

“People need awareness and to be taught about climate change. In this 
community, we are not taught anything; we do not even have cell phone 
coverage or radio to be informed. We are just lagging behind everyone. When 
the flood came, we were not informed, the flood came suddenly, but I heard on 
the other side people were warned through the radio about the oncoming 
flood” H21. 
 
Some respondents indicated that they use different forecasting methods to 

predict the rain such as bird movements, certain species of trees, wind patterns, 

phenology, presence and absence of certain animals, wind movements, moon and sun 

as indicators of whether they will have rain or not. Table 3.3 is a description of the 

indicators they use to predict the weather.  
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Table 3.3: Traditional forecasting used by pastoralists to predict the rain 

 

Type of change observed Interpretation Indicator Type 

Many pods of mopane trees 
(Colophospermum mopane) 

Drought Biological 

Less movement of birds Drought Biological 

When we see flies with redheads and 
blue bodies 

No rain Biological 

We observe the rainfall months if we 
do not get rain by December; 

Drought Meteorological 

If the fruits start falling off before 
they ripen 

Drought Biological 

If we get a westerly wind No rain Meteorological 

If we receive easterly wind There will be rain Meteorological 

We look at the Anna tree (Faidherbia 
albida) if we see no pods by July 

There will be no rain Biological 

If the Marula trees (Sclerocarya 
birrea) produce fruits 

Good rain Biological 

When we see sugar capsules 
secretions on mopane leaf 

Good rain Biological 

 
Some elders use more complicated indicators such as looking at the guts of 

goats and observing the stars. These two statements are from two elderly pastoralists 

who use these methods:  

“We kill a goat, and then we look at the intestines and just by looking at the 
intestines, we can tell whether there will be drought or not. We dissect the goat 
and open the gut; in the intestines, there are glands that we look at that shows 
us that there will be drought or not. The glands are always there, but if there 
will be drought, they will be on another side or invisible. This to us is like 
weather instruments, and we use this accurately to tell us whether there will 
be drought or not” H18 
 
“We also look at a group of stars and their position in the sky, we know by 
looking at them and where they are positioned in different times of the year, 
whether we will get rain or not” I8 
 
Nevertheless, the majority of the respondents (58%) stated that they are caught 

off guard because they can never tell when drought or flood will come, and so they do 

not prepare for flood or drought, and even if they knew, they did not have the capacity 

to prepare for either drought or flood effectively.  
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3.4.4. Perceptions of the impacts of climatic variability/change 
 

Many respondents indicated that the climatic changes they have experienced 

have negatively impacted their lives; many complained of impacts such as drought, 

flood and high temperatures. Other impacts that were mentioned included diseases, 

hunger for both humans and animals and poverty (Fig 3.3).
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Figure 3.3: Impacts of climatic variability narrated by the pastoralists in Epupa, Kunene Region 
(Household interviews) 

 
 



Emilia Inman PhD thesis 

 

82 
 

Drought and floods 

Drought was a major theme that emerged from the study as an impact of 

climate change or variability. The majority of respondents (70-90%) were affected by 

the drought that has been reoccurring for the past decade, as have flood events. Those 

living near the river were more affected by floods, many losing their houses and 

household goods and their gardens washed away. Drought, however, affected 

everyone, many losing their livestock and experiencing reduced agricultural 

production (Fig 3.4). 

 

 

Figure 3.4: Perception of the effects of drought and flood (n=60, household 
interviews).  

 

Many pastoralists keep a record of their livestock and can remember how many 

livestock they have lost due to drought. The majority of pastoralists (84%) have lost 

several livestock. Based on in-depth interviews alone, 16 pastoralists’ estimates of the 

total livestock lost in the last five years was 2545 animals (Table 3.4).   
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Table 3.4: Number of livestock lost by individual respondents since 2015 (n=16, in-

depth interviews).  

ID 

2015 - 2018 
Total livestock 

lost 
Number of cattle 
lost 

Number of goats 
lost 

Number of sheep 
lost 

I1 70 13 0 83 
I2 7 0 0 7 
I3 11 36 0 47 
I4 100 125 0 225 
I5 160 500 300 960 
I6 5 0 0 5 
I7 4 5 0 9 
I8 7 1 0 8 
I9 40 50 30 120 
I10 15 11 0 26 
I11 20 30 48 98 
I12 100 0 0 100 
I13 55 55 25 135 
I14 153 290 0 443 
I15 12 60 0 72 
I16 97 110 0 207 

  2545 
 

The following three profiles of pastoralists illustrate to what extend drought has 

affected individual families in the area. The data presented is based on the interviews 

held with these pastoralists during in-depth interviews. 
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Profile A: Pastoralist who keeps livestock for both subsistence and commercial purposes 

A 53 – year-old female pastoralist’s family has been farming for over 30 years. No one in the 
family has any formal education. They are a family of 11 people, owning 600 goats and 6 cattle, 
both for subsidence and commercial purposes. The drought in 2015 led to the loss of most of 
their cattle and some goats. Though they tried to save them by finding better pasture, it was to 
no avail. She reiterated that the drought situation has made them sad: 
 

“When I think about our lost cattle, it makes me sad. In 2016 we lost 50 cows. We tried 
so hard to save them, even taking them to places where we thought were better, but they 
died anyway. We were left with six cows only. A bag of 50 kg of flour in my house only 
lasts for a week; then I am required to purchase another one. I always need to have 
money to buy flour, and for this, I have to sell goats. I sold about five goats recently to 
make ends meet. I lost 11 goats in 2016, mostly because of livestock diseases and 
drought. I did not receive any help in terms of medicine etc. and no advice” I10 
 

Despite their loss, they are regarded as one of the most well off families in the area; however, 
they may also be dragged into poverty if they continue to lose their livestock. They live in fear 
that recurrent drought may cause them even more harm. 
 

“During drought, I am concerned about the survival of our livestock because they are 
the most affected by drought. Drought affects our farm production and cattle are more 
affected by drought than goats. So my main concern is our cattle. I am afraid we may 
lose all we have”. 

 
 

Profile B: Widower farming with livestock and a small garden 

A 68-year-old pastoralist has been farming for 51 years, with no formal education, and living 
with his four children. They have nine cows and a garden that they do not use because there is 
no rain and no means of irrigation. Asked about how the drought has affected them, he narrated 
that: 

“It affected me badly and my family. I lost 16 cattle in 2015, in 2016 I lost three and 
last year in 2017 I lost two cows. I lost goats and sheep too, about 30 goats and 48 
sheep. When this happened, I lost my only source of income and means of livelihood, 
and now we live from hand to mouth. I wanted to take my life because there was 
nowhere to get food. I lost all my household goods due to this year’s flood, such as 
spades and hoes, including my garden. All gone. Even the rest of the communities are 
going through the same things” I11 
 

He said that he had been depressed and is fearing for the worst: 

“This has had bad effects on me, and it saddens my heart because I am worried where and how 
we will live in the future. Will I lose everything? Things that are supposed to keep us alive are 
gone or dead, no livestock and no crop production. When I see these things, I start thinking I 
am next in line. Even livestock diseases affect me badly because what affects my livestock 
directly affects me too”. 
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Profile C: A headman with a secondary education, who has been farming for over 45 
years  
 
A 78-year-old pastoralist and a headman has been farming since 1972. He is one of the few 
with secondary education and at some point worked for a veterinary office before he went into 
farming. He gave three accounts when he lost all his livestock due to drought in the area: 
 

“In 1993, I lost all my cattle, and in 1995 I started over, acquiring new cattle to sustain 
my family.”  

 
“Drought affected my family badly. Since 2007 I lost many cattle, but since we had a 
lot, it was not so bad…..in 2015 I lost the remaining cattle, all 160 died, and I am left 
with 10 cattle. That was a hard blow, one that affected me badly. 
 

Apart from livestock production, he also invested in a garden a few years back, but it got 
washed away because it was too close to the river. During drought, they use buckets and fetch 
water from the river to grow what they can in the garden. Asked on how the drought has 
affected him, he narrated that: 
 

“Many years ago, I used to have many cattle, and now I only have ten. That is painful, 
and people who have lost livestock are severely affected. However, the worst are those 
who have nothing at all.  Within 5 years, I lost about 160 cattle due to drought. I do not 
even want to talk about goats. I used to have so many goats, countless and sheep and 
have lost 300 sheep and have lost more than 500 goats; now I only have 80 goats left 
and 15 sheep. All the goats I have now are new goats that I bought to start over. I keep 
adding here and there as years go by. I had to buy new goats because I lost everything. 
However, now I do not have money to buy more livestock and therefore have been left 
hopeless. 
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Concerning the frequency of drought and flood events, many respondents 

indicated that they had experienced drought every year for the past six to ten years, 

while floods only come when it rains. The following statements are some views of 

pastoralists on the frequency of drought and floods: 

“Sometimes we go for 2 to 3 years without any flood event, and for the past 
six years, we had drought” H14 
The flood fluctuates, sometimes we go for several years without experiencing 
any flood, but the drought is here every year” H16 
“Drought is here every year. All we do is go and dig semi-precious stones to 
sell; otherwise, we will die of hunger. Flood only comes when it rains” H13 

 

Table 3.5 shows years of major drought events that some of the pastoralists could 

remember. Due to illiteracy, most were not able to recall the specific years and 

therefore referred to events such as when their children were born, and we had to work 

out which year by looking at their identification documents.  

 

Table 3.5: Major droughts in the living memory of some pastoralists   

 

Period Comments 

1993 1993 was a deadly year, terrible drought, I lost all my cattle 
and only started over in 1995. 
 

2007/2008 In 2007, we had a severe drought for animals and people H45 
We have been experiencing drought since 2007 to date H34 
We have had more than ten years of drought since 2008, H1 
 

2010/2011 “In 2010 we had another severe drought, that killed many 
livestock and people too. This year the rain was very little” 
H59 
 
2011 was a disastrous year for everyone here, and that is 
when we had the worst drought ever. Even people died, 
animals and humans died, and it was a tragedy. Even years 
after that we have never really recovered and drought 
continues-H40 

2015 “I lost my cattle again in 2015 because of a bad drought” I5 

2017/2018 “In 2017 we moved our cattle to Angola for green pasture 
because we received very little rain” I15 
 
This year (2018), there is drought again, no rain and our 
livestock are dying 
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3.4.5. Local coping and adaptation strategies 
 

Pastoralists in the study area employ a variety of coping (against short-term 

shocks) and adaptation (against long-term impacts) strategies towards climate change 

and variability. While some community members have expressed that they do not cope 

at all or do nothing to cope with either drought or flood, some have adopted several 

coping strategies such as fishing or selling livestock (Fig 3.5). Although community 

members living near and far from the river employ almost the same coping strategies, 

there are differences in the percentage of pastoralists employing strategies such as 

fishing, begging and looking for jobs. Fishing was the main coping strategy mentioned 

by pastoralists living near the river, with half of the pastoralists using it to cope with 

drought; however, only 7% use it as a coping strategy in the villages far from the river, 

where begging was the main strategy used. A higher proportion of pastoralists from 

the villages far from the river look for jobs (43%) and sell their livestock (43%) during 

drought, compared with those from close to the river (23% and 33% respectively).  

More people depend solely on relief and government social funds in villages far from 

the river compared to those living near the river. Villages far from the river do not use 

replanting and buying fodder as a coping strategy, but villages near the river use these 

strategies. Only five adaptation strategies were recorded in the study area; relocating 

livestock to better grazing areas, using drought-resistant crops and livestock, planting 

early and relocating to other villages. These were mostly used by pastoralists near the 

river compared to those living far from the river. The main adaptation strategy was 

changing to drought-resistant crops or vegetables during drought (Fig 3.5). 
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Fig 3.5: A) Coping and B) Adaptation strategies used by pastoralists living near and far from the river (n=92), Kunene Region, Namibia.
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Most pastoralists have limited adaptive capacity and ineffective local coping 

strategies: This was asserted by a few participants as follow: 

“There is no hope when this happens, and life becomes truly difficult. The flood 
washes away the few crops you have, and drought brings hunger. We sell some 
of our chickens sometimes in order to buy maize meal” H16 
 
“How can I survive when I have nothing, my livestock are gone, and my garden 
is washed away? So I beg from our neighbours and ask family members to help 
us” H12 
 
 “We reduce the number of meals to save food, and since I lost my garden I did 
not receive any relief from the government, this is why you see me carrying 
these fish I have caught to go exchange it with my neighbours for maize flour 
to feed my children” H2 
 
“We do not survive well at all, we risk our lives and go to the river to catch 
fish to feed our children and to sell too” H11 
 
“Since I have no cattle, I just go and beg, I have no livestock. I try to go fishing 
to buy food and buy fuel for my generator to work in my garden which is now 
washed away” H10 
 

3.4.6. Adaptive capacity and barriers to adaptation 

 
Our results suggest that the adaptive capacity of the Himba community is very 

low. They currently do not have safety nets, and many have already lost their source 

of livelihood. The environment they depend on for themselves and their livestock is 

no longer able to sustain them. The adaptation and coping strategies used by the 

households are not without constraints. Respondents reported several limitations to 

effective adaptation, including lack of education (76%), poverty (80%), lack of inputs 

and equipment for agricultural practices (67 %). Other factors limiting them include 

large extended families and the most apparent factor was lack of rain. 
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With regard to the lack of education, one respondent expressed the need for 

education as follows: 

 

“Educated people are trying to come up with some solutions, and when 
educated people talk to us about these things, many times, we think they are 
against us, but they are not. In actual fact, they are right. We sometimes do 
things that harm the environment. We need schools to be taught, even old 
people to be taught, though I will probably not go because if I start going to 
school, my family will go hungry as I need to be out there looking for food. 
Who will deal with drought while I am in school? So I spend most of my time 
looking for food” H24  
 
Pastoralists revealed that though they are ready to act and willing to work hard, 

they are just hopeless due to these constraints. This is clearly expressed by a middle-

aged pastoralist who stated that: 

We do not have the capacity to do this ourselves. If we had enough water and 
tools, we would have a good livelihood. There is hunger in this community, 
and people do not have the means to change anything, they cannot buy pumps 
or tools, and there is no rain, so we are as hopeless as can be” H41. “We need 
an irrigation system and tools to help us successfully make gardens and make 
a living. We are very poor. There is no rain and plants just dry up and die. 
Another problem is, people do not have work, we look for work, but there is no 
work to make a living, so there is no means of livelihood. The only solution is 
a water supply to make gardens, and this we currently do not have. The 
government can help us set up irrigations and water supply and help with the 
fence as well. 
 
The majority of the respondents (81%) expressed that the production of their 

farm was not enough to support their families. The main concern was the lack of rain 

that had affected their crop production. As a result, many are poor and have no 

adaptive capacity to cope with climate change or variability. Figure 3.6 illustrates 

some of the voices of the pastoralists on their farm production. 
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Figure 3.6: Responses on whether the production of Himba pastoralists’ farms was adequate to 
support their families 
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3.4.7. Who is more vulnerable to climate change and variability? 

 
The majority of the respondents indicated that the most vulnerable people to 

drought and other climate-related disasters are the poor (91%), the widows/widowers 

(86%), the orphans (46%) and the disabled (20%). One of the respondents expressed 

that: 

 

“The widows and widowers and the poorest people are more vulnerable. The 
poor do not have anything, and they are hopeless. Though the rich are also 
affected, it is not in the same degree. The widows are a sad case in this 
community” I4 
 

One headman also emphasised the vulnerability of the widows in his community: 

“The worst are those who have nothing at all–the poor, and there is no word 
to describe the situation of the widows, they are at the mercy of life. They have 
no way to support their children, and sometimes they come here asking for 
food. If you give them maize flour, they eat just porridge, no sauce or anything 
else to eat with. We are left behind in this area. The widows are suffering.”I5 
 

Box 1: Case of a vulnerable household 

Female respondent I9 is a 42-year-old widow, who heads a household of 23 other people; 
her eight children and grandchildren as well as her mother. Life was better when her 
husband was alive as he had many cattle and did occasional jobs that brought in some 
cash. Shortly after he died, they also lost all their livestock, leaving them with no form of 
livelihood and utterly hopeless. They are currently using someone’s piece of land (0.25 
hectare) to grow vegetables, but the flood washed it all away. They survive with the help 
of government drought relief that gives them bags of maize flour and cooking oil on 
specific months. This is not enough to support a family of 23, and so they occasionally 
beg from their neighbours. She concurred that drought had brought disasters: 

“No one works in my family; we mostly depend on drought relief since my husband passed 
away. I am getting tired because it is getting worse. In my family, a bag of 50 kg maize 
flour is consumed in 7 days only” I9 

They sit under a shade day after day, hoping things will get better. The only shelter they 
have is a little hut, and most of them sleep outside, most of her children have had malaria, 
and some have had cholera. Despite this, she still dreams of a better life. 

 “The government could help provide us with water pumps and steel to make gardens and 
upgrade our standard of living. We could also be given food for our children and most 
importantly, for my house to be upgraded. I want a modern house with running water, 
built with bricks and looking like a lodge, so my children do not have to fetch water from 
the river where there are crocodiles” I9 
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3.4.8. Proposed adaptation strategies or suggestions from pastoralists 

 

While some pastoralists suggested that they need their children to be helped 

with food and clothing, the majority of pastoralists indicated a need for a water supply 

to make gardens and grow crops, vegetables and fruits so they can be self-sufficient. 

A piped water supply for gardening would help their irrigation needs, and they would 

no longer be dependent on the rain. About 87% of the respondents proposed this 

option. This may be easier for those living near the river, but it is more challenging 

for those living far from the river, where boreholes will be required. Some respondents 

also expressed interest in establishing water storage facilities, fodder, feeding 

programs, and to be provided with drought relief. Table 3.6 illustrates some of the 

requests made by pastoralists to help them enhance their adaptive capacity. 
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Table 3.6: Suggestions by pastoralists on how they can be helped to cope better with drought 

 
 

Requested items 
Comments 

 

Solar panels, water 
storage facility 

“The government could perhaps give us solar panels to run generators, instead of 
electricity and fuel. Also perhaps irrigation and water storage facilities. If we are 
provided with these, it will help us. We also need a water tank with enough pressure 
like the ones in Etunda irrigation project. They should be erected at a good height to 
have enough pressure. If we are using energy from the sun, we will not run out” I15 
 

Community garden 

“If we all come together and discuss with the government and perhaps an area can be 
allocated to be used as a community garden where every family has a plot and people 
will work together. This will help us” H23 
 
"We want a community garden to help us" H36 
 
We need to look for a place that can be used by all community members as a garden, 
and everyone can be given a plot and people can work together" H48 
 
"Perhaps we can be given a community garden that can support everyone, and each 
family can be given a plot to grow food. We also need hospitals and cellphone 
receptions. Water can be provided through digging boreholes" H38 
 

Boreholes 

“We just need a water supply, by digging boreholes and providing us with pipes to 
make gardens. This way, we will not depend on the rain and the government. The 
soil here is very fertile, and gardens will flourish” I5 
 
“We have good underground water, and one does not need to dig that deep to get 
water, so the potential to make gardens is huge, but some people are not able to make 
gardens because they are not strong enough and our people lack knowledge of 
gardening and growing crops because we are mainly livestock pastoralists” H24 
 

Capacity building 

" We could also be taught and empowered to do business" H30 
 
 "We do not have power and no assistance with even loans to help us with farming 
activities. Interventions such as small business loans to even start a take away will be 
helpful to make a living, and because you sign a contract, you need to find a way to 
be paying it back. These things are not implemented in this community"I5 
 
“We don’t have the capacity because we are left vulnerable, we have lost all we had. 
We need money from the government and social funds to help us”H28 
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Irrigation systems and 
gardening tools 

"We need an irrigation system and tools to help us to make gardens and make a 
living successfully. We are very poor. The only solution is a water supply to make 
gardens, and this we currently do not have. The government can help us set up 
irrigations and water supply and help with the fence as well. We do not have the 
capacity to do this ourselves. If we had enough water and tools, we would have a 
good livelihood. There is hunger in this community, and people don’t have the  
means to change anything, they cannot buy pumps or tools, and there is no rain, so 
we are as hopeless as can be" H41 
 

Water supply pipes, 
water pumps etc.) 

