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Maria Tengö: Stockholm Resilience Centre, Stockholm University, 106,91 Stockholm, Sweden.

Interests: social–ecological resilience; biocultural systems; ecosystem services and human well-being;

transformations towards sustainability.

vii





Preface to ”Livelihood and Landscape Change in

Africa”

This Special Issue was invited by LAND as a follow-up on the Special Issue on “Changing Land

Uses, Changing Livelihoods,”, published in 2016, but with a specific focus on Africa and on exploring

the linkages between various aspects of human—environmental change and climate change. Given

that Africa is one of the most vulnerable regions globally to climate change, we felt a focus on

this region was timely and critical. Improved knowledge on the complex interactions between the

multiple drivers of landscape and livelihood change and the impacts of and responses to these

changes is required if we are to consider future pathways that are African-led, equitable, and just

and that take account of local contexts, cultures, complexities, and realities. Too often development

and landscape management interventions and adaptation options are imported from elsewhere and
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1. Introduction

Rural people’s livelihoods are intimately linked to the landscapes in which they live and are
particularly vulnerable to changes in these landscapes (Suich et al. 2015 [1]). At the same time changes
in livelihood activities may have negative feedbacks on landscapes and the ecosystem services they
provide. In much of Africa, rural landscapes are subject to increasing pressures from environmental
and socio-economic change. Ongoing and accelerated change in climate, populations, migration, land
use and national and local economies often translate to increased vulnerability for both local natural
resource-dependent communities and the biodiversity and ecosystem services they depend on (Reid
and Vogel 2006 [2], Fraser et al. 2011 [3]). Considering climate change, Africa is one of the most
vulnerable regions, globally, to climate change (Niang et al. 2014 [4]). Some of the expected impacts
include, an increase in extreme weather events, increased exposure to water stress, a decrease in
rain-fed agriculture in some countries, and the transformation of some 8% of the land surface towards
greater aridity with multiple consequences for people, biodiversity, and landscapes. For example,
there is emerging evidence of changes in species ranges and ecosystems, beyond the effects of land
use change and other non-climate stressors. Water scarcity and water insecurity are highly likely to
increase with serious consequences for agriculture and food security (Niang et al. 2014 [4]). Moreover,
in the African context these climate driven changes are frequently superimposed and feedback on
a wide range of cross-scale, socio-economic stressors that contribute to social vulnerability in the first
place. These stressors include, high levels of poverty, food insecurity, health concerns, and associated
shocks (such as disease epidemics), low levels of development, rapid urbanization, weak governance
and natural resource management systems, ecosystem service degradation and land and green grabs
(forms of nature commodification that effectively exclude local users) to name just a few (African
Union 2014 [5]). Such pervasive changes can translate into increased risk and vulnerability at the local
level, particularly for poor natural resource-dependent communities and small-holder farmers. Indeed,
the continual onslaught of multiple stressors on poor rural communities can overwhelm their ability to
cope and adapt, and potentially draw them into a poverty trap (e.g., Casale et al. 2010 [6], Shackleton
and Luckert 2015 [7]).

To address these challenges and concerns, we argue that there is a need for improved knowledge
on the complex interactions between the multiple drivers of landscape and livelihood change and
the impacts of, and responses (both autonomous and facilitated), to these changes. Such knowledge
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development may range from a greater understanding of the social-ecological changes taking place
and their consequences, to exploring the outcomes of different local responses, external interventions
and policy actions, including new governance arrangements, that purport to enhance sustainable
agriculture, land management and stewardship, and consequently rural livelihoods. While the need for
transformations in how landscapes are used and managed for ecosystem services, livelihood production
and human well-being is well-recognized as critical for more resilient future pathways, the question of
how this can be achieved in ways that are equitable, take account of local cultures, complexities and
realities, and contribute to long-term sustainability requires more in-depth investigation ((Folke et al.
2016 [8], Berbes-Blasquez et al. 2017 [9], Pascua et al. 2017 [10]). Often development and landscape
management interventions and adaptation options are de-contextualized and de-politicized and ignore
the legacies of colonialism, as well as the socio-cultural drivers of change or stagnation (and implications
for transformation and stewardship) (see Pas [11] and Scheba [12]). Ignoring the political, cultural, and
contextual aspects of these interventions and adaptation options may have dire consequences for both
livelihoods and the ecosystems that underpin these livelihoods (e.g., Shackleton and Luckert 2015 [7],
Murphy et al. 2016 [13]).

This special issue of LAND draws together a collection of 11 diverse articles at the nexus of
climate change, landscapes and livelihoods in rural Africa; all explore the links between livelihood
and landscape change, including shifts in farming practices and natural resource use. Articles were
invited that link social-ecological drivers of change across scale to changes in livelihood strategies
and human well-being, and landscape functioning and management. We were particularly interested
in studies that could assist in answering some of the following questions: What are the changes
we are observing in landscapes and livelihoods in rural Africa? What are the multiple, interacting
socio-economic, political and environmental drivers of these changes? What are the responses to these
changes and what do they mean for future livelihood trajectories? Where responses are potentially
maladaptive, what transformations are needed to set livelihoods on more sustainable trajectories given
the uncertainties associated with climate change? Where have there been success stories and what are
the lessons from these?

We received a range of articles from research undertaken in nine different African countries
that cover several, not necessarily mutually exclusive, thematic areas relevant to the special issue.
Five articles center on smallholder farming and livelihoods under new climate risk, two address the
long-term dynamics of livelihoods and landscape change and future trajectories; and four consider
aspects of natural resource management and governance under a changing climate, spanning forests,
woodlands and rangelands (Table 1). Across these categories the articles cover a wide range of methods:
Some are based on purely qualitative data, while others are highly quantitative and apply different
types of models, and a few use mixed methods.
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2. Highlights and Emerging Commonalities and Issues

Despite the varying focus of the articles published in this special issue, several common
themes and messages emerge that relate to enhancing landscape and livelihood sustainability and
resilience. We share these below under three sections that relate to drivers of change, responses and
interventions/solutions, and future research.

2.1. Complex Drivers of Change and Implications

For all of the articles, the landscape and livelihood changes identified were the result of
a combination of biophysical, socio-economic, and political drivers across both temporal and spatial
scales, and which together created complex impacts and inspired different responses at the local level.
While climate change was acknowledged as an important driver, several articles highlighted how it
needs to be considered alongside other stressors on landscapes and livelihoods, especially since new
climate risks can exacerbate these. Very few drivers or changes were viewed as has having a positive
impact on livelihoods other than in the articles that consider long-term changes by Masunugure and
Shackleton [22] and Östberg et al. [19]. In these two studies, improved road and communication
infrastructure, enhanced water supply and other services, and new opportunities for entrepreneurship
(e.g., through electrification and piped water access) were shown to have improved rural livelihoods.
But in all cases, concerns were expressed by local people regarding the increasing impacts of their
changing livelihood activities on ecosystems (e.g., rivers, woodlands, and forests) and the numerous
services they provide. It was also highlighted that new and incipient risks and threats have the
potential to outpace and supersede any positive changes that may have strengthened livelihoods in
the past. Understanding the dynamic linkages and feedbacks between multiple drivers of change
and how these impact both livelihoods and landscapes is essential to identifying avenues towards
local sustainability.

Concerns for future generations (access to land, food security, social concerns) were expressed by
participants in many of the studies presented in this special issue. The speed of the changes taking
place and the negative impacts of many drivers, with no immediate solutions being evident, as well
as limited existing opportunities, resulted in pessimism regarding how the younger generation is
going to cope in the future. However, a few of the studies also showed how younger farmers were
more likely to adopt new farming approaches and how youth, that have been working in towns and
cities, may bring home new ideas with the potential for innovation (e.g., Akrofi-Atitianti et al. [16],
Mango et al. [17], Östberg et al. [19]). The next generation, who are likely to face some of the greatest
impacts of climate change, are rarely included in the type of research covered in this issue’s articles.
More work focusing on this societal group, particularly in the rural context, is required.

2.2. Unpacking Responses and Uptake of ‘Solutions’

Local knowledge, practices, cultures, and realities often do not receive adequate attention before
the implementation of external ‘solutions’ for improved landscape and farm management. At the
same time local ways of life and institutions are under increasing pressure from the multiple changes
taking place. There is a need to harmonize local responses with external support to build on what is
appropriate and works locally. This was emphasized in several articles including Pas [13], Spear and
Chappel [20], and Scheba [12].

Related to the above point, technical or policy solutions on their own are inadequate. For landscape
management, agricultural, and governance interventions to be effective at a local level, equal attention
needs to be given to the social and relational dimensions, including local politics, of these as is given to
the technical or policy aspects. This requires working closely with affected people and communities
and allowing space for local definitions of concepts such as poverty or wealth and local expressions of
changes and their impacts. Good examples of this include the importance of farmer-to-farmer support
and learning in the practice of Climate Smart/ Agroecology farming amongst Ghana cocoa producers
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(Akrofi-Atitianti et al. [16]) and the need to understand traditional forms of land access in Samburu,
Kenya, which are based on values of reciprocity and trust (Pas [13]). Further, Östberg et al. [19] highlight
the role of local entrepreneurs and community initiatives in creating the opportunity for ‘change
from within’ as important factors in stimulating the local economy and improving opportunities for
livelihood security in their study in Tanzania. Conversely, Spear and Chappel [20] argue that a lack of
such enterprise and resourcefulness is hindering livelihood security and adaptation in communities in
Northern Namibia. Östberg and colleagues [19] contend that there is a need for further research to
distinguish between the role of exogenous factors (e.g., policy, infrastructure) and endogenous factors
(e.g., attitudes to wealth and work) in contributing to transforming livelihoods. They also assert that
such nuanced social relations are best identified through in-depth, qualitative place-based studies.

As a result of the multi-dimensional nature of landscape and livelihood challenges, most of
the articles mentioned the need for multiple stakeholder and cross-sectoral engagement and the
participation of local farmers and resource users in any proposed solutions. For example, in the article
by Kariuki at al. [14] there is mention of the need for more effective collaboration between the Wildlife
Conservation Authorities and those responsible for agriculture and rangeland management, as well
as for the inputs of local actors, while the article by Akrofi-Atitianti et al. [16] argue for “extensive
coordination and collaboration between key stakeholders, many of which have traditionally not
collaborated, like the Cocoa Board and the Forestry Commission”. Linked to this, and related to the
point above, is the need for more holistic and multi-pronged approaches and cross-scale transformations
from a policy level through to local institutions and community relations.

Interventions, such as climate smart agriculture (Akrofi-Atitianti et al. [16]), small-holder irrigation
(Mango et al. [17]), and wildlife management alongside livestock production (Kariuki et al. [14]) were
seen to improve the incomes of farmers and pastoralists, but the ability to take-up such new practices
and livelihood strategies was conditional on a range of factors that prohibited some households from
participating. The result is that the majority of farmers continue to employ conventional farming
methods. For example, amongst cocoa farmers in Ghana, those with secure land tenure, who are settlers
and who have good access to extension services are more likely to engage in CSA (Akrofi-Atitianti
et al. [16]). Similarly, one of the factors influencing small-holder-driven irrigation adoption is access to
off-farm income amongst household members (Mango et al. [17]). Issues of equity therefore require
careful consideration if such initiatives are to be scaled-up and benefit the most vulnerable households.
Moreover, despite good intentions, some interventions such as REDD+ in Tanzania (Scheba [12]) and
the expansion of sugar cane cultivation amongst smallholders in Uganda (Mwavu et al. [18]) can
have negative impacts and even undermine local livelihoods and well-being. Such aspects need more
careful exploration and the on-going monitoring of livelihood and landscape outcomes is critical.

2.3. Future Research: Needs and Opportunities

The importance of longitudinal data for assessing the social and economic impacts of new risks
and stresses, local responses and external interventions was highlighted in several of the articles.
Only in this way can the dynamics of landscape and livelihood change be properly tracked. More
studies of the nature of that by Östberg et al. [19], that undertake in depth and longitudinal research
in a place over many years, are needed. This is also emphasized by Hoffman et al. [23] in a special
issue on change in the arid Karoo region of South Africa. These authors argue that “long-term studies
of shifting social dynamics in the Karoo in recent decades are missing. This reflects the relative
paucity of such studies for significant issues, such as migration patterns, changing social identities,
intra-community relationships, and social challenges such as poor educational outcomes and substance
abuse” (Hoffman et al. 2018, p. 389 [23]).

The importance of understanding policy, governance processes, and institutions (and changes in
these over time from the colonial period to present) was mentioned in all the articles as critical to finding
approaches and governance systems to support improved landscape management and livelihoods into
the future. Insufficient institutional capacity, linked to other obstacles such as finance, was seen as a
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major barrier to effective implementation of solutions, such as climate smart agriculture and improved
natural resource management in several of the articles (e.g., see Mango et al. [17], Findlay and Twine [15],
Kairiuki et al. [14]). Greater understanding of these barriers and the links amongst them is required.

Trade-offs between ecosystem services, different land uses and between socio-economic/livelihood
and environmental benefits are often a feature of landscape and land use decision-making. It is argued
that more research is required to find ways to minimize such trade-offs. Some of these trade-offs have
emerged in more recent years as the demand for land for farming or alternative sources of natural
resource income have increased. This is highlighted in Östberg et al. [19], Mwavu et al. [18], and
Masunungure and Shackleton [22] amongst others.

Several of the articles highlight the role of different forms of government social protection (from
unconditional grants to food for work, agricultural subsidies, and drought relief) in: a) improving
livelihood sustainability; b) reducing pressures on ecosystem services (see Masunungure and
Shackleton [22], Östberg et al. [19], Mwavu et al. [18] and Mango et al. [17]); but also in c) potentially
undermining local agency (Spear and Chappel [20]). At the same time, there is mention of the benefits
of, or the need for, local safety nets through collective efforts and systems of mutual support. This is an
area where there appears to be a gap. There is very little research considering how different forms of
social protection impact local livelihood and landscape dynamics and how they could be part of the
solution moving forward.

Aspects of intersectionality, social equality and justice require more attention in studies similar
to the ones in this special issue. This added level of complexity is only superficially dealt with in
most of the articles in this issue, and mainly in those that explore the factors influencing the uptake
of different land management options, where, for example, age was found to play are role alongside
other factors (e.g., Mango et al. [17] and Akrofi-Atitianti et al. [16]). There is a need to unpack the
differential impacts of changes on different social grouping (particularly with regards to gender and
age) and critically interrogate who wins or who loses under different forms of intervention. We need
to think about what is needed to ensure both social justice and environmental integrity.

Integrated research to understand the dynamics of landscape and livelihood change for greater
sustainability and resilience, and which aims to have impact and effect transformation at a local level,
requires more conscious engagement with transdisciplinary approaches. More effort is needed to ensure
co-production of knowledge with local actors, e.g., landscape users, farmers, implementers of landscape
management approaches and policy and decision makers. Ideally, for maximum impact, there needs
to be opportunity for learning and the integration of different knowledge systems, throughout the
research. Generally, there is a tendency to pay lip-service to the idea that we need to learn from
farmers/local people. To avoid this requires process orientated projects that embed all actors in the
research from start to finish, with ample time built-in for sharing, reflections, and communication.
Furthermore, gaining insight into what works, or worked in the past, and why for local livelihoods
and landscape management (see Pas [13]), without using the ‘lenses of labels’ such as CBNRM, CSA, or
climate change adaptation, among others, could better capture the circumstances under which actors in
rural areas make their choices around different livelihood options and landscape management practices.
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Abstract: Governments, multilateral organisations, and international conservation NGOs increasingly
frame nature conservation in terms that emphasise the importance of technically managing and
economically valuing nature, and introducing markets for ecosystem services. New mechanisms,
such as REDD+, have been incorporated in national-level policy reforms, and have been piloted
and implemented in rural project settings across the Global South. By reflecting on my research
on REDD+ implementation in two case study villages in Tanzania, the paper argues that the
emergence and nature of market-based conservation are multi-faceted, complex, and more profoundly
shaped by structural challenges than is commonly acknowledged. The paper identifies three
particularly important challenges: the politics surrounding the establishment of community-based
forest management; the mismatch between formal governance institutions and actual practices on
the ground; and the fickleness of income from carbon sales and alternative livelihood opportunities.
I argue that these challenges are not merely teething troubles, but they question fundamental
assumptions of market-based conservation, more generally. I end with reference to better ideas
for achieving sustainable development.

Keywords: neoliberal conservation; Africa; REDD+, market-based conservation; Tanzania

1. Introduction

Livelihoods and landscapes in rural Africa are changing in important new ways. Rural populations
across the continent are adapting to unprecedented biophysical and political-economic transformations.
Climate change, extreme weather events, such as droughts and floods, soil degradation, and deforestation,
threaten livelihoods and increase vulnerabilities [1,2]. These biophysical changes are occurring in
conjunction with important global political-economic transformations that are filtered through policy,
at national and sub-national scales [3,4].

Under the banner of the green economy, governments, multilateral organisations,
and international conservation organisations have introduced new ideas, technologies, and practices
of managing landscapes in the Global South, with the proclaimed aim of promoting sustainable
development [5,6]. These interventions depart from previous rural development initiatives in
significant ways, as they emphasise the importance of economically valuing nature and introducing
new markets (or market like instruments) for the management and protection of nature. Market-based
approaches to nature conservation, and natural resource management, more broadly, include schemes
such as REDD+ (reducing emissions from deforestation and forest degradation and the role of
conservation, sustainable management of forests, and enhancement of forest carbon stocks in
developing countries), payments for ecosystem services, and biodiversity offsetting.

While market-based instruments differ in their specific form, they all share a common objective
of re-framing landscapes as providers of “ecosystem services” and rural communities as latent
eco-entrepreneurs, who can cultivate and sell them as commodities for profit [7–9]. In the words
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of McAfee [10], “selling nature to save it” is promoted as the best means of achieving sustainable
rural livelihoods in the face of mounting environmental crises and persistent poverty. The multiple
win promises of market-based instruments are the decisive factors behind their immense political
support and surge in popularity across the Global South [11,12]. They offer something to everyone:
better landscapes, better livelihoods, better environment, and better economic growth.

Scholars have described the shift in global conservation policy and practice towards the increasing
use of markets as neoliberal conservation [8,11]. Neoliberal conservation is, here, defined as initiatives
which promote the idea (both in policy and practice) that “the value of ecosystems should be captured
in monetary terms and conserved through market dynamics” [13]. The fundamental assumption
behind neoliberal conservation is that nature needs to be made economically valuable (through pricing)
and profit-making, in order for conservation to compete with alternative land uses (e.g., conversion
of forests into agricultural land) [6,8,11]. Market-based conservation thus hinges on the process
of commodifying ecosystem services, which means creating distinct tradeable commodities from
complex ecosystems (e.g., carbon credits from carbon sequestration services). However, this is
anything but a natural and easy process. Its success relies on the active restructuring of society–nature
relations, and institutional arrangements by a capacitated state towards market exchange and private
sector engagement (including businesses, non-governmental organisations, consultants, international
organisations) [14]. Local communities are often drawn into this neoliberalisation process, on the
premise that they will obtain significant socioeconomic benefits [15–17].

A growing number of studies have examined the effectiveness of REDD+ and other Payment
for ecosystem services (PES) schemes on slowing deforestation and protecting ecosystem services.
These studies have found mixed results, with some programs demonstrating conservation success and
positive livelihood outcomes, while others have shown little or no impacts [18–21]. Many scholars have
emphasized that market-based conservation is much more complex and, indeed, contested in practice,
than is implied in dominant policy narratives, with outcomes being mixed and particularly dependent
on the institutions, politics, and particularities of place [11,22–27]. Market-based conservation
produces both benefits (e.g., nature protection, political inclusion, monetary income, economic
opportunities) AND risks (e.g., physical displacement, loss of livelihoods, increased human–wildlife
conflicts, unequal distribution of benefits) to local population groups [6,12,27–29]. Some scholars
view the successful implementation of REDD+ and PES as dependent on decentralization and
community empowerment [30,31]. West, for instance, examined a REDD+ pilot project in Amazonian
Brazil, and emphasized the importance of engaging indigenous people through a properly designed
institutional framework that fostered transparency, accountability, and good governance [32].

While recent quantitative studies have generated important knowledge on the environmental
effectiveness and socioeconomic impacts of REDD+ and PES [18–21], they have neglected other
important process-related aspects of REDD+ implementation, which qualitative studies are better
able to reveal. In bringing an anthropological perspective to the literature, which is less common
compared to quantitative impact assessments, the contribution of this article is to examine the process
of implementation of two community-oriented REDD+ projects, and demonstrate the significant social
challenges underlying it. As will be shown below, the challenges are intimately linked, and share
much in common with previous community-based forest management schemes. The aim of this
paper is to reflect on my research on REDD+ implementation in Tanzania, to answer often-neglected,
yet important questions, such as who and what enable market-based conservation in this specific
context?; how and why does it manifest itself in this particular time and place?; and what are its
multiple and contradictory outcomes to the environment and people? Using a political ecology
lens (Political ecology has been defined and practiced in numerous ways, thereby cutting across
different disciplines and subject matters. However, it is fundamentally premised on the understanding
“that politics are inevitably ecological and that ecology is inherently political” [33]. Political ecologists
view processes of social and environmental change as mutually conditional and relational [33–35].
Key areas of interest in political ecology are how discourse, power, institutions and politics shape
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resource access, use, and the distribution of costs and benefits.) the paper draws on primarily
qualitative data collected through various methods in two case study villages to synthesise key findings
of my study. The qualitative nature of the evidence inevitably brings forth important limitations with
regard to sample size and representativeness. This paper is not an impact evaluation of REDD+ in
Tanzania, and no generalisations should be made. Instead, it provides new insights into the emergence
and nature of REDD+ in a particular context, and argues that it is multi-faceted, complex, and more
profoundly shaped by structural challenges than is commonly acknowledged. The paper proceeds
as follows. In the next section, I discuss REDD+ in Tanzania, and describe the two pilot projects in
the case study villages. In section three, I present my research approach and methods. In section four,
I describe and discuss three major findings emanating from my research. In the final section, I offer
conclusions and suggestions for alternatives.

2. REDD+ Context in Tanzania

2.1. REDD+ in Tanzania

Tanzania has been a popular REDD+ country, which received large amounts of donor funding
to test community-based approaches to REDD+ [36,37]. The government of Tanzania embraced the
REDD+ mechanism as early as 2008, and began to establish the required institutional and policy
framework to support conservation organisations and researchers in initiating REDD+ demonstration
projects [38]. The government had high hopes in REDD+, to address the shortcomings of previous
participatory forest management initiatives and to contribute to sustainable forest management
and poverty alleviation [36]. Nine conservation organisations received official REDD+ funding to
demonstrate how REDD+ can contribute to sustainable forest management and poverty reduction.
In addition, researchers and other organisations used foreign donor money to initiate REDD+ in
the country.

Most REDD+ initiatives in Tanzania aimed to reduce emissions from deforestation and
degradation in the villages by linking community-based forest management with international carbon
markets. The idea was to transfer formal ownership and management rights over the forests to the
local village council, which is a recognised legal entity in Tanzania, and monetarily reward villagers
for conservation efforts by selling carbon credits. REDD+ was to benefit from Tanzania’s progressive
forest governance legislation, that allows for forest decentralisation through the establishment of joint
management or community-based forest management institutions (CBFM).

The Tanzanian National Forest Act of 2002 [39] provides a strong legal basis for communities
to own and manage forest reserves, and it entails a clear pathway to the transfer of rights to the
community (The nuts and bolts of “participatory forest management” (PFM) in Tanzania have been
well documented and summarized by Blomley and Iddi (2008) [40]. Limited space prohibits me from
elaborating on PFM here, but it is useful to explain the most important features of CBFM, which forms
part of PFM. In order for a village to establish community-based forest management, it must have legal
tenure over its land, which means it must be classified as “village land” and not “general land”. Second,
a village natural resource committee (VNRC) must be elected by the village assembly, which are all
the adult residents in the village. Third, the boundaries of the village must be described, and plans
for different land uses (including village land forest reserve) must be delineated in a village land
use plan. Fourth, the village natural resource committee must develop a forest management plan,
and bylaws describing how their forest is managed, used, and protected. The management plan and
the bylaws must then be approved by the village assembly and the district council. Following all
this, the village land forest reserve (VLFR) is declared and managed in accordance with the forest
management plan, bylaws, and normal rules governing local governments [40].). Under CBFM,
the village council (i.e., village government) obtains the formal rights to establish a village land forest
reserve (VLFR) on its land, which is then being managed by the village natural resource committee
(VNRC), based on legally binding forest management plan and by-laws. The forest management plan
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and by-laws contain, in detail, the responsibilities of the VNRC, the village council, and residents and,
together, they set the rules in terms of accessing and managing the VLFR. The village is entitled to
up to 100% of the benefits from the sale of products from the VLFR but, in practice, benefits are often
shared with the local district office in return for support services.