“Since we have a river, this is our riches, so perhaps we can be assisted with 
installing pipes to get water from the river and establish gardens far from flood-prone 
areas, this will help us a lot” I3   
                                   
“It will be nice if the government can give me a water pump to make a garden to feed 
my family, then my heart will be content and more certain of the future. Even as I sit 
here, I am just thinking I may die. I am always thinking about where will we get food 
for the next day? The generator will release the stress of me” I11 
 
“We just need water pumps to become self-sufficient. Moreover, perhaps we can 
even share in the community and help each other. If one can give me a tap or a water 
pump, I will not even rest; I will work day and night to feed my family. This will 
change our lives. We also need ploughing machines as the soil is hard and rocky” 
H60 
We need pipes and water pumps to make gardens. This village has not received any 
help at all, unlike other villages. We have no school, no cellphone network, no clinic, 
no water and no electricity. We travel to other villages for these services, and so this 
community is left behind in everything" H46 
 
“We need water pumps to have a water supply for our gardens because it is hard to 
water by hand and to fetch water from the river. A constant supply of water all year 
round to grow crops and vegetables all year round is what we need. We also need 
pipes and seeds” I2 
 
“If I were the government, I would make sure that people have a water supply to 
make gardens and fields. If they can install pipes running from the river, then we will 
not need to depend on the rain anymore” H5 
 

Fishing nets 

“  We also need nets for fishing in the river; this will help us with food and for 
selling too" I1 
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3.4.9. Ecosystem benefits and threats 
 
The pastoralists in the study area depend mainly on the environment for their 

livelihood, and rainfall determines their survival. All the respondents concurred that 

they get benefits from the environment such as building materials (70%), food (51%), 

medicine (39%), fodder/pasture (36%), and others such as firewood, semi-precious 

stones and shade (Fig 3.7A). These benefits are, however, under threat, and many 

respondents (95%) expressed that these benefits have decreased in availability. The 

main threat to the ecosystem benefits was the lack of rain (78%) (Fig 3.7B.). 

 

 

Figure 3.7: Perception of ecosystem benefits (A) and threats (B) (n=76, household and in-
depth interviews) 

 

As a result of a reduction in benefits, such as wild fruits, the livelihood of the 

pastoralists is affected. One pastoralist narrated that: 

“The only benefit we get now is building materials. A long time ago, we got 
wild fruits, and now there is nothing. There is no rain and therefore no fruits. 
We lost a means of livelihood. When I was a young herder, I survived in the 
wild, I did not have to eat at home, there was a lot of food in the wild, but this 
is far from the truth now” I11 
 

 Similarly, participants often admitted that in previous times they used to see 

abundant wildlife in their communities, but only a few remain. This was explained as 

follows: 

 Our wild is very beautiful, and when it rains, we get fruits, honey etc. 
A long time ago, people survived on these; wild fruits and wildlife. Now there 
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is nothing. We rarely get fruits from the wild, and all the wild animals are no 
longer here. We used to benefit a lot from wildlife, and we made different 
products from these such as clothes made from animal skins. We also got 
fodder and grass for our livestock in the past. This area is supposed to be fertile 
compared to other northern regions and has a rich biodiversity, minerals and 
precious stones, and if the government helps, there are so many opportunities 
to make a living, but people do not have the assistance, no investment, no 
capital, no jobs. If the government was to provide the machinery, perhaps I 
can employ some people” I5 
 
Pastoralists have also experienced local extinction of some plants and animals. 

There are wild food species, mostly edible which have been become locally extinct or 

are in short supply since the past years. Some elderly members of the community 

referred to the lost benefits as “the good old days”:   

 

“Some of the benefits are no longer here; we do not see things like mopane 
worms anymore. When we were growing up, we had these in abundance. They 
are nowhere to be found in this area now. The good old days are gone” H17 
 
“Some of the benefits are no longer here, we do not see things like pangolins 
anymore or caterpillars, when we were growing up, we had these in 
abundance. The pangolins are totally gone, no longer in this community” 
H41 
 
Trees are the most important plant types to the pastoralists as they get more 

benefits from them, especially considering that grass only grows when it rains. 

Colophospermum mopane was ranked as the most important species by the majority 

of the respondents (52%) followed by Berchemia discolor (43%) and Terminalia 

prunioides (38%). The most threatened species was Berchemia discolor (23%) 

followed by Faidherbia albida (20%) (Fig 3.8). 
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Figure 3.8: The most important (A) and most threatened (B) species to the pastoralists in the study area (n=76, household and in-depth 
interviews
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3.4.10. Biodiversity interventions to protect ecosystems 
 

We found that there are currently no biodiversity interventions at the 

community level to tackle the problem of drought or flood in the area or protect the 

environment. However, the government has put up some measures such as restricting 

people from cutting down trees as explained below by one of the key informants: 

 

“There is government intervention to limit cutting down trees unnecessarily. 
Perhaps the government can help define boundaries, so everyone is given 
their land, and the land can then be divided, and people will have a sense of 
ownership perhaps that will encourage people to take care of their land” K3 
 
Not many people follow these restrictions and so deforestation and overgrazing 

are still on the increase. The following excerpt taken from two interviews sheds more 

light on community involvement to counter biophysical impacts of climate change in 

the area. 

 

Interviewer: What type of practices are there in order to protect natural resources? 

Respondent H41: Nothing, perhaps the government can help us fence off the land… 

Respondent I15: Nothing much really. Some areas are really overgrazed, and some 

people are forbidden to graze in some areas by some selfish people, leading to more 

overgrazing as they continue to graze in one place only. 

 
 Some pastoralists indicated that there are environmental problems in the area 

such as overgrazing and deforestation and social problems such as unemployment has 

exacerbated their situation. One respondent shed light on some environmental 

problems: 

“Yes, we have overgrazing and deforestation in the area. Many people keep 
constructing houses, and for this, they need building materials from trees. We 
keep animals because that is our livelihood, we are not educated, we do not 
have jobs, and so this is how we survive, through livestock rearing” I3 
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3.5. Discussion 

 

The objective of this study was to investigate pastoralists’ perceptions, 

experiences and understanding of climate change and its associated impacts on their 

livelihood in Epupa, Kunene Region Namibia. Our results suggest that the pastoralists 

in the study area have experienced and perceived climate change and variability, but 

they lack scientific knowledge and understanding of what climate change is. Their 

understanding is limited to what they have experienced, in their daily lives such as 

changes in rainfall patterns and not necessarily on what they have learned, for 

example, from school. This is explained by lack of education as most of the pastoralists 

have never attended school. Several studies (e.g. Sekaleli & Sebusi, 2013)  have found 

similar results in Africa.  Although scientists have convincingly established causes of 

climate change, how people perceive the issue may be solely through the experience 

of damages (Ghidoni, , 2017),  more so for people living in remote areas with no access 

to climate information and education. 

 

The majority indicated that climate change is not important to them. This is 

cause for concern because people can only value or act on what they know and what 

they understand. If people do not have climate change knowledge or information, how 

can they ever be climate change-ready? Climate information is one of the important 

factors for effective adaptation to climate variability in pastoralism (Kimaro et al. 

2018a; Nkuba et al. 2019). Some pastoralists indicated that climate change is caused 

by God, and it is, therefore beyond human perception and elucidation. Several studies 

in Africa have found similar results (Cuni-Sanchez et al. 2018; Ayeri et al. 2012). For 

instance, in Kenya local communities regarded droughts as acts of God beyond human 

control (Ayeri et al. 2012). Beliefs concerning climate change determine the perceived 

seriousness of climate change (Ahmad, William, and Zhnongwei 2012). If people do 

not see a relationship between what they perceive and what affects them in their local 

environments and climate, they may regard them as two separate issues (Dassai and 

Sims 2010). Hopkins, (2013) emphasized that climate can be understood through 

formal meteorological statistics or as a supposition formulated by local perceptions, 

actions, and cultures. There is, therefore, a difference in perception derived from 

personal experience and from statistical description and science. Some studies 

(Harker-Schuch and Bugge-Henriksen 2013; Hopkins 2013) have established that 
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knowledge about climate change science significantly affects opinions about climate 

change. Broad understanding and information-sharing can lead to significant public 

opinion cultivation (Harker-Schuch and Bugge-Henriksen 2013). Spear and Chappel 

(Spear and Chappel 2018) stated that limited information on adaptation is a barrier to 

the adoption of new agricultural interventions in Namibia and local standards, customs 

and beliefs influence adaptations to climate change. 

 

Though climate change is a notion pastoralists do not understand; our findings 

also indicate that they have perceived climate change or variability. Hopkins (2013) 

highlighted that while the term ‘‘climate change’’ is highly recognized by the general 

non-scientific public, understandings of its manifestations are different, contrasting, 

and complex. The main climate changes perceived by pastoralists in Kunene include 

limited rainfall, recurrent droughts and floods. Other studies in several parts of Africa 

(Bryan et al. 2013; Cuni-Sanchez et al. 2019; Kimaro et al. 2018b; Spear & Chappel, 

2018) also found similar results. In pastoral production systems, climate change and 

variability may manifest as flood and drought events (Egeru et al. 2016). Some of the 

drought events mentioned by the pastoralists correspond with the existing 

meteorological-based empirical evidence of recorded data such as the drought of 1992, 

2007 and 2011/2012. Analysis of meteorological data for the 50 years (1962 to 2019) 

shows variability and a general decline in rainfall in Kunene. The perception that the 

rainfall has declined also correspond with the observed pattern with rainfall data. 

Previous studies  (Bollig 2008; Jacobsohn 1995; Bollig 2016) in the study area 

corroborate cattle owners’ experiences of severe drought. Similar results of pastoralist 

perception of declines in rainfall have been reported in many countries across Africa 

(Ayal et al. 2017; Kihila, 2018; Kimaro et al. 2018b; Sewando et al.  2016).  

 

Traditional weather forecasting and indigenous knowledge 

Our study revealed the use of indigenous knowledge by some elderly 

pastoralists, such as slaughtering a goat and examining its ribs and gut glands - which 

were deemed useful for predicting the rain. However, the poor will not want to 

slaughter a goat from the few they have. Other respondents indicated the use of 

biological indicators such as certain plants and animals to predict the rain. Many 

studies in Africa have documented indigenous knowledge used by pastoralists and 

farmers in predicting weather and seasonal events (e.g. Bryan et al. 2013; Kaundjua et 
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al. 2012; Newsham & Thomas, 2011; Nkuba et al. 2019). Some studies (Bryan et al. 

2013; Silvestri et al. 2012; Nkuba et al. 2019) have shown that the use of weather 

forecasts positively influenced adaptation to climate variability. So the use of local 

knowledge to predict rain is still very useful to many in the community. However, 

many studies (Kimaro et al. 2018b; Mclean, 2010; Mwaniki, 2016; Spear & Chappel, 

2018) have shown that traditional forecasting has become unreliable because of 

increasing climatic uncertainties and presented new challenges. 

 

Impacts of drought on the livelihood of the pastoralists in Kunene 

Kunene region has had a decade of persistent drought, and many pastoralists 

lost their main form of livelihood – their livestock.  Many resorted to begging and 

depended on drought relief food for survival because their granaries were empty (New 

Era Newspaper 2017). With a lack of opportunities and weak adaptive capacity, the 

drought has handicapped the community in terms of access to food. The danger of this 

to society is that, instead of people becoming useful citizens and concentrating on 

developing their communities and education, people spend all their energy and time 

looking for food. The poor invest their time trying to survive instead of progressing 

themselves, which stresses that poverty indeed is a trap. Due to losses of their 

livestock, many have fallen into poverty. Hallegatte et al. (2018) stressed that poverty 

is not fixed, and poverty reduction is not a uniform, one-way process. Eventually, 

some people may be able to get out of poverty, while others may be dragged into 

poverty. In this study, respondents expressed that the poor, widows and orphans were 

more vulnerable to the impacts of climate change. According to Opondo et al. (2014), 

people who are poor and marginalised generally have the least safeguard to face even 

modest climate threats. It is, therefore, easy for them to fall into poverty traps. Even 

those who are not poor are still at risk of being dragged into poverty due to climate-

related disasters depending on their asset portfolios. For example, rich pastoralists 

could be dragged into poverty if they lose all their livestock in a drought. This is 

precisely the case in the present study. Pastoralists who had over 50 cattle, who were 

able to produce milk for their families and make an income from their livestock, were 

left hopeless after the drought. Some have tried to recover, but recurrent drought 

pushed them further into poverty. Many pastoralists’ assets, such as livestock and 

gardens, offer little security because they are sensitive to climate change (Pramova et 

al. 2012). Caney, (2012) is of the opinion that poverty should be addressed in light of 
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climate change because it is a significant driver of global poverty. Due to drought, 

pastoralists are faced with food insecurity and hunger in their community. Some 80% 

of respondents indicated that, because of drought, the production of their farms is not 

enough to support their livelihood. The ongoing uncertainty about rainfall, feed and 

water scarcity makes their situation dire.  

 

Coping strategies, preparedness and barriers 

In this study, preparedness in the face of climate change was weak as many 

respondents concurred that because drought or flood events catch them off-guard, they 

do not prepare for either drought or flood. Some people who use local knowledge still 

do not prepare because they do not have the capacity to do so. However, they still find 

a means to cope with climate-related disasters. Some coping strategies include fishing, 

begging, or looking for occasional work. These strategies come with their own 

challenges, such as lack of job opportunities or the danger of fishing because of 

crocodiles - hence, these coping strategies are not really effective and leave most 

pastoralists still vulnerable. Different environments offer different opportunities to the 

pastoralists. For example, those living near the river have more coping options. They 

have increased access to water and can resort to fishing during drought, despite the 

danger of crocodiles. Living close to the river also provides access to tourists who may 

buy crafts and other products, and access to occasional work. 

 

Conversely, those living far from the river have to travel long distances to go 

fishing, and as a result, only a few people do so. On the other hand, coping strategies 

such as selling semi-precious stones and collecting wild vegetables and plant parts are 

used by people living far from the river as they are closer to the mountains where these 

items are found. Villages far from the river do not use replanting and buying fodder 

as a coping strategy, probably due to low water availability and lower access to shops 

and transport links to urban centres with larger markets. The poorest households 

depend more on forest products for their coping and adaptation options because 

harvesting usually involve limited financial, physical, or human capital (Pramova et 

al. 2012). Although some pastoralists mentioned relief food as a coping strategy, they 

also indicated that the relief was unreliable and ineffective, often not enough and only 

provided for a few months in a year.  Reliance on relief food could limit adaptation in 

the sense that it can lead to dependency unless the assistance also enhances their ability 
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to produce their own food (Mburu et al. 2015). According to Birch & Grahn (Birch 

and Grahn 2007), many developing countries do not invest in protecting livelihoods 

in drought-prone areas but have instead relied on food aid. This has contributed to a 

depletion of pastoralists’ resource base; reducing their adaptive capacity. Investing in 

opportunities for income generation that are complementary to pastoral production 

and that promote alternative livelihoods is more critical and can be done if it is 

prioritised.   

For many pastoralists, lack of education is a barrier to adaptation in the study 

area, and this corroborates with several pastoral communities across Africa, such as in 

Somalia (Hundera 2010) and Burkina Faso (Zampaligré et al. 2014). Investment in 

education to improve literacy levels is, therefore, crucial in addressing cyclic drought 

vulnerability (Opiyo et al. 2015). Pastoralists’ drought response mechanisms are 

disparaged by increasing land degradation, limited access to information, lack of 

education, skills and access to financial services (Hundera 2010).  

 

Adaptive capacity and proposed adaptation options  

At the moment, the adaptive capacity of the pastoralists in Kunene is low, and 

they cannot improve their livelihood on their own. The loss of livestock has pushed 

the Himba people to consider alternative sources of livelihood. The majority seem to 

have realised that making gardens to diversify their livelihood is the way forward, and 

thus a majority of them requested water pumps or boreholes and pipes as a way to 

increase their adaptive capacity. Many believe that this will give them a perpetual 

solution amidst drought. Livelihood diversification among African pastoral 

communities is not a new phenomenon.  Pastoral peoples in Africa, and in many areas 

around the world, have been diversifying their economies since time millennial 

(Mccabe et al. 2011).  There are many records of where this option has worked, such 

as the Maasai in northern Tanzania (Mccabe et al. 2011; Pius et al. 2010), Kenya 

(Achiba 2018) and Ethiopia (Addisu 2017; Dinku 2018). Ayeri et al., (2012), 

suggested that the adaptive capacity of pastoralists can be improved if national policies 

promote coping or adaptation approaches that are already being employed by 

pastoralists in their communities. This may be challenging for governments of most 

developing countries such as Namibia who are already struggling financially. There 

are still various ways to help pastoral communities, for example, raising money 

through several NGOs or through international organisations that support community 
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projects with the help of researchers. This has been done successfully before (Nelen 

et al. 2012), especially when using a participatory strategy.  

 

Biophysical impacts, ecosystem benefits and opportunities for EbA 

An upsurge in extreme rainfall patterns, especially in Africa, causes drought 

and water stress, affecting ecosystems that many depend on (Opondo et al. 2014) All 

the respondents expressed that they have lost livelihood benefits from the environment 

because of lack of rain, making their situation even more severe. Ecosystem benefits 

such as wild fruits and other forest products which supplemented their pastoral 

livelihood are no longer available, and some plant species are locally extinct. Despite 

the reported biophysical impacts such as loss of biodiversity, drought impacts on 

livestock and vegetation, and reduction of ecosystem benefits affecting livelihoods, 

there are currently no biodiversity interventions at the community level. The 

pastoralists have, however, realised their need to do something to save their livelihood. 

The most common suggestion is diversifying their livelihoods through growing food, 

and this will open the door to explore Ecosystem-based Adaptation strategies, 

specifically ecological restoration. Ecological restoration may become a useful 

adaptation tool to help the vulnerable communities adapt to climate change. However, 

restoration needs to be considered within the whole adaptation strategy, because an 

EbA strategy cannot be a stand-alone activity; there are social, governance and 

environmental factors that also need to be considered and incorporated within the 

adaptation strategy. Now that local knowledge is established, and pastoralists have 

voiced their perception of climate change, benefits and what is important to them, 

implementing EbA will take into consideration the needs of the communities and their 

suggestions, to explore options that will enhance resilience and subsequently improve 

their livelihoods. One way to introduce EbA in places like Kunene while still 

addressing the pastoralists need – growing food, is to include revegetation, tree 

planting campaigns, implementing exclosures, among other activities. This could be 

done through a participatory approach where both researchers and communities bring 

something to the table. Often time, the challenge is finding a way for scientists and 

local communities to work together, but if that bridge is built, then it becomes easier 

to move forward. Pastoralists are willing to work in order to become self-sufficient, 

and they have indicated their adaptation need – water supply. Putting their 

considerations into action requires careful consideration of how this can successfully 
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be implemented. According to Mclean (2010), the incorporation of both traditional 

wisdom and the scientific methods to adapt to climate change impacts provides a 

pathway to new partnerships and inventive ways of thinking. The engagement and full 

participation of community members will make a big difference. The opportunity for 

the pastoralists to grow food will offer a diversified resource base. Several studies 

have shown that western technologies and concepts may not always fit the cultural 

context of many developing nations (Nawrotzki and Kadatska 2010). Sustainable 

solutions, therefore, need to draw on indigenous knowledge that is compatible with 

the local culture (Nawrotzki and Kadatska 2010).  

 

Restoration and conservation strategies falling under EbA approaches can 

create a platform for change. EbA in itself is not a panacea. It builds on and is 

complementary to other approaches such as Community Based Adaptation or 

Sustainable Livelihood. EbA is a human-centric approach that intentionally merges 

conservation and socioeconomic goals to sustain livelihoods and enhance people’s 

adaptive capacity to climate change (Terton and Dazé 2018). The results of this study 

will contribute to the formulation of EbA strategies. It provides information on 

people’s concerns, and this can then feed into the development of effective 

interventions. As a follow-up activity, the researchers have raised money to meet the 

need of the pastoralists to grow food, and the leaders in the community have allocated 

land to be used in this initiative. This has paved the way to incorporate restoration 

activities, and community members are on board to work together with the researchers. 

Two other separate studies have also been conducted – exploring restoration 

techniques and assessing land degradation in the same area – which will also inform 

the study on EbA strategies. 

 

There is evidence that increasing biodiversity can enhance ecosystem 

functionality and stability, and hence various ecosystem services (Mori et al., 2013). 

Ecosystems play important roles in livelihood resilience in the face of climate change; 

acting as safety nets for many vulnerable communities (88). The idea here is to draw 

on pastoralists' knowledge to implement management strategies that support 

resilience, and ecological restoration is one option. Again, it is important to note that 

ecological restoration could enhance resilience, but not as a stand-alone strategy (28). 

It is through initiatives like these that pastoralists may be assisted to improve their 
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livelihood and tackle the impacts of climate change. 

 

3.6. Conclusion 

This paper has endeavoured to illustrate pastoralists’ perceptions of climate 

change and variability and explored the adaptation strategies of pastoralists in Epupa 

constituency, Kunene region, Namibia as well as impacts.  Our study revealed that 

pastoralists living in Epupa constituency in Kunene have little or no adaptive capacity 

in the face of climate change. We found an overall lack of scientific understanding of 

climate change in this pastoral community and this is cause for concern considering 

the seriousness and the threat climate change presents. Based on this study, we 

recommend instituting climate change awareness campaigns at the community level 

to disseminate climate change information. There is also a need for early warning 

systems to help pastoralists in their preparedness. Developing climate information and 

early warning systems in pastoral communities is a crucial component for building 

pastoralist resilience (Kimaro et al. 2018b) but is currently lacking in the Kunene 

Region.  

 

The droughts are recurrent and severe, and the pastoralists have no safety nets. 

There are many other cases like this all over the world, especially in the Third World, 

where people are deprived of their livelihood and their futures threatened. Nothing 

much has been done to address this serious concern in Kunene, and the situation is 

getting worse. Current coping and adaptation strategies employed by the community 

are not feasible in creating sufficient income, nor are they sustainable because of the 

changing climatic conditions and diminishing availability of natural resources. As a 

result, the community is showing signs of abject poverty. With no interventions, 

Kunene will continue to experience the effects of persistent drought and erratic 

rainfall. So what can be done to change this? 

 

Real solutions are required, and a lot needs to change, not just at a global level 

but starting at grassroot levels. The climate situation calls for solutions that will make 

a difference, not just giving people handouts, akin to giving them fish without teaching 

them how to fish, but working together with the communities as part of the solution, 

to empower them to become self-sufficient and enhance their adaptive capacity. This 
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should become a global priority. Solutions that will work are initiatives that will 

empower the people and help them realise and encourage their potential. Projects 

could ideally involve the people and provide skills-based training along the way.  

There is need to provide location-specific and needs-based information to pastoralists 

to help them make informed decisions that will empower the farming communities so 

that they evolve suitable coping and adaptation strategies to climate change-related 

risks and uncertainties. Empowering farmers as active agents of change stimulates 

action and long- term adaptability (28). We recommend EbA strategies to be 

established in communities like these as a way to increase the resilience and adaptive 

capacity of the vulnerable communities. This could potentially focus on ecological 

restoration which is increasingly acknowledged as an adaptation tool to climate 

change. 
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3.9. Supplementary information 
 

Household surveys 

 

Climate Change vulnerability and adaptation assessment  

 

Gender of household head and marital status: 

i) How many people live in this household? 

 

Age Gender Occupation  

   

   

   

   

   

   

   

 

ii) Main form of livelihood  

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………… 
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General Climate Change knowledge and awareness 

 

Have you heard of climate change? Yes                      No 

 

What do you know about it? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………… 

How important is the issue of climate change to you personally?(tick the appropriate 
box) 

Not important  

Quite important  

Important  

Very important  

 

What do you think causes climate change?   

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………….......................................... 

What impacts, if any, do you think climate change may have?   

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
………………………………………………………………………… 

Do you think anything can be done to tackle climate change?  

Yes                            No                      Don't know 

 

 

 If yes, what do you think can be done to tackle climate change?   

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
……………………………………………………………………………… 

 

Who do you think should have the main responsibility for tackling climate change?  

Please tick one box only: 

International organisations (e.g. the UN)   

The national government   

Local government   

Business and industry   

Environmental organizations  

Individuals   

 

Who do you think is mostly affected by climate change/drought in this area and 
why? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
……………………………………………………………………………… 
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Do you have access to weather and climatic information? Yes or no 

........................................................................................................................................

............................................. 

Have there been delays in the start of the rainy season and early ends of the rainy 
season in the past five years. If yes, why do you think so? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

 

 

Natural disasters and existing coping strategies 

When often do you experience flood and drought? 

…………………………………………………………………………………………
…………………………………………………………………………… 

- When was the last flood or drought event you experienced? 

…………………………………………………………………………………………
…………………………………………………………………………… 

How has drought/flood and climate change affected you? Tick appropriately  

 

Impact Yes/No 

Agricultural production hampered  

Loss of trees/gardens/house  

Loss of livestock or domestic animals  

Loss of income  
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Health hazard  

Scarcity  of drinking water  

Others  

 

How do you cope with drought or floods? (coping) 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
……………………………………………………………… 

Do you do anything to prepare for flood or drought?(yes or no)(preparedness) 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………… 

- If yes, what do you do? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
……………………………………………………………… 

- How long have you been doing this and has it been effective? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
……………………………………………………………… 

- Where did you learn it from? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………… 

Do you get administrative mitigation and relief measures? (yes or no) 

If yes, name them.  

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

-Do you think these are effective? Why and why not? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

Are there any plant indicators or any other biological indicators of floods or drought? 
If yes,have these been accurate indicators? Why or why not? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 
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Agricultural skills and productivity 

Have you changed the types of crops you grow or types of animals you farm with 
since you started farming? 

Change…………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………… 

Why?...............................................................................................................................
........................................................................................................................................
................................................................................................................................ 

Result…………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………... 

Who do you discuss agricultural problems with? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………… 

-Do you speak with the agricultural officer? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………… 

Have you received agricultural training? Yes-------------No----------- 

Why? 
........................................................................................................................................
...................................................... 
…………………………………………………………………………………………
……………………………………………………… 

Is the production of your farm enough to cover the food needs of you and your 
family? (yes or no) 

Comment: 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
…………………………………………………………………… 

From what your family consumes, how much produce is bought and how much 
produce is produced on the farm? (tick appropriate box) 

 

Everything is bought  

Nothing is bought  

50% bought and 50% produced  

20% bought and 80% produced  

20% produced and 80% bought  

30% bought and 70% produced  

30% produced and 70% bought  

Other:  

 

INDICATORS OF SENSITIVITY AND CAPACITY OF ADAPTION TO 
PHYSICAL CAPITAL 

Condition of roads and access 

Does climate change affect your routes of access? (with regard to all family 
members), if yes how? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 
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What are the roads like from your farm to the different services such as schools and 
hospitals? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

Quality of accommodation 

What material is your home built with? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………… 

Does climate change affect the structure of your accommodation? (if yes, prompt for 
possible ways in which they are affected)  

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

 

Access and availability of water 

Do you have water, electricity and sewerage? (tick appropriate box) 

None  

Only water  

Only electricity  
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We have water and latrines  

We have water, electricity and latrines  

We have water, electricity, sanitation and sewage  

 

Has climate change affected your Access to or the availability of water? (with regard 
to all family members) if yes, how? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

Where does the water come from for your consumption and/or agriculture? 

…………………………………………………………………………………………
…………………………………………………………………………………… 

How far do you have to travel to obtain water?  

…………………………………………………………………………………………
…………………………………………………………………………………… 

Do you have water all year round? Yes__ No__  

 

Is the water for your consumption drinkable? Yes__ No___ if not, how do you make 
it drinkable? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
……………………………………………………………………………… 

 

Have there been any cases of Cholera? 

…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
……………………………………………………………………………… 

 

Ecosystem services and conservation  

What benefits do you get from the environment? (Prompt on different types of 
services, provisioning etc) 

Benefit Decreased Increased No longer 
available 

Importance (Not imp, 
Impor, Very impor) 

     

     

     

     

     

     

 

What plant species are important to you and why? Did their population increase or 
decrease in the past five years? 

Species name Uses Decreased Increased 
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What are the main threats to these species and to various ecosystems at large?  

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

Which plants do you think are mostly affected by climate change in this area? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

Does climate change adversely affect natural resources? Yes______ No_______  

How? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

What type of practices are there in order to protect natural resources?  
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…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

List all the land related problems in this region 

 

1. 

2. 

3. 

4. 

5. 

6. 

 

What causes these problems? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
……………………………………………………………………………. 
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Key informant interviews 

Climate change adaptation and vulnerability  

Key informants interview 

Background 

Gender: 

Age: 

Occupation: 

General Climate Change Knowledge 

What do you know about climate change? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

How has climate change impacted people in this area? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

In your opinion, what is the most important problem or issue around climate change 
that should be addressed at the present this community? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

In your opinion who is more vulnerable to climate change in this area and why? 
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…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

Has outreach to the most vulnerable populations on the impacts of climate occurred 
(or has the idea to discuss it been initiated) in this community? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

How has drought and flood affected the people in this community? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

Are there any reparations or initiatives to help those affected by flood and drought? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

To the best of your knowledge, are climate change awareness campaigns carried out 
in rural communities? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

To the best of your knowledge, do the schools in which your office operates teach 
students about climate change? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

The following table lists a number of potential adaptation measures. Please indicate 
(x) which of these are planned or have been implemented in your region as a 
response to climate change concerns, and which of these you deem necessary and/or 
effective in addressing climate change-related problems. Please add additional 
measures if necessary.  

 

Adaptation measure Implemented Planned Effective/-
necessary (but 
not planned 
yet) 

Not 
relevant/ 
necessary 

Technical flood protection (e.g. 
raises dykes, enlarge reservoirs, 
upgrade drainage systems.) 

    

Livelihood diversification      

Natural retention of flood water 
(e.g. floodplain restoration, 
change of land use) 

    

Restriction of settlement/building 
development in risk areas 
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Adaptation measure Implemented Planned Effective/-
necessary (but 
not planned 
yet) 

Not 
relevant/ 
necessary 

Improving forecasting and 
information 

    

Improving insurance schemes 
against flood or drought damage 

    

Restriction of water uses     

Landscape planning measures to 
improve water balance (e.g. 
change of land use, reforestation, 
reduced sealing of areas) 

    

Economic incentives and 
financial mechanisms 

    

Awareness-raising or information 
campaigns 

    

Others, please specify:      

 

Ecosystem services 

What are some of the ecosystem services derived from biodiversity in this area? 
Which ones are more important to the people in this community and why? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 
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Has there been a decrease/increase in the availability of these services? Why do you 
think so? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

Do you see climate change as a threat to the environment and ecosystem services? 
Explain 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

Are there policies to manage ecosystem services in this area? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

What opportunities are provided such as employment due to the harvesting of 
ecosystem services? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

What adaptation practices are currently in place to reduce the vulnerability of natural 
resources to climate change impacts?  
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…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 

Environmental problems  

What are the main socio-ecological issues in this area and what are the approximate 
causes? 

Problems  Causes 

  

  

  

  

  

 

Are there policies put in place to deal with these issues at local and regional level? 
Explain 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………. 
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In-depth farmer’s interviews 

Climate change adaptation and vulnerability 

Name of village and location (GPS): 

Farmer’s characteristic 

Age: 
…………………………………………………………………………………………
…………………………………… 

Gender: 
…………………………………………………………………………………………
………………………………… 

Farming generation: 
…………………………………………………………………………………………
…………………… 

Farm size or livestock number: 
…………………………………………………………………………………………
………. 

How long have you been farming? 
…………………………………………………………………………………………
…. 

Market activity: 
…………………………………………………………………………………………
………………………… 

What was your background before farming?(Education level, Employment, 
Scientific 
background)……………………………………………………………………………
……………………………………………. 

Do you identify as a conventional, sustainable or organic farmer? 
........................................................................................................................................
.................................................. 

 Is the production of your farm enough to cover the food needs of you and your 
family? (yes or no) 

Comment:……………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
……………………………………………….. 

Do you depend on farming alone or is there anything else you do for livelihood? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

Climate-related Information and impacts: 

Tell us what you know about climate change? 

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

........................................................................................................................................

................................................................................................... 

In general, where do you get information about weather and climate? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

How have changes in climate affected your farm since you began farming? 
(Temperature, precipitation, patterns) 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
…………………………………………… 

What specific management practices on your farm are directed at dealing with 
climate? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………… 

What could help you to better prepare for climate variability? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………… 

What are the main risks you are concerned with as a farmer (rank)? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………… 

Apart from climate change, what are some factors affecting you as a farmer? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………… 

Do you feel prepared to face long-term changes in climate as caused by global 
change? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

 

Natural disasters 

Explain how drought has affected you and your family for the past 20 years in terms 
of livestock loss, family income and other areas impacted by drought or flood 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
. 

How many livestock do you currently own and how many did you lose due to 
drought? 

…………………………………………………………………………………………
…………………………………………………………………………………………
……………………………………………………………………………………….. 

How you prepare for the drought? Does it work? What will you do differently in the 
future in response to drought? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

 

Ecosystem services 

What benefits do you get from the environment? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

Which benefits are more important to you and why? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
. 

Has there been a decrease in these benefits over the years? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

How has this affected you? To what extend has this affected you? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

Identify threat for each benefit you mentioned 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

Who do you think is mostly affected by these disasters in your community? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
…………………………………………………………………………………………
. 

What do you think needs to be done to help these people to withstand climate change 
impacts? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
. 

Overgrazing and land degradation 

 

Do you think there is enough grazing land? 

Explain…………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………… 

Is there any land related problem such as overgrazing, deforestation etc in the area? 

-What do you think causes these? 
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 

-Has these problems increased or decreased over the past 5 to 10 years? Explain 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
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…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………… 

 

Is the community doing anything to tackle these problems? Explain. 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………… 

Has there been intervention from the government to tackle these peoblems? 

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………… 
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Chapter 4: 

Testing different restoration 
techniques in a degraded rangeland in 
Kunene Region, Namibia: Towards 
Ecosystem-based Adaptation 
 
 
Emilia N Inman, Richard J Hobbs, Leonie Valentine, Zivanai 
Tsvuura 
 

 

 

“It is the little things that citizens do. That is what will make a difference.” 

Wangari Maathai 
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4.1. Abstract 

Ecological restoration plays a pivotal role in adapting to climate change by enhancing 

ecosystem resilience and biodiversity. However, viewing restoration through the lens 

of climate change remains in its infancy, particularly in drylands. This study aims to 

examine the potential of ecological restoration as part of an Ecosystem-based 

Adaptation (EbA) approach to climate change and land degradation in semi-arid areas 

in Namibia. Six different restoration techniques, namely; fencing only, tilling, direct 

seeding, transplanted seedlings, tilling + direct seeding, and tilling + transplanted 

seedlings, were studied. Unfenced control plots were also set up outside the 

experimental site. Specifically, we studied the effectiveness of different restoration 

techniques and the suitability of selected tree species in revegetating degraded 

rangeland. We also examined soil conditions before and after restoration and 

determined the cost-effectiveness of each restoration technique. High seed 

germination was obtained by sowing in polythene bags as opposed to direct seeding. 

Survivorship in transplanted seedlings and direct-seeded plots ranged from 0 to 88% 

across woody species. Tilling + transplanted seedlings recorded the highest seedling 

survival compared to all other restoration techniques. After 23 months, self-

recruitment of plant species was observed in all the restoration techniques, with 

fencing showing the highest recruitment in terms of total abundance followed by 

transplanted seedlings while tilling recorded poor recruitment. A well-known invasive 

plant species – Pechuel-Loeschea leubnitziae was also prevalent in fenced plots and 

was generally more abundant in non-tilled than tilled plots. Grass cover varied in 

different seasons, showing the highest cover in fenced and non-tilled plots. We 

recorded significant increases in total soil nitrogen, calcium, phosphorus, potassium, 

and sodium across all plots. The results indicate that ecological restoration in Kunene 

rangeland is possible; however, several important factors need to be considered – cost, 

tree species used and their traits, soil conditions and the community’s requirements. 

Using restoration as an EbA option may assist vulnerable communities to adapt to 

climate change and alleviate the problem of land degradation.  
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4.2. Introduction 

Land degradation and climate change are escalating challenges that have 

affected human societies on a grand scale. The impact of each challenge alone is 

already enormous, and the synergy of land degradation and climate change may 

intensify impacts. Climate change can exacerbate land degradation in several ways, 

including accelerated soil erosion, increased evapotranspiration rates, drought, and 

diseases (Emam et al., 2015; Webb et al., 2017). Land degradation, on the other hand, 

can increase the vulnerability of agroecological systems to climate change and reduce 

the effectiveness of adaptation options (Webb et al. 2017; Reed et al. 2015). Land 

degradation and climate change are, therefore, intertwined processes that have 

biophysical and human drivers, influences, and responses (Herrick et al., 2013; Reed 

et al., 2015).  

Although both climate change and land degradation can reduce the provision 

of ecosystem services, they can occur at different temporal and spatial scales (Kust 

and Andreeva 2015). Managing accelerating climate-change impacts at a global scale 

is an immense and urgent task, but at a local scale, management in some regions may 

also provide opportunities for restoring degraded land and increasing agricultural 

production. In this way, both land degradation and climate change can be targeted at 

the same time. Combating land degradation is indispensable to adaptation planning for 

agriculture, as it can undermine the effectiveness of climate change adaptation (Webb 

et al. 2017; Herrick, Sala, and Karl 2013). Tackling these challenges is, therefore, vital 

for building sustainable human livelihoods. 

Adaptation of human systems to climate change may be achieved in many 

different ways. Ecosystem-based Adaptation (EbA) is one approach, defined as ‘the 

use of biodiversity and ecosystem services to help people adapt to the adverse effects 

of climate change as part of an overall adaptation strategy’ (Convention on Biological 

Diversity (CBD), 2009, p41). It comprises sustainable management, conservation, and 

restoration of degraded ecosystems to deliver services that assist society to adapt to 

the hostile impacts of climate change (Mugwedi et al., 2018; CBD, 2009).  

 Reid & Seye (2018) defined an effective EbA as “an intervention that has 

reinstated, preserved and enhanced the capacity of ecosystems to produce services. 
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These services, in turn, enhance the wellbeing and adaptive capacity of humans. These 

interventions also help the ecosystems to withstand climate change impacts and other 

pressures” (Hannah Reid and Seye 2018). One way to do this is through ecological 

restoration. 

The role of ecological restoration as part of humanity’s toolbox for adapting to 

global climate change is increasingly being recognised (Harris et al., 2006; Hobbs & 

Cramer, 2008; Lavendel, 2003; Williams et al., 2015). Higgs and others (2014) have 

argued that conventional approaches that rely exclusively on historical references as a 

prerequisite for ecological restoration will be insufficient in discovering the potential 

of ecological restoration as a critical tool in managing the challenge of climate change. 

Restoration decisions in the era of climate change will need to look beyond history 

and focus on what could work to solve society’s pressing issues. More attention is, 

therefore, being placed on defining functional targets for sustaining essential 

ecosystem processes and for responding to changing abiotic conditions, rather than on 

restoring historical assemblages that may not survive in a rapidly changing world 

(Hobbs & Cramer, 2008; Laughlin, 2014).  

Of all ecosystems, drylands are among the most challenging ecosystems to 

restore (Bautista et al., 2010; James et al., 2013) because of their high spatial 

heterogeneity and temporal variability (Costantini et al. 2016). The main factors 

causing land degradation in drylands include climate change, overgrazing, bush 

encroachment, population pressure, drought, and government policies, among others 

(Mussa et al., 2016).  

Though restoring degraded drylands is a complex issue, several restoration 

strategies can be used, all of which consider soil characteristics, either directly or 

indirectly (Costantini et al. 2016). Land degradation in drylands typically decreases 

soil productivity and, to a large extent, soil water availability (Vallejo et al. 2012).  

Webb et al., (2017) argue that the recovery of soil health is typically associated with 

reduced sensitivity to climate change. When considering restoration strategies for 

agricultural drylands, the replenishment of soil organic carbon pools can be considered 

as a specific goal, especially where the topsoil layer is thin and low in organic matter 

(Costantini et al. 2016; Jensen et al. 2019). Soil indicators may, therefore, be used for 

measuring both land suitability for restoration and the effectiveness of various 
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strategies in restoring ecosystem functioning and services provision. Considering the 

range of options available, the optimal choice depends on the restoration objectives, 

the timeline, the specific context or landscape to be restored, and the evaluation of 

trade-offs (Costantini et al. 2016).  

A critical step in maximising the effectiveness of ecological restoration is 

documenting the ecological factors influencing seedling establishment (Hallett et al., 

2014). Information relating to seed germination and seedling establishment aids in 

defining the species’ potential distribution and also helps in designing suitable plant 

management approaches within an agroecosystem (Hanif et al. 2017). The success of 

vegetation establishment in restoration projects of degraded drylands partially depends 

on the selection of suitable species (Jian-jun & Jing-hui, 2018 ), thus understanding 

the autecology of each species is key in species selection. Another critical factor to 

consider in restoration is the actual cost of restoration. It is imperative to have an 

understanding of options available to improve plant establishment, survival, and 

growth and their relative costs (Hobbs & Harris, 2001). The cost of restoration can be 

a serious constraint, especially in developing countries. 