2.2. REDD+ Case Study Sites

This paper draws on data collected in two REDD+ projects that were located in the Lindi region
in Tanzania, albeit only one of them was an official REDD+ project that received Norwegian funding.
The second project was mainly supported by Finnish funding, and part of an international research
project. The two projects are called the TFCG/Mjumita “Making REDD work for communities and
forest conservation in Tanzania” and the Angai Village Land Forest Reserve (AVLFR) REDD+ project.

2.2.1. TFCG/Mjumita

The TFCG/Mjumita “Making REDD work for communities and forest conservation in Tanzania”
project was the first REDD+ pilot project in Tanzania. It was a partnership between two local
conservation organisations: Tanzania Forest Conservation Group (TFCG) and Community Forest
Conservation Network of Tanzania (Mjumita). The project received funding of USD 5.9 m from
the Ministry of Foreign Affairs of the Government of Norway for a period of 5 years (2009 to
2014) [41]. The TFCG/Mjumita REDD+ initiative was internationally acclaimed for its pro-poor
approach and multiple benefits, aiming to “reduce greenhouse gas emissions from deforestation and
forest degradation in Tanzania in ways that provide direct and equitable incentives to communities
to conserve and manage forest sustainably” [42]. It aimed “to demonstrate at local, national
and international levels, a pro-poor approach to reducing deforestation and forest degradation
by generating equitable financial incentives from carbon finance sources for communities that are
sustainably managing or conserving Tanzanian forests at community level” (ibid.).

TFCG and Mjumita committed to good governance principles and social safeguards when
introducing and implementing the REDD+ project [41,43]. Emphasis was placed on obtaining the
free, prior, and informed consent from project participants before the interventions started. In-depth
assessments of local livelihoods and drivers of deforestation preceded the design of crucial project
elements, including the community governance framework and proposed alternative livelihood
strategies. The project utilised participatory and bottom-up methods to introduce rural villagers to
the REDD+ concept, and let the village community decide democratically whether they want the
project or not. Information strategies (brochures, information sheets, meetings) were adapted to fit
the specific local cultural context and language. From the outset, the project proponents promised
that the REDD+ project would establish community-based forest management, which will transfer
management, ownership, and beneficiary rights of the forests to the community. The protection of the
forests would enable villagers to benefit from the sale of carbon credits. Biodiversity conservation and
alternative livelihoods were another important co-benefits (ibid.).

By the end of the TFCG/Mjumita project period in December 2014, a total area of 151,867 hectares
of forests across 27 villages were put under community-based forest management and trial cash
payments of over USD 450,000 were made to over 44,000 people in the villages. In Ruhoma, the project
set aside 2488 hectares of forest under protection, covering around 65% of the entire village land
(3817 ha) and 88% of all forests in the village. Ruhoma was among several villages that have recently
been successful in developing a Verified Carbon Standard/Climate, Community & Biodiversity
Standards Project Documents (The Climate, Community and Biodiversity Standards are a prominent
certification mechanism for forestry-carbon and other land management projects. It was developed
by the Climate, Community and Biodiversity Alliance, and is now managed by Verified Carbon
Standard, which is the world’s largest certification programme for voluntary carbon reduction
projects. Certification from CCB/VCS supposedly guarantees that the carbon project genuinely
reduces carbon emissions, contributes to biodiversity, supports community development and adheres
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to good governance principles. For more information, see http://verra.org/project/ccb-program/) in
preparation of selling forest-carbon [41]. However, no carbon credits have been sold as of yet, which is
a major concern to the sustainability of the project [37,44].

2.2.2. AVLFR REDD+

In the AVLFR, an international participatory action research project titled “The role of Participatory
Forest Management in Mitigation of and Adaptation to Climate Change: Opportunities and Constrains”
aimed to demonstrate the benefits of REDD+. The aims of the project were “(a) to assess local
communities’ perception and willingness to be involved in the REDD+ initiative; (b) to assess local
communities’ capability and the costs to carry out participatory forest carbon assessment in three
villages surrounding Angai Village Land Forest Reserve (AVLFR); (c) to determine forest carbon
stock in three villages’ forest area constituting AVLFR” [45]. The research was specifically concerned
with the idea of linking village land forest reserves with REDD+ efforts, to promote sustainable and
poverty alleviating forest management. The Clinton Climate Initiative (CCI) and local district council,
among other stakeholders, supported the AVLFR REDD+ initiative, which built on many years of
donor support for community-based forest management in Liwale district [46]. The Clinton Climate
Initiative selected the Angai forest from a pool of 70 potential sites to support community-based forest
management linked with REDD+ based carbon payments and FSC timber harvesting [47]. However,
Clinton Climate Initiative’s proposal, to include Liwale as an official site for REDD+ piloting, was not
supported by the Norwegian government. In 2010, a new Finnish-led development programme
started in Liwale titled LIMAS (Lindi and Mtwara Agribusiness Support). LIMAS was a five-year
programme aimed at increasing agricultural productivity, business opportunities, and participatory
forest management in selected districts in Lindi and Mtwara regions. Among the options to generate
more income from forestry, the LIMAS project mentions the sale of forest carbon credits, but the focus
of the programme was to establish village land forest reserves and empower communities to sell
timber commercially on a sustainable basis [48,49].

By the end of the LIMAS project, 14 out of 24 villages completed land use plans. Mihumo/Darajani
was one of the 14 villages. Only 6 out of the 14 plans that were approved by the Liwale district
council, had been submitted to the National Land Use Planning Commission in order to be gazetted.
Mihumo/Darajani is still waiting for its plan to be submitted. The village still does not have an
approved forest management plan, which means that villagers continue to wait for their legal rights to
harvest and sell timber, carbon, and other commodities commercially [49].

3. Approach and Methods

3.1. Case Study Contexts

The paper is based on data collected in two case study villages—Mihumo/Darajani (Around
the Angai forest there were 13 villages in the past, but in the year 2008/2009, eight of them split into
two or three villages, creating a new total of 24 villages. Mihumo/Darajani was Mihumo before,
and split into Mihumo and Darajani. For reasons of simplicity, I refer to the two villages as one.)
and Ruhoma—both located in the Lindi region, southeastern Tanzania. Lindi region is the fourth
largest of Tanzania’s 30 regions, and covers approximately 67,000 km2. Residents belong to the poorest
people in the world, by most standards, and they are part of a geographical band of food insecurity
in the country [50]. While livestock grazing and pastoralism is extensively practiced in other areas
of Tanzania, residents in the Lindi region mainly practice crop production as their major agricultural
activity, due to widespread existence of the tsetse fly (Tsetse fly are large biting flies, commonly
found in East Africa, which transmit dangerous diseases, including human sleeping sickness and
animal trypanosomiasis.) [51–53]. Major agricultural crops are maize, sorghum, and paddy, followed
by oil seeds and oil nuts [53]. Small-scale agriculture is one of the main drivers of deforestation
and associated carbon emissions in the region [54,55]. When REDD+ projects started in Tanzania,
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the national deforestation rate was estimated to be significant—1.1% annually [54]. Besides using it
for agricultural land, villagers derive important benefits from forests, including poles and timber for
construction, mushrooms, fruits, wild meat, and honey for consumption, and firewood for cooking [55].

The first case study village is Mihumo/Darajani, which is located in the Liwale district in the
Lindi region. The village was part of the AVLFR REDD+ project. In 2011, the village had more than
3000 inhabitants, and spanned across an area of 29,555 hectares. In the district are two forest reserves,
one of which is Angai village land forest reserve (AVLFR), which covers a total area of 139,420 ha
and is surrounded by 24 villages (previously 13 villages). The village of Mihumo/Darajani set aside
11,792 ha as forest reserve, which is equivalent to about 8.45% of the total AVLFR.

The second case study village is Ruhoma, which is situated in the Lindi rural district in the
Lindi region. Ruhoma is part of the TFCG/Mjumita “Making REDD work for communities and
forest conservation in Tanzania” project. Ruhoma is considerably smaller than Mihumo/Darajani,
both in size and population. In 2011, it counted 475 residents, living in 169 households, in an area of
3817 hectares. Despite its smaller size, forests play an equally significant role in Ruhoma, covering
a total area of 2830 hectares. About 88% of this area, which is equivalent to 2488 hectares, was set aside
as forest reserve in the course of the REDD+ intervention by the two non-governmental organisations
Tanzania Forest Conservation Group (TFCG) and Mjumita.

3.2. Data Sources

This paper synthesises findings from various sources of data, which were collected for my PhD
study from August 2011 to July 2012 [56]. During my 11-month-long stay in Tanzania, 7 months
of which I lived in the two case study villages, I employed a range of qualitative and quantitative
methods, including participant observation, ethnographic interviewing, 116 recorded semi-structured
interviews, 116 household surveys, one focus group discussion, and document analysis. In this paper,
I predominantly reflect on the results from the qualitative research methods, in order to highlight three
particularly important findings on REDD+ implementation in Tanzania. The qualitative data were
collected through direct observations, informal conversations, and structured conversations in more
formal interviews and focus group discussion. During my stay in the villages, I participated in the
everyday life of villagers, and engaged in innumerable informal conversations with as many villagers
as possible. For the 116 more formal, semi-structured recorded interviews, and for the participants
of the focus group discussion in Ruhoma, I used purposive sampling to interview villagers with
different characteristics and from a variety of backgrounds and positions in the village, to have a wide
range of viewpoints in my analysis. I conducted 66 semi-structured interviews with stakeholders of
Mihumo/Darajani village, and 50 semi-structured interviews with stakeholders in Ruhoma village.
This was the maximum amount I was able to achieve in the time available. For a detailed list of all
recorded interviews, see Appendix A. The majority of the data were collected in Swahili, and later
translated into English for analysis.

The primary data has been complemented with an in-depth analysis of project documentation,
which include project leaflets, internal reports, independent evaluation reports, and legal documents
(e.g., by-laws, forest management plans, village land-use plans). An important source of more recent
information on the TFCG/Mjumita project is an official final project evaluation report conducted by
NIRAS for the Royal Norwegian Embassy in Dar es Salaam [44]. Similarly, a project completion report
of the LIMAS project in Liwale provided updated information on the AVLFR project [49].

4. Results and Discussion: Three Major Challenges of REDD+ Implementation

From my research findings, it emerges that REDD+ projects encountered important challenges
and unanticipated consequences in the two case study villages. Reflecting on my data, I identify
three challenges that are particularly important to REDD+ implementation in Tanzania: the politics
surrounding the establishment of community-based forest management; the mismatch between
formal governance institutions and actual practices on the ground; and the fickleness of income from
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carbon sales and alternative livelihood opportunities. This section discusses these three identified key
challenges, with less focus on the first one, because I have dealt with it extensively elsewhere [15,46,57].

4.1. The Politics of Establishing Community-Based Forest Management

The establishment of community-based forest management in the two case study villages
was technically complicated, resource intensive, and much more time-consuming than expected.
Throughout the project period, villagers depended on the state and project proponents to take the
process forward, requiring more resources, time, and investment than donors anticipated [15,46,57].
Structural issues regarding ownership of land and boundary demarcation became the most significant
obstacles. The final review report of the LIMAS programme confirmed: “There have been continued
delays to resolve boundaries between villages, and additional land use planning and forest management planning
costs. In many instances the difficulties in resolving boundary disputes has delayed the opportunity for
communities to enter into PFM, and boundary uncertainty has also been a factor in illegal logging” [49].
Although the establishment of community-based forest management was quicker in Ruhoma than in
Mihumo/Darajani, the process still experienced delays due to inter- and intra-village conflicts over
forest resources and village boundaries, and complex bureaucratic requirements [44,57].

The first key finding from my data questions the assumption that market-based conservation
is a quick and win–win solution that benefits everyone. My data show that the establishment
of community-based forest management and REDD+ is not a straightforward technical process,
but requires active engagement with local politics, power struggles, and deep-seated structural
challenges regarding land ownership and boundaries. This requires the availability of significant
resources and capacitated actors outside the village, who could take the complex and contested
decentralisation process forward. The seemingly technical activities were inherently political—they
shaped who gets access to what—and required serious time and resource commitment to resolve land
use conflicts. Project proponents needed access to substantial amounts of up-front capital to finance
necessary activities, which the carbon market does not provide.

If followed through though, the study shows that community-based REDD+ activities can result
in important positive changes, such as assisting villages to express their claims over the authority of
village and forestland, helping to address boundary conflicts, organising village land use planning
exercises, and establishing formal village institutions. However, it is also important to recognise
that introducing formal community governance institutions shifts power away from customary
arrangements with detrimental effects to some population groups in and outside the concerned
villages [57]. In the Lindi region, forests were generally treated as de facto open-access and, thus,
accessed freely by villagers. Residents from different villages could move between forests and access
them for agriculture or other uses without major hindrances. With the introduction of REDD+ and
community-based forest management, certain parts of the forests were put under formal protection,
and villagers excluded from specific uses [58]. By excluding villagers from farming and logging in
the forests, it was hoped that the forest carbon content would increase, and be turned into income
from carbon sales. The expectation was that villagers would manage the forest reserve sustainably, i.e.,
follow the rules and institutions laid out in the forest management plans and by-laws. Unsurprisingly,
villagers only partially adopted the new set of formal institutions, as will be described below.

4.2. The Intricacies of Practicing Community-Based Forest Management

Based on the newly established forest management plans and by-laws, a range of forest activities
became prohibited, including farming in the forest, collecting fresh cut firewood, harvesting wild
bee hives, trapping wildlife, herding livestock, setting fire, and producing charcoals, among others.
Some activities were restricted to the availability of permits, which were given for free or after
payment [15]. The VNRC became a powerful group in the village as it was tasked with the responsibility
of managing and protecting the community forests from any prohibited activity. Furthermore,
any income from permits, fines, and sales of forest products were to be managed transparently
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and transferred to the village council. While the different responsibilities, rules, and regulations were
clearly outlined in the forest management plans and by-laws, the following text will discuss how they
were actually practiced by residents.

4.2.1. Practising CBFM in Mihumo/Darajani

Although the forest management plan and by-laws formally permitted various activities in the
village land forest reserve, many villagers in Mihumo/Darajani generally thought of it as a closed-off
area. Ethnographic interviews with residents attested that entering the reserve would lead to arrest by
the village natural resource committee. Exclusion from the village land forest reserve was tolerated
by villagers because of the large forest areas outside of the reserve, which they used to meet their
livelihood needs. One way the VNRC used to keep villagers out of the reserve, was to conduct patrols.
According to the management plan of Mihumo/Darajani, the patrol team should go every two weeks
to check the forest reserve. Yet, in reality, patrols were less frequent and not carried out as planned.
Village and committee members explained that organised patrols into the forest reserve had become
rare, and only took place if prompted by obvious intruders in the forest.

The people of the forest committee used to go every week. But these days they don’t go. They have quit
going. When they went in the past, they started there, walked and slept over. Then they made a mark
that they passed here. If you catch somebody then it is necessary to pay a fine. (M Interview 5).

We started the system of going into the forest. We went twice this year. Last year the secretary quit
and another one joined. Since then we haven’t gone to do a survey in the forest. We do patrols in
the open area. When we hear that they fell trees then we go. We hear people entered, then we go
(M Interview 49).

The reasons given for the lack of regular patrolling into the forest reserve related to insufficient
resources to cover the incurred expenses, which can be substantial, given the size of the forest reserve
and time needed to complete a patrol.

We haven’t gone there again because in our cash register there is no money. Because it is far. You need
to carry food and medicine. We struggle because we don’t have money (M Interview 50).

But we are asking: Who will facilitate us? There is no money. If they had given us money, we would
stay the whole time there. But you stay to your own loss (M Interview 29).

In informal conversations, villagers told me that, when village committee members did go on
patrols, they often went in the area outside of the reserve after they had heard about tree felling from
villagers. It appeared to them that, in order to save costs, the VNRC focussed on issuing permits
and conducting patrols for areas outside of the reserves. This would be a clear divergence from the
formal rules, as there are no provisions to carry out patrols outside of the forest reserve. The allegation
that committee members especially went on patrols after they had heard about “illegal” intruders,
could suggest that patrols were primarily conducted for functional reasons, namely to catch and fine
people for the committee’s and/or individual committee members’ benefit. Yet, according to the views
of some villagers, despite patrols, the illegal harvesting of timber products continued to take place,
and often remained unreported and without prosecution.

Some people who fell trees in the open area don’t pay tax. They log timber and sell, but they claim to
fell trees for construction. In the morning we see people who buy timber and go with it. If you ask
him he says ah this is just to pay my debts with him. I rent from him and now he is taking my timber
(M Interview 49).

For some people who live on their farms it is easy to enter the forest, fell trees and we don’t know about
it (M Interview 50).
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Around three people got fined. But because they are our brothers, you know. If they arrive their they
say people we don’t have 50,000. We did so because of poverty. So the 50,000 can be cancelled. He can
pay 20,000 or 20 something. And others arrive there and say yes you caught me and my tools but
I don’t have anything. He can complain and maybe pays 15,000. We just put the 50,000 as a law.
If somebody gets caught he pays 50,000. But nobody has ever paid 50,000. (M Interview 50).

The possibility of mismanagement and corruption was supported by the confusion that prevailed
over the income and expenses from the village land forest reserve. Despite several attempts, I was
not given access to records of income and expenses from the forest reserve by committee members.
There was confusion over the amount of fines, stories about the handling of illegal forest users,
and secrecy over the income and expenses. From interviews with village natural resource committee
members, it also transpired that people had to pay different amounts of tax per plank. The tax on sawed
planks seemed to be negotiated on an individual basis, where village natural resource committee
members often tried to levy 500 TShs (0.3 USD) tax on each plank, in order to increase their own share
of benefits.

So what happens is that the price is 250. But we from the village natural resource committee we don’t
have any salary. Maybe if there is somebody from there who comes here to get 10 planks for doors. If I
meet him then I tell him 500 shillings. From the 500 shillings I take 250 shillings for soaps for the
work I do and 250 I take to village (M Interview 54).

4.2.2. Practicing CBFM in Ruhoma

In Ruhoma, REDD+ interventions resulted in regular patrolling and more transparent forest
management practices at the time of my fieldwork in 2011/2012. In conversations with ordinary
villagers and village natural resource committee members, I was told that regular patrols had been
conducted. In the beginning, it was done voluntarily but, once the REDD+ trial money arrived,
the amount of 700,000 TShs (450 USD) was set aside to finance patrolling four times a month for
a period of one year. Every week, six members of the village natural resource committee went into the
forest reserve to assess the situation and check for any criminal offences. Because of the small size of
the forest reserve, the patrolling took three to four hours, on average, and there were no particular
challenges. At the end of the day, each member received an allowance of 2000 TShs (1.3 USD).

The money from REDD+ contributed to regular patrols, as payments were set aside for the
activities of committee members. It seems that they felt less of a need to obtain money by fraud.
The smaller forest size and fewer dangerous animals in Ruhoma made forest management activities
much easier than in the vast dangerous landscape of Mihumo/Darajani.

In Ruhoma, permits for timber harvesting were issued for subsistence purposes only. Also, in this
village, village natural resource committee members had a different understanding of the amount
of money required to obtain a permit. One member explained to me that for 10,000 TShs (6.4 USD),
you obtain a permit, which allows you to harvest 50 planks and 40 beams, where you pay 200 TShs
(0.1 USD) tax on each plank. Another member spoke of 500 TShs tax per plank, and a third one told
me that 20,000 TShs (10 USD) are required to obtain a permit for 100 planks and 300 TShs (0.2 USD) tax
are levied on each plank. From the income statements that I received from the village natural resource
committee secretary, I learnt that people were usually charged with 200 TShs (0.1 USD) tax per plank,
but I also viewed a case where 300 TShs (0.2 USD) tax was charged. What I could not ascertain from
the income records provided to me, was whether anything was charged for issuing the permits.

One issue that emerged from my conversations with villagers about the harvesting of timber
related to follow-ups of permits. I was told that craftsmen could easily log more trees than they were
permitted, in order to produce more planks. Village natural resource committee members seem to not
rigorously follow-up on the amount of planks sawn. Craftsmen were, therefore, easily tempted to
apply for small amounts of timber, and then log much more than permitted.
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Also in Ruhoma, I came across cases where timber was harvested without the permission of the
village natural resource committee. Obtaining a permit for a few planks to produce stools, chairs,
or similar things seemed, to many, to be an unnecessary obligation. This view appears to be shared by
villagers, in general, and the responsible authorities, as non-compliance to the rules does not result
in penalisation.

. . . I for myself I haven’t been ready to get permits. If I get the timber illegally [michocholo] then
the days continue as if nothing happened (siku zinakwenda). And if you go for permit, you are being
robbed a lot (R Interview 32).

The second key finding from my data questions the assumption that formal governance
institutions can be introduced relatively easily into villages to promote sustainable forest management.
My data show that the formal community-based institutions, which were introduced to manage
the village land forest reserve sustainably, were not entirely adopted by villagers at the local level.
According to Dill, this is a lack of fit between domestic norms, which inhibit or constrain popular
participation, and the imported institutional superstructure, which should facilitate it. He further
argues that, by following a certain mode of institutionalisation, community-based organisations
are reified and separated “in an unrealistic way from the dynamics of change in the community of
which it is both part and reflection” [59]. In both case studies, project proponents displayed a rather
static and homogenous notion of a “community” yet, in reality, communities are heterogeneous
entities where diverse interests exist [60]. The discrepancy between formal institutions and actual
practices was most striking in Mihumo/Darajani, but it was also present in the village of Ruhoma
and other TFCG/Mjumita REDD+ villages. According to the final evaluation report of the REDD+
projects, there is “on-going agricultural expansion from residents within the village, encroachment
from neighbouring villages, unregulated harvesting taking place between villages, clearance of forest
land reserved for agriculture in the land use plan and lack of enforcement of bylaws. A weakness
in local governance such as tension between the village natural resource committee and the village
government in some villages has also contributed to the lack of effective enforcement” [44].

4.3. Carbon Sales and Alternative Income Opportunities

The fundamental premise of REDD+ is that the income from carbon sales incentivises villagers
to protect the forests and contributes to economic development. By aiming to reward forest users
with performance-based payments for the protection and enhancement of carbon, REDD+ initiatives
represent a deliberate external intervention that aims to facilitate collective protection of the forest [26].
Carbon payments are the primary means of REDD+ to balance incurred livelihood losses from forest
protection [61]. Like all other REDD+ pilot projects in the country, both initiatives failed to sell carbon
credits in the global market. Although TFCG/Mjumita distributed trial payments to several villages
including Ruhoma, the dispersed payments were only possible due to donor funding, which stopped
in 2014 (A special committee was founded in Ruhoma to distribute carbon trial payments. A group of
12 people, 50% male and 50% female, were selected by sub-village chairmen and other village leaders
to manage the distribution of forest-carbon payments among the villagers. Among the members
are representatives from the village council, village natural resource committee, land use planning
committee, and the wider village community.). The initial expectation was that, by this time, a carbon
cooperative was to be established, through which income from the sale of carbon credits would be
channelled directly to the communities and their village residents. The idea was that the carbon
cooperative would aggregate and market the voluntary emission reductions from the various villages
that take part in the TFCG/Mjumita REDD+ project. Each village resident would be a member of the
cooperative, and entitled to its dividend. In addition to individual dividends, carbon sales would
be uses to finance community development projects and the operation costs of the cooperative [41].
Because no carbon credits had been sold by the project (at least until 2015/2016), the carbon cooperative
was not in operation [37,44].
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In the beginning, the project planned to reward individual villagers based on their actual
performance and contribution, but this was abandoned for the trial payments, which were distributed
equally among villagers. The REDD+ trial money was put to use by villagers in different ways. Most of
them spent the money on food, clothes, and miscellaneous items, such as consumer goods. Food was
the most popular benefit from carbon payments for villagers in Ruhoma. One explanation for this is
that the trial payments were dispersed in February, which is usually a month characterised by food
insecurity. The final review report of the TFCG/Mjumita REDD+ project points out that

It seems unlikely that at present levels payments were sufficient to significantly impact poverty or
vulnerability levels—although the review team was able to verify the very high level of popularity of
REDD+ payments across all villages visited. Although the project has made a significant achievement
developing the payment system and testing the value of payments it is worth noting that the funds for
this were not coming from the carbon market and that funds for future carbon payments are still not
secured [44].