Land degradation and climate change are a reality in Namibia. Recently, the 

president of Namibia declared drought as a state of emergency - the third in six 

years after poor rainfall caused widespread crop failure and reduced grazing capacity 

of rangelands (Tjitemisa 2019). Many regions have been experiencing drought for 

over a decade. In the rangelands of Namibia, extended heavy grazing pressures 

coupled with the recurrent drought have denuded large areas.  If the problem of land 

degradation is not addressed and if no alternative livelihoods are found, projected 

rainfall decrease and rising temperatures will further limit the potential for recovery. 

To date, no restoration projects have considered restoration of rangelands in Namibia, 

especially in the context of climate change. Despite the growing interest in Ecosystem-

based Adaptation, there has not been much discussion of how this approach could be 

used to assist smallholder farmers adapt to climate change while safeguarding the 

continued provision of ecosystem services on which farming depends (Vignola et al., 

2015). To be suitable for smallholder farmers, these practices must also improve their 

food security, diversify their sources of income generation, take advantage of local or 

traditional knowledge, be based on local inputs, and have low implementation and 
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labour costs. Here, we studied six restoration techniques to examine their effectiveness 

in restoring degraded rangelands in Namibia. We compared seedling recruitment and 

growth, changes in soil attributes and the cost-effectiveness of each restoration 

technique over a two-year period. Functional traits of selected plant species were 

determined and correlated with seed germination, seedling survival and growth. Based 

on the germination, survival and growth of selected plants, as well as suggestions from 

local people, we recommend potential candidates for revegetating degraded 

rangelands in Namibia. Finally, we then considered how all these factors could 

contribute to a successful EbA approach. 

4.3. Methods 

4.3.1. Study site 

The study was conducted in Otjimbundu village, in Epupa Constituency, 

Kunene Region, Namibia (Fig. S1). Namibia is situated in south-west Africa, 

neighbouring South Africa to the south, Botswana to the east and Angola to the north. 

Kunene Region occupies the north-west part of Namibia, bordering Angola to the 

north and the Atlantic Ocean to the west, with a land area of 115,260 km. Kunene 

Region has a population of 86 856 people, of which 17 696 live in Epupa Constituency 

(National Planning Commission 2015).  The region has an arid climate and an 

abridged wet season, mainly extending from February to April. The climate of the 

region is dry for most of the year and characterized by dust storms, especially from 

August to October. The terrain is semi-arid and gradually becomes desert towards the 

Skeleton Coast (Kunene Regional Council, 2015).  Nomadic pastoralism is a key 

economic activity in Kunene as the potential for irrigated agriculture remains mostly 

unexploited. Kunene is one of the most impoverished regions in the country, and 

Epupa Constituency is the poorest constituency in the whole country, with more than 

half (51%) of the population classified as severely poor (Kunene Regional Council 

2015). Kunene is one of the heavily degraded regions in Namibia due to over-

utilisation of the rangeland, high livestock numbers, and continuous grazing and 

trampling by livestock (National Planning Commission 2015).  

 

 

.  
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4.3.2. Experimental site preparation 

A degraded area of 1 ha was provided by members of the community of 

Otjimbundu village to be used as an experimental field site. All the restoration 

techniques were set up inside a fenced-off experimental site to reduce herbivory from 

domestic livestock, but we also tested the effects of fencing by setting up unfenced 

control plots outside the experimental site. Six different restoration techniques, 

namely; fencing only, tilling, direct seeding, transplanted seedlings, tilling + direct 

seeding, and tilling + transplanted seedlings, were established. For each restoration 

technique, plots of 12 m × 6 m were used, replicated five times. All the plots were 

demarcated with poles and marked for each restoration technique, with each plot 

randomly assigned to a restoration technique. A random stratified plot design was used 

(Fig. S2). A walking path of 2 m was left between plots. Unfenced control plots (with 

five replicates) were established outside the fenced experimental section; however, no 

planting or seeding was employed.  The experimental site contained a few individuals 

of an invasive plant species, Pechuel-Loeschea leubnitziae (Asteraceae), which were 

all removed before the commencement of the experiments. Men from the community 

provided wood to erect a water tank and for fencing. All the labour, whether done 

voluntarily or paid was done by the people from the community. Plant species that 

were selected for direct seeding and transplanted seedlings are described below. A 

small plant nursery was established within the experimental site where woody plant 

seedlings were raised for the transplanted seedlings plots (Fig. S3).  An assistant was 

trained in operating the water pump and on nursery management. 

 

Tilling 

Tilling was carried out in August 2017 before fencing off the experimental 

study site. For all the plots where tilling was applied, an iron plough drawn by donkeys 

owned by the local farmers was used to till the soil to a depth of about 20 cm. Using 

volunteers from the community, plots were watered the night before to ensure tilling 

would be possible.  

 

Fencing only 

The experimental study site was fenced off right after tilling in August 2017 

with diamond mesh wire 2.5 mm in diameter and 50 mm aperture, to a height of 1.8 

meters. This was to keep out large herbivores, but birds and small rodents and 
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invertebrates were not excluded. The fencing only plots were demarcated within the 

larger experimental fenced site, and no seeding, planting or tilling was done in these 

plots.  

Direct seeding 

For direct seeding and a combination of tilling and direct seeding, 11 woody 

plant species (see the section below) were seeded in September 2017. For each species, 

seeds were sown at a depth of 2 – 5 cm depending on seed sizes. In total, 100 seeds 

were used per species (2 seeds in each hole, replicated 5 times in each plot), and so 50 

seeds were used in 5 direct seeded plots, and 50 in tilling + direct seeded plots). 

 

Transplanted seedlings 

With assistance from the women of the community, the seeds of the same 11 

plant species were sown in polythene bags (7 cm × 12 cm) filled with river sand at a 

depth of 2 – 5cm. Seedlings were raised in the nursery for 2 months and subsequently 

transplanted in December 2018, into the plots prepared for the two restoration 

techniques – transplanted seedlings, and tilling + transplanted seedlings. For each 

species, two seeds were sown per polythene bag, and therefore 50 polythene bags were 

used for each species (5 bags represented one plot in each restoration technique, and 

each restoration technique was replicated 5 times). In total, 100 seeds were used per 

species. Using a spacing of one-meter across the plots, small holes (about 10 cm) were 

dug, and a single seedling was transplanted into each hole in both tilled and non-tilled 

plots. In total, each species had five transplanted seedlings in each plot. 

 

4.3.3. Selected species 

Eleven tree and shrub species were selected based on ecological knowledge, 

traditional uses, and availability of seeds to be used for direct seeding and seedling 

transplant purposes. Species used in the experiment were sourced from seeds that were 

available from natural vegetation in villages surrounding the study site.  Women from 

the villages provided knowledge on the different uses of the species in terms of food, 

fodder and medicinal uses (Table 4.1). Seed collection occurred in July - August 2017, 

with the help of women and children from nearby villages. Mature ripe seeds were 

collected by hand, from branches or on the ground according to the different fruit or 

seed types.  
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Table 4.1: Selected species and their uses by local people (Uses: Fo = Food, Fr = 
Firewood, Co = Construction, Fd =Fodder, Md = Medicine, Gm = Gum, O = Others) 

Species Family Growth 
form 

Uses  

Berchemia discolor (Klotzsch) Hemsley Rhamnaceae Tree Fo 
Catophractes alexandri D.Don 1839 Bignoniaceae Shrub Co,Md,Fd,Fr 
Colophospermum mopane (Benth.) J. 
Léonard 

Fabaceae Tree Co, Md, Fd, Fr, Fo 

Combretum apiculatum Sond Combretaceae Tree Co, Md, Fd, O 
Combretum imberbe Wawra Combretaceae Tree Fd, Co, Fr, Md 
Faidherbia albida (Delile) A. Chev. Fabaceae Tree Fd, Co, Fr  
Rhigozum brevispinosum Kuntze 1886 Bignoniaceae Shrub Fd 
Rhigozum trichotomum Driedoring Bignoniaceae Shrub Fd, Li 
Sclerocarya birrea (Sond.) J.O. Kokwaro Anacardiaceae Tree Fd, Md 
Senegalia senegal Britton Fabaceae Shrub Fd, Gm 
Vachellia erioloba (E. Mey.) P.J.H. 
Hurter 

Fabaceae Tree Fd, Fr, Md 

 

4.3.4. Seed germination 

Seeds were pre-treated as necessary using either acetone, sulphuric acid (98%), or 

soaking in hot water, depending on the specific species requirements. Seeds of 

Catophractes alexandri, Rhigozum trichotomum, and Rhigozum brevispinosum did 

not require pre-treatment. Sowing in both poly bags and direct-seeded plots was 

carried out in September 2017 and germination was observed through October to 

November in both bags and seeded plots for a period of two months. Total germination 

for each species was recorded at the end of the two months. 

 

4.3.5. Watering and weeding 

Seeds planted in bags and directly into the ground were watered daily to encourage 

germination. Seeds in both bags and direct-seeded plots were watered at the same time. 

Seedlings were hardened off by reducing the watering to thrice a week for two weeks, 

then twice a week for 1 week and once a week for 1 week prior to field planting in 

December 2017. The same water reduction was also applied for seedlings in direct-

seeded plots. After transplanting, watering was carried out concurrently with the 

seedlings in direct-seeded plots. Each seedling was watered two times a week for one 

month to help them establish.  Watering was then reduced to once a week for 2 months, 
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twice per month for one month, and then once a month, with no watering after April 

2018. After planting, no weeding was carried out in any of the plots except if the weed 

was growing < 10 cm from the planted seedlings. Seedlings were left to grow without 

irrigation or fertiliser application for 18 months (April 2018 to August 2019). 

 

4.3.6. Soil sampling 

To examine changes in soil attributes following restoration treatment procedures, 

we sampled soil before experimental treatment preparation (September 2017) and 

nearly two years afterwards (August 2019).  Five soil samples were taken from a depth 

of 0–20 cm in each plot from selected points (at four corners and middle of the plot) 

to form a composite soil sample representing each plot. Soil attributes examined 

included pH, conductivity, Potassium (K), Magnesium (Mg),  Calcium (Ca), Sodium 

(Na), Phosphorus (P), Organic carbon, Organic matter, particle size analysis and Total 

Nitrogen (N). The analysis was done by a commercial laboratory (Analytical 

Laboratory Services) in Windhoek, Namibia, following standard analytical 

procedures. 

 

4.3.7. Monitoring 

We conducted vegetation surveys in all the plots at six different times: (1) at 

planting of transplanted seedlings (December 2017), (2) one month after transplanting 

(January 2018), (3) six months after transplanting (June 2018), (4) 11 months after 

transplanting (November 2018),   (5) 16 months after transplanting (April 2019) and 

6) finally at 20 months after transplanting (August 2019). For direct seeded plots, 

germination was also recorded in October 2017, a month after seeding. At each 

monitoring session, we separately recorded:  i) survival and growth of direct-seeded 

and transplanted seedlings in the four restoration techniques (direct seeding, 

transplanted seedlings, tilling + direct seeding, and tilling + transplanted seedlings). 

Growth of seedlings was measured in two ways.  Firstly, using height (cm), taken from 

the ground to the highest point of the seedling using a measuring tape. Secondly, by 

measuring the cumulative stem length.  This involved measuring the length of every 

stem and branch (in cm, using a measuring tape) and therefore, growth in multi-

branched/stemmed species was better captured, ii) self-established seedling recruits 

and their height in all the six restoration techniques including unfenced control plots. 
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Self-recruits were recorded and analysed separately from transplanted and direct-

seeded seedlings. Analyses for self-recruitment also included the unfenced control 

plots. For grass cover, we used quadrats (1 x 1 m) located at the centre and the four 

corners of each plot. Each quadrat was divided into twenty-five equal subsections, and 

grass cover was visually estimated by counting the total number of subsections 

covered by grass.  If a subsection was only half covered or quarter covered, it was 

recorded as such. For each point, the subsections covered with grass were tallied and 

converted to a percentage, half-covered subsections were added as 0.5 and quarter 

covered as 0.25. The grass cover for each plot was determined by averaging the cover 

for all the five points in the plot, and for each restoration technique, grass cover was 

determined by averaging the cover for the five replicate plots. In each plot, we 

identified the two dominant grass species. 

 

4.3.8. Plant species traits 

Plant trait data were collected from both transplanted and direct-seeded plots in 

August 2019. Leaf traits were measured from ten individual seedlings per species, five 

from transplanted, and five from direct-seeded plots. For species that did not germinate 

in direct seeded plots, all the seedlings used were from the transplanted plots. We 

collected five leaves from each seedling and put them in a cooler box with water 

immediately after cutting at the experimental site. The leaf traits were measured within 

24 hours when leaves were fully hydrated. We determined leaf area (cm2) using Leaf 

scan software (Anderson 2017). We then left the leaves to dry naturally for over a 

week and determined the leaf dry mass (g). Specific Leaf Area (SLA cm² g-1) was 

calculated as the one-sided leaf area divided by the leaf dry mass (g).  

 

To determine seed mass (g), we used 50 seeds per species, and seed mass for 

groups of ten seeds was determined for each species. Furthermore, we also measured 

the height (cm) for the main shoot of each seedling. We then supplemented these trait 

data with database information (categorical) on growth form, nitrogen-fixing ability, 

method of seed dispersal, rooting depth, and leaf types (Table S1). 
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4.3.9. Cost-effectiveness of restoration techniques  

For each restoration technique, we determined the cost for each activity from the 

commencement of the project and totalled the amount for each restoration technique 

for the duration of the project. 

 

4.3.10. Data analyses 

 

4.3.10.1. Germination 

Total percentage germination was determined by calculating the total number of 

seeds that germinated per species, at the end of the two months (November 2017) in 

both poly bags and in direct seeded plots. For direct seeded plots, germination was 

compared between tilled and non-tilled plots. Here, the Generalised Linear Model 

(GLM) procedure in R (R Core Team 2013) was used using mean % germination for 

each species per plot as the response variable to determine differences in germination 

between tilled and non-tilled plots, and between different species.  

 

4.3.10.2. Growth and survival of planted species 

For this analysis, only four restoration techniques were included, that had 

either seeded or transplanted seedlings, and so fenced and tilled only plots were not 

included. Self-recruited seedlings were excluded in this analysis. Seedling growth was 

determined as an increase in height and cumulative stem length of each seedling. 

Seedling growth was calculated by subtracting the cumulative stem length or height 

of each seedling recorded at the first monitoring (January 2018) from the 

height/cumulative stem length recorded at each monitoring session thereafter. For 

each species, the number of seedlings surviving in each plot was also recorded and 

mean survival for each species per plot calculated. Mean growth (increase in 

cumulative stem length) was also determined for each species in each plot.  We used 

the Generalised Linear Model (GLM) procedure in R (R Core Team 2013) to 

determine if there were significant differences in survival and growth of seedlings 

between different species and restoration techniques. In this analysis, the species that 

did not germinate in direct-seeded plots were not included. Interaction between species 

and restoration techniques were also determined. For each restoration technique, we 

also determined significant differences between species using GLM, and for 
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individual species, we determined significant differences in growth and survival 

between different restoration techniques (4 restoration techniques). For species that 

did not germinate in direct-seeded plots, growth and survival was only compared 

between two restoration techniques (transplanted seedlings, and tilling + transplanted 

seedlings). Tukey-HSD tests were used to test for differences between individual 

means where significant F-values were obtained.  

 

4.3.10.3. Recruitment of woody seedlings 

All self-recruited species were separately analysed and not included in the 

analysis for transplanted and direct-seeded seedlings. Here all the six restoration 

techniques, including unfenced control plots, were included. Recruitment was 

compared among restoration techniques in terms of abundance and species richness. 

Abundance per plot for each species was recorded for all the six restoration techniques 

including unfenced plots. GLM was used to determine differences in abundance 

between plots and between restoration techniques as well as between species. 

Differences in species richness were also determined between plots and between 

restoration techniques. For each restoration technique, we also correlated survival (of 

planted seedlings) with the abundance of self-recruited invasive species (Pechuel-

Loeschea leubnitziae) per plot level using Pearson correlation run in SPSS v 25 (SPSS 

Inc 2017). 

 

4.3.10.4. Plant traits and soil properties 

To examine how species traits were associated and to identify plant strategies, 

we used logistic Principal Component Analysis (PCA) (Landgraf and Lee 2015; 

Schein, Saul, and Ungar 2003) using 11 species and eight traits. This was used as an 

exploratory technique to visualise the relationships between variables as described by 

Legendre & Gallagher, (2001). We reorganised these categorical functional traits into 

binary variables and constructed a matrix with species as rows and traits as columns. 

We used PC-ORD software (McCune and Mefford 2006) to execute PCA.  

 

We also performed Pearson Correlation (SPSS Inc 2017) among the traits 

(seed mass and SLA) and germination, survival as well as growth. Correlations with 

leaf traits were done with the individual seedlings (representing all 11 species) used in 
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the plant traits collection. For each seedling used, it had a trait value as well as growth 

and survival value. Correlation for seed mass with either germination, survival and 

growth, was however done across all seedlings in transplant plots only since all the 

species were represented there. The differences between the soil properties before and 

after restoration were assessed using a paired t-test in SPSS v 25 (SPSS Inc 2017).  

  

4.4. Results 

 

4.4.1. Rainfall during the period of investigation 

Total rainfall recorded in the study site during the growing season of 2017 was 565 

mm. For 2018 it was much lower (257 mm), and in 2019, there was a major drought, 

and total rainfall from January to September in 2019 was only 43 mm. The year 2019 

was the driest in 30 years, with the whole country affected.  Rainfall mainly occurred 

during the summer period from November to April, with March being the wettest 

month, and the winters (May to August) are very dry, with no rain at all (Fig. S4).  

 

4.4.2. Grass cover 

For the first three months, the non-tilled plots were dominated by annual 

species – Sesuvium portulacastrum (L.) L (Aizoaceae) and Tribulus terrestris L. 

(Zygophyllaceae) - which prevailed through the first month of the rainy season and 

were later replaced by grasses (Fig. S5). Grass cover varied across seasons, most of it 

becoming dry in winter, but the highest cover throughout was recorded in fenced plots 

(Fig. S6). The two dominant grass species were Eragrostis curvula and Stipagrostis 

uniplumis. There was no grass at all outside the experimental site (Fig. S7), four 

months after restoration, while grass cover inside the experimental plots was 

approximately 80%. 

 

4.4.3. Seed Germination  

Only 8 out of 11 woody species germinated in direct-seeded plots, while all 11 

species in planting bags germinated and were used in the transplanted seedlings’ plots. 

The highest germination in all species was recorded in polythene bags as opposed to 

direct seeding. In direct seeded plots germination was significantly different between 

species (F 10, 109 = 27.16, P < 0.0005) and between tilled and non-tilled plots (F 1, 109 = 
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8.96, P = 0.0003) but there was no interaction (F 9, 90 = 0.57, P = 0.82) between species 

and tilling treatment in determining germination.  For seeds planted in polythene bags, 

total germination ranged from 28% to 100% across species (Fig. 4.1). Of 11 species 

examined, three species (Catophractes alexandri, Colophospermum mopane, and 

Faidherbia albida) had total germination of 100% in polythene bags, and five species 

had total germination greater than 90%. Only Combretum apiculatum had less than 

30% germination in polythene bags. In direct seeded plots, only eight species 

germinated, and seven had total germination percentage below 30%, while only one 

species (Faidherbia albida) had total germination of more than 80% (Fig. 4.2). Tilled 

plots recorded the highest germination for all species compared to non-tilled plots.  

 

 

Figure 4.1:  Total germination % of all species compared between direct seeding and 

planting in bags at the experimental site, Otjimbundu village, Kunene Region, 

Namibia. Seeding was carried out in September 2017 and germination observed for 

two months, with the last recording in November 2017. 
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Figure 4.2: Percentage germination compared in tilled and non-tilled for direct-seeded 

plots at the experimental site, Otjimbundu village, Kunene Region, Namibia. 

Significant differences within entries are indicated with upper case letters for tilled 

plots and small case letters for non-tilled plots. 