Because the opportunity costs for protecting the forests range from USD 10 to 20 per ton
of carbon [62,63], it could just be a matter of time until villagers go back to converting the forests
to agriculture. The pressure on forest protection is exacerbated by the growing demand in agricultural
land and increased prices for cash crops, such as sesame and cashew nuts [36]. Besides carbon
payments, project proponents promised alternative livelihoods as compensation for forest protection.
All REDD+ projects in Tanzania struggled to generate alternative livelihood strategies. Efforts to
introduce alternative income generating activities, such as beekeeping, conservation agriculture,
butterfly farming, vegetable farming, and development of woodlots, generally struggled to deliver the
expected results [36]. In the final review report of the TFCG/Mjumita REDD+ project, it is stated that

A number of concerns were expressed by the visited communities on the relevance and quality of
support provided for income generation activities (IGAs) as well as on the lack of market linkages.
This included technical support and advisory services on beekeeping and poultry farming which had
very limited success. Poultry keeping was discontinued by the project due to its poor performance and
limited links to the broader deforestation objectives. Identifying private sector or non-governmental
service providers during design and engaging them to deliver these outputs could have improved
performance [44].

The third key finding from my data questions the most fundamental assumption behind
market-based conservation, namely, that there is a market for conservation. In the words of the
final evaluation report: “the sale of carbon credits remains a “killer assumption” that underpins
long-term sustainability of measures that reduce deforestation” [44]. However, in both case studies,
REDD+ projects have failed to sell carbon credits via market exchanges, while relying on government
funding. The case studies demonstrated that initial hopes of generating long-term income from carbon
markets proved to be illusive. There is much uncertainty over the future of the projects and, indeed,
villager’s willingness in performing conservation. Given the high opportunity costs of forest protection
and serious extent of poverty in the villages, the likelihood that villagers go back to previous land use
practices is high if the payments fail to materialise. In addition to failing to generate long-term security
over performance-based payments, the projects have not succeeded in creating alternative income
sources, due to long-standing structural constraints and other well-known barriers.

5. Conclusions

In this article, I synthesise findings from my research on REDD+ in Tanzania to discuss three key
challenges of implementation: the politics surrounding the establishment of community-based forest
management; the mismatch between formal governance institutions and actual practices on the ground;
and the fickleness of income from carbon sales and alternative livelihood opportunities. I argue that
these challenges are not merely teething troubles, but they question fundamental assumptions of
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market-based conservation, more generally. Market-based conservation promises win–win benefits
and a relatively quick fix to complex socio-environmental problems. In practice, however, it encounters
resistance, politics, and deep-seated structural inequalities that are prevalent in many rural African
landscapes. Market-based conservation thus appears to be, in the words of Lund et al. (2017),
a conservation fad that promises change but delivers continuity. Although, this notion of fad is being
criticised by others who place the responsibility for its failures on implementation shortcomings.
As there is urgent need for conservation that is both environmentally and socially sustainable [64–66],
what is to be done?

To attain the objective of long-term sustainable development, we need to significantly transform
the political economy of nature conservation. Community-based forest management holds promise to
deliver environmental and social benefits, but its establishment is complex and politically contested.
It requires political and financial commitment over a long period of time, during which, considerable
losses may be incurred. Markets and profit-making mechanisms are ill-suited to carry those. As Fletcher
et al. (2017) suggested, we need global commitment to sustainable sources of funding without
a competitive process, which can assist local communities in obtaining the rights over resources,
and assists them in covering the costs of establishing and implementing community-based forest
management [65].

In addition, conservation initiatives need to acknowledge the complex and contentious process of
strengthening democratic governance in rural villages [67]. Promoting good leadership, accountability,
participation, and equal distribution of benefits requires the building of active citizenship among rural
villagers. Simply developing good governance institutions on paper, even with local participation,
does little to achieve actual good governance on the ground. Conservation initiatives will have to
actively fund measures that strengthen citizenship and positively impact on democratic governance,
even if they take years to bear fruit.

Lastly, as suggested by Turnhout et al. (2013), conservation initiatives should go beyond the
techno-managerial and economic-centric focus of payments for ecosystem services, and learn about
the variety and multiple ways of shaping society–nature relations, which have existed for millennia,
and involved many different reasons for engaging with nature. We need to avoid singular measures
to represent the myriad relationships with nature, and commit to inclusive processes of knowledge
creation, to include alternative voices and perspectives [68]. Aside from appreciating the diversity
of possible human–environment interactions, we need to build on existing alternative practices and
examine how they can be replicated across diverse contexts.
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Appendix A. List of Recorded Interviews

Interviews recorded in Mihumo/Darajani

20



Land 2018, 7, 119

No. Type of Interviewee Sex Place Date

M 1 Researcher M Liwale 17.08.2011
M 2 Researcher F Dar es Salaam 21.08.2011
M 3 Livestock owner M Darajani 19.12.2011
M 4 Village leader M Darajani 19.12.2011
M 5 Young villager M Darajani 19.12.2011
M 6 Sub-village Chairman M Darajani 24.12.2011
M 7 Elder M Darajani 26.12.2011
M 8 Elder M Darajani 29.12.2011
M 9 Sub-village Chairman M Darajani 30.12.2011
M 10 Sub-village Chairman M Darajani 30.12.2011
M 11 Sub-village Chairman M Darajani 31.12.2011
M 12 Vicoba M Mihumo 02.01.2012
M 13 Elder M Mihumo 02.01.2012
M 14 VNRC M Darajani 04.01.2012
M 15 Village outsider M Mihumo 12.01.2012
M 16 VNRC M Darajani 14.01.2012
M 17 CA (CA refers to Conservation Agriculture group) Darajani M Darajani 19.01.2012
M 18 Young villager M Darajani 26.01.2012
M 19 Elder F Darajani 26.01.2012
M 20 Sub-village Chairman M Mihumo 27.01.2012
M 21 Young villagers Mihumo 23.03.2012
M 22 Female farmer F Mihumo 23.03.2012
M 23 Male farmer M Mihumo 23.03.2012
M 24 Single mother F Mihumo 24.03.2012
M 25 CA Darajani M Darajani 24.03.2012
M 26 CA Mihumo F Mihumo 26.03.2012
M 27 CA Darajani M Mihumo 27.03.2012
M 28 CA Mihumo & REDD F Mihumo 27.03.2012
M 29 REDD M Mihumo 28.03.2012
M 30 Sub-village Chairman M Mihumo 28.03.2012
M 31 CA Mihumo F Mihumo 04.04.2012
M 32 CA Mihumo F Mihumo 04.04.2012
M 33 CA Mihumo F Mihumo 05.04.2012
M 34 CA Mihumo F Mihumo 07.04.2012
M 35 CA Mihumo M Mihumo 09.04.2012
M 36 CA Mihumo F Mihumo 09.04.2012
M 37 Elder M Mihumo 10.04.2012
M 38 CA Darajani F Darajani 10.04.2012
M 39 CA Darajani M Darajani 10.04.2012
M 40 CA Darajani F Darajani 11.04.2012
M 41 CA Darajani M Mihumo 12.04.2012
M 42 CA Darajani F Darajani 12.04.2012
M 43 CA Darajani M Darajani 13.04.2012
M 44 CA Darajani F Mihumo 13.04.2012
M 45 REDD F Darajani 21.04.2012
M 46 Village council M Mihumo 22.04.2012
M 47 REDD M Darajani 22.04.2012
M 48 Elder M Mihumo 23.04.2012
M 49 VNRC M Mihumo 24.04.2012
M 50 VNRC F Mihumo 25.04.2012
M 51 VNRC F Mihumo 25.04.2012
M 52 Health/Dispensary M Mihumo 26.04.2012
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No. Type of Interviewee Sex Place Date

M 53 VNRC F Darajani 26.04.2012
M 54 VNRC M Darajani 26.04.2012
M 55 VNRC F Darajani 26.04.2012
M 56 VNRC F Mihumo 27.04.2012
M 57 VNRC F Mihumo 27.04.2012
M 58 Teacher M Mihumo 11.07.2012
M 59 Sub-village Chairman M Mihumo 11.07.2012
M 60 District M Liwale 16.07.2012
M 61 District M Liwale 16.07.2012
M 62 Ward M Liwale 16.07.2012
M 63 Village council M Mihumo 20.07.2012
M 64 VNRC M Mihumo 20.07.2012
M 65 Village council M Darajani 20.07.2012
M 66 Village council M Mihumo 21.07.2012

Interviews recorded in Ruhoma

No. Type of Interviewee Sex Place Date

R 1 VNRC F Ruhoma 09.03.2012
R 2 VNRC M Ruhoma 09.03.2012
R 3 VNRC M Ruhoma 09.03.2012
R 4 VNRC F Ruhoma 10.03.2012
R 5 CA F Ruhoma 10.03.2012
R 6 CA M Ruhoma 11.03.2012
R 7 Village outsider M Ruhoma 11.03.2012
R 8 REDD F Ruhoma 11.03.2012
R 9 Elder M Ruhoma 12.03.2012

R 10 LUP M Ruhoma 08.05.2012
R 11 LUP M Ruhoma 09.05.2012
R 12 LUP F Ruhoma 09.05.2012
R 13 Village leader M Ruhoma 10.05.2012
R 14 CA F Ruhoma 11.05.2012
R 15 Ordinary villagers F Ruhoma 11.05.2012
R 16 Village outsider M Ruhoma 12.05.2012
R 17 CA M Ruhoma 13.05.2012
R 18 LUP F Ruhoma 14.05.2012
R 19 LUP F Ruhoma 14.05.2012
R 20 Committees F Ruhoma 15.05.2012
R 21 Committees M Ruhoma 15.05.2012
R 22 Ordinary villagers M Ruhoma 16.05.2012
R 23 Ordinary villagers M Ruhoma 16.05.2012
R 24 CA F Ruhoma 16.05.2012
R 25 LUP M Ruhoma 17.05.2012
R 26 CA F Ruhoma 17.05.2012
R 27 Teacher F Ruhoma 20.05.2012
R 28 Village leader M Ruhoma 20.05.2012
R 29 Project staff M Ruhoma 21.05.2012
R 30 Ordinary villagers M Ruhoma 02.06.2012
R 31 CA M Ruhoma 02.06.2012
R 32 Ordinary villagers M Ruhoma 02.06.2012
R 33 Ordinary villagers M Ruhoma 03.06.2012
R 34 REDD F Ruhoma 04.06.2012
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No. Type of Interviewee Sex Place Date

R 35 Teacher M Ruhoma 04.06.2012
R 36 Ordinary villagers Ruhoma 06.06.2012
R 37 Ordinary villagers M Ruhoma 06.06.2012
R 38 Ordinary villagers M Ruhoma 06.06.2012
R 39 District M Lindi 13.06.2012
R 40 District M Lindi 13.06.2012
R 41 District M Lindi 14.06.2012
R 42 District M Lindi 14.06.2012
R 43 Project staff M Lindi 14.06.2012
R 44 Ordinary villagers F Ruhoma 20.06.2012
R 45 Ordinary villagers F Ruhoma 20.06.2012
R 46 Ordinary villagers F Ruhoma 20.06.2012
R 47 Elder M Ruhoma 21.06.2012
R 48 Project staff M Kinyope 22.06.2012
R 49 Ward M Rutamba 22.06.2012
R 50 Ward M Lindi 22.06.2012
R 51 Focus Group Discussion Ruhoma 26.06.2012
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Abstract: Pastoral mobility is seen as the most effective strategy to make use of constantly shifting
resources. However, mobile pastoralism as a highly-valued strategy to manage grazing areas and
exploit resource variability is becoming more complex, due to recurrent droughts, loss of forage,
government-led settlement schemes, and enclosure of land for community conservation, among
other reasons. Yet knowledge of how Samburu pastoralists perceive these changes, and govern and
innovate in their mobility patterns and resource use, has received limited attention. This paper seeks
to understand how Samburu pastoralists in the drylands of northern Kenya use and govern natural
resources, how livestock grazing and mobility is planned for, and how boundaries and territory
are constructed and performed both within and beyond the context of (non)governmental projects.
Fieldwork for this paper was conducted in Sesia, Samburu East, and consisted of interviews, focus
group discussions, and participatory observation. Findings show that livestock mobility involves
longer periods and more complex distances due to a shrinking resource base and new rules of access.
Although access was previously generated based on the value of reciprocity, the creation of new
forms of resource management results in conditional processes of inclusion and exclusion. Policy
and project implementation has historically been driven by the imperative to secure land tenure and
improve pasture in bounded areas. Opportunities to support institutions that promote mobility have
been given insufficient attention.

Keywords: communal grazing regulations; pastoral mobility; boundaries; Samburu pastoralists; Kenya

1. Introduction

African rangelands, also referred to as drylands or arid and semi-arid lands (ASALs), cover
about two-thirds of sub-Saharan Africa [1] and are characterized by unpredictable rainfall and
variations in vegetation growth leading to highly dynamic environments [2–4]. In these rangelands,
pastoral mobility is seen as the most effective strategy to sustain both pastoralism as a livelihood and
rangeland environments [5–7]. In northern Kenya, rangelands are mainly grass-growing savannah
ecosystems which constantly co-evolve with mobile livestock herding, predominantly based on cattle,
but increasingly also goats, sheep, and camels [8,9]. Pastoralists move around with livestock herds in
search of water and pasture. Such pastoral mobility is carefully planned in order to make optimal use
of the variation of resources in time and space. Rainfall and the ensuing quantity and distribution of
grasses are important factors in determining how livestock mobility occurs. In addition to ecological
factors, socio-political access to and control over territories are involved in the decision-making process.
Hence, pastoralists optimize differing factors—the changing environment, the needs of different
resource users, and social, cultural, and political constraints—to access pastures while managing
conflict, a process which is supported by flexible and reciprocal social arrangements [5,6,10,11].

However, the context of pastoral mobility in northern Kenya has changed radically over time,
not least during the last two decades. Rangeland fragmentation, boundary formation, climate change,
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violent conflict, and rangeland degradation, as well as political marginalization and forced settlement
schemes create resources and mobility constraints for pastoralists who are increasingly dependent on
livestock mobility [12–19]. Rangeland-enclosing processes are becoming more common [20–24] while
farmer–herder conflicts are increasing [25,26]. Additionally, conservation and large-scale infrastructural
developments to modernize pastoral areas create significant obstacles for the continuation of
mobile pastoralism while adding to the dynamic of further fragmentation, marginalization, and
conflict [27–29].

In a growing number of African states, a recent shift in policy and legislation to formally recognize
and support pastoral mobility has taken place, particularly in West Africa, but also in Kenya [30,31].
This ‘mobility paradigm’, importantly, breaks significantly with common views about pastoralists as
destroyers of the environment who are responsible for widespread rangeland degradation through
overstocking, overgrazing, and overpopulation [32–37]. Former policies aimed to settle pastoralists
and to provide support for the improvement of rangelands [7], if there was any policy at all [38].

For Kenya, current policies for the improvement of pastoralist livelihoods in the ASALs mainly
focus on the ‘stabilization and development’ of northern Kenya, where development is not only of
benefit to the pastoralists, but also for Kenya as a state. More specifically, in the ‘National Policy for the
Sustainable Development of Northern Kenya and other Arid Lands’, the ASALs are recognized for their
specific characteristics regarding mobile livelihoods and hence the need to develop governance and
services that target mobile populations [31]. At the same time, in the ‘Vision 2030 Development Strategy
for Northern Kenya and other Arid Lands’, the ASALs are mainly seen for their importance to national
policy and planning, in order to make use of their ‘untapped potential’ concerning trade, tourism, and
energy [27]. Furthermore, Vision 2030 promotes the inclusion of pastoralists in national development
as a way to curtail the continuous marginalization of pastoral areas and to make the ASALs ‘equal
to the rest of Kenya’ [31,39]. Additionally, the new 2010 Constitution, and the Community Land
Act (2016)—where pastoralists’ livelihoods are perceived as valuable and in need of formalized and
documented rights to their land—all mark a shift in thinking about pastoral land use and promote the
use of customary institutions for managing resources and (cross-border) mobility [27,40].

Although pastoral mobility has gained recognition in policy and legislation, it has lacked
support in its implementation [6,31], and hardships and struggles to access resources are still part of
daily practice in the drylands within the context of rapidly changing socio-economical and climatic
conditions shaping and negatively affecting livelihoods of pastoralists [12,14,41]. Therefore, it is
important to recognize current patterns of constructing livelihoods by pastoralists and draw important
lessons from local struggles and opportunities [8,11,42–44].

This paper focuses on the Samburu management of grazing areas, pastoral mobility, and grazing
access amid shifting socio-ecological conditions in the lowlands of Samburu County. In Samburu
County, pasture availability is decreasing and the need for long-distance pastoral mobility is increasing.
To date, however, limited research has been carried out on how Samburu pastoralists move with
their livestock within this complex landscape. Research at the intersection of Samburu culture,
ecology, and biology was carried out extensively in the 1970s and 1980s [45–48]. Later work
comprehensively describes Samburu livelihoods and coping strategies during droughts [49,50],
followed by extensive anthropological work on Samburu culture, gender, and sexuality, among
other topics [51,52]. Furthermore, significant research on pastoralists in Samburu County has been
directed towards pastoralist sedentarization, land privatization, and economic diversification with a
strong focus on institutions of resource governance [21,53,54], whereas little research has focused on
pastoral mobility [55]. Southern Kenya, on the other hand, has been the subject of a number of studies
on pastoral mobility [5,56,57].

The aim of this paper was to examine shifting relations between Samburu pastoralists, the land,
and the resources (which are variable over space and time) by looking closely at patterns of mobility and
institutions governing resource access in a semi-nomadic setting [58]. To achieve this, I did fieldwork
in Samburu, Isiolo, and Laikipia, Kenya, for a total period of 12 months conducting interviews, group
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discussions, and participatory observation. I explored how Samburu pastoralists gain and maintain
access to natural resources through grazing management and access negotiations as part of governing
mobility and grazing within a shrinking resource base. In addition to an understanding of how current
pastoral mobility among Samburu pastoralists is governed using concepts of mobility, access, and
institutions, this approach provides a deeper understanding of shifting engagements with space by
focusing on new sets of relations that emerge in the processes of gaining and controlling access to
resources [15,58–60]. This paper is organized as follows: Section 2 provides theoretical background
of the study. In Section 3 I explain the methods used and introduce the research area. In Section 4 I
present the results, focusing on shifting access relations and mobility patterns within the study area.
The discussion and conclusions ensue in Sections 5 and 6, respectively.

2. Mobility, Access, and Institutions

In northern Kenya, pastoral systems are inherently flexible, enabling families and households
to make effective use of constantly shifting resources. In this paper, livestock mobility, movement,
and migration are used interchangeably to refer to the movement of (segments of) households with
livestock, including cattle, goats, sheep, and camels—often with the assistance of donkeys—in search
of water and pasture [61]. Mobile pastoralism can be ordered in various forms, from daily circular
movements around a homestead, here referred to as short-distance mobility, to large-scale movements,
and combinations of these [6,46]. The distance and frequency of such movements depend on multiple
factors and are highly place-specific. In this paper I draw specific attention to long-distance cattle
herding. Such livestock mobility is energy-costly for the livestock, as well as the herders, resulting in
a declining ability to move for longer distances as a drought proceeds. At times, herds are split into
separate herds to release the pressure on the herder, although this depends, among other things, on the
availability of herding labour. Furthermore, in a pastoral society where resources are unpredictable
and fluctuating, access consists of social relations constituted across the landscape. Mobility over long
distances means that herders need to have a strong and wide social network of connections to share
information and to access pastures and water points maintained by other communities [7].

Pastoral mobility, then, is not only an ecological endeavour, but social and relational as
well [7,15,62–64]. In order to access these resources, social connections are formed to gain and maintain
such access. Access to resources over a communally managed area must be negotiated and is managed
according to certain regulations [5]. Here, access to resources is defined as “the ability to benefit from
things” [60] (p. 153), mutually and continuously constituted out of processes and relations between
people and nature. Within a socio-political landscape, access claims are subject to processes of, and
relations to, power and authority, as well as rules and regulations, that, combined, govern access and
control over specific resources [5,59,64,65].

Objects of access for (semi)nomadic pastoralists can vary between paths and sites, which can be
anywhere within a landscape [7,62]. More specifically, tenure rules and regulations exist around water
points and specific vegetation as opposed to a grounded surface, or land:

Thus when it turns out [ . . . ] that a clan holds a cluster of sites, we do not have to suppose that this
follows from their inclusion within a bounded area, which for some strange reason is not recognized
by the people themselves. On the contrary, the surrounding country is held by virtue of its inclusion,
in some sense, within the sites themselves. Land does not contain sites; rather, the sites contain
the land [62] (p. 156)

This distinction between access regulations existing around objects existing and/or growing
on the land, and the land itself, is highly relevant for understanding the multiple ways in which
access is gained, maintained, and controlled in semi-nomadic pastoral societies where resources
are patchily distributed [64,65]. Access and control of resources, then, is managed through the
formation of social boundaries, to which members of a specific (sub-)group or entire community
belong [65]. Being part of that community does not imply that one has the right to exclude others;
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however, it gives one the right to take part in decisions on resource conservation, regulation, and
allocation [37,66]. Hence, these home-areas and their boundaries are relationally produced. To secure
access to localized resources, access relations are also produced ‘on the road’ [10,62,63,65,67]. This,
then, makes pastoralists perform an ‘open engagement with space’ [15] mainly based on ‘relations,
movements, and flows’ [24], articulated through institutions. These institutions become the mediator
between people and resources, and play a major role in defining the distribution of, and access
to, resources [68,69]. It is important to note that often one can speak of an ideology of reciprocity,
meaning that conditional access to resources in a home-area to members of one’s wider social group is
rarely refused [5,7,70]. Furthermore, governing mobility is mutually constitutive of the governance
of grazing [7]. In addition to rules and regulations, or institutions, to manage and control access
‘on the road’, pastoralists traditionally produce spaces for the management and control of resources ‘at
home’ [5,65]. Hence, in order to understand the institutions at work for access ‘on the road’, one has to
understand the institutions in the home-areas as well.

3. Methods and Context

3.1. Approach

Fieldwork for this study was conducted in 2015 and partly in 2016 and 2017 in Samburu, Isiolo, and
Laikipia. I spent a total period of 12 months in six sites along the mobility route of Samburu pastoralists
within the Ewaso Nyiro (north) river basin [71–73]. For this paper, I held semi-structured in-depth
interviews with Samburu pastoralists, including 17 women, 31 men, and 22 lmurrani1. I interviewed
elder men (from here referred to as ‘elders’, a category of local authority that consists of men above
the age of 45) and women mainly at their homesteads2 to focus on narratives of change based on
life-time memories, with a strong focus on the past 60 years of landscape changes and governmental
interventions [44,74,75]. I also interviewed lmurrani who were moving with cattle herds in order to
understand their movements across the landscape [76]. In total I conducted 70 interviews. Interviews
were supported by four focus group discussions (FGD), one with women and one with elders in two
sites, and participatory observation to obtain a detailed understanding of the landscape and daily
interactions [44,77]. Furthermore, besides pastoralists, I also interviewed 20 key informants from
governments and NGOs. Interviews in Samburu and Swahili were translated in situ by an experienced
research assistant from the community, fluent in Samburu and English, of which a part were recorded
with consent and transcribed at a later stage. Data was analysed, during and after fieldwork, through
a manual coding system to categorize according to identified topics. This paper focuses on Sesia,
although research did not confine itself to Sesia only, as I ‘went along’ with people and joined them on
daily trips with their livestock, or met with them at places where they were setting up their temporary
camps (lale), or at markets and meetings.

3.2. Study Area

The wider Ewaso ecosystem is part of the intersection between Samburu, Laikipia, and Isiolo
Counties, connected by the Ewaso Nyiro (north) river flowing from south to northeast (Figure 1). This
paper focuses on people from Samburu County, more specifically the area the Samburu refer to as
the ‘red lowlands’, where Sesia is also located. Still, as the Samburu are semi-nomadic, mainly living
within the arid and semi-arid area of Samburu, Isiolo, and Laikipia Counties in central-northern Kenya,
they access resources at distant places within the wider region. Samburu County is administratively
divided into three constituencies: Samburu East, North, and Central. Sesia is located in the Samburu

1 An lmurran [pl. lmurrani] is a circumcised and unmarried Samburu youth, of the age-grade between boyhood and junior
elderhood, who is responsible for cattle herding and long distance migrations with livestock.

2 In Samburu, nkang’ [pl. nkang'itie] refers to home, homestead or settlement. The nkang’ often consists of various households.
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East constituency, and refers both to the Sesia sub-location and the Sesia group ranch. Sesia is part of
the Meibae Conservancy.

Figure 1. Sesia in Samburu, Kenya.

The Samburu population was approximately 223,947 in 2009, 12% up from 2006, with a population
density of 11 inhabitants per km2 [78]. The Samburu communities are heterogeneous and diverse.
Social distinctions among the Samburu are formed around gender, age, clan, sub-clan, location
of residence (highlands or lowlands), level of education, and economic position, among other
factors [51,79–81]. These social distinctions have different meanings over time and shape the way
individuals and groups respond to socio-political and environmental changes and the way they use
natural resources [82–84]. Pastoralism is the main economic activity, with cattle, sheep, goats, and
camels being the most important livestock. Herding is increasingly diversified on the Lorroki Plateau,
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specifically into rain-fed maize cropping, petty trade, livestock marketing, and tourism. Samburu
living outside of these counties are often engaged in livelihood activities other than pastoralism, while
sending remittances back home [21,82,85,86].

Samburu County is approximately 21,000 km2, and is part of Rift Valley Province [78]. Marsabit
is to the north-east, Turkana to the north-west, Baringo to the west, and Isiolo to the east. The Ewaso
Nyiro River comprises the main southern boundary of Samburu, with Laikipia County finalizing the
boundary to the south-east. Samburu County can be roughly divided into the highlands (ldonyo), with
a general altitude of 1500 m, including the Lorroki Plateau, and the lowland plains (lpurkel), with an
altitude ranging between 1140 m and 1500 m. The lowlands can be characterized by four different
zones: the escarpment zone to the western edge of Samburu County; the mountain ranges at the
eastern parts of the district, including the Nyiro Range (2709 m), the Ndoto Mountains (2595 m), and
the Mathews Range (2337 m); the central plains, including the Lbarta Plains (Baragoi), the Swari Plains
(Barsaloi), and lpurkel onyieki (red lowlands, named after the red desert soils southwest of Wamba);
and lpurkel oibor (white lowlands, named after the white stony soil to the east of the Mathews Range),
where elevation drops to 900 m. The soils all over the lowlands are very poor, and fertile soils are
found on Lorroki and the mountain ranges [46].

Generally, the highlands are cold and wet, with an annual rainfall of 1200 mm, while the lowlands
are hot and dry with precipitation averaging between 600 mm and 200 mm. The highlands generally
receive more rainfall because of the long rains (Ln’ger erwa) and the short rains (Lorikine and Ltumurin),
in addition to several showers (Table 1). The lowlands, however, do not receive Lorikine and the dry
season (Lamei Odo, or ‘long hunger’) is longer than in the highlands. The rainfall pattern is typified
as tri-modal.

Table 1. Rainfall peaks in the lowlands and highlands of Samburu.

Season
Ln’ger Erwa
(Long Rains)

Lorikine
(Short Rains)

Lamei Lo’odo
(Dry Season)

Ltumurin
(Short Rains)

Lamei Ndorop
(Dry Season)

Lowlands
(lpurkel) April–May - June–October October–December January–March

Highlands
(ldonyo) April–May July–August September–October + Showers 1 October–December January–March + Showers

1 Occasional showers (Nkokwai (June) Rurume (January), Somson Oibor (February), and Somson Orok (March)) are
more likely to fall on ldonyo.

The highly-localized rainfall based on geographical and topographical locations results in
micro-climates [45,46]. Furthermore, although erratic, a shift in rainfall has been observed over the
past decade, with almost a complete loss of the short showers in the highlands and the lowlands3 [18].

Samburu living in the lowlands move within and beyond the area in order to profit from the
topographically complex, but valuable, variation in climatic conditions and vegetation growth within
this large area. Consecutive prolonged droughts in 1960, 1965, 1971 [46], and 1980, 1984, 1995, 2005,
2006, 2009, and 2011–2015 (a multiyear period of drought)4, impacted the amount of water and
vegetation growth, and led to the loss of livestock. The droughts often last long, specifically in the
lowlands, where rainfall is highly erratic and unreliable.

According to various studies and publications on historical vegetation in Samburu, the lowlands
used to be a grass-dominated savannah with patches of woody vegetation, including dwarf bushes and
shrubs, with the important Ltepes (Acacia tortilis) as dominant dryland tree mainly found along seasonal
rivers [16,46,48]. In the hills and mountain ranges with higher rainfall within the lowlands, dense
forests were—and still are—found, offering forage for livestock in times of drought5. Nowadays, the

3 Interview informant 3 and interview informant 13.
4 FGD Sesia, 12–13 October 2017.
5 Interview informant 14 and interview informant 9.
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lowlands are mainly covered with woody vegetation and annual grasses, suggesting land degradation.
These woody trees and shrubs are green for longer periods of time compared to annual grasses, which
only grow during the rainy seasons [87]. An increase in the Acacia reficiens has been detected, a species
which is considered to curtail the regeneration of grasses and other valuable vegetation. Furthermore,
after long periods of drought, surface runoff is common when rainfall on bare ground takes away
fertile soil and stored seeds, leading to the formation of gullies, as well as the reduction of grasses and
an increase in bushes and shrubs [16,46].

There is only one permanent river in the County, the Ewaso Nyiro6, while many small rivers
and streams carry surface flow for only a few weeks each year (if not less). Smaller streams carry
water after flash floods. The waterbeds of these seasonal rivers and streams hold saline water, which
provides important minerals for livestock, and are accessible through wells dug by hand in the sand
in the riverbeds. The river and wells form the major source of water for the people in the lowlands.
Additionally, sand dams fill up with rainfall water for short periods of time. Boreholes are another
source of water, funded by the local government or missionaries7.

4. Grazing in Samburu

4.1. Historical Grazing and Mobility: Reciprocal Relations, Communal Grazing, and Restrictions

In the past, and for the most part to date, mobility has been central in the lives of Samburu. Before
colonial intervention in Samburu, Samburu pastoralists would regulate pastoral resources under
communal tenure among members of the wider Samburu community, allowing access to different
areas depending on rainfall and vegetation within Samburu territory. Entire families would move with
their herds in groups. As one woman remembered:

“The home was moving bit by bit, to Loroshi, then to Ndigirr, then to Ngorungoru, then
Matakweni, then to Ndigirr again, back to Matakwani, then to Sordo, then to Sarara, then to
Sordo again, to Seramiti, Ndigirr, Nuash, Ndigirr again. There I gave birth to the first born
and back to Seramiti where I gave birth to the second born. Then to Ndigirr, to Nanguarak,
then there was a conflict with the Somali so I left to Ngankare. From that mijoni [abandoned
homestead where there are still some structures standing], to that mijoni to that mijoni up
here where we are now. Move, move, move. We were almost all over this area!” (Interview
informant 21)

Herd mobility took place on a regular but gradual basis; during the rainy season or in areas where
pastures were abundant, the elders set certain areas aside for either settlement or grazing. Following a
system called enata nkop (restricted land), a specific area was restricted during the wet season in order
to be grazed upon when the drought had set in. Only after the pasture inside the restricted area was
gone would families continue to move again. One elder recalled:

“People restricting grazing areas was originally there even before the colonial government.
People used to set aside a portion of land for grazing during the dry season. This was
happening before the introduction of schemes and after. ( . . . ) It was referred as enata nkop”
(Interview informant 2)

In addition to enata nkop, through interviews I was also introduced to the system of lokere.
Although later I will discuss the lokere as it is used currently, the lokere before colonial intervention
was a communal institution where the sick, weak, and young animals from various families could
be placed together. The difference between enata nkop and lokere was not always clear and the terms

6 Although lately showing signs of seasonality: in 2015, the river was observed dry for the first time in living memory.
7 Interview informant 17.
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were sometimes used interchangeably, though the lokere was more often identified as a fenced area.
The lokere would be created at any place of settlement, as families were moving together. As an
elder recounted:

“[T]he elders were cooperating; they were planning for grazing and settlement. In groups
they would move on while grazing specific sites—moving step by step as they graze.”
(Interview informant 20)

Despite various forms of customary resource management, pastoralists were discursively
construed as inferior and unable to manage and use such vast areas of land in an efficient and
productive way [32,36], and colonial control over the Samburu people and their territory was
mediated through grazing management and stock control to recover lands that were perceived
by the colonial administration as ‘devastated by over-grazing’. Strict destocking policies and
grazing schemes were initiated [21,45,46]. The grazing schemes, initiated in 1936 in Lorroki and
throughout the entire Samburu District in the 1950s, through various forms of grazing and stock
control, became a highly contested and controversial issue between the colonial administrators and
Samburu pastoralists. Areas with high-quality pasture and rainfall were demarcated within the
bounded areas of the grazing schemes, which were subdivided into paddocks for rotational grazing,
and where a quota of cattle was established to limit herd sizes. Other measures carried out by the
colonial administration besides controlling grazing included fierce destocking policies and obligatory
off-selling of livestock [21,36,45,46]. Each household was allowed a restricted number of animals,
which had to graze within pre-defined areas at specific times of the year8. In 1960, 31.5% of the entire
Samburu District was under the control of grazing schemes, including the forest areas on the hillsides
where grazing was forbidden. The general trend was an increase in livestock numbers outside of
the schemes, in the more arid and uncontrolled areas. Dissatisfaction with the fierce destocking and
grazing policies grew, and circumvention of the grazing regulations became a form of opposition.
Resistance against grazing control became a strong disadvantage to the colonial administration, and
after a serious drought, the grazing schemes were abandoned in 1961 [36,45,88].

One elder, in describing the period after the abolition of the grazing schemes in Sesia, explained
how the grazing schemes marked the separation between the lmurran and the family and, likewise, the
start of sedentarization:

“When Lkishili was circumcised, schemes disappeared and we came to settle here. That was
the time that the cattle started to move to mountains and other places, and children to stay
with the women. This is how we slowly got into settlement; because if you were an elder
before, you would go around with your animals, but now you would only let the lmurrani
go. The schemes had made lmurrani to leave.” [Interview informant 23]

In the years following independence, the new government did not interfere with grazing
management and strategies in Samburu, neither in the lowlands nor the highlands. People could move
freely over the landscape again and there were no restrictions on the number of livestock owned by
individuals. Another elder informed me:

“Then we didn’t follow any restrictions [regarding grazing]. It was time for Lkishili
circumcision, so everybody went to his clan and didn’t follow any plan. Just we settled with
the clan. Immediately after the schemes ended, it rained El Niño and it was as if everywhere
there was a [grazing scheme]. We had a lot of grass and rain so there was no need for
restrictions or anything.” (Interview informant 24)

This open engagement with space in which livestock movement occurred would still follow rules
of sharing and reciprocity, though without significant restrictions for specified areas in the landscape.

8 Interview informant 15.
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After the rains stopped, however, mobility and Samburu grazing management institutions were
quickly retained. Between 1961 and 1965, elders in Samburu lowlands decided to start managing
settlement and grazing again through the customary communal regulation called nkwe ngishu (‘head of
a cow’, keeping grass for cattle). One elder recounted:

“Then it was the plan of god to not give us rain. It is the plan of god to have the land the way
it is now. Since then, we have started planning to settle in one area and leave another area
for grazing, nkwe ngishu. So we can hold animals at home for some longer time.” (Interview
informant 24)

An nkwe ngishu area does not entail restricted grazing, as is the case with enata nkop, but restricted
settlement; it is the area where one can bring their livestock (specifically cattle) for grazing, especially
on the high-quality grazing sites. Hence, nkwe ngishu, as still in use at the time of writing, is mainly
a strategy to control the construction of homesteads, since settlement is not permitted in an area
designated as nkwe ngishu. The nkwe ngishu area can shift over time, hence, it is not static in space.
Another elder also said:

“Before and up to now, when it rains, there is a line where behind people are not supposed
to settle, and another side where they are not supposed to graze with livestock. Such a line
can be a river between the settlement and the grazing area. And grazing and settlement is
divided.” (Interview informant 8)

Thus nkwe ngishu, as an arrangement, is a term used to designate an area for cattle grazing in
any place one happens to be. Although nkwe ngishu is mainly based on customary rules of resource
allocation, it was also mentioned to be motivated by the colonial grazing schemes where settlement
and grazing were strictly divided.

An elder explained to me that with time, however, it became harder to restrict settlement, and
restrictions increasingly focused on grazing again, instead of on settlements:

“So everyone now started to settle here and there and everywhere, and the land started to
deteriorate.” (Interview informant 9)

In order to deal with increased sedentarization and declining resources, the Samburu, during
the Lkororo age-set (initiated in 1977–1978), started to initiate the mpaka9, as based on the previously
existing enata nkop, implying an area restricted for grazing. The mpaka was meant to reduce conflict
occurring during cattle movements by making it possible for the cattle to be kept at home for longer
periods of time. The mpaka system, as opposed to nkwe ngishu, is less flexible in space and refers to a
restricted designated area. The designated area is restricted during the wet season for grasses to grow,
to be grazed by cattle after the rains. Settling is not permitted in the mpaka, and livestock are only
allowed once the elders have opened the mpaka for the community. Hence, mpaka is associated with
strict boundaries and boundary control. There are diverging understandings of how the mpaka came to
be. Although the term mpaka is the Swahili word for ‘border’, according to various informants, mpaka is
derived from the English ‘park’ and has been given that name by the Samburu to relate to the national
parks10, as they are known to be restricted areas where livestock cannot enter. One elder clarified:

“It was referred as enata nkop, meaning restricted area of which nowadays we call mpaka.
This name mpaka originates from the Samburu National Reserve which was a restricted park.
After the skimi [grazing schemes] we decided also to restrict these areas following the idea
of colonial government as we have seen it was a good management of land.” (Interview
informant 2)

9 FGD Lekiji elders, 13 October 2017.
10 National parks are areas solely allocated by the government for wildlife conservation and management; human settlement

is not allowed.
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As described, customary institutions from enata nkop—an area restricted in order to be grazed upon
when the drought set in—and lokere—an area set aside especially for small and weak stock—gradually
towards institutions as nkwe ngishu—restricting homestead formation in a specific area—and
mpaka—a fixed, restricted area—that were more suitable to manage and deal with increasingly
sedentary lifestyles.

4.2. Post-Independence: Group Ranches and Conservancies

At the same time the Samburu strengthened their customary institutions, the postcolonial
government of Kenya introduced group ranches. The Kenyan government continued to view northern
Kenya as an unproductive and particularly conflict-prone area over which the nation state had no
control [89]. In 1972, under the Land (Group Representatives) Act of 1968, the Group Representative
Officer started to demarcate land on Lorroki and in Baragoi Division for both individual and group
ranches as a way to formalize land tenure. Group ranches are similar to grazing schemes in that
they are a demarcated pasture area with the aim of controlling grazing, encouraging settlement,
and commercializing livestock. Officially, group ranch management, control, and ownership are
community-based instead of externally-owned and enforced. They were meant to link people to a
specific area of land through the concept of membership, which would increase the sense of ownership
and responsibility for the land. Similarly, through group ranches, land degradation could be controlled,
decreasing the need for mobile pastoralism [21,88,90,91].

The Sesia group ranch was initiated in 1976. I was repeatedly told that pastoralists initially did
not like these boundary demarcations. As an elder told me:

“When the group ranch started, Lkishili [age-set] were lmurrani, only people from ldonyo
[highlands] accepted them. We at lpurkel [lowlands] did not like it at all. We did not even
like the introduction of the location [administrative boundaries].” (Interview informant 1)

Resistance against the introduction of group ranches took place by refusing to register as members.
However, this did not lead to the rejection of this form of communal tenure, as a small group of elders
did register, and so the Sesia group ranch came to exist. Two elders and one woman told me very
clearly why they disliked the idea of a group ranch:

“When the group ranch started, many people really didn’t like it because they thought land
was to be taken away. Where would we graze the cow now? At the time, only five people
were registered. Other people thought that one was signing for selling the land away.”
(Interview informant 24)

“It was believed that they participated in land division into group ranches after the white
government left. During the introduction of Sesia group ranch, I remember people being
called for membership registration but no one wanted to participate; luckily the secretaries
and land officers managed to gather only ten people who represented Sesia group ranch.”
(Interview informant 2)

“In that time, people really refused. People didn’t want even to know or hear about what
this group ranch is. During that time we were not people who had gone to school, we didn’t
know people who had gone to school. So we did not know what is going on, so we didn’t
want it. We thought, this is the idea of the Kikuyu people who are coming to divide this land.
Samburu people started to circulate the rumour that land will be divided, a portion to each
individual, and only five cows were to be placed inside! Nobody wanted that.” (Interview
informant 22)

Hence, in 1976 only 37 people were registered as members of the Sesia group ranch, as they did
not trust that the group ranch would be of benefit to them. Furthermore, as entire families were fully
nomadic during the time of implementation, or have since migrated due to conflict, many Samburu
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pastoralists are registered in one group ranch while living in another. As a result, many residents
of the Sesia group ranch are not members of the Sesia group ranch; they have moved over time
towards these areas, but at the time of the group ranch introduction they were residing in Baragoi.
One elder explained:

“We are members of Marti group ranch; it is our fathers’ land because it is our fathers that are
registered. Nobody lives there now because of the Turkana conflict, but we are still members
there. We are not members here in Sesia and we are not sure if we will become members. ( . . . )
Most people here are not registered as members but we have been in these areas for so long
and we only wait for the registration to be announced and we go and register.” (Interview
informant 3)

Additionally, half a century later, after the establishment of group ranches in the Samburu
lowlands, everyone is not yet a member of a group ranch and registration lists are incomplete. Since
the initiation of the Sesia group ranch, the register only opened once more in 1994 when an additional
368 new members were registered. Since then, the registration book has stayed closed, even though
more people want to become members. Over time, people gained more interest in it and saw benefits
of being a member of a group ranch.

“We now understand about group ranches and we want everyone who is originally from
this place to attain membership as we have known this is our own land and we have rights
over it” (Interview informant 2)

In addition to the ability to claim ownership over land through group ranch membership, and the
willingness to secure this ownership for future generations, other benefits of group ranches mentioned
were the opportunity to gain a share in benefits when land within the group ranch is used for certain
investments, such as a hotel, a lodge, or rented out for other projects, or to obtain compensation
for construction works occurring within the group ranch. Some informants also mentioned how
the acceptance of group ranches in the highlands made people in the lowlands also accept the
group ranches.

In addition to local resistance against, and the process of delays in relation to, the instalment of
certain group ranches, 17 of the 48 group ranches in Samburu have neither been approved nor received
final adjudication by either the County Government or the District Government11, including Sesia.
Partly as a result of this unfinished process, but also partly due to unfavourable weather conditions,
among other factors, subdivision of group ranches has not taken place in the Samburu lowlands, as
opposed to the developments that took place in the Samburu highlands [21] and in southern Kenya [92].
Although the process of final adjudication of group ranches will continue, the Community Land Act
of 2016 might lift the process of finalization to the incomplete adjudication and registration of group
ranches in Samburu [40]. This process, however, had not yet been set into motion during my stay.

Although, initially, the group ranches were not desired, their membership and boundary
demarcation have gradually become of importance to the Samburu in the lowlands. However, it
was not until the initiation of conservancies that the Sesia group ranch and its boundaries gained
real importance in the lives of the people. Community conservancies are the newest form of natural
resource governance in the region. A community conservancy is a demarcated area on community
land introduced to stimulate nature and wildlife conservation with a key role for the local community.
Conservancies are intended to improve local livelihoods, economic development, and peace through
tourism and management and control of grazing in Samburu, among others, and are supported by the
Northern Rangelands Trust (NRT) and Samburu County Government, who try to link the community
with a private investor to assist with the start-up of a lodge, for example. These conservancies are

11 Interview informant 18.
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composed of one group ranch, or a conglomeration. Lekiji, for instance, which is located in the Sesia
sub-location and is on the Sesia group ranch, and is part of the Meibae Conservancy, together with
three other group ranches. As many women and elders told me, it was not until the demarcation
of the conservancy boundaries that the exact location of the group ranch boundaries became clear.
Hence, the conservancies brought the group ranch boundaries to life, bringing in a new form of spatial
organization and related (promised) benefits, such as employment, profit sharing, bursaries, and
improved grazing management.

4.3. Current Grazing Institutions in Sesia: Enclosing Space

Currently, in Sesia, land and grazing resources are managed and controlled following the rules
and regulations of the customary institutions, the Sesia group ranch and the Meibae conservancy
combined. Sesia consists of various small permanent towns, a gathering of various single and
aggregated homesteads that, combined, form a neighbourhood, and in some cases with a school
and a shop. One of these small towns is Lekiji. The communities within Lekiji decided over the
use and management of resources together with another neighbourhood, Lkalkaloi. Samburu from
Lekiji have a clear concept of their home-area. This home-area is not necessarily a fixed place, nor
is it clearly defined by hard boundaries; it mainly relates to where one’s family resides and where
important ceremonies have taken place. These home-areas are made up of important points, specifically
water, but also grazing points, which are tied to people living there and who have prior access and
decision-making power over the area. As a woman told me:

“This is our place, nkop’ang [our land], you can go and graze together; it is open. I am from
here, so here I don’t have to negotiate [to access grazing].” (Interview informant 5)

Since the life of Samburu pastoralists in Sesia is organized in long-term settlements, the mpaka is
effectively used in Lekiji. The community living in the wider Lekiji area is allowed to herd livestock
in the mpaka once the elders have opened it. The mpaka is monitored by elders from the two villages,
Lekiji and Lkalkaloi, and those caught grazing their cattle before the season has opened are chased out
and have to pay a fine of three goats. Monitoring occurs to discourage livestock herding by members
of the community, but also by other communities who cross the Ewaso Nyiro from Isiolo County when
the water level is low or when the river is completely dry, as was the case in 2015. Members from other
communities also have to pay a fine when they herd livestock in a closed mpaka. Currently, the term
mpaka is also used to refer to the core conservation zone of the conservancy since, as in the case of the
Meibae Conservancy, the same mpaka area has now become the core zone. In the Meibae Conservancy,
where no tourism facility is constructed, the core conservation zone has the same function as the
original mpaka: to restrict grazing in the area until the elders open it during the dry season.

Mpaka, nkwe ngishu, and the conservancy are institutions at a community level. Outsiders, then,
will have to ask the authorities of Lekiji and Lkalkaloi for permission to set up a temporary livestock
camp (lale) for livestock to graze and use water within that area. At the household level, there are two
ways in which forage is managed: through the system of lokere, as introduced previously, and by the
organization of the use of sagaram. The lokere is an area restricted through demarcation of branches by
the thorny acacia bush. A lokere is nowadays constructed at the homestead level and only the livestock
of that specific homestead are allowed to use the lokere, as opposed to prior to the grazing schemes,
when the lokere was used communally. A lokere can be useful, specifically in the case of a shortage
of herders to take care of the weaker animals, as its purpose is to enable the lkilepo (milking) herd,
together with sick and young or old livestock (mostly cattle), to access grazing in the lokere. Therefore,
the lokere is sometimes referred to as ‘the hospital’, as it is mainly for the young, old, and sick who
cannot cross large distances to either recover or gain strength until the rains return. Previously, the
lokere was also used for the maintenance of the weak stock. An elder remembered:
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“Lokere was also not preferred in the past since people believed that he who has a lokere must
have a sick cow, a sick goat, or his cows would have broken limbs. It’s like an open grave
that desires something to be inside.” (Interview informant 2)

However, conflicts tend to arise involving the lokere. I was told that when, for example, children
herded goats and sheep, it often happened that these would enter a lokere and start grazing inside.
This often created tensions between the owner of the lokere and the owner of the herd. Even more
people started creating larger lokere, which restricted livestock movements and grazing patterns of
other homesteads. Since 1996, in Lekiji and in wider Sesia, in order to avoid such conflicts, the lokere
was abolished. There are places, however, where the use of a lokere is still allowed, for example, around
towns where access to grazing is increasingly difficult. Even the lokere, just like mpaka and nkwe ngishu,
is occasionally compared to the colonial grazing schemes. An elder told me:

“Are you seeing some green trees down there (pointing to near his homestead), on the 14 of
March 1977, I started restricting that area. That is my lokere. Because I saw that during the
schemes, this land was so good. And then I decided to preserve also this small side for my
own benefit.” (Interview informant 9)

Another way in which residents of Lekiji manage forage for their livestock is through controlling
access to sagaram. Sagaram is a seed-pod from the Acacia tortilis, or Ltepes, a common and highly
important tree in Samburu East. The acacia grows mainly along (seasonal) water streams and, hence
cannot be found everywhere. The sagaram has always been an important kind of fodder—especially
for goats and sheep—and, according to the informants, gained special protection and strict regulations
in times of severe drought12. Nowadays, these regulations are year-round and include a strict sagaram
season that is opened by the elders who also regulate the mpaka season; a ban on shaking the tree
(to avoid the premature release of seedpods); and a clear demarcation of which tree can be used by
which family or community. For example, if an acacia is located near a homestead, the members of this
homestead are entitled to use the seedpods from this tree. Furthermore, in Sesia, where seasonal water
streams perform the role of a boundary between two clans, the acacias on one side of the river are only
used by the people living on that side of the river, and vice versa. Sagaram can be taken out of the trees
with a stick, pushing the seedpods out. I was told that the restrictions on sagaram are highly valued,
and they are considered the example to follow for pasture management, too.