 

4.4.4. Seedling Survivorship 

Across all transplanted (tilled and non-tilled) plots, 54 % of seedlings survived 20 

months after transplanting (Fig. 4.3A) while in direct-seeded plots (tilled and non-

tilled), 23% of seedlings survived 23 months after planting (Fig. 4.3B). Overall 

survival of seedlings in both direct-seeded and transplanted plots ranged between 0% 

and 88% with Catophractes alexandri recording the highest survival (88%) in 

transplanted seedling plots (Fig.4.4A) and Colophospermum mopane recording the 

highest survival (62%) in direct-seeded plots (Fig. 4.4B).  Significant differences in 

survival across all plots were obtained between the four restoration techniques (F 3, 178 

= 7.07, P < 0.0001).  Transplanted seedling plots had higher survival than direct-

seeded plots for all the species. The highest survival was recorded in tilling + 

transplanted seedling plots, followed by transplanted seedling plots and lowest in 

direct seeding + tilling plots. Across all species and plots, no significant differences in 

survival were found between tilled and non-tilled plots for both transplanted seedlings 

(F 10, 109 = 2.31, P = 0.132) and direct-seeded plots (F 6, 59 = 0.02, P = 0.88). For 
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individual treatments (individual species), significant differences between restoration 

techniques were more evident for Catophractes alexandri, Faidherbia albida, and 

Colophospermum mopane (Fig. 4.5 and Table S2). Significant differences in the 

survival of seedlings between different species were obtained for direct-seeded plots 

(F 6, 59 = 7.68, P < 0.0005) and transplanted plots (F 10, 109 = 11.44, P < 0.00005).  

Seedling survival was similar and comparatively high across all restoration techniques 

for Colophospermum mopane and Vachellia erioloba. Conversely, seedling survival 

was low across all restoration techniques for Berchemia discolor and Combretum 

apiculatum (Fig. 4.5).  

 

 

Figure 4.3: Overall % survival for all the species at each monitoring session in A) 

transplanted plots and B) direct seeded plots, over the period September 2017 to 

August 2019, at the experimental site, Otjimbundu village, Kunene. 
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Figure 4.4: Overall survival across all A) transplanted plots 20 months after transplanting and 

B) direct seeded plots 23 months after seeding, over the period September 2017 to August 2019 
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Figure 4.5:  Survival (%) of seedlings over the period from January 2018 to August 2019 in 

Otjimbundu village, Kunene. Results are mean values from five replicates, and different letters 

indicate significant differences (P = 0.05) between restoration techniques at the final 

assessment time. Graphs without letters indicate that no significant differences were found 

among treatments
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4.4.5. Growth  

 

Growth of seedlings across all species and plots differed significantly among 

the four different restoration techniques (F 3, 178 = 8.89, P < 0.00005). In transplanted 

seedling plots, significant differences in the growth of seedlings were found between 

plant species (F 10, 109 = 4.20, P < 0.00005), but not between tilling treatments (F 10, 109 

= 1.01, P = 0.3200). For direct seeding, significant differences in the growth of 

seedlings were also obtained between different species (F 6, 59 = 4.91, P = 0.0010), but 

not between tilling treatments (F 6, 59 = 2.75, P = 0.1036).  The highest growth in terms 

of cumulative stem length in transplanted seedlings plots was recorded for Combretum 

imberbe, followed by Faidherbia albida, and Catophractes alexandri (Fig. 4.6). For 

direct-seeded plots, the highest growth was recorded in Faidherbia albida, followed 

by Catophractes alexandri, and the lowest was recorded in Rhigozum brevispinosum 

(Fig. 4.6). Species such as Catophractes alexandri performed well in all the restoration 

techniques (Fig. 4.6). Significant differences in growth between individual treatments 

(at the individual species level) were most apparent for Catophractes alexandri, 

Senegalia senegal, Colophospermum mopane, and Rhigozum brevispinosum (Fig. 4.6 

and Table S2). 
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Figure 4.6: Average growth (cumulative stem length) of seedlings planted over the period from 

September 2017 to August 2019. Results are mean values from five replicates, and different 

letters indicate significant differences (P = 0.05) between restoration techniques, graphs 

without letters indicate that no significant differences were found among treatments. 
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4.4.6. Self-recruitment in different restoration techniques 

 

A total of seven species self-recruited across all restoration techniques – 

Colophospermum mopane, Faidherbia albida, Hyphaene petersiana, Nicotiana 

glauca, Pechuel-Loeschea leubnitziae, Phaeoptilum spinosum and Senegalia 

hereroensis. We recorded a species richness of 6 self-recruited species in the 

transplanted seedling plots, 4 in the direct seeded plots, 4 in the fenced plots, and only 

1 in the tilled plots (Fig. 4.7A and 4.8). A high abundance of a well-known native 

invasive species, Pechuel-Loeschea leubnitziae, was prevalent, especially in fenced 

plots (Fig. 4.7) but showed zero abundance in most tilled plots. This species had a 

density of more than 10 000 individuals ha-1 in unfenced control plots (Fig. S8) where 

there was no recruitment of all other native species. Self-recruitment of woody plant 

seedlings was observed in all the restoration techniques, with fencing-only showing 

the highest abundance followed by transplanted seedlings, then direct seeding, with 

the lowest abundance in tilling (Fig. 4.8). Significant differences in abundance were 

observed between species (F 6, 29 = 4.46, P = 0.0003) and plots (F 29, 6 = 14.92, P = 

0.0006) but not between restoration techniques (F 5, 29 = 1.71, P = 0.135). We found a 

significant negative correlation between seedling survival and the abundance of 

Pechuel-Loeschea leubnitziae (r = -.480*, n = 20, P < 0.05) in transplanted seedlings 

plots. Seedling survival was highest in plots with a low abundance of Pechuel-

Loeschea leubnitziae (Fig S9). Faidherbia albida was recruited in all the restoration 

techniques, followed by Colophospermum mopane that was recruited in 5 restoration 

techniques, and Pechuel-Loeschea leubnitziae recruited in four restoration techniques 

(Fig. 4.8). 
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Figure 4.7: Mean (+/- SE)  number of native species recruited (shown in grey) and 

Pechuel-Loeschea leubnitziae (shown in orange) and total number of species (shown 

in blue) recruited in the A) six restoration techniques and B) unfenced control plots, 

23 months after restoration at the experimental site, Otjimbundu village, Kunene 

Region, Namibia. 
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Figure 4.8: Mean (+/- SE) abundance of all species recruited in each restoration 

technique, 23 months after restoration at the experimental site, Otjimbundu village, 

Kunene Region, Namibia. 

 

4.4.7. Plant functional traits 

We observed significant negative correlations between seed germination and seed 

mass (r = -0.647, P < 0.0001, N = 55) across all species. We also recorded significant 

negative correlations between growth and SLA (r = -0.321, P = 0.021, N = 110). No 

significant correlation was found between survival and seed mass (r = -0.097, P = 

0.252, N=55) and between survival and SLA (r = -0.223, P < 0.083. N = 110). PCA-

axis 1 explained 43% of the variation, and was associated with Catophractes alexandri 

and Rhigozum species and weakly with Combretum apiculatum (Fig. 4.9). This axis 

was related to species with a shrub growth form, plants that do not fix nitrogen, have 

shallow roots, and wind-dispersed seeds. PCA axis 2 explained 23% of the variation 

and was strongly associated with Faidherbia albida and Senegalia senegal and weakly 

with Colophospermum mopane. This axis was related to species that fix nitrogen, have 

compound leaves, and deep lateral roots and was also associated with growth. Other 

species, such as Berchemia discolor and Sclerocarya birrea were strongly negatively 
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associated with both axis 1 and 2 and were associated with large SLA values and big 

seeds. 

 

 

Figure 4.9:  Principal Component Analysis (PCA) plot showing the relationship of 

species to PCA 1 and PCA 2 resultant from the ordination of eight plant traits. Points 

are coloured by species: F. alb = Faidherbia albida, C. api = Combretum apiculatum, 

B. dis = Berchemia discolor, R. brev =Rhigozum brevispinosum,  C. alx = 

Catophractes alexandri, C. imb = Combretum imberbe, C. mop = Colophospermum 

mopane, S. ber = Sclerocarya birrea, S. sen=Senegalia senegal, and Rhigozum 

trichotomum  
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4.4.8. Soil conditions 

 

After 23 months, across all plots and restoration techniques, we recorded 

significant changes in almost all the soil properties (Table S3). Significant increases 

were recorded in total nitrogen, calcium, potassium, phosphorus, and sodium across 

the experimental site. In specific restoration techniques, differences were more 

apparent in transplanted seedlings, fencing only and direct seeding restoration 

techniques (Table 4.2). While all the restoration techniques recorded a significant 

decrease in organic matter and carbon, fencing only recorded a significant increase in 

organic matter and carbon. Tilled plots generally showed the highest decrease in 

organic matter and carbon. The most significant improvement was recorded in 

transplanted seedling plots and fenced plots. For transplanted seedlings plots, we 

recorded a significant increase in calcium, phosphorus, potassium and sodium, and a 

decrease in pH from an average of 7.9 to 7.4. Generally, all the restoration techniques 

recorded an increase in calcium and total nitrogen, and these were significant across 

all the experimental site. Most restoration techniques also recorded significant 

increases in clay content and significant decreases in silt (Table 4.2). 
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Table 4.2: Means (±SE) of soil variables before and after restoration. The t-values and 
associated P-value (significant values with P < 0.05 in bold red font) are from paired t-tests of 
13 soil variables and 5 paired plots for each restoration technique at the experimental site, 
Otjimbundu village, Kunene, Namibia. 

 

 

Restoration 
Technique

Soil properties Before restoration After restoration t-Value P-value

Calcium (mg Ca/kg) 627.51 ±  26.4 951.66  ±  287.90 1.09 0.337
Conductivity (mS/m 12.59 ± 2.00 22.69 ± 11.0 0.87 0.435
Magnesium (mg Mg/kg) 93.42 ±  6.80 91.45 ±  9.70 0.33 0.755

Organic carbon (% m/m C) 0.27 ± 0.02 0.094  ± 0.00 6.33 0.003
Organic matter (% m/m OM) 0.47  ± 0.05 0.20 ± 0.00 5.28 0.006
pH (H2O) 7.61 ±  0.24 7.66  ± 0.18 0.24 0.820
Phosphorus (mg P /kg) 13.86 ± 1.38 10.07  ± 1.44 1.52 0.204
Potassium (mg K/kg) 84.29  ± 12.9 97.76  ± 10.04 2.12 0.101
Sodium (mg Na/kg) 2.47  ± 0.66 33.75  ± 28.31 1.11 0.329
Total Nitrogen mg N/kg 343.18  ± 27.54 536.02  ± 74.75 2.44 0.135
Sand % 85.64  ± 0.93      87.16 ±  0.84    2.12 0.101
Silt % 9.13 ± 0.87 7.10 ± 0.27 2.54 0.064
Clay % 2.45 ± 0.27 3.69  ±  0.33 2.18 0.035
Calcium (mg Ca/kg) 661.93 ± 86.70 1032.86  ± 158.6 2.12 0.102
Conductivity (mS/m 12.93  ± 1.24 14.27  ±1.97 0.48 0.654
Magnesium (mg Mg/kg) 100.51  ± 8.40 120.78  ± 7.6 4.84 0.008
Organic carbon (% m/m C) 0.34  ± 0.04 0.21  ± 0.04 7.72 0.002

Organic matter (% m/m OM) 0.58  ± 0.07 0.37 ± 0.07 7.79 0.001
pH (H2O) 7.73  ± 0.13 7.58  ± 0.22 1.02 0.367
Phosphorus (mg P /kg) 16.97  ± 5.67 11.13  ± 1.09 1.26 0.277
Potassium (mg K/kg) 78.71  ± 8.67 100.50 ± 6.40 4.24 0.013
Sodium (mg Na/kg) 3.39  ± 0.89 81.48  ± 19.40 3.97 0.016
Total Nitrogen mg N/kg 386.65  ± 36.58 452.83  ± 54.34 1.40 0.297
Sand % 85.64 ± 0.93 87.16 ± 0.84 2.12 0.101
Silt % 12.50 ± 1.02 7.18 ± 0.88 14.39 0.000
Clay % 1.84  ± 0.39 5.65  ± 0.15 8.87 0.001
Calcium (mg Ca/kg) 728.75 ± 73.55 767.84 ± 93.65 1.36 0.245
Conductivity (mS/m 14.51 ± 1.85 16.12 ± 2.34 1.41 0.253
Magnesium (mg Mg/kg) 115.60 ± 8.95 125.3 ± 14.49 1.42 0.292
Organic carbon (% m/m C) 0.32 ± 0.01 0.48 ± 0.06 4.34 0.014
Organic matter (% m/m OM) 0.57 ± 0.02 0.83 ± 0.11 3.78 0.002
pH (H2O) 7.762 ± 0.20 7.4  ± 0.07 1.91 0.128
Phosphorus (mg P /kg) 12.43 ± 1.65 11.61 ± 1.16 0.56 0.607
Potassium (mg K/kg) 94.23 ± 12.60 124.22 ±   19.9 2.89 0.045
Sodium (mg Na/kg) 5.97 ± 1.86 132.42 ± 47.08 2.76 0.050
Total Nitrogen mg N/kg 408.07 ± 9.75 513.44  ± 49.79 2.22 0.156
Sand % 83.77 ± 2.09 86.17 ± 1.33 2.84 0.047
Silt % 13.81 ± 1.86 8.98 ± 1.28 7.34 0.002
Clay % 2.40  ± 0.28 4.83  ± 0.37 4.63 0.010

Tilling + 
direct 

seeding 

Direct 
seeding

Fencing 
only
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Calcium (mg Ca/kg) 629.49 ± 62.33 736.13 ± 56.24 4.03 0.027
Conductivity (mS/m 13.57 ± 1.44 13.30 ± 0.83 0.17 0.870
Magnesium (mg Mg/kg) 90.26 ± 6.58 97.46 ± 11.05 1.41 0.253
Organic carbon (% m/m C) 0.33 ± 0.03 0.23 ± 0.06 1.54 0.197

Organic matter (% m/m OM) 0.56 ± 0.05 0.41 ± 0.10 1.51 0.206
pH (H2O) 7.9 ± 0.22 7.42 ± 0.14 4.07 0.015
Phosphorus (mg P /kg) 5.62 ± 0.20 10.11 ±  1.49 3.10 0.090
Potassium (mg K/kg) 66.23 ± 7.79 82.83 ± 6.78 3.76 0.033
Sodium (mg Na/kg) 4.39 ± 1.40 122.20 ±  9.80 12.75 0.001
Total Nitrogen mg N/kg 426.89  ± 22.17 498.81  ± 43.39 2.93 0.099
Sand % 87.99 ± 1.02 90.23 ± 0.58 4.25 0.013
Silt % 8.61 ± 0.77 5.99 ± 0.67 7.31 0.002
Clay % 3.39  ± 0.25 3.77  ± 0.18 1.13 0.320
Calcium (mg Ca/kg) 569.07 ± 47.98 699.46 ± 75.81 1.08 0.342
Conductivity (mS/m 8.896 ± 0.88 9.45 ± 2.34 0.19 0.855
Magnesium (mg Mg/kg) 99.464 ± 10.77 112.42 ± 4.39 0.92 0.410
Organic carbon (% m/m C) 0.26 ± 0.04 0.09 ± 0.00 4.69 0.009
Organic matter (% m/m OM) 0.45 ± 0.06 0.17 ± 0.02 3.70 0.021
pH (H2O) 7.40 ± 0.13 7.56 ± 0.14 1.17 0.308
Phosphorus (mg P /kg) 15.81 ± 2.04 9.36 ± 1.21 2.71 0.046
Potassium (mg K/kg) 71.63 ± 10.25 97.99 ± 7.29 1.71 0.163
Sodium (mg Na/kg) 2.04 ± 0.26 19.13 ± 15.17 1.10 0.333
Total Nitrogen mg N/kg 320.42  ± 26.96 524.18  ± 94.85 1.76 0.221
Sand % 88.19 ± 0.72 90.46 ± 1.07 1.41 0.230
Silt % 9.27 ± 0.65 5.79 ± 0.91 3.09 0.037
Clay % 2.53  ± 0.41 3.74  ± 0.19 2.06 0.109
Calcium (mg Ca/kg) 568.97 ± 25.77 809.32 ± 198.98 1.16 0.310
Conductivity (mS/m 8.18 ± 0.49 8.80 ± 2.03 0.31 0.772
Magnesium (mg Mg/kg) 98.91 ± 7.54 108.17 ± 10.59 0.55 0.612
Organic carbon (% m/m C) 0.26 ± 0.01 0.11 ± 0.01 8.77 0.001
Organic matter (% m/m OM) 0.45 ± 0.02 0.19 ± 0.01 8.31 0.001
pH (H2O) 7.578 ± 0.06 7.64 ± 0.16 0.37 0.727
Phosphorus (mg P /kg) 12.05 ± 1.32 10.41 ± 1.82 0.76 0.487
Potassium (mg K/kg) 74.34 ± 10.40 89.04 ± 19.68 1.23 0.285
Sodium (mg Na/kg) 0.95 ± 0.32 14.63 ± 10.39 1.34 0.253
Total Nitrogen mg N/kg 336.34  ± 18.98 479.65  ± 83.76 3.54 0.026
Sand % 84.81 ± 2.19 88.82 ± 1.01 3.00 0.040
Silt % 12.88 ± 2.01 6.07 ± 1.03 6.02 0.004
Clay % 2.29  ± 0.33 5.12  ± 0.09 8.29 0.001

Tilling

Tilling + 
transplante
d seedlings

Transplant
ed seedlings
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4.4.9. Overall Cost-Effectiveness 

The cost of all restoration techniques presented in Table 4.3 shows that the most expensive restoration technique was; tilling + transplanted seedlings,  

followed by transplanted seedlings, tilling + direct seeding, then direct seeding, followed by tilling and the cheapest was fencing. 

Table 4.3: Total cost for restoration recorded for each activity in each restoration technique 

Activity Cost (USD) Activity Cost (USD) Activity Cost (USD) Activity Cost (USD) Activity Cost (USD) Activity Cost (USD)
Poles Water pump 300 Water pump 300 Water pump 300 Water pump 300 Fencing 1903.08
Mesh wires 600 Water tank 215 Water tank 215 Water tank 215 Water tank 215 Transport 150
Labour (fencing) 250 Pipes 320 Pipes 320 Pipes 320 Pipes 320 Tilling 70

Steel wire 100
Labour (fencing, 
installation) 310 Labour 310 Labour 310 Labour 310

Gates 180
Poly bags, paper 
bags, gloves 150

Poly bags, paper 
bags, gloves 150 Fencing 1903.08 Fencing 1903.08

Nails and pegs, 
connectors etc 100

chicken mesh 
cages 100

chicken mesh 
cages 100

chicken mesh 
cages 100

chicken mesh 
cages 100

Wooden Poles 307.7 Acid and acetone 80 Acid and acetone 80 Acid and acetone 80 Acid and acetone 80
Metal poles and 
stays 215.38 Nursery equipment 700

Nursery 
equipment 700 Transport 180 Transport 180

Transport 150 Fencing 1903.08 Fencing 1903.08 Tilling 70
Transport 230 Transport 230

Tilling 70
1903.08 4308.08 4378.08 3408.08 3478.08 2123.08

Fencing only Transplanted seedlings
Tilling + transplanted 

seedlings Direct seeding Tilling + direct seeding Tilling only
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4.5. Discussion 

This study sought to examine the effectiveness of several restoration techniques in 

restoring degraded rangelands, the suitability of selected species, soil conditions, and 

the cost-effectiveness of restoration activities as well as the need and adaptive capacity 

of the studied community. This was undertaken to explore the potential of ecological 

restoration as part of an Ecosystem-based Adaptation approach. We studied six 

restoration techniques and we recorded improvement in all the restoration techniques 

in terms of self-recruitment of woody species and herbaceous cover. We also recorded 

significant changes in soil properties two years after restoration, indicating soil fertility 

recovery. Different species performed differently in terms of germination, survival 

and growth. The sections below further discuss the findings.  

 

4.5.1. Germination, survival, and growth of seedlings 

We recorded poor germination and survival of seedlings in direct seeded plots as 

opposed to transplanted plots. Several studies (e.g. Doust et al., 2008; Ruwanza et al., 

2013), have reported on the challenges of direct seeding, including poor germination 

due to seed predation (Crawley, 1992; Milton, 1995; Standish et al., 2007). In this 

study, seed predation was significant, and efforts to manage it were only moderately 

successful. Doust et al., (2008), argued that direct seeding could be a viable 

establishment method, but the type of species to be used, the conditions under which 

they should be directly sown and the timing of sowing will vary with situations. 

Species characteristics, including seed size, growth rate potential, and light 

requirement will be important to consider.  