During the dry season, or when necessary, the resources of the mpaka, and sagaram trees are
allowed to be used. Access can be obtained upon request, hence, there are no exclusive rights; rather,
there are prior access rights and the right to manage and control. Within a home-area, the members
within that social network are allowed to use these resources if they follow the rules. The rules are
enforced by local elders, who have the authority to announce restricted areas or resources as ‘open’ or
‘closed’. Furthermore, outsiders have to request access from these elders if they wish to make use of
the same pastures or resources as the local residents do.

However, prolonged droughts make it much harder to manage and restrict grazing areas. As one
of the elders informed me:

“I also think this prolonged drought is disorganising people as elders plan their programs
during wet seasons when everyone is at home. It is now one and half years that our cows
are not at home, the rains have been failing all the time, Lorikine fails, Ltumurin fails, and
Ln’ger erwa fails. All of them fail and getting people together at home is hard as everybody is
working harder for his or her livestock to survive drought.” (Interview informant 2)

As can be seen, the previously ‘more open’ form of managing pasture for cattle, the nkwe ngishu,
has been substituted by a stricter and ‘closed’ form, the less flexible and negotiable mpaka, where

12 FGD Sesia, 12–13 October 2017.
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boundaries and their enforcement play a stricter, more important role. The conversion of the mpaka
into core conservancy zones with institutionalized rules or membership and clear boundaries, as
well as ranger patrols, further enforces these boundaries. The communal abolition of the lokere is an
important example of how restrictions can be reduced by engaging in a more ‘open’ way with space
on communal basis, instead of enclosures on individual basis. Other forms of regulations to plan for
sufficient grazing and forage for livestock are shifting as well, e.g., the restrictions on the sagaram
that has become an increasingly important resource to be distributed equally when other nutritious
vegetation is not available. With recurrent droughts and people being away from home often and for
long periods because of prolonged droughts, the management of grazing is particularly challenging.
Samburu from Lekiji find it difficult to implement grazing rules and regulations in the absence of any
grass or people. Hence, during interviews, it became clear that their effective implementation only
occurs during periods of rainfall, when people gather and plan the restriction of certain areas. Lack
of rains, loss of vegetation, and an increase in consecutive and prolonged droughts have made the
management of pasture difficult since planning can, and will, only occur after rain.

4.4. Current Mobility and Access: Complex Distances and Conditional Provision of Access

While people settle, livestock continues to move seasonally only with a section of the household,
the lmurran. When the dry period sets in, the homestead will split the herd according to productivity
and forage requirements. A herd composed of milking cows, young cows, and sick cows, together
with the goats, sheep, camels, and donkeys, will stay at the homestead with the elders, women, and
children, while the ‘surplus’ cattle herds will move with lmurrani to greener pastures. Hence, cattle
will follow different patterns of migration following the lmurrani, who join in small groups to form a
shared lale and organize their temporary homestead. They group with at least two to six lmurrani in
order to share responsibilities and food. These groups shift over time and vary per year and location
of migration. Only in extreme situations of drought will the women and elders move with the goats
and sheep to lale in order to find available forage. Although this is rare, goat-lale—as adaptation to
drought—has occurred increasingly since 2015, which demonstrates that it is becoming harder to find
forage for goats near the homesteads. As a woman told me:

“Goat lale is something new. Very, very recent. Twenty to fifteen years ago, people who
would go for goat lale would not go so far. But now, goat lale is very far, up to Kom people
will go with their goats. Before, 15–20 years ago, they would go to find sagaram with the
goats.” (Interview informant 34)

Previously, the elders, who in principle are the herd-owners, were the main decision-makers on
the movements of the cattle. Elders still have a say in the whereabouts of cattle, e.g., they may decide
upon the movements and length of stay in certain places in order to regenerate grasses elsewhere.
However, with the lmurrani being out with the cattle for most of the time, this has changed as well.
As an elder clarified:

“Also in the past elders were very powerful compared to now. These days elders are less
powerful, lmurrani are the one in charge of where to go and when to move with the cattle,
they are conversant with the grazing areas as most of the time they are outside homes
with the cattle. Elders, nowadays, we have strong power on conservancies that usually
provides us with little grass which is not enough. ( . . . ) Lmurrani are the one in control of
the movement of livestock due to them being away from home for most of the time with
cattle and they are given the authority to move with them as they have been moving across
all this areas and they understand places that can sustain them for long time.” (Interview
informant 2)

Similarly, with the lmurrani moving a lot they spend most of their time in lale. This was not usual.
As an elder remembered of the time he was an lmurran:
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“When I was an lmurran, it was an adventure to go for lale. You would choose to go for lale
only to fatten cows, to activate the bull, to go on adventure, to get medicines from the forest,
to get more milk for the lmurrani only—we would take many lactating cows ourselves and
leave four or five cows behind. When the drought was severe, people move with cattle to
the mountain and hillsides. But this was sometimes dangerous, and then only the lmurrani
would go up with the cattle to set up lale, while the rest of the family would stay behind. But
then a lot of changes happened in the past 20 to 30 years. With this shortage of grass, lale
becomes a force.” (Interview informant 25)

There is a significant shift in the role lale plays in daily life of the lmurrani, but also for the cattle
and the people that are at home. People repeatedly informed me that nowadays, the cattle and the
lmurrani were away from home all the time, and that the cattle have become used to going for lale.
The woman and elders mentioned that they had missed two separate occasions of calf birthing. The
movements with cattle are challenging for the lmurrani, having to spend long periods of time away
from home and accessing grazing in particularly precarious places.

Still, the movement of livestock is carefully planned for, and deliberate choices and alterations
between accessing water and accessing pastures are made on a daily basis. Besides available pastures,
water, and knowledge of the area, it is the social connections that exist or are created ahead of moving
the herd that are often of decisive importance. In case the chosen route leads to an area where a
Samburu community resides, an lmurran will go scouting for pastures (saa), which includes making
arrangements with the local communities about accessing grazing and water resources. Typically,
the lmurran who went scouting will discuss with the elders of that specific community where to set
up the lale, as well as the rules on grazing and water use that are to be followed according to the
regulations of that community (e.g., not to graze in the local mpaka, in the core zone of the conservancy
when applicable, or in the lokere, to respect seasonal rules of sagaram). These negotiations are of high
importance to avoid future disputes. Grazing is in principle only provided based on understandings
of reciprocity. An elder explained:

“We do allow them to graze here freely as long as they adhere to our rules and regulations.
This is because they will also allow us to graze in their [group ranches] too when we do
not have pasture in ours. We have no restriction on grazing across group ranches, we freely
graze everywhere. We allow people to have grass in our group ranch whenever we have
enough grass.” (Interview informant 2)

Additionally, the moving herders are supposed to set up a lale in specific designated areas where
they do not obstruct routes to water points nor reside near existing homesteads to avoid contamination
and spread of diseases. Furthermore, water points are to be shared accordingly. Depending on the type
of water point, the moving herders can either dig their own well in the river bed or use the permanent
water point available. In the case of the latter, clear arrangements are made regarding which day the
moving herd can go to the water point, and which day the local community will use it instead. Finally,
the visiting herds are allowed to stay for as long as there is grazing available. However, if water is
limited, the lmurrani are not supposed to stay long in that specific place, as the residing community
has precedence over water usage. This occasionally leads to being driven away. As an lmurran told me:

“There are many places in between where people are not settled—so these are grazing areas
for many different communities. However, also, such as the grazing area of Naisunyai, the
neighbouring community of Naisunyai, they have their own wells for water, and they do
not share that with visiting communities. So you can only stay there for two days because
of lack of water and then you have to move on. The same in Sera, where you cannot graze
because of the rhino sanctuary, and you are pushed away and have to move on. So, along
the way there are some pushing places that make us move faster to the dry season grazing
areas in Kom, Marti and Laikipia.” (Interview informant 20)
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Another two lmurrani added:

“It is people who chase other people away because they live there. If there were no people, it
is okay to be there.” (Interview informant 19)

Likewise:

“They were pushing us away further for them to preserve grass for their cattle. Thinking that
we will exhaust their grass and they will be left with nothing to graze their cattle” (Interview
informant 29)

In addition to increased settlements which make it harder for lmurrani and their livestock to
access grazing areas along the way, informants also mentioned that the conservancies and their related
benefits and restrictions result in a form of access to grazing for members only. In relation to grazing,
an elder told me:

“There is a small problem of the owners; when it is dry, there is an area that is called mpaka,
which is grass only for the people from that area. The laleta are chased away from that place.
So that the grass is for a few cows from Westgate only and not for the others.” (Interview
informant 23)

Furthermore, in relation to benefits accrued from conservancies, a woman explained13:

“Yes it is free, you can go and graze on others peoples group ranch [conservancy]. There
is no problem. Also people can come and graze also in Sesia if there is enough grass. But
whenever there is an income for the group ranch, that is now where the problems start. They
will say ‘you do not belong here, so you should not benefit from this’. It is money that created
the problem for grazing on other people’s group ranch.” (Interview informant 31)

Consequently, settlements, mpaka, the restrictions stemming from wildlife conservation areas,
and membership-based benefits related to conservancies clearly make it harder for lmurrani and other
herders to move on with their livestock over specific areas. As these places are increasing, there is also
an increase in the driving away of lmurrani and other herders with their livestock to further places
where there are no conservation areas or settlements. Moreover, grazing based on this principle of
reciprocity is changing. There is a gradual change towards conditional provision of access. An elder
informed me:

“Before we have been allowing people to graze freely and settle randomly where they would
like to, but for now we have a policy that everybody should plan for their own grass as we
are not going to share with them. We will not accommodate [other Samburu pastoralists]
anymore so that at least our forage will last for a longer time. We are not going even to graze
in their areas.” (Interview informant 1)

Additionally, an lmurran told me that access should only be provided conditionally:

“It [mpaka] should be closed for a short time only, not for so long, because otherwise other
people from other areas will come in and graze together with us and this is not good. We have
conserved the grass for ourselves and then it will be finished in a very short period—and
then we have to move.” (Interview informant 19)

This conditional provision of access does not only count for pastures, as an elder added:

“We will not allow people to get our sagaram if they do not restrict it themselves.” (Interview
informant 32)

13 Note that ‘group ranch’ is used in order to refer to ‘conservancy’.
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In other words, a clear understanding of boundaries and the people who belong with them
has prompted this shift towards conditional provisioning of access. Only people from a particular
community can use the nearby resources unconditionally, while people from other communities can
only use those resources if they have restricted and managed their own resources as well. This new
form of conditional provisioning of access to grazing is not always respected nor adhered to by lmurrani
moving with cattle. Boundaries are crossed without consent and often by night. People also mention
that this is a result of weakness and a lack of obedience to the elders. With the increase of boundaries
and restricted areas, people are more likely to cross boundaries without consent and access sagaram
before the season has opened, leading to an increase of fines, sanctions, and struggle.

In addition, instead of accessing pastures within Samburu County, which are either not available
for outsiders or which have gone dry, lmurrani move with their herds to saatia: a place that has a large
amount of grass. These areas are usually avoided, although they are considered ‘sweet spots’ and have
some of the best forage available in large quantities. These border areas are unused due to diseases,
conflict, or because there is no water available. As mentioned, the frontiers of Samburu County in
Kom (bordering Isiolo County) and the Lbarta plains near Baragoi (bordering Turkana County) offer
grazing sites where recurrent conflicts between other pastoral communities take place. People do not
live here anymore due to hostile conflicts between the Samburu and the pastoral Borana and Turkana
communities. These ‘refuge’ areas are grazed upon only during extreme drought when people have no
other choice; they are dry-year places and are not considered to be part of the routinely-chosen spots
for easy grazing. Mostly, an lmurran will only go to saatia if he has arms at his disposal. Laikipia is also
considered a saatia with a large amount of pasture, although here the pastures are privately owned for
ranching and/or conservation and tourism purposes. On private land, lmurrani bring their cattle to
graze at night. In some cases, lmurrani are arrested and have to pay heavy fines for trespassing. An one
lmurran informed me:

“We just go around these plains during the day and we graze at night in the ranches.”
(Interview informant 28)

It can be concluded that it came to a point where the herders with cattle, and increasingly with
goats, have to be on the move all the time. The family wants their animals and lmurrani to be at home.
The lmurrani themselves want to be at home to sing, to dance, and to drink milk together with the rest
of the family. Instead of herding cows in distant places, many lmurrani prefer to stay home and take
care of the goats and camels. As a number of lmurrani told me:

“It is getting hard, because the cattle takes you to a place where it is hot and fight with people.
You go to Kom, you fight, you go to Baragoi, you fight, you go to Laikipia, it is a problem
too. We do not know now what to do with the cows.” (Interview informant 19)

In the same way:

“[W]ho wants to buy cows now? You better buy camels! Cows [sigh]... they can take you to
Kom, to Baragoi ...” (Interview informant 12)

5. Discussion

5.1. Reciprocal Relations and Enclosing Space

Customary institutions to manage and access grazing still appear to play an important role in
the governance of resources in the lowlands of Samburu. There is a general perception, however,
that these institutions have changed significantly over time. Given the explanations of informants,
changing weather conditions, permanent settlements, but also (post)colonial interventions have,
combined, played a role in the shifting practices of grazing management and mobility. Whereas
previously-restricted areas were rather flexible in space, such as the enata nkop and lokere, gradually
these were exchanged for institutions that are more fixed in space, such as the nkwe ngishu and mpaka.
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Apparently, the shift towards less flexible institutions came along with increasing sedentarization
and permanent settlements of the Samburu pastoralists. In addition, colonial and post-colonial
interventions, which introduced spatial boundaries aimed at fixing spaces for grazing and settlement,
may also have resulted in an increase of sedentary lifestyles and motivated, locally, a strict division of
settlement and grazing as well. Initially, these boundaries did not withhold Samburu from practicing
mobility based on rules of reciprocity. Based on reciprocal relations and the rule of elders, mobility and
access to resources in areas where other members of the Samburu community were residing continued
to take place. While settlement increased, and grazing areas were strictly controlled by the elders,
weather conditions also marked changes and access to resources became more complex. Livestock
mobility involved longer distances and it became more difficult for the elders to maintain strict rules
over restricted grazing areas for two reasons. Firstly, as people and livestock were more often away
from home it became more difficult to organize and regulate restricted areas. Secondly, the boundaries
of restricted areas were more often crossed without permission of the elders. This suggests a general
weakening of the control of elders over customary institutions. In contrast, however, the abolition by
the elders of the individual lokere shows that the elders continue to have a say in matters related to the
enclosing of space. It may also suggest that the lokere, as it is an enclosed space on individual basis, has
relatively little support at community level as it does not benefit the community as a whole. The lokere,
then, instead of providing grazing and other benefits to the entire community, such as those the mpaka
is supposed to bring, is only to the benefit of those who are able to maintain a lokere. Additionally, as
it brought a great deal of struggle and conflict among members of the community, the decision by
the elders to abolish the lokere gained significant support from within the community. At the same
time, this might explain why other enclosures, such as the mpaka and nkwe ngishu, are not abolished by
the elders.

5.2. New Rules of Access

The findings suggest that, while livestock mobility involves longer periods and more complex
distances due to a shrinking resource base, the value of reciprocity is eroding. With the introduction
of group ranches, followed by conservancies, other layers of boundaries were introduced in the
landscape. Although the current conservancy boundaries already existed prior to their introduction of
conservancies, their meaning and interpretation changed: the boundaries became a marker to identify
who is entitled to the benefits accruing from the conservancies, and who is not. Hence, reciprocity as
a form of mutual access to resources has gradually been replaced by conditional provision of access.
While reciprocity is eroding, there is a continuous trend towards a more rigid understanding of spatial
boundaries demarcated on the land leading to a ‘closed engagement with space’ [15,24,93]. This closed
engagement delineates a stronger connection to a certain place where clear spatial boundaries are
drawn and bounded territories are formed. Where, previously, access was guaranteed based on social
networks and relations of reciprocity, there are now processes of exclusion at play, implying a different
approach to access resources. Instead of providing access to fluctuating resources, as was initially the
case, processes of exclusion imply a stronger focus on the land itself [62]. Group ranches and their
(externally-initiated) transformation into conservancies are currently of great importance for such
processes of conditional access, fuelling struggle, and conflict. Despite the transformations, boundaries
are crossed at times legitimately or illegitimately.

Furthermore, this case illustrated that changing socio-political and environmental circumstances
affect natural resource governance and access, involving spatial reconfiguration. This shifting
engagement with space, however, is not merely a result of (post)colonial policies and practices
gradually changing Samburu resource governance and territories, but also the interpretation and
implementation by Samburu pastoralists and their strategies to reach their own goals, as can also be
seen in other examples where certain processes and interventions create openings on the ground for
processes of boundary making and struggles over resource access, power, and space [24,66,93–95].
However, although the conditional provision of access might seem valid, conditionality might not
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be the most suitable way to control access in a landscape where rainfall is heavily fluctuating in
time and space. Restoring and strengthening values, such as reciprocity, could overcome strict
membership-based access, and seeing the separated conservancies and home-areas as part of a
connected and integrated landscape instead of a grid of enclosures could bring back a more open
engagement with space, which is of vital importance to pastoralists in the drylands. Even though
mobility is evidently of major importance to pastoralists living in drylands, policy and project
implementation has historically been driven by the imperative to secure land tenure and improve
pasture in bounded areas. Although the Kenyan government has shown an interest in pastoral
livelihoods, and suitable policies for the development of pastoral areas have followed, opportunities
to support institutions that promote mobility have been given insufficient attention. Policies still
reflect the need to ‘improve the rangelands’ through management of grazing, and the securitization of
tenure through both land rights and ownership in an enclosed manner, as opposed to the management
and support of mobility strategies and institutions [7,15,41,45,46]. Hence, the inherent paradox
whereby policies for securing access to resources generally go hand-in-hand with an increase in spatial
boundaries that limit mobility and tend to result in growing uncertainties in terms of access to grazing
and water [96]. Therefore, State policy and legislation on how to secure tenure to mobile pastoralists
should start to include support for livestock mobility within and between pastoralist communities in
order to foster mutual sharing. This includes regulations among communities to enhance mobility as a
way to overcome the boundaries that have come to exist. By-laws based on customary forms of mobility
and grazing management, for example, could be formulated in a truly participatory way by the local
government and the organization responsible for initiating the conservancies. In doing so, closer
attention should be given to what factors actually support, and limit, livestock mobility. Furthermore,
governing mobility is mutually constitutive of the governance of rangelands [7]. Hence, livestock
mobility will enhance the regeneration of grazing resources. Additionally, the securitization of land
at the regional and national scales should occur without the need to fix people to specific bounded
spaces, and the violation of pastoralist land use and ownership should carry heavier penalties.

6. Conclusions

This paper has provided a deeper understanding of shifting engagements with space by focusing
on new sets of relations that emerge in the processes of gaining and controlling access to resources.
I conclude that livestock mobility for Samburu pastoralists in the lowlands involves longer periods and
more complex distances due to a shrinking resource base and new rules of access. Communal grazing
and pasture management institutions are (re)formed and (re)enacted in this increasingly enclosed
landscape. Access to pastures and water has to be negotiated beyond social networks. Processes
of inclusion and exclusion do not solely follow the pastoral logic of reciprocity, which is becoming
less common. Instead, access is based on an increasingly complex set of interactions, relations, and
boundaries, which makes it more difficult to maintain access to pastures and water. Furthermore, as
recurrent droughts and livestock losses continue, herders are turning to crossing boundaries without
permission to access pastures, leading to increased struggle and conflict.

As argued at the beginning of this article, livestock mobility is of vital importance to Samburu
pastoralists. Due to related struggle and conflict occurring in the landscape, and the complexity of
colonial legacies, State policy, biodiversity and wildlife conservation, and local interpretations and
processes, it is urgent to identify appropriate strategies to support such livestock mobility. These
strategies must operate locally while being connected with socio-environmental and political processes
within the wider landscape. As a result of conducting this research, I propose that policy emphasis is
given to locally-formulated by-laws which support reciprocal use and access of resources as a means
to strengthen landscape-level interconnectivity integrating people, land, and resources. At regional
and national scales, these by-laws will have to be incorporated into relevant social and environmental
policy and planning documents.
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Abstract: Rangelands throughout sub-Saharan Africa are currently undergoing two major pressures:
climate change (through altered rainfall and seasonality patterns) and habitat fragmentation (brought by
land use change driven by land demand for agriculture and conservation). Here we explore these
dimensions, investigating the impact of land use change decisions, by pastoralists in southern Kenya
rangelands, on human well-being and animal densities using an agent-based model. The constructed
agent-based model uses input biomass data simulated by the Lund-Potsdam-Jena General Ecosystem
Simulator (LPJ-GUESS) dynamic vegetation model and parameterized with data from literature.
Scenarios of land use change under different rainfall years, land tenure types and levels of wildlife
conservation support were simulated. Reflecting reality, our results show livestock grazing as the
predominant land use that changes with precipitation and land tenure leading to varying livelihood
strategies. For example, agriculture is the most common livelihood in wet years and conservation
levels increase with increasing support of wildlife conservation initiatives. Our model demonstrates
the complex and multiple interactions between pastoralists, land management and the environment.
We highlight the importance of understanding the conditions driving the sustainability of semi-arid
rangelands and the communities they support, and the role of external actors, such as wildlife
conservation investors, in East Africa.

Keywords: agent-based-model; climate change; conservation; grazing; pastoralists; precipitation;
savannahs; social-ecological systems

1. Introduction

Rangelands occupy 45% of the earth’s land surface and 61% of the African continent [1] with
35% of African rangelands under permanent pasture [2]. They include grasslands, shrublands and
savannahs used largely for livestock production and wildlife conservation that are often characterized
by low productivity, sparse human population and common land use [2,3]. About 60% of global
rangelands are relatively dry [1] with water scarcity common during certain months of the year [4,5],
leaving any local human populations who are dependent on their ecosystem services at risk that is
often mitigated by migration.

In East Africa, ecosystems are shaped by long term interactions between changing climates
and human activities [6,7]. Human impact, through land use change, is one of the strongest factors
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changing rangelands and is driven by the demand for ecosystem services [3,8]. However, rainfall
is a major control of human land use options [9]. Rainfall seasonality affects pasture production
independent of mean annual rainfall [10]. Rainfed agriculture is only viable in areas receiving at
least 700 mm year−1 of rainfall [9,11]; thus, pastoralism is the main livelihood strategy in areas of
low and/or highly variable rainfall [12]. Wildlife and livestock utilize rangelands in complimentary
ways [13–15] where livestock grazing maintains the rangelands for wildlife by keeping them open and
as hotspots of biodiversity [16,17].

In arid and semi-arid areas of Kenya, the pastoral economy accounts for 90% of all employment
opportunities and 95% of household income [18]. Pastoralists in Kenyan rangelands were organized
in group ranches to allow members to own land communally, to improve livestock production
and encourage socio-economic development [19]. To reduce their vulnerability to unfavorable
climates and socio-economic factors, pastoralists use various adaptation and coping mechanisms
such as movement of livestock, changing livestock herd composition and selling stock to get
money [18,20,21]. In the 1970s, the Kenyan Government deemed pastoralism as an inefficient land
use type [22] and encouraged sedentarization and/or land subdivision, commercialization and
privatization of communal group ranches [23,24]. Furthermore, leadership in the group ranches
was ineffective and did not provide equitable distribution of resources to all group ranch members
leading to their dissatisfaction and prompting further subdivision [19,25]. As a result, by the
end of the twentieth century, the future of exclusive pastoralism in East African rangelands was
uncertain [10,26]. With increasing sedentarization and subdivision; land tenure became an important
driver of pastoralists land use change decisions, agriculture expanded in wet areas and near permanent
water bodies [22,27,28] and wildlife conservancies were formed in response to changing climatic,
socio-economic and political factors [3,17,29].

The sustainability of pastoralism is primarily threatened by climate and land use change [30]
and its success depends on rainfall patterns, land availability, forage availability and socio-economic
changes. About 65% of the pastoral population living in arid and semi-arid areas in Kenya live
below the poverty line [31]. With low income, decreasing livestock numbers and increasing climate
variability, the number of pastoralists that can rely entirely on livestock reduces making livelihood
diversification and/or intensification a necessity [1,10,11]. Pastoralists who can no longer sustain
themselves by livestock grazing use their land for agropastoralism, agriculture or real estate. These
land use transformations cause rangeland fragmentation through the loss of connectivity between
landscapes [23].

In contrast to some other parts of Africa, diverse wildlife species still coexist with pastoralists
and agropastoralists within East Africa [1,11]. The rapidly growing human population, multiple
socio-economic and political factors and the interaction between pastoralist activities and wildlife
pose a challenge on how best the sustainability of East African rangelands can be addressed.
This unique interaction between humans and rangeland ecosystem services make them complex
social-ecological systems where adaptations between the social and ecological components need to be
understood. Additionally, it is by understanding the interactions between pastoralist livelihoods and
the environment that more sustainable management of pastoral lands futures in East Africa can be
developed. As the interactions between components in social-ecological systems are complex, nonlinear
and adaptive, perspectives from social and natural environments have been used to understand
them [32]. However, integrating these perspectives is challenged by the difficulty of understanding
the interactions between multiple ecosystem services and trade-offs in human impact [33] making
simulation modelling a potential tool to quantitatively address the response of pastoral activities
to changing socio-economic and environmental factors [34]. As such, integrated modelling could
contribute to answering important questions of interest to conservation researchers and practitioners,
including: Which driver (biological, climatic, or anthropogenic) is more important in driving livelihood
strategies in rangelands? How can payment for ecosystem services enhance conservation activities
in rangelands? How can trade-offs between conservation and national development be addressed to

52



Land 2018, 7, 47

promote sustainable development? Who are the likely “winners” and “losers” in rangelands under
climate change scenarios?

Our study aims to understand grazing and sedentarization levels in southern Kenyan rangelands
using an agent-based model to simulate pastoral land use decision making criteria and the impact it
has on animal densities and pastoral livelihoods. Two objectives were used to address this research.
First, we aim to show land use change across different rainfall years and land tenure scenarios. These
land use change types are simulated over varying levels of wildlife conservation support in form
of maximum annual income per land use type. Second, we aim to establish the impact of land use
change on livestock densities, wildlife densities and pastoralist income. These impacts are simulated
over nine different scenarios of rainfall and land tenure. We hypothesize that rainfall variability and
socio-economic changes influence pastoral land use change decisions as pastoralists select the land
use type that remains most profitable despite changing rainfall and socio-economic patterns. We also
hypothesize that the land use selected by pastoralists drives their well-being and animal densities
in rangelands.

2. Study Areas

The Amboseli and Mara ecosystems in southern Kenya were selected for study as their ecologies,
historical land use types and conservation use have broadly been similar but have changed over
the recent past due to varying pastoral sedentarization levels, social-economic development, and
conservation initiatives. The Amboseli ecosystem consists of the Amboseli Basin, which is mainly the
Amboseli National Park, and the group ranches surrounding the park (Figure 1). The park provides
a dry season grazing reserve for wildlife while the group ranches surrounding the national park
provide wildlife dispersal zones. For instance, the Kimana group ranch provides a migratory corridor
for wildlife migrating between the Amboseli, Chyulu Hills and Tsavo National Parks/Reserves.
The group ranches were formed under the Land Act of 1968 which aimed to incorporate landowners
in collective management of pastoral land and resource use [35]. The group ranches were meant to
encourage pastoralists to maintain a sizeable herd and to limit livestock grazing within their group
ranch boundaries [36]. However, the group ranches were ineffectively managed and the pastoralists
neither reduced their herds nor restricted grazing to their ranches leading to group ranch subdivision
from the mid-1980s to present [1,36].

Rainfall in Amboseli is influenced by altitude [31] where higher rainfall areas occur along the
northern foothills of Kilimanjaro (>800 mm year−1) and Chyulu Hills (500–600 mm year−1) [1] while
lower points such as the Amboseli receive an average rainfall of 350 mm year−1 [37,38]. There are
two annual rainfall seasons (November–January and March–May) and sometimes one or both of
the rainfall seasons fail [1]. The ecosystem is characterized by a series of swamps, streams and
rivers that are supported by the underground flows from Mt. Kilimanjaro [35,39]. Grasslands
in Amboseli are dominated by Chloris rocksburghiana, Eragrostis tennuifolia and Sporobolus spp.,
woodlands are dominated by Commiphora and Acacia spp., swamps and flooded areas are dominated
by Acacia xanthophloea, Cyperus immensus, Psilolemma jaegeri and Salvadora persica and the slopes of
Kilimanjaro and Chyulu Hills are dominated by broad leaved dry tropical forests [38,40,41]. Our study
was only interested in the drier parts of Amboseli and covered the Amboseli National Park and the
surrounding pastoral group ranches (Figure 1).

The Mara ecosystem is north of the Serengeti ecosystem in Tanzania and provides dry season
grazing reserve for wildebeests migrating from the Serengeti [42]. It consists of the Maasai Mara
National Reserve and the surrounding group ranches which form wildlife dispersal zones (Figure 1).
These group ranches also act as a buffer between the national reserve and the agricultural lands in
the north of Narok County that are largely under mechanized agriculture [27,40,43]. The Mara is
characterized by two rainfall seasons (November–December and March–May) with a gradient from
the dry south eastern parts with an average rainfall of 500 mm year−1, to the wet north-western
parts with an average rainfall of 1200 mm year−1 [40,44]. The average temperature is 18 ◦C [45].
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There are several permanent and seasonal rivers and streams in the Mara and they all flow into the
Mara River [46]. Vegetation in the Mara is characterized by open woodlands and forests along river
and water courses [46]. Our study area in Mara covered the Maasai Mara National Reserve and the
surrounding group ranches (Figure 1).

Figure 1. Amboseli and Mara ecosystems in southern Kenya and the surrounding group ranches
(numbered 1–15). Group ranches 1 to 7 are in Amboseli while group ranches 8 to 15 are in
the Mara. The name for the numbered group ranches are as follows: 1—Kuku, 2—Kimana,
3—Olgulului/Ololorashi, 4—Mailua, 5—Osilalei, 6—Lengesim, 7—Kaputei South, 8—Kimintet, 9—Ol
Kinyei, 10—Maji Moto, 11—Siana, 12—Naikara, 13—Naboisho, 14—Lemek and 15—Oloirien. Those
areas specifically modelled in this investigation are shaded. Group ranches in Amboseli were digitised
by the International Livestock Research Institute (ILRI) while those in Mara were digitised by Benson
Maina. Base layer Source: National Geographic.

3. Methods

Agent-based models (ABMs) are used to study complex adaptive systems made up of interactive,
autonomous agents which give the system an ability to adapt, self-organize and show emerging
patterns [47–50]. They simulate the behavior of agents from bottom-up to show the influence of
individual agents in explaining the emergent patterns of a system [51–54]. ABMs can be used to link
biophysical and socio-economic components of a system by incorporating outputs from biophysical
process-based models as input data and linking them to other socio-economic factors simulated in the
model [34,51,55].

The Lund-Potsdam-Jena General Ecosystem Simulator (LPJ-GUESS) dynamic global vegetation
model [56,57] is a deterministic, process-based dynamic global vegetation model that simulates
changes in vegetation dynamics and biogeochemical cycles as a function of changing climates [58–62].
LPJ-GUESS uses gridded time series climate data, atmospheric carbon dioxide (CO2) concentrations
and soil physical properties as input data [62]. Vegetation is described as plant functional types (PFT)
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distinguished by bioclimatic limits, morphological, phenological, life history traits and photosynthetic
pathway [60]. Simulated vegetation dynamics arise from competition for light, space, and soil
resources among plant functional types [57,63]. Validation of LPJ-GUESS has been done by measures
of vegetation structure, composition and productivity [61], and with vegetation maps, remote sensed
and pollen data [64,65].

We apply an ABM to a social-ecological system [66] in Amboseli and Mara ecosystems in southern
Kenya to understand the feedback between pastoral land use activities and natural resources. We link
our custom-build ABM (details below) to LPJ-GUESS dynamic global vegetation model.

3.1. Our Model Description and Dataset

We developed a novel ABM in NetLogo (version 6.0.2) [67]. To the best of our knowledge, this
is the first model that integrates a process-based dynamic global vegetation model and an ABM to
assess the interaction between climates, livelihoods, and conservation in East African rangelands.
The description of the model follows the ODD (Overview, Design concepts and Details) protocol
(Appendix A) [68,69] formulated to make models complete, reproducible and easy to communicate [70].
The period for the ABM is from 1950 to present. To parameterize ecological and socio-economic
variables used in the ABM, we used data on animal densities, grazing rates, income levels, household
densities and irrigation probabilities from literature focused on pastoralists/agropastoralists in the
study areas [39,71–73] and from the 2009 Kenya census [74] (Table 1).

Table 1. Model variables, their descriptions and data sources. Variables are divided into two types:
fixed variables are constant throughout the model run, while updated variables are continually altered
throughout the model based on other parameters.

State Variables Description/Units
Variable

Type
Data Source

Land tenure—type of land ownership Communal, government and
private fixed Randomised (see

Appendix A)

Land use—current land use in the land area

Livestock grazing, irrigated
agropastoralism, agriculture,

livestock grazing with conservation
activities and built-up

updated Assigned via the
NetLogo model

Households—the density of homes found
in the land area

Number per kilometre squared
(#/km2) fixed [74]

Distance to the road—the closeness of a
grazing land to the nearest all-weather road km fixed [73]

Irrigation-probability—the likelihood that a
pastoralist will irrigate his/her land based
on the overall likelihood of irrigation in the

study areas

Probability of 0–1 fixed [75]

The annual income earned from specific
land uses practiced in 1 km2 land area Dollars per year ($ year−1) updated [40]

Income—the highest income from different
land uses practiced in 1 km2 land area $ year−1 updated Calculated by the

NetLogo model

Grass biomass—the amount of grass
available for livestock and wildlife grazing

in 1 km2 of land area

Kilograms per kilometre squared
(kg/km2) Updated LPJ-GUESS [56,57]

Livestock density—the number of tropical
livestock units (TLU) in 1 km2 of land area TLU Updated [40]

Wildlife density—the number of wildlife
found in 1 km2 of land area #/km2 Updated [39]

To represent the density of livestock in the ABM, we used tropical livestock units (TLU). TLU are
a composite index used to standardize livestock species according to their body weight whereby one
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TLU is equivalent to 250 kg which is the weight of a female zebu cow [13,40,76,77]. TLU as a measure
allows comparison of livestock species and wealth across pastoral households [78] whereby a cow
is approximately 1 TLU and one goat or sheep is 0.125 TLU [13]. Other ABM studies that use TLU
to understand the behavior of pastoral systems in Africa include [34] who simulates the decision
making system of household heads with regard to ecosystem services and [49] who studied the role of
herd numbers and stochastic events on the growth of herds. For each parameter we used the mean
and standard deviation to incorporate stochasticity in the ABM. To capture multiple land use change
behaviors observed in the ABM, we applied the principle of pattern oriented modelling [79] in the
model design. We used insights from semi-structured interviews conducted with pastoralists in the
study areas in January and February 2016. The interviews focused on questions on the history and
drivers of land use patterns, land tenure, livelihood strategies and land management. In the model,
the important role of government policy in advocating for land subdivision in the study areas is
reflected through the land tenure variable that has three land tenure scenarios (communal, government
and private).

Long term mean rainfall and temperature estimates from Climatic Research Unit TS 3.0
dataset, Climate Research Unit (CRU) University of East Anglia [80] were used in LPJ-GUESS to
simulate vegetation biomass for the Amboseli and Mara ecosystems for the period between 1950 and
2005. As LPJ-GUESS simulations are run at both daily and annual time steps over a spatial resolution
of 0.5 degrees [81], we simulated grass biomass annually and converted the output to kg/km2. Grass
biomass from three representative years in Amboseli (1990, 1993 and 2001) and Mara (1983, 1987 and
1994) were used to represent dry (low biomass), normal (medium biomass) and wet (high biomass)
years respectively. Grass biomass was then used as input data for the ABM and used to simulate grass
biomass that was available to wildlife and livestock based on their feeding rates and the land use
practiced on a given cell. The model assumed an animal of 250 kg (equivalent of one tropical livestock
unit) grazes on 2500 kg of dry matter per year [72]. It also assumed that all cells used for livestock
grazing land use were grazed by livestock alone, half of the cells used for irrigated agropastoralism
land use were grazed by livestock, one-third of the cells used for livestock grazing with conservation
land use were grazed by livestock while two-thirds were used by wildlife and all the cells used for
agriculture and urban land use types had no livestock or wildlife grazing.

From the grass available for grazing, wildlife and livestock densities were simulated for each
cell. Animal densities, together with the likelihood of irrigation, type of land tenure, distance to
road, household density and the price of livestock were then used to simulate the potential income
a pastoralist can earn from different land uses in a given cell. From each cell, the land use type that
had the highest income was then selected as the preferred land use type. In addition, the wildlife and
livestock density in that cell were simulated as model outputs.

As our model was interested in understanding land use change types and their impacts on animal
density and pastoralists’ income, it was not spatially explicit. However, the patterns underlying the
designing and implementation of our model are based on patterns observed and documented for
Amboseli and Mara.

3.2. Simulation Experiments

Scenarios

We used repeated scenario experiments to explore a range of possible behaviours of the system from
changing interactions between model variables. In the model, the variables used for computing different
scenarios are the types of rainfall years (dry, normal and wet), and land tenure (communal, government
and private), combined with modification on the amount of money available to support pastoralists
who are willing to rent their land to be used for wildlife conservation (ranging 0–1000 $ year−1)
(See Appendix A for full details). Simulation of each scenario was done independently from the start to
the end and there was no alteration between scenarios when running the model.
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4. Results

Our main findings were: (1) with no conservation subsidies, livestock grazing remains the main
land use type on dry, normal and wet years across all land tenure scenarios; (2) agriculture levels
increase on subdivided and privatised land on all rainfall years; (3) provision of conservation subsidies
heightens livestock grazing with conservation land use and; (4) livestock numbers, wildlife numbers
and pastoralist income go up with higher conservation subsidies and decline with low conservation
subsidies. Broadly, our findings were consistent across both Amboseli and Mara, and so we focus on
Amboseli here, highlighting any differences with Mara throughout. For further details on the results
for Mara please see the supplementary information.

4.1. Land Use Change in Normal Rainfall Year

Our model assumed the normal rainfall year formed the baseline conditions in the rangeland.
The levels of irrigated agropastoralism land use under all the different scenarios was negligible while
livestock grazing with conservation was not practiced when there were no conservation subsidies.

In a normal rainfall year, the three land tenure scenarios are dominated by livestock grazing
when there is no budget to support conservation initiatives. When the conservation budget increases,
livestock grazing with conservation becomes the predominant land use type followed by agriculture,
livestock grazing and built-up land uses (Figure 2). Compared to communal and government land
tenure scenarios, the private land tenure scenario had higher levels of agriculture.

Figure 2. Comparison of land use types at different levels of conservation subsidies in Amboseli. In (A)
there is no conservation subsidy, in (B) the conservation subsidy ranges from 10 to 100 $ year−1 while
in (C,D), the conservation subsidy ranges from 110 to 200 $ year−1 and 210 to 1000 $ year−1. In all
the graphs, the three land tenure scenarios are labelled as ‘Tenure’. The error bars represent 95%
confidence interval.
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4.2. Land Use Change in Dry and Wet Rainfall Years

Land use trends during the dry rainfall year are mainly similar to the normal rainfall year apart
from the private land tenure scenario where increase in agriculture levels is higher (Figure 2). One key
difference between Amboseli and Mara in a dry rainfall year is that in Mara, under the private land
tenure scenario, livestock grazing decreases as agriculture increases while in Amboseli livestock
grazing does not decline as agriculture increases.

In a wet rainfall year, livestock grazing is the main land use type in communal and government
land tenure scenarios. However, under the private land tenure scenario, both livestock grazing and
agriculture levels are high.

4.3. Land Use Change over Different Conservation Budgets

In a normal rainfall year, as the conservation budget increases, livestock grazing with conservation
dominates and all other land uses decline leading a wide margin between the levels of livestock grazing
with conservation land use and other land use types. Under the private land tenure scenario, between
10 and 90 $ year−1 of conservation budget, agriculture is the main land use type after which livestock
grazing with conservation dominates as the conservation budget increases.

In a dry rainfall year, under communal and government land tenure scenarios, livestock grazing
is the predominant land use type at conservation budget of 10 $ year−1. However, when the budget
increases to 20 $ year−1, livestock grazing with conservation becomes the main land use type followed
by agriculture, livestock grazing and built-up in that order with the built-up areas surpassing livestock
grazing as the conservation budget continues to rise. Similar trends are observed in the Mara. However,
unlike Amboseli, overall trends in the Mara show agriculture levels declining faster as conservation
budget increases. During a wet year, under the communal land tenure scenario, a provision
of 10–20 $ year−1 of conservation budget raises the level of livestock grazing with conservation.
Similar trends are observed under the government land tenure scenarios. However, land use trends
differ between Amboseli and Mara under the private land tenure scenario. In Amboseli, below a
conservation budget of 150 $ year−1, the private land tenure scenario has high levels of agriculture
and livestock grazing with conservation and low levels of the built-up and livestock grazing land
use. At 160 $ year−1, livestock grazing with conservation and agriculture are practiced in somewhat
equal levels after which agriculture decreases as the conservation budget increases. In Mara, when a
small budget (<20 $ year−1) is available for conservation, agriculture increases as livestock grazing
diminishes and at 30 $ year−1 of conservation budget, livestock grazing with conservation land use
overtakes agriculture and increases proportionally with increasing conservation budget.

Under all three land tenure scenarios, in a wet rainfall year, the level of livestock grazing with
conservation in Mara is higher than in Amboseli while the levels of agriculture and built-up land are
higher in Amboseli than in the Mara.

4.4. Impact of Land Use Change on Wildlife, Livestock and Pastoralist Income

Overall, wildlife density was higher in a wet rainfall year compared to normal and dry rainfall
years (Table S1). It was also higher under communal and government land tenure scenarios than under
the private land tenure scenario. In all rainfall and land tenure scenarios, as the conservation budget
goes up, livestock grazing with conservation land use predominates leading to higher wildlife density
(Figure 3 and Figure S2). The highest wildlife density was recorded in a wet rainfall year under the
communal land tenure scenario while the lowest wildlife density was recorded in a dry rainfall year
under the private land tenure scenario (Table S1).
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Figure 3. Trends in the relationship between land use types, wildlife and livestock density (TLU)
in Amboseli. Figure (A,B) show dry and wet year trends under the communal land tenure scenario
while figures (C,D) show dry and wet year trends under the private land tenure scenario. In all
the figures, the grey zones represent the 95% confidence interval. From the figures, animal density
increases with conservation subsidies though at different levels under different rainfall years and land
tenure scenarios.

For all rainfall and land tenure scenarios, when there is no support for conservation, livestock
grazing is the main land use type leading to higher livestock density relative to wildlife (Figure 3 and
Figure S2). Livestock density follows similar trends to wildlife where livestock density is higher in the
wet rainfall year compared to the normal and dry years and private land tenure scenarios have less
livestock density when compared to communal and government land tenure scenarios.

Income earned by pastoralists from different land use types was higher during the wet year and
under private land tenure scenario. Income increased as the conservation budget increased since land
use types such as agriculture and livestock grazing with conservation earned pastoralists more income
than livestock grazing or urbanization.

5. Discussion

By combining LPJ-GUESS with the land use change ABM, we aimed to integrate the impact of
natural and social factors in pastoral land use decisions. Other studies in southern Kenyan rangelands
that have integrated ABMs and biophysical models have been used to study: (1) the well-being of
pastoralists in response to drought by simulating scenarios of lack of access to grazing resources and
compensation for loss of grazing resource [34]; (2) to explore the possibility of payment for ecosystem
services to pastoralists whose land use types are compatible with wildlife conservation [82] and;
(3) to quantify the impact of land subdivision to livestock numbers and food security of households in
Kajiado [83]. Our modelling work has shown the feedbacks between pastoral land use change decisions,
their well-being and animal densities. With trends in land use, droughts and rainfall seasonality in East
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Africa expected to change in the future these land use change insights will improve our understanding
of potential impacts of land use change on ecosystem services in East African rangelands.

The relative importance of livestock grazing, as the dominant land use type across southern
Kenyan rangelands, change as rainfall, land tenure and conservation benefits change. Although land
use changes have been attributed to multiple interactions between bio-physical and socio-economic
factors, these interactions are complex, non-linear and difficult to include in land use analysis [84].
Livestock grazing is the most viable land use type in arid and semi-arid savannahs as it allows seasonal
movement of livestock between dry and wet season grazing reserves [39,85,86]. It is also compatible to
wildlife conservation [17], promotes cultural diversity [86] and supports many livelihoods thus making
a significant contribution to the gross domestic product (GDP) of many East African countries [87].
However, climatic variability, manifested as delayed/failed rains, unreliable intensity of rainfall and
increased frequency of droughts, drives rangeland conditions and impact on fodder available for
livestock [88–90]. There is an increase in livestock grazing and agriculture during wet years in both
Amboseli and Mara (Appendix B). This is because when adequate forage and water is available for
livestock during wet years, pastoralists tend to maintain their livelihoods. Pastoralists also tend to
practice agriculture where irrigated or rain-fed agriculture can be supported [88] leading to agricultural
expansion in wet years and contraction in droughts or when there is intensified competition with
wildlife [40].

Trends in the levels of irrigated agropastoralism, conservation and built-up land use are not
different across the three rainfall years. This is probably because our model only considers three
representative (dry, normal, and wet) rainfall years and not rarer extreme events. Also, despite rainfall
being a key determinant of the main land use types in rangelands [35], and pastoralists using different
adaptive strategies to droughts, it is extreme droughts that lead to rapid pastoral land use change and
sedentarization [1]. This means that even the best land management techniques used to mitigate the
effects of drought can fail under extreme droughts [91].

The influence of land fragmentation is modelled through land tenure scenarios in which the
communal and government land tenures scenarios are largely un-subdivided and are used jointly
by community members. On the other hand, the private land tenure scenario is largely divided into
individual titled parcels of land and land use decisions are individual-based. Our model results show
that the levels of livestock grazing land use were high under communal and government land tenure
scenarios compared to private land tenure scenarios. In contrast, agriculture levels were higher under
private land tenure scenarios compared to the other land tenures. These trends are synonymous
to the increasing smallholder agriculture and sedentarization levels that have occurred in pastoral
areas in southern Kenya following land subdivision [38,43,92,93]. Agriculture compartmentalizes
rangelands components by introducing fences and water canals and utilizing dry season grazing
lands as farms [88]. Changes in land tenure are driven by internal and external factors and lead to
different land use change choices. Pastoralists, sometimes, encourage land subdivision when they are
interested in controlling their land by keeping off agriculturalists and conservationists from gaining
access to their lands [88]. Other times, when there is uncertainty over the leadership and effectiveness
of communal land tenure, land privatization is encouraged, and pastoralists decide how to use their
land. The outcome of land privatization is a decline in exclusive pastoralism, increased sedentarization
and livelihood diversification [22].