 

We found that tilling had a positive effect on the germination of plants in direct 

seeded plots, and this may be because of reduced soil compaction, allowing the seeds 

to germinate easily. Soil compaction is a major constraint to germination and growth 

of plants and limits root growth (Bejarano et al. 2010), which eventually influences all 

the processes moderated by roots, such as anchorage, water, and nutrient uptake and 

ultimately, plant regeneration (Alameda et al., 2012). The effects of soil compaction 

on plant growth are, however, highly dependent on soil type, degree of compaction 

and the species studied (Alameda et al., 2012).  The effects of soil compaction may be 

trivial in species possessing strong roots. For example, tilling was not important for 
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growth or survival of seedlings in this study but affected seed germination. If tilling is 

to be used, it needs to be combined with transplanting and/or direct seeding. Several 

studies have reported both positive and negative results of tilling. Some drawbacks 

include a reduction in soil function (Ghaley et al., 2018; Pieper et al., 2015), erosion 

(Duary et al., 2016), and loss of organic carbon (Powlson et al. 1987). In this study, 

tilled only plots recorded a reduction in soil organic matter and an increase in pH after 

two years.  Meli et al. (2015), stated that planting native vegetation could reverse the 

adverse effects of tilling after several years. The benefits of tilling include controlling 

weeds (Bàrberi and Lo Cascio 2001; Auškalnienė et al. 2018), thereby encouraging 

the growth of planted species only. This was also observed in our study, where tilled 

plots recorded no presence of invasive species and weeds. The careful use of tillage 

practices can overcome edaphic constraints, but inappropriate tillage may cause a 

variety of undesirable outcomes (Alam et al., 2014). 

 

4.5.2. Plant species performance and traits  

The selected species performed differently in terms of seed germination, 

seedling survival, and growth. Catophractes alexandri recorded the highest survival 

(88%) and the second-highest growth of seedlings. Though Combretum imberbe had 

the highest growth, the survival of its seedlings was moderate (60%). 

Colophospermum mopane had very high survival (80%) but slow growth. Faidherbia 

albida recorded good growth but average survival (50%). Some species, such as 

Berchemia discolor, and Combretum apiculatum recorded both poor survival and 

growth. In terms of germination, the species that had high germination rates also 

recorded good survival and growth, with a few exceptions, such as Berchemia 

discolor, which recorded good germination but poor growth and survival. Clearly, 

different species use different strategies; some invest more in growth than survival; 

some invest in survival than growth.  

 

According to Falk et al., (2006), restoration exposes plants to a wide range of 

physiological stressors, and outcomes will depend on the ability of the species to 

tolerate altered environments. Plant species differ in their capacities to tolerate 

different biotic and abiotic stressors, which affects the ability to re-establish quickly 

in a restoration setting. Differences in performance between the selected species are 
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likely to be related to their functional traits. Some species are drought-tolerant and 

able to adjust their physiology to suit the environment. For example, C. mopane is 

adapted to survive moisture stress, low nutrient environments and disturbances caused 

by fire through its physical, physiological and chemical responses (Krug 2017). 

Moreover, the seeds germinate quickly (Timberlake 1996), and are rarely affected by 

parasites (Mutakela 2009). It is, therefore, not a surprise that it had a high survival in 

this study. It, however, showed slow growth. 

 

PCA grouped Faidherbia albida and Senegalia senegal together in the 

ordination space, and their predictive traits were nitrogen fixation, compound leaves, 

and deep roots. These two also performed very well across all restoration techniques. 

F. albida and S. senegal are acknowledged as two of the most suitable species for 

afforestation in Sahel drylands (Abaker 2018). PCA also grouped Catophractes 

alexandri, Rhigozum brevispinosum, and R. trichotomum together, and they were 

related to these traits: shrub growth form, shallow roots, and wind-dispersed seeds. 

These species also performed well, especially C. alexandri recording the highest 

overall seed germination and seedling survival and the second-highest growth. 

 

Contrary to the theory that says that large-seeded species usually have high 

germination rates, we found a significant negative correlation between seed mass and 

germination, and therefore germination favoured small-seeded species. Kahmen 

(2003) stated that the germination of small seeds is supposed to be favoured by open 

vegetation and soil disturbances; this was the case in this study.  

 

Some of the species that performed well in terms of survival are very important 

to the community members and were also selected based on their recommendations. 

For example, C. mopane is an economically important species to many rural 

households, and it is used for timber, firewood, and poles (Krug 2017). Other 

important species include Sclerocarya birrea, also of significant importance in rural 

livelihoods for food, medicine, and carving (Helm et al., 2011). In many rural 

communities of Namibia, Catophractes alexandri is the primary forage species for 

goats (Rothauge et al., 2003). In this study, the community members also 

recommended it as one of the crucial palatable plants. Other species recommended by 
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the communities include Berchemia discolour, mainly for food. This species, 

however, had poor growth and survival, although it recorded high germination. 

 

According to Lu et al., (2016), suitable species to be used in restoration should 

have several of the following characteristics: high seed germination rates, rapid 

germination, high survival and high seedling growth rates. A blend of these criteria is 

necessary to give a more comprehensive assessment of candidate species. We 

recommend the following species as suitable candidates for rangeland restoration in 

order of performance in terms of germination, survival, and growth: Catophractes 

alexandri, Colophospermum mopane, Combretum imberbe, Faidherbia albida, 

Senegalia senegal, Sclerocarya birrea and Vachellia erioloba. The survival of all 

these species ranged from 56 to 88% and germination percentage of 60 to 100%, and 

although some were fast growers, the rest had reasonable growth rates. Shrub species 

such as Rhigozum brevispinosum, and R. trichotomum could also be used; they 

recorded very rapid germination and average survival. All these species are also 

important to community members as a source of food, medicine and fodder. Some 

species, such as Combretum apiculatum and Berchemia discolour, performed poorly 

in terms of both growth and survival, and these may not be the best candidates for 

restoration as they will need more post-planting attention; however because they 

benefit communities, they could be used in situations where they are assisted, perhaps 

in gardens and near homes. 

 

4.5.3. Self-recruitment of woody species  

Several studies have shown that recruitment of trees and shrubs is often 

significantly affected by the availability of microsites (Clark et al., 1999; Elmarsdottir 

et al., 2003; Monie et al., 2013). The environment proximately surrounding a seedling 

is important in determining the dynamics of plant populations on a local scale, as well 

as the composition of plant communities (Clark et al., 1999). In this study, the highest 

self-recruitment of woody plants in terms of abundance was recorded in fenced and 

transplanted seedling plots, while tilling recorded the lowest abundance of self-

recruited woody species. Low recruitment in tilled plots might be due to reduced soil 

seed banks, not just for the invasive species/weeds but also for other desired native 
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species. Decreased seed banks due to tillage is a common phenomenon (Auškalnienė 

et al., 2018; Duary et al., 2016; Fracchiolla et al., 2018).  

 

Fenced plots and generally non-tilled plots had a high abundance of a typical 

invasive bush, Pechuel-Loeschea leubnitziae. Furthermore, we found a significant 

negative correlation between the abundance of P.leubnitziae and survival of seedlings 

in planted plots. Invaders are facilitated by disturbance in many cases (Hobbs & 

Huenneke, 1992; Pinto & Ortega, 2016), although they can also establish in nutrient-

rich environments (Funk and Vitousek 2007).  P. leubnitziae usually colonises 

disturbed regions on sandy, alkaline soil, germinates readily, and produces many seeds 

(Tedder et al., 2012), giving it a competitive advantage over other species. Traits such 

as high growth rates, early reproduction, and many propagules are generally associated 

with successful invaders  (Funk & Vitousek, 2007). The persistence and strength of 

changes created by invaders can affect the type of management activities needed to 

restore more desired conditions (Cotroneo et al., 2018),  and therefore managing 

invader bushes in restoration sites is very important. P.leubnitziae was the only species 

that self-recruited in the unfenced control plots, with a very high density, indicating 

one of the threats the rangeland is currently facing – the spread of invasive species. 

Overgrazing often leads to the spread of invasive species. 

 

Apart from the native invasive species P.leubnitziae, Faidherbia albida was the 

most abundant species self-recruited in all the restoration techniques followed by 

Colophospermum mopane. This may be because the experimental site was near the 

river where F. albida trees mostly grow, while C. mopane was the dominant species 

in the study site. The soil may have had a high percentage of the seeds of these two 

species contributing to their high abundance. However, the availability of seeds is not 

the only factor that may hinder regeneration and recruitment; other factors such as 

species environmental tolerance (Cleland, 2011; Falk et al., 2006), seed longevity, the 

germination requirements of the seeds and other factors also play a role in recruitment. 

Seeds of both C. mopane (Mutakela 2009) and F. albida (Yirdaw and Leinonen 2002) 

germinate easily and rapidly, and both species can grow in nutrient-poor soils and t 

are drought resistant  (Dangasuk et al., 2001; Makhado et al., 2014; Mutakela, 2009). 
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Both passive and active restoration techniques gave positive results in terms of 

self-recruitment in this study, as has been found elsewhere. For example, Ruwanza et 

al., (2013) studied the effectiveness of passive and active restoration and recorded no 

recruitment of native species in their passive (rest) restoration site. Standish et al., 

(2007) recorded slow to non-existent recolonization, even 45 years after abandonment. 

Seymour et al., ( 2010) found that a 20-year rest did not result in the establishment of 

palatable woody species despite good years of rain. They concluded that rest alone 

was inadequate to support the return of the full suite of palatable species, and so 

rangelands do not necessarily recover with rest alone. In this study, we found 

improvement in terms of the recruitment of woody species and palatable grasses after 

two years despite the drought spell. In a nutshell, there is ample evidence for both 

passive and active restoration of degraded lands, but it is important to understand when 

and where passive and active restoration may be useful.  

4.5.4. Soil conditions 

This study recorded improvement in some of the most important soil properties 

for plant growth and survival, such as amounts of N, K, P, all of which are 

macronutrients with major importance for plants (Mensah 2015), and improvement in 

these properties is a good indicator of soil fertility recovery. Nitrogen (N) is needed 

within leaves as an essential component of proteins, pigments, and nucleic acids (Falk 

et al., 2006). We also recorded a significant increase in P – the primary nutrient 

limiting plant growth in many soil types, and also critical for root growth (Hallett et 

al. 2014).  

 

Soil organic carbon is regarded as an indicator of soil quality and soil degradation 

as it regulates soil structure and supports biological diversity (Oduor et al. 2018). We, 

however, recorded a significant decrease in soil organic matter and carbon in most of 

the restoration techniques apart from fencing. Fencing also recorded the highest grass 

cover and highest self-recruitment in terms of abundance, and this might have 

contributed to the high organic matter and carbon content. Several studies have 

recorded an increase in organic carbon due to grass cover (Prade, Kätterer, and 

Björnsson 2017; Blanco-Canquia and Jasa 2019). Fencing has been reported 

elsewhere to improve soil quality  (Oduor et al. 2018). The improvement in organic 

carbon in this study (in fenced plots) is critical, as it is a sign of soil recovery and will 



Emilia Inman PhD thesis 

 

183 
 

help restore the fertility of degraded land for the benefit of local communities. Tilling 

recorded the greatest decrease in organic carbon and matter, including other 

restoration techniques where tilling was a treatment. Tilling is in many cases 

associated with a reduction in soil organic carbon (SOC). Most tilled plots recorded 

no grass cover, and self-recruitment was also poor in tilled plots, and so perhaps there 

was nothing to facilitate the accumulation and storage of C into the soil. Some 

restoration techniques recorded a high increase in sodium, the presence of which can 

inhibit plant growth, though there are plant species that can tolerate high levels of 

sodium. Any process that affects the soil-water balance may affect the movement and 

accumulation of salts in the soil (USDA 1998); these include hydrology,  climate, 

irrigation, drainage, plant cover and rooting characteristics, all of which may be 

relevant in this study. 

. 

4.5.5. Cost-effectiveness of restoration techniques 

In terms of cost, the “transplanted seedlings” restoration technique was the most 

expensive option, but it also gave the best results. We have demonstrated that using 

local materials and expertise will dramatically reduce the cost. The labour was from 

the communities, and local materials were also used, with the participation of local 

people. If the local people can use their expertise, then there is no need to bring in 

outside help. This will also ensure that the potential of the local people is not 

undermined. The cost of restoration may be too high if we use sophisticated techniques 

that may not always be feasible and realistic, especially in resource-limited areas. If 

restoration is to be used as an adaptation tool, the goals need to be achievable in poor 

communities. In this study, we did not use fertilisers, which may be too expensive for 

poor communities. Hence, we tried using cost-effective measures as much as we could. 

There were minimal interventions in terms of weeding, watering, soil amendment, or 

fertilisers, to test the possibility of success, and thus, for a year and a half, no watering 

was done to see how young plants may respond to drought. Although the cost of 

restoration in this study is low compared to many restoration projects, to an average 

person in Kunene, it is beyond what they can afford. This project was on a small scale; 

if the project is to cover a large area, the cost will increase, even becoming harder for 

the communities to implement. So this is a type of intervention that will require outside 

help in terms of capital for this community, and looking at it in the context of funding, 
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the cost is reduced due to a participatory approach, and so money can possibly be 

raised to help the communities. Clearly, investing in activities with low probabilities 

of success is not cost effective, even if they are less expensive. More focus should be 

given to activities with a high relative return for the cost, than on less expensive 

activities which may not be successful.  

 

4.5.6. Ecological restoration as part of an EbA approach: the way forward 

Putting this in the context of EbA, we need to consider what EbA entails and what 

a successful EbA would mean. If the main aim of EbA is to use biodiversity and 

ecosystem services to help people adapt to climate change, then restoration should aim 

to create resilient ecosystems. Resilient ecosystems would mean increased adaptive 

capacity through a continued provision of ecosystem services to the people and 

enhanced biodiversity that will also help people adapt to the impacts of climate 

change. This, however, cannot be achieved by focusing on ecological restoration 

alone, but other factors as well, such as drivers of degradation, community needs, and 

governance, among others. 

 

 Friends of Ecosystem-based Adaptation (FEBA), (2017) have established 

three elements and five qualification criteria for an intervention to be called an “EbA”. 

The three elements supporting the CBD definitions states that EbA (i) helps people 

adapt to climate change (ii) by an active use of biodiversity and ecosystem services, 

(iii) in the context of an overall adaptation strategy. All three elements of the CBD 

definition must be addressed in order for an activity, initiative, project, approach, 

strategy and/or measure to qualify as Ecosystem-based Adaptation. Furthermore, an 

activity must meet the five qualification criteria which state that an EbA strategy 

should i) reduce social and environmental vulnerabilities, ii) generate societal benefits 

in the context of climate change adaptation, iii) restore, maintain or improve 

ecosystem health, iv) be supported by policies at multiple levels and vi) support 

equitable governance and enhances capacities. Ecological restoration, when combined 

with social and economic aspects, may be able to address social and environmental 

vulnerability and maintain or enhance biodiversity to improve adaptation capacity, but 

other aspects of governance must also be met in order to qualify as an EbA; therefore 

restoration cannot stand alone as an Ecosystem-based strategy. Perhaps, even more 
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important is the third element that states that an EbA action/intervention should not 

stand alone but should be part of an overall adaptation strategy; built into decision 

making, planning, and implementation from local to national levels (FEBA, 2017). 

For example, ecosystem health alone does not guarantee human resilience, so EbA is 

best implemented as an integrated element of a broader adaptation strategy. Ecological 

restoration is but part and parcel of the strategy. Therefore, researchers need to better 

understand and connect the social, environmental, and economic potentials as well as 

traditional knowledge and local institutions, when considering restoration as an EbA 

option. 

 

Learning from the results of this study, we found that restoration is possible in the 

current system, and restoration may have the potential to increase ecological resilience 

and enhance biodiversity, thereby increasing the adaptive capacity of the people 

vulnerable to climate change. For example, selecting appropriate species that are able 

to persist amidst climate change and at the same time offer benefits to the communities 

may contribute to enhancing community adaptive capacity. An important 

consideration will be to incorporate functional diversity in restoration by considering 

plant traits. This will allow the selection of functional groups that will increase 

functional diversity, which contributes to ecosystem resilience. Considering soil 

health and the cost of restoration activities is also important when seeking to conduct 

effective restoration as an adaptation tool to climate change. The needs of the 

community also have to be considered, including drivers of degradation in the 

communities. Looking into the future, we require further information on which species 

will persist amid climate change and what plant traits are predictive of better plant 

establishment. All these will however not work if drivers of degradation in the 

communities are not addressed 

 

4.5.7. Implications and way forward 

Restoring rangelands where people depend on livestock for their livelihood is 

a real challenge. The critical question is; how can restoration activities be implemented 

in a system that is continuously threatened by overgrazing? Now that we have 

established that restoration is possible in this system, how feasible is it to implement 

restoration at the community level? Restoration will not work if there is no release of 
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grazing pressure in this community’s rangeland. So the way forward is a challenging 

one that will require communities, researchers and policymakers to sit together and 

discuss the way forward. This has, however, been a recommendation of many 

researchers and yet there is little progress: many recommendations but no actions, 

especially in developing countries. Hobbs (2013) emphasised that, although 

restoration provides great hope that losses can be minimised and, possibly, reversed, 

this hope needs to be grounded in a realistic assessment of what is possible. First of 

all, the root cause of degradation needs to be addressed. In this case, people solely 

depend on the environment, and overgrazing is on the increase, coupled with drought, 

and so multiple factors are contributing to the degradation of the rangeland. Bourne et 

al., (2017) highlighted that sustainable land management practices, including 

sustainable grazing practices, must be developed and implemented to ensure that land 

is used in a way that is both profitable and environmentally sensitive. This can never 

be emphasised enough, but how does one realistically do this? At the moment, there 

are options to diversify livelihoods through growing food crops, while also offering 

opportunities for restoration. This study will inform some of these activities through 

the recommendation of suitable species, germination requirements, among others. As 

recommended by Bourne et al (2017), identifying alternative land uses for severely 

degraded areas may be required; this could include revegetating the degraded patches 

with fruit trees that will benefit the people and the land too. Grazing management will 

need to be revisited. The communities will need to come together and discuss the best 

way to share the grazing land, including allowing the land to recover through resting. 

This will not be easy considering people live off the environment, but it is not 

impossible. Bourne et al (2017) suggest developing local capacity and skills in 

activities such as eco-tourism, ecological monitoring and research. This may be 

helpful to the people in Kunene. This project has opened up platforms for discussion 

and through community mobilisation, land has been allocated to grow food crops and 

diversify livelihoods, and researchers have raised money to help several villages. The 

way forward may be long and hard, but it is never too late to take small steps: 

restoration activities are one such small step in the right direction. 
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4.8. Supplementary information 

 

 

Figure S1: Location of the study site (red) in Kunene Region, Namibia. Left: Map of 

Africa, right: map of Namibia showing different constituencies, derived with QGIS, 

EPse32662. 
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Figure S2: Random stratified plot design for different restoration techniques, 

Otjimbundu village, Kunene Region, Namibia. 
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Figure S3: Seedlings raised at the experimental site, Otjimbundu village, Kunene 

Region, Namibia, October 2017.  
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Table S1: Plant functional attributes of the selected species 

 

Species Family 
Seed 
dispersal 

Rooting 
depth 

Root 
symbiosis Types of leaves 

Berchemia 
discolor Rhamnaceae Animals Tap roots  No mycorrhizae 

Simple (Mannheimer 
& Curtis, 2009; 
Naidoo et al., 2012) 

Catophractes 
alexandri Bignoniaceae Wind Shallow roots  No mycorrhizae 

Simple  (Mannheimer 
& Curtis, 2009) 

Colophospermum 
mopane Fabaceae 

Passive (Burke 
2006) 

Shallow roots 
(Makhado et al. 
2014) (Burke 
2006) 

Endomycorrhizal 
(Mutakela 2009) 
(Burke 2006) 

 Simple (Mannheimer 
& Curtis, 2009) 

Combretum 
apiculatum Combretaceae Wind Shallow roots  No mycorrhizae 

Simple (Mannheimer 
& Curtis, 2009) 

Combretum 
imberbe  Combretaceae 

Wind (Herrmann 
et al. 2003) 

Taproot and 
lateral growth 
(Herrmann et al. 
2003) 

No mycorrhiza 
(Burke 2006) 

Simple (Mannheimer 
& Curtis, 2009) 

Faidherbia 
albida Fabaceae 

Animals (Burke 
2006) 

Taproot and 
lateral growth 
(Burke 2006) 

Rhizobia (Burke 
2006) 

Compound 
(Mannheimer & 
Curtis, 2009) 

Rhigozum 
brevispinosum Bignoniaceae Wind Shallow roots  No mycorrhizae 

Simple (Mannheimer 
& Curtis, 2009) 

Rhigozum 
trichotomum Bignoniaceae Wind Shallow roots  No mycorrhizae 

Simple (Mannheimer 
& Curtis, 2009) 

Sclerocarya 
birrea Anacardiaceae Animals 

Taproot and 
lateral growth 
(Mannheimer & 
Curtis, 2009) 

Rhizobia (Helm 
2011) 

Compound 
(Mannheimer & 
Curtis, 2009) 

Senegalia 
senegal Fabaceae Passive 

Taproot and 
lateral growth Rhizobia 

Compound 
(Mannheimer & 
Curtis, 2009) 

Vachellia 
erioloba Fabaceae 

Animals (Burke 
2006) 

Taproot and 
lateral growth 
(Burke 2006) 

Rhizobia (Burke 
2006) 

Compound 
(Mannheimer & 
Curtis, 2009) 
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Figure S4: Total rainfall for the study area for the period January 2017 to September 

2019. Records are from Kunene River Lodge, Peter Morgan. 

 

 

Figure S5: Herbaceous cover in fenced plots A) one month after restoration and B) 4 

months after restoration 
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Figure S6: Grass cover recorded at each monitoring session in all the restoration 

techniques at the experimental site at Otjimbundu village, Kunene.  
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Figure S7: Grass cover A) inside the experimental site and B) outside the 

experimental site four months after restoration at Otjimbundu village, Kunene 

 

 

 

Figure S8: The invasive species (Pechuel-Loeschea leubnitziae) growing in the 

unfenced control plots, outside the experimental site (Pictures taken in August 2019, 

by Emilia Inman), in Otjimbundu village, Kunene, Namibia 
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Figure S9: The effect of Pechuel-Loeschea leubnitziae on the survival of seedlings in 

planted plots at the experimental site at Otjimbundu village, Kunene Region, 

Namibia. 
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Table S2: GLM results for survival and growth for each species across the four 

restoration techniques (Significant values with P<0.05 in bold red font). 