Though our results show livestock grazing and agriculture levels increasing in the wet years,
agricultural expansion during wet years under private land tenure scenarios is higher than the expansion
of livestock grazing. As opposed to mechanized agriculture which is driven by land suitability
and economic factors such as market accessibility; smallholder agriculture is driven by changes in
demographic and socio-economic factors [27]. The goal of government policies that supported the
privatization of communal lands was to promote intensive livestock production [25,31,94]. However,
privatization promoted land fragmentation that discouraged pastoral mobility [1,25,94] and encouraged
agriculture and settlements expansion, land privatization and sedentarization [1,42,95].
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Besides rainfall and land tenure, the impact of external drivers such as conservation investors
and politics are equally important in shaping pastoral land use change decisions [96]. Our results
show the potential impact of conservation subsidies. In our model, conservation land use is
not practiced when there is no conservation budget but increases with the conservation support
provided. This is because pastoralists view conservation as a livelihood that complements pastoralism,
rather than as a main livelihood [17]. When they receive wildlife related economic benefits,
their perception towards conservation is positive consequently leading to an increase in wildlife
numbers [24,97]. Wildlife and livestock densities from the model are also correlated with conservation
support. National parks and game reserves in Kenya cover 8% of the land surface and account
for 35% of wildlife [14,98]. However, between 65% and 70% of wildlife is found in communal
lands surrounding protected areas [14,99]. Thus, it is important that income from conservation is
extended to pastoralists nearby protected areas to encourage a more permeable matrix outside of
protected areas [82]. Such conservation-orientated income could provide an important safety-net for
pastoralists, especially during dry years [3,17,76]. To help manage this matrix, fragmented rangelands
across Kenya are being merged and managed together in form of wildlife conservancies [3,100].
Conservancies are lands set aside for wildlife and tourism with controlled livestock grazing to promote
wildlife conservation and pastoral well-being through partnerships between tourism operators and
landowners [17,29,40,101]. The tourism operators manage the conservancy and pay landowners fixed
land lease payments (maximum of 50 dollars per hectare per year) to voluntary vacate their land
and refrain from putting up settlements, overgrazing and practicing agriculture [17,102]. As the
conservancies discourage agriculture, due to its unsustainability and the human wildlife conflicts it
brings [22,103], they encourage controlled livestock grazing which is seen to be compatible to wildlife
conservation [82,103] leading to higher livestock grazing levels and no agriculture in conservancies.
These community-based wildlife conservancies have been documented as successful in enhancing
wildlife populations compared to other non-community-based wildlife zones [24]. For instance,
formation of Nakuru Wildlife Conservancy, in central Kenya, is attributed to increasing the numbers
of 32 wildlife species [99].

Our model results also highlight the impact of climate on wildlife and livestock, both of which
show an increase in their densities during a wet year. Herbivore biomass has been associated with
rainfall and food availability implying that it goes up in wet seasons and declines during droughts [99].
Simulation of wildlife and livestock densities across different land tenure scenarios showed both their
densities were higher on communal and government land tenure scenarios compared to private land
tenure scenario. This is because land subdivision and sedentarization disrupts the distribution and
mobility of wildlife and livestock and may lead to their decline [15,24,104]. Over the late twentieth
century and early twenty first century, wildlife densities in East African savannahs have declined [15].
Initial wildlife declines were recorded on wet pastoral areas where agriculture had expanded while
drier pastoral areas where land was communally owned and not subdivided recorded relatively
high wildlife density [24]. Similar wildlife trends have also been observed in southern Kenya
where subdivided group ranches have lower wildlife densities compared to ecologically similar
un-subdivided group ranches [24,104].

With increasing pastoral sedentarization, livestock density has also been declining in East African
rangelands. To a great extent the wealth of Maasai pastoralists is associated with livestock and the
number of TLU per person is used for estimating the wealth of households [78]. Per capita number of
TLU needed by a pastoral family for subsistence and survival during droughts is six [77]. With per
capita livestock numbers in East African rangelands having reduced from 10 in the 1960s to four in
the 1980s [10], the ability of pastoral communities to depend entirely on livestock grazing for their
subsistence is declining leading to diversification and intensification of pastoral livelihood strategies on
and off the land [40,92]. However, our model shows that provision of conservation subsidies increases
livestock density, particularly under the private land tenure scenario. It also shows that the influence
of conservation subsidies in driving livestock density is key when subsidies are <200 $ year−1 and
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further increases in the subsidies maintains wildlife and livestock density levels. This means that
average conservation subsidies of 200 $ year−1 for 1 km2 grazing land can allow pastoralists to practice
livestock grazing, thus maintaining their cultural heritage, and promote wildlife conservation.

Though our model simulations provide useful trends on land use change, pastoral well-being,
and animal densities, it has some limitations. Firstly, it was not spatially explicit and the location of
pastoralists land, though randomly assigned, could not be linked to environmental and socio-economic
conditions. A spatially explicit ABM would have enabled the agents to make decisions based on the
prevailing environmental and socio-economic conditions [34]. Secondly, to reduce the complexity
of interpreting the model output, our model did not use time series data of changing rainfall and
biomass amounts. Instead, we used three representative rainfall years and biomass available for
animals was related to these years. Utilizing time-series data would provide detailed information
that is useful for predicting the behavior of the system [105,106]. Thirdly, our model is sensitive to
conservation subsidies because pastoral land use change decisions are primarily driven by income.
Thus, as the subsidies increase, more pastoralists change to livestock grazing with conservation land
use because it gives them higher income. However, our model shows that pastoralists will rely on
conservation income only when conservation subsidies supplement their livestock grazing income.
Similar trends have been documented in southern Kenyan rangelands where conservancy payment is
ranked second or third income earner and is an important source of cash that prevents pastoralists
from selling their herds when they need cash [17]. With rainfall variability in Africa expected to
increase [89,107], how pastoralists respond to harsh weather patterns and ecosystem changes will
challenge the resilience of rangelands and their ability to adapt to fast, slow, broad scale or fine
scaled drivers of change [11]. Previous studies [17,88,108] have demonstrated the resilience and
adaptive capacity of pastoral social-ecological systems in East Africa, and insights from modelling
studies complement and inform the potential behavior of pastoral systems under changing climates,
development and political factors. These insights not only help in understanding the sustainable
management of other rangelands across East Africa but can be used to inform appropriate policy and
practice. Based on our model results, we recommend the use of stakeholders’ perceptions in informing
land use change modelling studies. The results from modelling studies can then be shared with the
stakeholders who should also be involved in developing future scenarios of sustainable land use policy
and practices. Furthermore, we recommend the development of policies that support and manage
the provision of conservation subsides in rangelands as this provides adaptation strategies to climate
change as well as prevents land fragmentation and consequently, land use change in rangelands.

6. Conclusions

In this study, we combine a process-based model to an agent-based model to understand the
impact of interacting biophysical and socio-economic factors in driving land use patterns across two
rangelands in southern Kenya. By using grass biomass estimates, simulated by LPJ-GUESS dynamic
global vegetation model, as input to the agent-based model, we show how biophysical and agent-based
models can be integrated. From the model outputs we discuss the implication of land use change
on pastoral well-being, by simulating changes in pastoralist income and livestock density, and on
rangeland ecology, by simulating changing trends in wildlife density. We show the role of conservation
subsidies, in form of annual income, in enhancing livestock grazing and conservation land use type
across the rangelands. Our model shows that this land use type not only increases pastoralists’ income,
livestock, and wildlife density, but also promotes rangeland connectivity across fragmented rangelands
as it emerged the main land use type when conservation subsidies are provided under the private
land tenure scenario. By simulating land use trends across two study areas, our model was able
to simulate similarities and differences in land use trends across two ecological similar rangelands.
It also showed changing landscapes and livelihoods patterns in Kenyan rangelands and the factors
that drive these changes. These insights are useful in highlighting the impact of multiple, interacting
climatic, socio-economic, and political factors in shaping livelihood strategies and ecological responses
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across semi-arid rangelands in East Africa. They can also be used to better understand the changes
and the challenges faced by these social-ecological systems. Thus, providing ways of developing
practical solutions that will enhance environmental sustainability and human well-being, particularly
in addressing questions on the longevity of pastoralism and the trade-offs between land use types.
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Appendix A. ODD Protocol

The ODD protocol used to simulate the model is described below.

Appendix A.1. Overview

Appendix A.1.1. Purpose

The ABM seeks to understand the feedback between pastoral land use change and the ecology of
southern Kenya by exploring the role of rainfall, socio-economic and governance factors in driving
land use types and the impact of adopted land use types on livestock densities, wildlife densities
and pastoralists’ annual income. Land use change by pastoralists means changes from livestock
grazing to other land use types such as agricultural expansion and urbanization because of shifting
livelihood strategies.

This model is developed for researchers and decision makers to improve understanding of the
influence of climate change, government policy and socio-economic development on pastoral land use
decisions and the impact of land use change on pastoral well-being and wildlife.

Appendix A.1.2. Entities, State Variables and Scales

The model has one agent; ”cells”, which represents areas of land that can be used. The state variables
for cells are listed in Table 1. Climatic variability, social-economic and political factors are the main
reasons pastoralists in semi-arid rangelands change to other land use types [1,10,22,38,85,92,96,109].

From our field observations and literature, the main land use changes and livelihood
diversification in the study areas are expansion of agriculture, urbanization and ecotourism [40,93].
Consequently, our model distinguished five land use types and for each 1 km2 “cell” more than one
land use could be practiced. Our model only simulates small-holder agriculture that is dependent on
rainfall and is practiced in wildlife dispersal communal grazing lands. We do not simulate mechanized
agriculture as it was rare in our study areas.

The environment is composed of amount of rainfall per year (low, normal, and high) and budget
available to pastoralists from investors and non-governmental conservation organizations to support
wildlife conservation. The temporal setting for the model simulations is based on biophysical and
socio-economic conditions from the 1950s and is simulated on an annual time step over 200 model
runs. The spatial resolution for a single cell is 1 km2 and a single cell can have multiple households,
land tenure and land ownership types.
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Appendix A.1.3. Process Overview and Scheduling

The processes in the model are simulated in five steps related to natural and social-economic
events that influence land use change decisions by pastoralists. Changes in rainfall influence the grass
biomass available for livestock and wildlife to graze on. The density of livestock and wildlife, together
with other socio-economic factors, drives the income pastoralists can earn from different land use
types. In turn, the land use types that pastoralists choose have implications on their income and the
density of livestock and wildlife.

The five processes and the order they are modelled in are listed below. The state variables are
updated in each process.

i. Grass is assigned to every cell. The grass biomass depends on the rainfall year. A wet year
produces more grass and a dry year produces less grass.

ii. Animal grazing: The current land use type and grass biomass on each cell is checked and used to
simulate the livestock and wildlife density that can graze that given cell.

iii. Income calculation: For each cell, the income earned for each land use type was calculated.
This depends on: the number of households on that cell, the rainfall year, available grass biomass
for animals, probability of irrigation, land tenure, household density and distance to the road.

iv. Land use change: In each cell, the land use type with the highest income is selected as the
preferred land use type by pastoralists.

v. In each cell, the number of selected land use type, the income, the mean wildlife and livestock
density is calculated and updated for every time step.

Appendix A.2. Design Concepts

Appendix A.2.1. Basic Concepts

The basic principles principles underlying the model design are based on real world patterns
observed in the study area. Land use change choices by pastoralists are based on what is most
rewarding financially at each time step. The potential income for each land use type in each cell is
calculated and the land use that gives the highest income is selected.

Appendix A.2.2. Emergence

Feedback between social-economic and biophysical variables emerge from the interactions
between grass biomass, animal density and land use types. Land use change to agriculture mainly
occurs in wet rainfall years among pastoralists with private land ownership. Change to irrigated
agropastoralism largely occurs near permanent water bodies while livestock grazing with conservation
activities is preferred in areas where pastoralists derive monetary benefits, mainly through land rents,
from investors or organizations supporting wildlife conservation initiatives.

Appendix A.2.3. Adaptation

The land use type with the highest income is adopted.

Appendix A.2.4. Objectives

In each cell, the objective is to select the land use type that maximizes profitability by using
available natural resources and favorable weather and socio-economic patterns. If this is impossible,
the land use and livelihood type that can easily be practiced based on existing infrastructure is selected.

Appendix A.2.5. Prediction

There is no foresight of rainfall or the trends in other socio-economic variables. In the cell,
if livestock grazing is hampered by low water availability, low income and high human population,
then it is likely that the land use will shift to a more profitable land use.
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Appendix A.2.6. Sensing

Before a different land use type is selected, the potential income of all land uses can be sensed
and are used to inform land use change decisions.

Appendix A.2.7. Interaction

None.

Appendix A.2.8. Stochasticity

The state variables for each cell are randomly assigned when the model starts.

Appendix A.2.9. Observation

Observed variables per annual time steps are: land use types, annual income, average livestock
(tropical livestock units) and wildlife density in each cell.

Appendix A.3. Details

Appendix A.3.1. Initialization

When the model begins, livestock grazing is the main land use type. The household density,
distance to road, grass biomass, livestock and wildlife density have a normal distribution centered
around the mean and standard deviation of each variable in Amboseli and Mara ecosystems (Table A1).
The probability of irrigation is randomly allocated to the cells and range between zero and one. Income
for each land use type is set to zero. For the land tenure scenarios:

• In the communal scenario, land tenure it is randomly allocated a 50% chance of being communal,
25% of being government and 25% of being private.

• In the government scenario, land tenure is randomly given a chance of being 50% government,
25% communal and 25% private.

• In the private scenario, land tenure is randomly allocated a 50% chance of being private, 25% of
being communal and 25% being government.

Table A1. Initialization state variable values.

Variable Amboseli Mara Source

Mean household density 13.18/km2 15.55/km2 [74]
Mean distance to road 9.4 km 9.4 km [73]
Mean grass biomass 93,000 kg/km2 2958 kg/km2 LPJGUESS DGVM

Mean TLU 61.3/km2 71.06/km2 [40]
Mean wildlife density 33.33/km2 138.94/km2 [39]

Appendix A.3.2. Submodels

Animal Grazing

The amount of grass grazed is a function of available grass biomass and the annual amount of dry
matter (kg) grazed by one TLU of livestock per year. The model assumes wildlife grazing habits are
similar to those of livestock hence their annual grass offtake amounts are similar. One TLU feeds on
2500 kg/km2 of dry matter per year [72] thus the formulas used for calculating livestock and wildlife
density that can graze on a given cell in the three land use type are as follows: Note: agricultural and
urban land use types have no livestock or wildlife grazing.
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i. Livestock grazing land use where all the land is exclusively used for livestock grazing

TLU =

(
Grass biomass

2500

)
(A1)

ii. Irrigated agro-pastoralism where half of the land is grazed by livestock and the other half is used
for agriculture.

TLU =

(
Grass biomass × 1

2
2500

)
(A2)

iii. Livestock grazing with conservation activities where one third of the land is used for livestock
grazing and two-thirds of the land is rented out for wildlife conservation.

TLU =

(
Grass biomass × 1

3
2500

)
(A3)

Wildli f e density =

(
Grass biomass × 2

3
2500

)
(A4)

Calculation of Income for Each Land use Type in Each Grazing Land

Income earned in each land use type differs. It depends on the interactions between social and
the biophysical components of the system. Though each land tenure scenario has varying proportions
of each land use type, livestock grazing is largely practiced in communal and government land
while irrigated agropastoralism, agriculture and built-up areas are largely found on private land.
The probability of irrigation is calculated as a ratio between irrigated area [75,110] and the total area
studied resulting in a probability of 0.013 and 0.1389 for Amboseli and Mara respectively.

In suitable areas, potential income for each land use type in each grazing land is calculated
as follows:

i. Income from livestock grazing =

(
Grass biomass

2500

)
×
(

Cost ($) o f one TLU
households

)
(A5)

ii. Income from irrigated agropastoralism =

(

(
Mean household density

households

)
+

(
Grass biomass × 1

2
2500

)
×
(

Cost ($) o f one TLU
households

)
) (A6)

iii. Income from irrigated agriculture =

(Agriculture income f rom literature × Mean household density
households

) (A7)

iv. Income from livestock grazing and conservation =

(Amount o f conservation subsidy +

(
Grass biomass × 1

3
2500

)
×
(

Cost ($) o f one TLU
households

)
) (A8)

v. The only built-up areas that earn pastoralists income are those <2 km from all-weather roads
with the income earned based on the mean income earned from urban areas in the study sites.
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Appendix B. Comparison between Amboseli and Mara

In Amboseli, although land use types are a result of long term changes in physical and cultural
interactions, current trends of increasing sedentarization, agricultural expansion and development of
conservation-based initiatives are more recent [38]. These land use trends are a result of infrastructure
access, economic opportunities, land tenure changes and settlement patterns [40]. Access to physical
infrastructure such as roads, schools, markets and health centers vary considerable across Amboseli
and depend on the location of pastoral settlements [1]. Agriculture expanded on swamps and the
slopes of Mt. Kilimanjaro which are dry season animal grazing zones [38,111].

In Mara, subdivided group ranches that receive adequate rainfall that can support agriculture have
been converted to agriculture [40,92] leaving only 25–35% livestock available to maintain a nomadic
livelihood [45]. When pastoralists in Mara are selecting land use types, they consider trade-offs
between increasing the size of livestock or maintaining income from wildlife conservation activities
and between expanding land for small scale farming or leasing land for mechanized farming [92].
In areas close to the Maasai Mara National Reserve, residents are involved in wildlife related and
tourism activities. The national reserve accounts for 25% of the total national wildlife population in
Kenya [14]. This makes wildlife conservation initiatives an integral component of the land use systems
in Mara and contribution from wildlife conservation to most households is higher than livestock
and agriculture income [40,45]. However, livestock still supports many livelihoods as integrating
pastoralism with conservation has been challenging [92].

Wildlife declines in the rangelands have been attributed to agriculture expansion that results to
habitat loss and fragmented landscapes of wildlife dispersal areas [14]. From the model, general
wildlife trends show lower wildlife density in private land tenure compared to communal and
government land and higher wildlife density in wet years relative to dry years. In Amboseli, the
consequence of agricultural expansion in swamps in Amboseli has been fragmentation of wildlife
dispersal zones, decline in dry season pasture, loss of wildlife habitat and intense human-wildlife
conflicts [38,109]. The Mara rangelands have shown huge resilience in supporting large biomass of
resident and migratory herbivores for years [92]. However, conversion of large tracts of rangelands on
the Loita plains (north of the national reserve) to large scale commercial farms has led to habitat loss
for wildlife, and consequently their decline [27,44,92].
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Abstract: Much of the international commons literature reveals a decreased functioning of local
traditional institutions that regulate natural resource harvesting. In South Africa, it is believed that
the creation of new democratic structures at the end of Apartheid has contributed significantly to
the deterioration in traditional resource regulation and this in turn has led to the extensive resource
degradation seen in parts of the country. Many of these assertions, though, remain anecdotal in
nature. Given the high reliance by rural households on natural resources, and the serious negative
implications that over-use has on livelihood security, understanding how well or poorly such
commons are regulated is key to ensuring the sustainability of such resource-dependent populations.
The aim of this study was therefore to examine systems of resource governance, focusing specifically
on firewood, and to determine the roles of traditional and democratically elected community leaders
in six rural villages spanning two chieftaincies in Bushbuckridge, South Africa. In each study
village, five local leaders were interviewed and five community focus groups were conducted.
Results indicate that most parties still regard the Chief as the ultimate authority for regulating
firewood harvesting. However, overall firewood management appears weak, at best, across the
region. Although some authors attribute this to community confusion over the roles of local leaders
in a new democracy, we provide evidence that other socio-political factors, including political
expediency, may be driving the increasingly relaxed implementation of these firewood management
systems. With resource dependence remaining a vital contributor to livelihood security across the
developing world and with many rural communities facing increasing strain under local resource
depletion, these findings shed new light on the complex social dynamics underlying the widely
reported weakening of traditional institutions in South Africa. In so doing, it offers insights into local
firewood governance that can be used to combat these challenges and thereby reduce regional social
and ecological vulnerability being experienced in communal landscapes across the region.

Keywords: institution; natural resources; firewood; South Africa; traditional authorities; governance
systems

1. Introduction

Hardin’s provocative ‘Tragedy of the Commons’ publication (1968) initiated the contemporary
debate on common property resource management across the globe. He asserted that all resources
that fell under communal property rights would invariably become overused (Hardin, 1968 [1]).
While ‘tragedies’ of this nature have indeed occurred worldwide, an equally extensive body of research
resists these purely pessimistic outlooks and reveals that resource degradation is not an inevitable
outcome of communal resource harvesting (Ostrom et al., 1999, Poteete and Ostrom 2004, Hartter and
Ryan 2010 [2–4]). Examples from across the globe demonstrate that common property systems are
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not necessarily synonymous with circumstances of ‘open access’ (see Ostrom et al., 1999 [2]) and that
successful collective action and effective resource management can indeed be achieved in multiple
contexts. With millions of households directly and indirectly dependent on natural resources for
everyday needs, there is a critical need to explore strategies that not only have the potential to enhance
the livelihoods of those that extract them, but also that improve the landscapes from which they
are extracted.

Within this scholarship, institutions have been repeatedly identified as a key factor in the success or
failure of natural resource management (Ostrom 1990, Wells 1998, Acheson 2006 [5–7]). Institutions are
described as the formal and informal structures or principles that guide human–environment relations
and that shape perceptions, activities and behaviors associated with resource harvesting (Goetz 1995,
Folke et al., 1996 [8,9]). Formal institutions, for example, can be used to manage community’s
access to resources either by specifying how the land can be used (Belcher et al., 2005 [10]) or by
enforcing resource-focused laws (Barrett et al., 2005, Cocks et al., 2008 [11,12]). These regulations
influence harvesting decisions by incentivizing (or disincentivizing) certain behaviors, often through
the prospect of punishment for disobedience. In this way, institutions regulate the ways in which
resource users interact with their resources and they should therefore be central to the enquiry into
individual and regional natural resource consumption (Seidman 1992 [13]). Following this, governance
can be described as the relationships between processes and structures that define power dynamics in
a specific context and the mechanisms by which decision-making takes place (Graham et al., 2003 [14]).
Therefore, and for the purposes of this paper, institutions refer specifically to the institutional actors,
including individuals and entities as the key players, as well as the rules, laws and governance
arrangements they implement (Wells 1998 [6]).

Importantly, institutions are not static inert features of a system (Kepe and Scoones 1999,
Adger 2000 [15,16]). Rather, institutions evolve, adapt and respond to context-specific internal and
external drivers of change (Ostrom et al., 1999, Kepe and Scoones 1999, Potts et al., 2016 [2,15,17]).
Here, changes to the broader social, cultural, economic and political landscape can impact on the
effectiveness of institutions to moderate use (see Nkhata et al., 2017, Le Tourneau and Beaufort,
2017 [18,19]). Indeed, failure of societies to innovate new forms of governance in response to new
stresses may mean that previously effective systems of resource control become ineffectual against
the new conditions of resource extraction and could lead to over-use. Differences between historical
rules and new local contexts therefore often lead to weak regulation as the incentives to obey such
laws no longer outweigh the pressures residents face (Dietz et al., 2003, Ostrom and Nagendra, 2006,
Ormsby, 2013 [20–22]). Institutions therefore need to adapt to novel threats and absorb such system
shifts to ensure ongoing sustainable management (Ostrom et al., 1999, Adger 2000, Nkhata et al., 2017,
Armitage 2005 [2,16,18,23]).

Much research conducted worldwide, however, demonstrates the poor capacities of institutions
to adapt to change and the consequences are generally some degree of resource degradation (Kepe and
Scoones 1999, Nkhata et al., 2017, Armitage 2005, Frost et al., 2007 [15,18,23,24]). This, in turn,
has the potential to directly undermine the livelihood security of those dependent on such natural
resources for their everyday needs. Specifically, in the developing world, interacting pressures such as
modernization and political revolutions (including colonization and political independence) have been
shown to greatly weaken historically effective systems of resource regulation. For example, Brown and
Lassoie (2010) found in Cameroon that the installation of local modern institutions, resulting from
a new democratic national political order, had diluted the importance of cultural beliefs in younger
generations and had also blurred the legitimacy and authority of traditional leaders in the eyes of
local communities. This contributed to a diminished adherence to traditional rituals associated with
resource harvesting and ultimately led to the deterioration of the local resource base (Brown and
Lassoie 2010 [25]). The institutions that previously governed resource use therefore failed to adequately
adapt to and buffer against the external forces of cultural and political change and this ultimately
produced a de facto open access resource system. Here, the opportunity to significantly improve
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local socio-economic and landscape conditions through sustainable community forestry programs
was curtailed by ineffective institutional structures (Brown and Lassoie 2010 [25]). Case studies
that describe similar instances of erosion in customary resource systems and their impact on local
livelihoods are widespread in the literature including examples from Zimbabwe (Frost et al., 2007,
Mukamuri et al., 2003 [24,26]), Malawi (Kayambazinthu et al., 2003 [27]), Tanzania (Wilfred et al.,
2007 [28]) and India (Ormsby, 2013 [22]).