 

 

  

Species df F p-value df F p-value
Between Groups 1 0.063 0.809 1 0.104 0.756
Within Groups 8 8
Between Groups 3 6.531 0.004 3 3.807 0.031
Within Groups 16 16
Between Groups 3 1.560 0.238 3 3.186 0.050
Within Groups 16 16
Between Groups 3 0.800 0.512 1 1.144 0.316
Within Groups 16 8
Between Groups 3 2.980 0.063 1 0.610 0.457
Within Groups 16 8
Between Groups 3 7.002 0.003 3 3.512 0.018
Within Groups 16 16
Between Groups 3 1.937 0.164 3 3.904 0.049
Within Groups 16 16
Between Groups 1 0.060 0.801 1 0.265 0.621
Within Groups 8 8
Between Groups 2 0.824 0.462 1 9.668 0.014
Within Groups 12 8
Between Groups 3 4.924 0.013 3 3.408 0.043
Within Groups 16 16
Between Groups 1 0.167 0.694 1 1.464 0.261
Within Groups 8 8

Senegalia senegal

Vachellia erioloba

Berchemia discolor

Catophractes alexandri

Colophospermum mopane

Combretum apiculatum

Combretum imberbe

Faidherbia albida

Survival Growth

Rhigozum brevispinosum

Rhigozum trichotomum

Sclerocarya birrea
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Table S3: Means (±SE) of soil variables before and after restoration. The t-values and 

associated P-values (significant values with P < 0.05 in bold red font) are from paired 

t-tests based on 30 paired plots at the experimental site, Otjimbundu village, Kunene, 

Namibia 

Soil properties Before restoration 
After 
restoration t-Value P-value 

Calcium (mg Ca/kg) 638.52 ± 24.42 831.63 ± 65.38 -2.81 0.01 

Conductivity (mS/m 11.80 ± 0.67 13.99 ± 2.06 -1.08 0.29 

Magnesium (mg Mg/kg) 102.45 ± 3.68 109.81 ± 3.84 -1.83 0.08 

Organic carbon (% m/m C) 0.29 ± 0.01 0.18 ± 0.02 5.18 < 0.001 
Organic matter (% m/m 
OM) 0.51 ± 0.02 0.32 ± 0.04 4.86 < 0.001 

pH (H2O) 7.66 ± 0.07 7.54 ± 0.06 1.66 0.11 

Phosphorus (mg P /kg) 10.36 ± 0.51 13.84 ± 1.21 2.83 0.01 

Potassium (mg K/kg) 79.78 ± 4.35 98.95 ± 5.35 -4.73 < 0.001 

Sodium (mg Na/kg) 3.21 ± 0.51  67.26 ± 12.92 -5.08 < 0.001 

Total nitrogen mg N/kg 375.14 ± 9.98 430.52 ± 22.04 -2.21 0.03 
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Chapter 5: 

General discussion 
 
 
 

 

 

“If you think you see a way you can have an impact on the planet: Do it, 

start it now.” 

Murray Fisher 

 

“First, do no harm. Second, begin integrating restoration” 

Keith Bowers 
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5.1. Critical overview 

 

Restoration has the potential to be a powerful tool that can help the most 

vulnerable communities adapt to climate change. Recently, the U.N. General 

Assembly adopted the U.N. Decade on Ecosystem Restoration, devoting ten years 

beginning in 2021 (Cordon 2019). Finding practical solutions to address climate 

change is an urgent matter. Prioritising restoration as a toolbox for helping humanity 

against the adverse impacts of climate change can, therefore, be encouraged. There is 

evidence that biodiversity promotes ecosystem functionality and stability; thus 

contributing significantly to various ecosystem services (Mori et al. 2013). This 

evidence serves to highlight the dangerous possibility that loss of biodiversity may 

result in a decline in the availability of essential ecosystem services. Therefore, the 

maintenance and restoration of biodiversity is important  if human well-being is to be 

sustained in the face of global change (Díaz et al. 2006).  

 

The main objective of this thesis was to examine the potential and feasibility 

of restoration as part of an Ecosystem-based Adaptation (EbA) response to climate 

change and land degradation in Kunene rangeland, Namibia. To address the main 

objective, I, a) assessed the vegetation structure and composition of the selected 

rangeland, b) established the perception of degradation and climate change by 

community members and c) explored the effectiveness of different restoration 

techniques as well as the suitability of species using a participatory approach. In many 

restoration projects, these attributes are rarely assessed together. The three preceding 

chapters are structured around the above attributes. I investigated five specific 

questions below, presented in three different studies (chapters 2 to 4). Question 1 is 

addressed in chapter 2; questions 2 and 3 are addressed in chapter 3 and questions 4 

and 5 are addressed in chapter 4.  

 

 What is the current vegetation structure and the patterns of land degradation in 

the selected study area, and how do communities perceive degradation? 

 What is the perception of climate change impacts, adaptation and vulnerability 

of rural communities in the study area and what biophysical interventions are 

implemented to address climate change impacts?  
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 What are the existing coping activities used by smallholder farmers to adapt to 

climate change or variability and how effective are they in helping people 

adapt to climate change? 

 How effective are different restoration techniques in restoring indigenous 

vegetation and which restoration technique is best in restoring degraded 

drylands? 

 Which species are suitable candidates in revegetating degraded areas, and what 

traits are predictive of their establishment?  

 

This chapter aims to integrate and synthesise the findings from the 

experimental chapters 2 to 4. A summary of the main findings is provided, as well as 

implications, limitations and the main conclusion of the thesis. 

 

5.2. Summary of findings 

5.2.1. Current vegetation status in community-derived categories of land 

degradation in Kunene rangeland 

 

Chapter 2 looked at the vegetation structure and composition in different 

degradation categories as perceived by the community members. Vegetation 

assessment of rangeland is an important first step in deciding what to do about 

rangeland degradation. Knowing the current status of land degradation and the 

magnitude of the degradation threat will assist in finding effective solutions (Addo-

Fordjour et al. 2009; Gibbons & Freudenburger, 2006; Kacholi, 2014; Mahyou et al. 

2016; Mishra et al. 2013).  Knowledge of floristic composition and structure is also 

useful in ascertaining important elements of plant diversity; protecting threatened and 

economic species and assessing regeneration (Addo-Fordjour et al. 2009). This 

information is useful in setting achievable restoration targets for particular sites 

(Minato 2009). A component of this chapter incorporated local knowledge and 

perception of degradation and the use of plant species by community members. This 

is often an overlooked factor, particularly the perception of degradation and 

environmental change by local people, in restoration projects. The challenge for 

research lies in the fact that cognitive processes are unobservable and unconscious 

(Eisold 2010). To overcome this dilemma, “scientific” ecological data can be matched 
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with the local ecological knowledge to achieve a synthesis of specific ecological 

processes, services and items (Kaschula et al. 2005). Local people can offer alternative 

knowledge, values and insights on ecological processes and items that go beyond that 

of researchers or policymakers. Thus, progress towards an understanding of complex 

social-ecological systems can be enhanced by a synergy of local and scientific 

knowledge (Harrison & Burgess, 2000; Kaschula et al. 2005). Local knowledge is 

useful in restoration as it helps in defining relevant restoration goals for a particular 

site. Vegetation assessment and local knowledge, therefore, helps diagnose the 

problem, which in turn will provide guidance as to potential remedies.  

 

I recorded significant differences in plant species richness, diversity, density, 

composition, standing basal area, regeneration, as well as soil properties and grass 

cover in different degradation categories. Furthermore, I found that vegetation 

attributes such as diversity, density, standing basal area and regeneration increased in 

direct proportion to the distance from the villages. The fact that the same rangeland, 

under the same climate, sharing similar environmental conditions showed such 

variability in vegetation attributes points to anthropogenic disturbances. The rangeland 

currently consists of heavily degraded patches, some completely bare or dominated by 

a single invasive species – Pechuel-loeschea leubnitziae. Heavily degraded patches 

were found closer to the villages than other sites. Overgrazing is, therefore, one of the 

main drivers of land degradation in this rangeland, and the results from the interviews 

(chapter 3) confirm that pastoralism is the main livelihood for many in the community 

and results in this severe overgrazing. Overgrazing is regarded as a chronic 

anthropogenic disturbance (Albuquerque et al. 2018). Over the long-term, overgrazing 

may result in significant changes in the composition of shrub and herbaceous 

communities, increasing the dominance of less palatable and grazing resistant species 

(Albuquerque et al. 2018) like in this case, Pechuel-Loeschea leubnitziae. Overgrazing 

and trampling by livestock may hamper the establishment of seedlings and juveniles 

of tree species and result in adverse changes in soil physicochemical characteristics 

due to the removal of vegetation cover (Albuquerque et al. 2018).  Hence, for 

restoration to occur, the ongoing grazing pressure must be recognised and addressed. 

 

Community members described degradation based on either the absence or the 

presence of woody plant species. Sites that community members identified as not 
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degraded recorded a density of woody species above the recognised threshold of bush 

encroachment (de-Klerk, 2004).  

 

The ecological impacts of bush encroachment processes are diverse and often 

ambiguous, ranging from negative through neutral to positive, depending on the 

particular ecosystem and function (Wagner et al. 2016). There is a wide consensus that 

encroachment is associated with loss of grazing land, leading to considerable declines 

in pastoral production and affecting the livelihoods of many people (Wagner et al. 

2016). Eldridge et al. (2013) conducted a review to test the propositions that bush 

encroachment does not necessarily lead to declines in ecosystem functions, and that 

shrub traits influence the functional outcome of encroachment. They found that some 

ecosystem attributes consistently increased with encroachment (e.g. soil C, N), and 

others declined (e.g. grass cover, pH), but most exhibited variable responses. While 

some researchers reported a high soil organic carbon in bush encroached habitats, 

lower levels in bush encroached areas have also been reported (e.g. Jaleta et al. 2017; 

Yusuf et al. 2015). I found a significant difference in organic carbon and matter 

content between different degradation categories with high and low degradation sites 

recording low organic carbon and matter compared to the protected sites.  Bush 

encroachment increases soil erosion and causes a disruption on the soil surface of some 

soils through the collection of raindrops in twigs; whereby big raindrops fall with a 

stronger spatter effect on the soil (Shifa 2017). As a result of the disruption in the soil 

surface, soils experience nutrient leaching and moisture loss. This may have also been 

the case in this study.  

 

 Bush encroachment can be a major problem for the pastoralist communities 

as it may hinder different activities and change their ecosystem to mainly be dependent 

on woody species (Jaleta et al. 2017). To some communities, this may be taken as a 

benefit, but to those farming with mostly grazers, it may pose a big problem ((de-

Klerk, 2004). In this community, bush encroachment was not perceived as 

degradation. The current level of bush encroachment was perceived to be beneficial 

for pastoral production; thus, while bush encroachment may reduce range productivity 

on some Namibia rangelands, it may also provide valuable forage for livestock 

production on other rangelands. Our results correspond to that of Katjiua & Ward, 

(2012) who also studied bush encroachment in semi-arid areas in Namibia. 
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The community’s perception is guided by what is important to community 

members - in this case, woody species eaten by goats, their main livestock. In this 

context, the community does not perceive bush encroachment as a form of 

degradation. The community members are focusing on short-term necessities rather 

than longer-term resilience. Bush encroachment may not be affecting them now, but 

continued rangeland decline is likely to reduce future options and render restoration 

more difficult. The results show that the rangeland is currently facing a range of 

threats, including bush encroachment, increasing bare patches and an increase in 

unpalatable invasive species. There is an urgent need to find effective interventions 

that can improve rangeland condition and subsequently help sustain the livelihood of 

many living there.  Sharing knowledge between local people and researchers may be 

helpful because both parties can learn from each other.  

 

It is not just enough; however, to identify the problem – anthropogenic 

disturbances (such as overgrazing) – but also the root cause of these problems and 

address them. Are communities aware of the overgrazing problem, and if yes, why 

does it continue to occur? I suggest that dealing with land degradation will require a 

behaviour change that may be promoted through increased knowledge. If the 

behaviour of the people towards nature and the environment and even life itself is not 

changed, then their attitude and response will never change. Changing people’s 

behaviour is no easy thing because different people see things from different 

perspectives. Environmental problems at both global and local scales can be addressed 

when people become more concerned and informed about their environment. 

 

Therefore, natural sciences will increasingly need to integrate human 

behaviours because, ultimately, this is a big factor in environmental degradation. 

According to Clayton et al. (2013), increasing temperatures, disappearing forests, and 

diminishing biodiversity threaten ecosystems and are all connected to human 

activities. Addressing such phenomena will, therefore, require attention to human 

behaviour, and possible means of changing it. Clayton argues that because of both the 

causal influence of humans on environmental degradation and the potentially harmful 

effects that such degradation can have on humans, psychological science must be 
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involved in environmental protection because protecting natural resources requires 

changing human behaviour.  

 

According to Fenianos et al. (2018), ecological projects are often confronted 

with disinclination from local communities, especially when the project involves 

variation from pre-set ideas or traditional practices. Communities generally share the 

same knowledge structures (schemas), including perceived social roles, stereotypes, 

and worldviews, and there is a circular causal link between behaviours and knowledge 

structures (Fenianos et al. 2018).  These knowledge structures shape the way people 

see the world, and this is why it is difficult to modify or change schemas. So, whenever 

people are invited to change the way they perceive their environment, there is often a 

resistance to change (Fenianos et al. 2018). In this case, change needs to be adopted, 

but it is not straightforward; it will require a paradigm shift. It is also obvious that, in 

some cases, people have very little freedom to choose their behaviour towards the 

environment. Kunene is an example of this, where people have limited opportunities 

to earn a living apart from by using the environment, compared to other communities 

where they have more choice. In both these cases, the motives of the people will be 

different and so behaviour change may happen easily for one who is given more 

options. If resources to support interventions are limited, conservation efforts can be 

prioritized at a more structural level, focusing on institutional policy (Clayton et al. 

2013). Those who care about the environment may only need to be encouraged to 

change their behaviours, but those who do not value the environment may need to be 

given knowledge and skills to elicit a change in their behaviours.  

 

Even when individuals want to engage in environmentally beneficial 

behaviours, their choices may be based on knowledge (or the absence thereof) and not 

on value preferences. In these cases, behavioural skills training is more important than 

encouragement. If “love of nature” is not a compelling motive for a particular target, 

interventions can emphasise other values such as financial savings, community health, 

or environmental stewardship (Clayton et al. 2013). For example, during the 

interviews on the perception of climate change (see next section), when I explained to 

the people the reality of climate change and how we all have a role to play, one 

respondent stated: 
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“First of all, we need an understanding of what climate change is, what 

causes it, etc. We need to understand what brings rain, so that if there 

is something we are doing that is stopping the rain, then we can stop 

doing it. If there is something we can do to bring the rain, then we need 

to know so we can do these things. Without understanding, we cannot 

do anything at all” H2 

 

5.2.2. Perception of climate change impacts and adaptation in Kunene Region 

Namibia 

 

Farmers’ Farmers’ adaptation to climate change happens within a socio-ecological 

context, and their perceptions determine the success and eventual acceptability of 

adaptation policies, and ultimately their own response to climate change impacts 

(Galdies and Galdies 2016). Hence, farmers’ perception of climate change can help 

researchers understand farmers' behaviour toward climate change. Understanding 

traditional coping and adaptation measures, and the role that social capital and local 

institutions play in facilitating adaptation will help to formulate effective strategies to 

climate change and variability. 

 

 Ecosystems play important roles in livelihood resilience in the face of climate 

change; acting as safety nets for many vulnerable communities (Braatz 2012). 

Ecological restoration may offer opportunities for adaptation at the community level. 

This will require an understanding of how the communities are impacted by climate 

change, their adaptation needs, and their willingness to act. Effective adaptation 

planning should be built on a well-defined local needs analysis, including taking 

account of extremely vulnerable groups in order to fully understand and address their 

specific needs through targeted interventions (Naumann et al. 2013).  

 

Chapter 3 examined community perceptions of the impacts, adaptation and 

vulnerability to climate change. The results indicated a lack of knowledge of climate 

change in the community, and that drought had affected the community to the extent 

that they have lost their primary form of livelihood – pastoralism. The study also 

revealed societal, political and economic factors affecting the community, such as 
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poverty, lack of education and unemployment, which in return reduces their adaptive 

capacity. Other barriers to adaptation also include; limited knowledge on adaptation 

measures, lack of access to early warning information and unreliability of seasonal 

forecast. At the moment, the community has fallen into extreme poverty and they do 

not have the capacity to effectively adapt to the impacts of climate change. 

 

Though the majority have heard of climate change, they have no understanding of 

climate change and what causes it, and so many expressed that it is not important to 

them. They believe that climate change impacts cannot be remedied and that there is 

nothing that can be done about climate change. Attitude and belief are important 

because they determine someone’s response to a particular phenomenon. “Climate 

literacy” can encourage changes in people’s attitudes and behaviour and enable 

informed decision-making.  So education can play an essential role in increasing 

adaptation and mitigation capacities of communities. 

 

The results indicate that the majority of the community members have never 

attended school and, therefore, cannot read or write. Lack of education in the 

community is one of the contributors to weak adaptive capacity. Several studies have 

found strong positive relationships between adoption of adaptation practices and 

education (Kimani and Bhardwaj 2015; Wamsler et al. 2012), knowledge and wealth 

(Asayehegn et al. 2017). A higher level of education leads to an increase in the 

probability of adopting new technologies because it increases one's ability to receive, 

decode, and understand information relevant to making innovative decisions (Kimani 

and Bhardwaj 2015). So, adaptation choices will vary from one family to another and 

from one community to another depending on their circumstances. At present, 

communities in this study have no knowledge of climate change and that there are no 

initiatives to create an awareness of climate change: much could be done to inform 

and educate these communities. 

 

People, societies and ecosystems vary in their degree of vulnerability to climate 

change in different places (Herrera et al. 2018). Results in this study suggest that the 

poor, disabled and widow/widowers are the most vulnerable to the impacts of climate 

change. The poor are at the frontline of the climate crisis, struggling to earn a living, 

feed their families and build better futures for their children. Though the rich have a 
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better chance of adaptation to climate change than the poor, climate shocks can still 

drag people into poverty. Therefore, poverty should be construed as dynamic, and 

people can fall in or out of poverty during their life span (Barbier and Hochard 2016). 

Climate shocks can cause people to fall into poverty, and also create traps for those 

already poor to remain trapped in poverty. This was also observed in this study; 

farmers who were well off in terms of livestock numbers fell into poverty due to 

several drought episodes that killed their livestock. Persistent land degradation 

decreases the productivity of agricultural systems, on which many rural poor depend, 

thus trapping them in subsistence-level poverty (Barbier and Hochard 2016). The 

coping strategies the communities employ at the homestead and community level are 

not sufficient to deal with drought. Not only is their hope lost, but their dignity too. 

Drought has been occurring in Kunene for the past ten years, and so many pastoralists 

have lost most or all of their livestock. 

 

Finding an effective solution will take more than just piloting a study or a project; 

the communities need to be made aware of climate change and then given tools to 

respond effectively. A synergistic approach involving the community, researchers and 

others is required. Linking this to EbA, this study provides information on people’s 

concerns, and this then can feed into the development of effective interventions. 

Understanding of beliefs and issues affecting communities at the household level helps 

in then assessing suitable options. Developing and implementing ecosystem-based 

approaches to climate change adaptation, social dimensions and the design of 

supporting policies and policy instruments need to be considered Naumann et al. 

(2013). This study sought to clarify people’s concerns in their own setting, in order to 

fully understand their unique circumstances and how these affect adaptation options. 

Farmers can no longer afford to just focus on food production, without considering the 

ecosystem processes that ensure long-term production and provide other essential 

resources required, such as for their well-being (Ingram et al. 2012). Ecosystem 

degradation combines with other stressors such as population growth to create a real 

challenge for human wellbeing. The ability to re-evaluate circumstances and adapt 

management solutions based on new information will be critical for human wellbeing 

(Diamond 2004). This will, however, require a behaviour change that is not 

straightforward, especially because of resistance to change. The Himba communities 

are known for rejecting new things and any form of modern life, and they are actively 
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rejecting change because it is the only way they can maintain their prestige and value 

(Bollig & Gewald, 2000; Harring, 2001). However, their lifestyle and livelihood have 

not just been under environmental and political but social pressure as well. The 

ongoing drought has brought them into desperate times that will call for desperate 

measures; that may even cause them to break their traditions. Sometimes that is what 

it takes for change to come. Resistance to change has often been cited as a reason why 

farmers may not adopt more sustainable practices (Burton et al., 2008). The status quo 

bias, whereby people systematically prefer to keep their current practices because they 

perceive any change as a loss, is also intrinsically linked to resistance to change 

(Barreiro-Hurlé, & Van-Bavel, 2019). 

 

Despite the reported biophysical impacts, such as loss of biodiversity, drought 

impacts on livestock and vegetation, and the reduction of ecosystem benefits, there are 

currently no biodiversity interventions at the community level.  A hopeful sign, 

however, is that the community appears eager to do something about their situation. 

They have realised that something needs to change and so they are willing to learn and 

adopt new ways of livelihood diversification. This has opened up a dialogue between 

the researchers and the community members. As a result, there are now opportunities 

to explore Ecosystem-based Adaptation strategies, specifically ecological restoration 

using a participatory approach. Communities have requested the provision of local 

water supply to grow food, and this can offer more restoration opportunities. Now that 

local knowledge is established, and pastoralists have voiced their perception of climate 

change, ecosystem benefits and what is important to them, implementing Ecosystem-

based Adaptation can take into consideration the needs of the communities and their 

suggestions to explore options that will enhance resilience and subsequently improve 

their livelihoods.  

 

5.2.3. Testing different restoration techniques in a degraded rangeland in 

Kunene Region: Towards Ecosystem-based Adaptation 

 

Chapter 4 aimed to examine the effectiveness and costs of different restoration 

techniques and the suitability of selected species in revegetating degraded rangeland. 

Among the six restoration techniques (fencing only, tilling, direct seeding, 

transplanted seedlings, tilling + direct seeding, and tilling + transplanted seedlings) 
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studied, tilling + transplanted seedlings recorded the highest seedling growth and 

survival and the highest species richness of self-recruited plant species. So, active 

restoration was the most effective option, in this case. However, we also recorded self-

recruitment of plant species and significant improvement in soil properties in other 

restoration techniques such as fencing only, showing that passive restoration may also 

be possible in the studied system.  We recorded seven self-recruited plant species 

across all the restoration techniques and a significant increase in some of the soil 

properties such as nitrogen and phosphorus. The highest density of self-recruited 

seedlings was recorded in fenced plots, though only four species recruited in these 

plots, indicating what could happen if fencing only was applied, without watering, 

seeding or fertilisers. Though this was the case, we recorded a high density of an 

invasive species in fenced-only plots, meaning that without proper intervention, 

invasive species may take over without active intervention. Tilling on its own, did not 

encourage self-recruitment of plant species, but it resulted in very low establishment 

of invasive species and weeds. Germination and establishment in the direct seeding 

treatment was affected by seed predation and other issues. The unfenced control plots 

were infested by the invasive species Pechuel-Loeschea leubnitziae, and no 

recruitment of other native species were recorded in these plots. So, for restoration to 

take place in this community, the area must be fenced off to keep away herbivores, so 

that the grazing pressure is removed, but even this cannot stop the invasive plant 

species. With interventions such as fencing only, or tilling only, restoration may be 

possible, but challenging, due to problems of invasive species and reduced soil seed 

banks. Therefore, tilling + transplanted seedlings may be the best restoration technique 

for this rangeland. This was, however, also the most expensive option.  

 
The following species Catophractes alexandri, Colophospermum mopane, 

Combretum imberbe, Faidherbia albida, Senegalia senegal, Sclerocarya birrea and 

Vachellia erioloba performed well in terms of germination, growth and survival. 

Traits associated with survival and successful establishment were nitrogen-fixing 

ability, compound leaves, lateral roots and small SLA. Functional traits and functional 

diversity metrics may be helpful to assess functional responses to restoration 

treatments and allow the selection of species likely to survive and grow well (Laughlin 

et al. 2018). Incorporating local knowledge will also be useful, especially when the 

aim is to help people adapt to climate change. Selected species should also be able to 
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benefit the communities. The species that performed well were also recommended by 

community members to be of great importance as they provide food, medicine and 

fodder. 

 
So, what is the way forward?  Even though we have determined the feasibility 

of restoration, it is crucial to come back to the situation of the community and ask 

relevant questions such as, can they afford to restore their rangeland and how will they 

deal with factors contributing to degradation in their community such as overgrazing? 

Thus it is crucial to determine those factors to help find the best solution for the 

particular site, considering all communities are unique with unique needs. A 

community cannot rely on a degraded environment in the long term, particularly in the 

face of climate change. There is a need to create resilient plant communities that will 

persist in the face of climate change, but, these plant communities then need to be 

maintained. In this study, we opted for cost-effective and less labour intensive 

techniques that could be replicated in other semi-arid areas, and so there were minimal 

interventions in terms of weeding, watering and soil amendment or fertiliser addition, 

to test the possibility of success. The seedlings were only watered for the first four 

months after transplanting and were then left without irrigation for a year and a half; 

therefore, the species that survived proved to be drought resistant. 

5.3. Framework for ecological restoration as an EbA option and practical 

implications 

 

EbA is best implemented as an integrated element of a broader adaptation 

strategy, meaning that an EbA intervention cannot stand alone. Furthermore, an EbA 

activity must, first of all, meet all the elements and criteria set out by (FEBA, 2017). 

Here I discuss how ecological restoration could fit into the EbA approach, and 

examine its potential based on the three studies undertaken. For ecological restoration 

to qualify as an EbA option, it should (i) help people adapt to climate change (ii) by 

an active use of biodiversity and ecosystem services, (iii) in the context of an overall 

adaptation strategy. Ecological restoration can aim to enhance ecosystem resilience, 

which in turn would mean increased adaptive capacity through a continued or 

improved provision of ecosystem. Therefore, when considering restoration as an EbA 

option, researchers need to better understand and connect the relevant social, 

environmental, and economic issues, as well as traditional knowledge and local 
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institutions. Both natural and social science capacity is needed (UNEP-IEMP 2019). 

Natural science is necessary to understand ecosystem functioning, linkages between 

and within ecosystems, and the vulnerability to, and impacts of, climate change on 

ecosystems. On the other hand, social science allows the researchers to understand the 

standards, attitudes, societal structures, customs, and laws that underlie human 

behaviours. This enables researchers to place a value on ecosystems and their services 

and so understand their importance for adaptation (UNEP-IEMP 2019). Thus, 

restoration studies need to incorporate these elements in order to qualify as an EbA 

option; i.e., recognizing the link between people, ecosystems and climate change as 

illustrated in the EbA framework (Chapter 1).  

 

Although Chapters 3-5 have touched on each of the three elements of EbA 

interventions, there are other critical factors that need to be considered; for example, 

ecosystem health will not be possible if the rangeland is continuously threatened by 

overgrazing. So, even when all the elements of EbA are considered, any other barrier 

must also be identified. Ultimately, all these need to be incorporated into restoration 

if it is to be used as an adaptation option to climate change.  

 

Therefore, restoring resilient ecosystems in an era of climate change needs a 

flexible framework incorporating the elements addressed in the EbA framework 

(chapter 1) and considering other factors relevant to restoration success. A trait-based 

approach to ecological restoration may need to be considered (Laughlin et al. 2018) 

in selecting assemblages of species based on functional traits. Furthermore, 

incorporating soil health indicators such as soil organic carbon as a goal of restoration 

is important because the recovery of soil health can reduce sensitivity to climate 

change. Additionally, integrating community perception and local knowledge of 

climate change impacts and adaptation, as well as degradation, will form an 

information basis for restoration. Through this knowledge, effective options for each 

restoration site can be trialled. Lastly, studying the cost-effectiveness in restoration 

will shed light on what is possible or feasible in each case. To succeed, restoration 

activities need not only to be based on sound ecological principles and information but 

to be economically possible and practically achievable (Hobbs & Harris, 2001). 

Therefore, I suggest a framework that integrates the four points above (local 

knowledge, soil health, functional traits and cost of restoration) (Fig. 5.1), to use 



Emilia Inman PhD thesis 

 

219 
 

restoration as an EbA option and recognise the linkages between climate, people and 

ecosystems. 

 

 

Figure 5.1: Conceptual diagram showing how ecological restoration can be used as 

part of an EbA approach. 

 

This framework builds on the previous one in chapter 1, which is based on the 

linkages between people, ecosystems and climate change. While recognising the 

above linkages, the current framework specifically focuses on ecological restoration 

and how it can be part of an overall adaptation strategy. Because of the linkages among 

people, climate and ecosystems, there are multidisciplinary factors to studying 

restoration as an adaptation approach.  

 

Here I outline the main features introduced in Figure 5.1.  Restoration can 

influence ecosystem attributes (resilience, processes, services) and biodiversity, both 
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directly and indirectly through changing functional diversity.  A trait-based approach 

to enable selection of suitable species that will contribute to functional diversity, in 

turn, enriching biodiversity, services and resilience. So studies can help identify traits 

that are predictive of plant establishment in very hot and dry environments.  A trait-

based approach can then be combined with the other factors included in the 

framework – local knowledge, soil health and restoration costs, as part of an overall 

adaptation strategy. Functional diversity may strengthen the stability of a community, 

augment invasion resistance and enhance the delivery of multiple ecosystem services 

(Laughlin et al. 2018). Webb et al. (2017) argue that the recovery of soil health is 

typically associated with reduced sensitivity to climate change, and hence can be 

considered as a specific goal in restoration (Costantini et al. 2016; Jensen et al. 2019). 

In this light, we can use soil indicators to measure land suitability for restoration and 

the effectiveness of various restoration strategies in restoring ecosystem functioning 

and services (Costantini et al. 2016). Thirdly, empirical research to date has 

established that incorporating local knowledge into climate change adaptation 

programmes helps produce appropriate adaptation strategies (Jørstad 2012). There is 

a danger that adaptation based on scientific knowledge alone may not be suitable for 

the socio-cultural contexts in which it is needed (Uy & Shaw 2012). Studying the 

communities involved to understand their needs, capacity, and adaptation strategies 

can also become a specific goal in restoration. To deliver social resilience and adaptive 

capacity, especially in low-income countries, EbA activities can use participatory, 

community-led approaches (IIED 2016). Under EbA, local communities and 

indigenous peoples can contribute valuable traditional knowledge and practices for 

adaptation, based on their past experience of coping with climate variability that can 

be applied with full participation and for free (Girot et al. 2014). Finally, determining 

the cost of restoration is vital to see what may be feasible in a particular system. 

Restoration is often conducted without clearly defined success measures or analysis 

of costs, and this may hinder success. Many restoration projects assess the benefits of 

restoration and do not consider the cost. Sometimes the costs outweigh the benefits, 

and thus cost-effectiveness is an important element in determining the feasibility and 

desirability of restoration options. 

 

The challenging questions are: Is there hope to offer alternative livelihood 

options while addressing the root cause of degradation in these communities? How 
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can restoration truly change people’s lives? This is because restoration becomes even 

more pertinent when human lives are at stake like in this case. Barriers that may hinder 

restoration such as overgrazing and other anthropogenic disturbances clearly need to 

be addressed. This will be challenging because many are keeping livestock for 

survival, and so alternatives, such as growing food, are required. Results from 

interviews indicate that the community members are willing to work together to bring 

about a change, as revealed through the suggestion of more than 80% of the 

respondents who requested help to grow food crops and therefore diversify their 

livelihood. This created a platform to share ideas, and as a result, the headmen have 

allocated land to the community members who want to make gardens and grow food 

crops. I have raised money to drill a borehole and set up a solar water pump for three 

villages. This opportunity has paved the way to engage with communities and think 

about restoration activities that can be done in the area as well as more opportunities 

to train the youth. Oftentimes, the challenge is convincing the land users to change, 

and thus implementation becomes difficult, but if there is an open dialogue and 

communities are on board, then the next stages may be easier to tackle.   

 

5.4. Limitations and opportunities for future research 

There are many lessons to be learned from this study, but it is also important 

to identify gaps and areas for improvement. Here, I discuss some of the limitations of 

the current study and identify opportunities for future research. 

 

 In the experimental study (chapter 4), I was limited to 11 woody plant species, 

but there is a need to include more plant species to create an inventory of 

suitable species to be used in restoration. This will provide the much-needed 

information on the autecology of different species of woody plants and which 

species can persist in the face of climate change. Suitable species may be 

selected based on their functional traits. 

 The study on functional traits was small in size and scope, including a few easy 

to measure traits, and I did not study responses of tree species to factors such 

as temperature and water, which would have shed more light on tree species 

adaptation. Studying responses of traits to environmental change, such as 

nitrogen content, will be very useful in order to predict responses of plants and 
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vegetation to environmental drivers like global warming and the effects of 

these drivers on community structure and ecosystem functions (Heilmeier 

2019). This was beyond the scope of this study and could be considered in 

future research.   

 My study also transplanted seedlings at two months old, which may have been 

too young and fragile for transplanting. Studies have shown that seedlings 

transplanted when they are older stand a better chance of surviving as the roots 

are better developed and so transplant shock may be reduced. Further study is 

required on the effect of transplanting different sizes of seedlings so that 

restoration success can be improved.  

 Another important aspect that was not covered in this study was the use of 

methods of conserving water, such as mulching or creating micro-catchments. 

It may also be useful to explore ways of conserving water or moisture in 

restoration projects (Amin et al. 2018).  

 I did not consider the patterns of plant distribution in restoration experiments, 

but the spatial arrangement of plants has been shown to be an important 

determinant of species performance and co-existence (Stoll & Prati, 2001; 

Wassmuth et al., 2009). Different species differ in their relative intra and 

interspecific competitive abilities. While some plant species prefer their 

neighbours to be conspecific, some grow better when they are heterospecific.  

The potential role of nurse plants is worthy of future research in the context of 

the study area. 

 In chapter 2, I did not carry out formal interviews, and though community 

members shared their perception of degradation, it was through an informal 

setup. Formal interviews may have allowed a more quantitative assessment of 

the perception of degradation by community.  

 Long term monitoring of restoration activities may be able to establish the 

effectiveness of restoration techniques and provide critical feedback to 

practitioners and planners, thereby helping to implement the best options. This 

study was, of necessity, done over a short span, and, therefore, ongoing 

monitoring of survival and recruitment will be important. 

 Lack of proper roads and infrastructure makes restoration in developing 

countries very challenging. This was also a factor in this study. Remoteness 
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and poor roads offer logistical problems, and so this study was limited to one 

study site, though the initial idea was to compare results along climatic 

gradients in the north and south of Namibia, and especially study plant 

adaptations through transplant experiments. However, it became apparent 

early that this was not going to be possible due to remoteness of the two places, 

transport challenges, and other logistical problems. 

 Seed predation was also a constraint in this study, to such an extent that I had 

to replant; losing seeds in the process of some species and thereby reducing 

the number of selected species. Restoration studies looking at seed predation 

will be beneficial as seed predation presents a significant barrier to native plant 

recruitment and can impede restoration seeding efforts.  

 The number of soil analyses we could do was limited by funding available, and 

hence soil analyses were not comprehensive.  

5.5. Conclusion 
 

This project examined the potential of ecological restoration as an adaptation 

tool to climate change and land degradation in semi-arid rangelands by incorporating 

both social and natural science elements. Influences on ecological restoration are 

diverse and involve not only the ecological and other biophysical aspects of the 

environment but also an array of social and historical issues (Hobbs 2019). In order to 

move forward, there is a need to look beyond ecology in restoration as a discipline, 

which may just provide the solution for mankind’s survival in the face of climate 

change. Furthermore, restoration could have a human component to it because land 

degradation and disturbance directly impact people. Using a participatory strategy, 

targeting people at the grass-root level may be more effective (Tang 2019).  

 

Kunene rangeland has been hit by drought for the past ten years, but it is also 

currently threatened by overgrazing, which will make restoration efforts difficult if the 

grazing pressure is not removed or reduced. The results gained from vegetation 

surveys revealed that the study area currently has patches differing in vegetation 

attributes and regeneration potentials. Species diversity, seedling density, basal area 

and regeneration of woody plants increased sequentially along the degradation 

gradient (high to low). These attributes also increased in direct proportion to the 

distances from the village. All this points to anthropogenic disturbances causing 
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changes in the vegetation structure and composition in this rangeland. So restoration 

will need to take into consideration these barriers. Bourne et al. (2017) highlighted 

that sustainable land management practices, including sustainable grazing practices, 

must be developed and implemented to ensure that land is used in a way that is both 

profitable and environmentally sensitive. Though results from restoration trials have 

shown that restoration is possible in these systems, many factors need to be taken into 

consideration, such as the cost of restoration and how to deal with threats such as 

overgrazing. Restoring rangelands where people depend on livestock for their 

livelihood is a real challenge, and other factors such as severe poverty, lack of 

education and unemployment reduce the adaptive capacity of the communities. The 

study showed that restoration is possible within the system; that even passive 

restoration may be helpful, and that resting the soil in this system may lead to recovery; 

however, invasive species may need to be managed. Active restoration using a 

combination of tilling and transplanting of seedlings recorded better results than other 

restoration techniques and is therefore recommended. However, active restoration was 

also the most expensive option.   

 

Our study revealed that pastoralists living in rural areas of Kunene have little 

or no adaptive capacity in the face of climate change. Very little has been done to 

address this serious concern in Kunene, and the situation is deteriorating. Existing 

coping and adaptation strategies employed at homestead and village level are not 

sustainable because of the ever-changing climatic conditions and availability of 

natural resources, and because of lack of adaptive capacity. As a result, this 

community is fast falling into abject poverty and, with no discernible safety net in 

place, will continue to experience the ravages of persistent drought and erratic rainfall.  

 

There is an urgent need to find practical solutions to help vulnerable 

communities adapt to climate change. EbA may offer an opportunity to help 

vulnerable communities adapt to the impacts of climate change and increase their 

resilience. In this context, our results suggest that the potential of restoration as an 

EbA is possible and achievable if all factors such as soil health, restoration cost, local 

knowledge and plant traits are taken into consideration.  
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Hobbs (2018) pointed out that at a time when the science and practice of 

restoration ecology is adapting to ongoing environmental and social change, there 

should be a paradigm shift in innovations in both methods and concepts. This would 

entail an open debate about unconventional approaches that may add to the tools 

available for restoration. The aim must be to have transparent and robust methods of 

setting goals for restoration that focus on the desired characteristics for the system in 

the future, rather than what existed in the past (Pfadenhauer & Grootjans 1999).  

 

This study has shown the importance of merging different disciplines to 

achieve goals of restoration in the face of climate change. Restoration is not a 

straightforward activity, and it is not a ‘one size fit’s all’ scenario. Success will depend 

on many factors including environmental, climatic, social and economic factors. 

Considering restoration activities that will work well in resource-scarce areas, 

especially semi-arid rangelands, is even more challenging. We need to consider what 

will work in a changing climate (what species will persist and what traits are predictive 

of species establishment) so we can target functional plant groups that will create 

resilient plant communities. Results suggest that plant species that can fix nitrogen, 

have deep lateral roots and compound leaves may be more suitable to use in these 

rangelands, as they are drought resistant. Falk et al., (2006), emphasised that restoring 

entire landscapes requires thinking beyond the norm of “returning a tiny site to a recent 

condition.”  

 

“We need to be strategic about where we place our efforts in order to 

accomplish the most with the resources at hand and “accomplishing the most” needs 

to take into account the long-term persistence of species as global climate changes” 

(Falk et al., 2006). 
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