South Africa is no exception to this general observation where changes in the political
landscape, even at a national level, have impacted on local resource control and these changes
have been linked to a growing number of reports describing the increasingly unsustainable use
of natural resources, including firewood (e.g., Andrew et al., 2003, Shackleton and Stickler, 2015,
Thondhlana et al., 2015 [29–31]). Even though it is accepted that institutional, and specifically
traditional, management in natural resource use systems has decreased across the country
(see Kirkland et al., 2007, Twine et al., 2003, [32,33]), most commentary in published South African
literature has been cursory about this change rather than explicit. Despite large volumes of work
describing key features of natural resource use, including their contributions to local livelihoods
(see following section, Shackleton and Shackleton, 2004 [34]) and the numbers, types and volumes of
species extracted (Shackleton and Stickler 2015, Dovie et al., 2003, Shackleton and Shackleton, 2000,
Nott and Thondhlana, 2017, [30,35–37] ), few studies (see Kepe and Scoones, 1999, Kirkland et al., 2007;
Twine et al., 2003, [15,32,33]) have specifically examined natural resource institutions and the impacts
of socio-political changes thereon in regions of South Africa. In order to close this knowledge gap,
this paper therefore sets out to explore the current state of natural resource management, the actors
involved and the degree of institutional functioning, specifically regarding firewood, in six villages
of the resource-dependent region of Bushbuckridge, South Africa. Given the centrality of firewood
as an essential energy source to millions of households in the country, the management of such
resource harvesting is therefore fundamental to sustaining the livelihoods of these resource-dependent
populations. Here, understanding how institutions have been shaped, changed and complied with
by those that devise and observe them can offer important insights into the current and future reality
of natural resource governance on the ground (Agrawal 2003 [38]) and these observations may be
useful to other regions as they navigate similar economic, cultural and political transitions as those
experienced in the communal lands of South Africa.

This paper starts by exploring the South African context in terms of both natural resource use
and historical socio-political change. We then examine our case study region of Bushbuckridge
where we look at the current systems of firewood regulation as a whole and attempt to establish the
degree of institutional functioning in firewood management, as perceived by local residents. This is
achieved by examining different stakeholders’ perspectives on the roles and responsibilities of local
institutions (e.g., traditional authorities, village community development forums, municipalities and
community residents) in the regulation of firewood. These views were also used to determine why
such institutional functioning is thought to exist (the drivers) and what could be done to improve
such systems. The paper then ends by providing a summary of what was seen and describes the
implications of these findings on resource use and livelihood security in the region.

1.1. Resource Use in South African Communal Lands

Although resource use characterized South African indigenous populations for centuries
(von Maltitz and Shackleton, 2004 [39]), Apartheid-era policies saw the large-scale relocation of
black populations onto small tracts of land known as Bantustans and this resulted in the majority
of the South African populace effectively occupying only 13% of rural land. The establishment of
these ‘homelands’ resulted in high population densities, households with limited access to other forms
of livelihood capital, and often occurred in regions where climatic conditions were not particularly
conducive to subsistence agriculture (Shackleton, 2004 [40]). While these policies were critical political
mechanisms to control black citizens, this forced influx of relocated households dramatically increased
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the number of households harvesting and consuming local environmental produce to survive, and this
substantially intensified the resource use pressures on those small parcels of land (Shackleton, 2004 [40]).
This dependence on resources continues today where many rural communities in South Africa continue
to rely heavily on environmental resources for physical, financial and social security (Shackleton and
Shackleton, 2004 [34]).

A key example is firewood, where research across the country shows that an overwhelming
majority of investigated rural households continue to use firewood as their dominant energy source
(Shackleton and Stickler 2015, Dovie et al., 2002, Nott and Thondhlana, 2017, Shackleton et al., 2004,
Giannecchini et al., 2007, Madubansi and Shackleton, 2007 [30,35,37,41–43]) and this often occurs
despite household electrification and government-funded free basic electricity allowances (Madubansi
and Shackleton, 2007, Matsika et al., 2012 [43,44]). Here, firewood is generally collected free-of-charge
from surrounding communal landscapes and is a cheap alternative to electricity. Given the high
levels of poverty and lack of alternative livelihood options that often characterize these communities,
firewood use is often a critical cost-saving strategy. Firewood is also seen as an important contributor
to social and cultural practices, a role that other energy sources cannot fulfill (see White et al., 1997 [45]).
From this, Shackleton et al. (2007) [46] expect that rural firewood use will remain unchanged at
least into the medium-term as household financial insecurity and preferences will, for the most part,
continue to sideline the use of substitute fuels.

Bearing this heavy dependence in mind, and in light of the growing number of households
turning to the firewood trade to supplement incomes (Giannecchini et al., 2007 [42]), much research
conducted in Bushbuckridge (Mpumalanga Province, South Africa) shows how local firewood
availability has decreased in recent times under this intensifying pressure (Giannecchini et al., 2007,
Matsika et al., 2012, Twine and Holdo, 2016 [42,44,47]). This has been shown in local environmental
changes including decreases in overall tree density (Matsika et al., 2012, Shackleton et al., 2005 [44,48]),
higher proportions of mature tree stems being chopped (Shackleton et al., 2005 [48]) and reduced
availability of preferred firewood species (Madubansi and Shackleton, 2007 [43]). Changes to the ways
in which households acquire firewood also reflect such regional shortages and include households
travelling further distances to obtain firewood (Madubansi and Shackleton, 2007 [43]), more households
buying firewood rather than self-collecting (Giannecchini et al., 2007, Madubansi and Shackleton,
2007 [42,43]), the harvesting from neighboring village commons (Twine et al., 2003 [33]) and the
harvesting of less preferred species and size classes (Matsika et al., 2012 [44]). These studies form
part of mounting evidence highlighting the intense resource exploitation of firewood in many rural
South African landscapes, specifically in Mpumalanga, and in some cases these have been defined as
unsustainable in the long-term (Matsika et al., 2012, Shackleton et al., 2005 [44,48]).

Critically, the consequences of these resource shortages on livelihoods cannot be overlooked.
Madubansi and Shackleton (2007) [43] suggest that the increased harvesting times (as noted above)
not only increase the opportunity costs associated with firewood collection, but also impact on
the allocation of time and labor to other livelihood activities in the household. Furthermore,
Brouwer et al. [49] comment that such shifts in the allotted resources to livelihood pursuits may
render households further impoverished as fewer labor resources and less time are spent on other
potential income-generating activities. These examples therefore show how the impacts of resource
degradation extend beyond simply decreasing the volumes of available resources in a particular
landscape, but also clearly affect other elements of resource users’ livelihood strategies, decisions and
well-being. Sustainable resource extraction is therefore fundamental not only to ensuring landscape
conservation, but also to reducing socio-economic vulnerability of those dependent on such resources.

Many authors attribute the observed over-harvesting to both burgeoning populations as well
as to the fast-eroding systems of local control (Kirkland et al., 2007, Twine et al., 2003, von Maltitz
and Shackleton 2004, Giannecchini et al., 2007, Cousins et al., 2007 [32,33,39,44,50]). In terms of
the latter, many of these resource-use systems are thought to have transitioned from well-managed
communal property to essentially ‘open-access’ firewood systems (Kirkland et al., 2007, von Maltitz
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and Shackleton 2004, Cousins et al., 2007 [32,39,50]). The following section unpacks in more detail the
different factors that are believed to be reducing the effectiveness of local firewood management in
many of South Africa’s rural communities.

1.2. Past and Present Institutional Governance of Communal Lands in South Africa

In the pre-colonial era, natural resource harvesting was regulated by the local traditional
authorities, specifically the chiefs and headmen (known locally as Ndunas) (Thornton 2002 [51]).
During both the colonial and Apartheid regimes, the then-governments used these same traditional
institutions to apply their own set of rules regarding resource use. Therefore, traditional institutions
became part of the Apartheid homeland bureaucracy. The implementation of local harvesting systems,
based on the guilty paying fines or completing community service for disobeying specific resource
rules, controlled, to some extent, resource harvesting in the region (Twine 2005 [52]). This local control,
however, has gradually yet noticeably weakened, particularly since the birth of democracy in 1994
(Twine et al., 2003, Cousins et al., 2007, Thornton 2002, Twine 2005 [33,50–52]). This has been attributed
to three dominant factors. Firstly, the induction of the new democratic government triggered a change
in the perceptions of village residents, particularly among the youth, regarding the authority and
power of traditional leaders. The perceived close, often corrupt, ties between traditional leaders and the
former Apartheid government bred widespread mistrust and suspicion of tribal leadership both during
and after Apartheid (King 2005 [53]). The continuation of tribal institutional rule, despite democracy,
has therefore generated pervasive discontent in much of the rural population (King 2005 [53]), and in
many ways has led to blatant disrespect for local traditional leaders and their attempts at resource
management (Twine et al., 2003 [33]).

Secondly, the new government, upon appointment, reduced the financial resources previously
granted to traditional authorities. This reduced the capacity of local leaders to hire patrolmen and
thereby police communal areas and this, in turn, has severely impeded their ability to enforce natural
resource management rules (Kirkland et al., 2007, Twine 2005 [32,52]). Thirdly, the inauguration of
the new government generated confusion regarding the modern function of the hereditary traditional
authorities in a new democratic society (Twine et al., 2003, Cousins et al., 2007 [33,50]). Other forms of
governance, including provincial officials, local municipalities and village-level governance structures,
emerged under the democratic dispensation. Traditional leaders now share authority and responsibility
with these newly established institutions, but some research shows that the roles and responsibilities
of these separate groups can be undefined, ambiguous and often conflicting (Thondhlana et al.,
2015, Kirkland et al., 2007, King 2005, [31,32,53]). These uncertainties and capacity insufficiencies
have created an ‘institutional vacuum’ in the region, where the system of governance has become
increasingly unclear and the access to and consumption of natural resources is no longer as strongly
moderated (Kirkland et al., 2007, Twine et al., 2003 [32,33]).

Little research has set out to identify how natural resources are actually regulated in post-1994
South Africa or what local leaders themselves deem as their exact function in these systems. Given the
wealth of data and insight on socio-ecological systems in Bushbuckridge resulting from sustained
long-term research conducted by University of the Witwatersrand and other institutions in the region,
Bushbuckridge was identified as a key opportunity for this research. The aim of this study was
therefore to explore the current systems of firewood regulation in Bushbuckridge as a whole and to
establish the degree to which relevant institutions were carrying out their duties in regulating firewood
harvesting, as perceived by local residents. In so doing, the study also sought to investigate some of
the key factors affecting the levels of institutional functioning observed.
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2. Materials and Methods

2.1. Study Site

This study was conducted in six villages spanning two chieftaincies that fall under the
Bushbuckridge local municipality in Mpumalanga Province (31◦0′–31◦35′ E; 24◦30′–25◦0′ S),
South Africa (see Figure 1). In the Amashangane chieftaincy, the three villages were New Forest
A, Merry Pebble Stream (MP Stream) and Arthur Stone and in the Mnisi chieftaincy, the study villages
were Cottondale, Burlington and Islington. In order to examine similarities and differences in the
firewood regulation systems of different villages, the study villages were purposively selected as they
share similar patterns in biophysical and socio-economic conditions, i.e., any differences noted in the
regulation systems were unlikely to result from biophysical and socio-economic characteristics.

Figure 1. A map of the six study villages in the Bushbuckridge region, South Africa.

2.2. Biophysical Conditions

The Bushbuckridge local municipality is situated in the north-eastern portion of Mpumalanga
province and is bordered in the east by Kruger National Park. The region is characterized by hot humid
summers and mild winters with an annual temperature averaging 22 ◦C. The mean annual rainfall
ranges from 700 mm to 500 mm, from west to east (Shackleton et al., 1994 [54]). The vegetation type is
broadly defined as semi-arid savanna woodland, where species of Combretaceae and Mimosaceae
prevail throughout the region (Emanuel et al., 2005 [55]).

2.3. Socio-Economic Characteristics

The six villages fall within the boundaries of the former homeland of Gazankulu. Despite the
dissolution of the homeland system in 1994, many of these regions, including Bushbuckridge,
remain characterized by poor economic development and low employment levels as during Apartheid
(Thornton 2002 [51]). Most households rely heavily on migrant labor remittances and government
social grants (Kirkland et al., 2007, Shackleton and Shackleton 2000, Thornton 2002 [32,36,51]),
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with subsistence agriculture and natural resource harvesting playing a significant role in supplementing
cash-based incomes (Emanuel et al., 2005, Shackleton 2000 [55,56]). Dependence on natural resources,
such as firewood, wild fruit, and medicinal plants remains widespread in this region (Ifegbesan et al.,
2009 [57]), and these products are generally collected from the communal lands that surround each
village settlement and fall under communal tenure.

2.4. Institutional Context

The Bushbuckridge local municipality covers roughly 2590 km2 and is one of five local
municipalities of the Ehlanzeni district of Mpumalanga Province (Bushbuckridge Local Municipality,
2014, [58]). The municipality is divided into 37 wards and each ward consists of 5–10 villages. Within
this region, all communities are governed by dual leadership structures: civic government and
Traditional Councils (Thornton, 2002 [51]) that occur at different spatial scales (see Table 1).

Community Development Forums (CDFs) represent the lowest tier of municipal governance
and comprise two representatives from each village civic group (Community Based Organization
or Civic Association) together with the village Nduna or Headman (a representative of the Chief’s
Traditional Council) (Cousins et al., 2007 [50]). The next level of governance is the ward council and
this consists of delegates from CDFs across different villages as well as a nominated Ward Councilor.
These councils present village-level matters to the local municipality and are answerable both to
higher-level municipal offices as well as to community-level CDFs (Cousins et al., 2007 [50]).

In terms of traditional leadership, the Chief’s jurisdiction generally extends to between ten and
12 villages. In each of these villages, the Headman or Nduna acts on behalf of the Chief. The Ndunas
meet regularly to form Traditional Councils that, under the directive of the Chief, discuss issues
around development and general village concerns. The Councils also resolve individual or household
disputes and try local cases brought before them (von Maltitz and Shackleton 2004, Cousins et al.,
2007 [39,50]). The traditional authorities also theoretically regulate the use of natural resources in the
village commons.

Table 1. Institutions operating at various spatial scales across the Bushbuckridge study site.

Scale Municipal Government Traditional Authority

Village level Community Development Forum (CDF) Nduna
Meso level Ward Councilor, Ward Council Chief, Traditional Council

Municipality level Local municipal government

2.5. Data Collection

Fieldwork, comprising community focus groups and informant interviews, was conducted in
September and October 2011. Five focus groups were carried out in each village giving a total
of 30 focus groups across the study. These groups were stratified by age (18–30, 30–50, >50) and
gender to avoid possible patriarchal biases. Due to the pervasiveness of migrant labor in the area
(see Kahn et al., 2012 [59]), economically active men (aged 30–50) were largely absent and were
therefore unavailable to participate. Group sizes varied between three and 12 people, with the mean
group size being roughly six people. Each focus group was run as a semi-structured group interview
and was conducted in the local language of Shangaan via a translator. These discussions, although
flexible, aimed to address specific predetermined topics and were designed to elicit information on the
following: (1) Why firewood is used and laws about firewood; (2) The implementer of firewood laws;
(3) The local firewood permitting system; (4) The roles and responsibilities of different entities; (5) The
main challenges in regulating firewood; and (6) Potential solutions to prevent future over-harvesting.
The answers recorded were the final consensus answers reached by the group. To supplement general
question-and-answer-based information, some Participatory Rural Appraisal techniques were also
used. For example, each focus group was asked to rank all the institutions according to their level of
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responsibility in firewood regulation. Each of these institutions was then given a score from nine (9) to
one (1) (representing most important institution to least important institution respectively) and these
scores were then averaged across all focus groups.

In order to obtain a diversity of perspectives from local leadership on firewood regulation systems,
representatives from traditional institutions and democratic structures from each hierarchical level
(see Table 1 above) were accessed. In-depth interviews were therefore carried out with the Nduna
as well as the chairperson, secretary and another member of the CDF of each village. At the ward
level, each of the Ward Councilors as well as Chief Mnisi (from Mnisi Traditional Authority) and the
secretary of the Amashangane Traditional Affairs (in lieu of the Chief who was away) were interviewed.
Attempts at interviewing municipal or provincial officials were unsuccessful despite extensive enquiry.
A total of 30 people were interviewed. The interviews were all conducted in the local language of
Shangaan via a translator and were 30–40 min long, depending on the length of responses. In the
interviews, the same questions as those in the focus groups were asked and data on perceptions of
firewood governance and the institutional roles thereof were gathered. Responses from focus groups
and interviews were then categorized and coded to provide numerical data for analysis. These data
were then totaled for comparison between villages. In terms of the rank score data, the mean rank score
was calculated for each institutional actor combining data from across all villages. Direct quotes from
both the focus groups and interviews were also used as supporting data to the quantitative findings.
Ethics clearance was obtained from the Wits Non-Medical Human Subjects Ethics Committee (Protocol
number: H110913), and permission from each village’s Nduna, heads of the CDFs and Chiefs was also
obtained prior to data collection.

3. Results

3.1. Governance Regime

3.1.1. Perceptions Regarding the Implementer of Local Firewood Laws

It was unanimous among community members and leaders alike that local laws about harvesting
firewood existed. However the specifics of these varied to such an extent that enumeration of responses
was unfeasible. That being said, a common law mentioned by most groups was that the cutting of live
trees for firewood was strictly prohibited. Most focus groups (22 of 30) and leaders (18 of 30) across
both chieftaincies cited the Chief as the primary implementer of local firewood laws. Although other
agents in traditional institutions, such as the Nduna and the Chief’s police, and non-tribal authorities
including nature conservation rangers and various government departments, were also mentioned,
these were each only cited once.

3.1.2. Permission

Most respondents (all leaders and 29 of 30 focus groups) agreed that permission was required
to harvest firewood. While most parties also agreed that the Chief was the only authority who could
issue firewood permits, a handful of focus groups (5) and two leaders also indicated that the Nduna
could grant permission. Respondents were divided as to who needs to obtain such permission, be it
all harvesters or only commercial harvesters. Many respondents (13 focus groups and 23 leaders) also
agreed that everyone requires a permit. However, seven groups and two leaders said that it was only
commercial harvesters who needed permission because they were collecting much larger firewood
loads. Finally, variations in the price of the harvesting permits were also seen across all respondents.
Each focus group and leader offered a different value both for the permit and the harvestable amount
it allowed. These ranged from ‘no payment required’, to R5 per single piece of wood to R100 for two or
three days of continuous harvesting. Eight focus groups also conceded that they did not actually know
the cost of a permit.

80



Land 2018, 7, 35

3.1.3. Roles of Different Leaders

Each group was asked to identify the roles of different institutions and these were clustered
according to the level of responsibility required to carry these out i.e., high, intermediate and none.
Every focus group and every leader acknowledged that the Chief’s duties in firewood management
occurred at the highest tier of responsibility (Tables 2 and 3). The supremacy of the Chief’s duties was
indicated by the 24 focus groups and 11 leaders that saw him as the ‘ultimate authority’ in firewood
governance (Tables 2 and 3). Descriptions of his role included ‘overseer of everything’, ‘firewood [is]
his responsibility’ and the ‘regulator of the land’. The next two most commonly cited responsibilities
were those of fining transgressors and having security that actively patrol the communal lands (Tables 2
and 3). These responsibilities immediately ascribe an upper level of authority to the Chief, who has
the power to finalize punishment for lawbreakers and who also has ‘lower level’ personnel under
his command.

Unlike the consistent descriptions of the Chief, discussions about the role of other institutions
generated varied responses across all villages. For example, while 18 focus groups stated that the
Nduna could fine guilty parties for firewood transgressions, another eleven groups stated outright that
he could not (Table 2). Similarly, 12 groups suggested that the Nduna had active security patrolmen,
while another four groups said that he had ‘no responsibility’ in firewood regulation at all (Table 2).
The responses about the Nduna’s responsibilities were also equally divided between leaders (Table 3).

These differences in perceptions were also seen in the descriptions of the CDF, Civic Association
and community members generally. Here, the focus groups consistently suggested that these
institutions had ‘no responsibility’ and only occasionally ascribed duties such as ‘reporting illegal
harvesters to a higher power’ or ‘advising not to harvest’ (Table 2). In contrast, the leaders more
commonly stated that these organizations, and the CDF specifically, could ‘report illegal harvesters to a
higher authority’, could ‘advise community members not to harvest’ and could ‘call meetings’ (Table 3).
In the same way, while 23 and 25 focus groups stated that the municipal and provincial government,
respectively, had ‘no responsibility’ in firewood management (Table 2), leaders occasionally suggested
that these officials did have some intermediate role to play (Table 3). From this, the Chief appears to
maintain a high position of prominence in firewood regulation across the region, the Nduna has varied,
if not conflicting, responsibilities and the other institutions appear to play a minor, if any, role.
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3.2. Relative Importance of Institutions in Firewood Regulation

Both the Chief and the Nduna were consistently classed as the two most important authorities in
terms of firewood governance across all six villages (Table 4). The Chief was repeatedly assigned a
first or second position of importance over all other parties and such high rankings are reflected in the
mean scores across villages that range from 8.2 and 9.0 (Table 4). Similarly, the range of the Nduna’s
scores (1.6–8.0), although more diverse than those of the Chief, still designated him the second most
important institution in each village and reinforced the notion, as suggested in some focus group sessions,
that he is second-in-command to the Chief. This range of scores also corresponded to differing levels of
responsibility the Ndunas are perceived to hold by different groups, as seen in the section above.

Table 4. Mean rank scores of local institutions with regard to their importance in firewood regulation,
as perceived by community focus groups (n = 30). 9.0 is highest possible rank.

Institution
Mean Rank Scores

Total Range

Chief 8.5 8.0–9.0
Nduna 7.0 1.6–8.0
Community members 2.5 1.2–5.0
Civic Association 1.9 0.0–5.4
Community Development Forum (CDF) 1.7 0.0–2.6
Provincial Government 1.2 0.0–2.6
Municipal Government 0.9 0.0–4.0

The mean rank scores of the other institutions varied more widely between villages (Table 4) and
this could indicate village-level differences in the roles of these institutions, especially Civic Association
and community members. Having said that, none of these institutions generated a mean rank score
higher than 3, which suggests that despite possible village-level differences, each of these groups is
regularly perceived as being lower in relative importance than the Chief and the Nduna.

Ambiguity around the importance of provincial and municipal government in firewood
governance was evident in the ranges of scores generated in the focus group discussions (Table 4).
Three focus groups maintained that the provincial government was the highest authority as
‘all departments fall under the provincial government’ and it ‘gives the law to the Chief’. In contrast,
other focus groups failed to mention the provincial government at all. Similar inconsistencies are
noted for the municipal government. These discrepancies in community perceptions may result from
difficulties between differentiating ‘level’ of authority and their importance in actually regulating
firewood harvesting. As such, some community groups may have recognized the importance of
government bodies in developing legislation and in their ‘upper level’ governance operations and
were therefore highly regarded, while others overlooked the importance of such institutions as their
on-the-ground presence or degree of active regulation was scarce or limited.

3.3. Firewood Regulation Issues

One of the most important challenges to effective firewood regulation, as noted most frequently by
focus groups and second most frequently by leaders, was community members’ noncompliance with
well-established firewood laws (Figures 2 and 3). Such disregard for the local rules was encapsulated in
statements such as ‘they [the community] do know the laws but they keep breaking them’, ‘lots of people
break the law’ and ‘everyone harvests, nobody cares’. This concern was raised almost twice the number of
times as the second most cited response (Figure 2). Although some focus groups viewed such disobedience
as insubordination where it is just ‘human nature to break the rules’, a far more common perception was
that villagers could not afford to buy permits and were therefore forced ‘to harvest [illegally] to survive’.
These constraints of poverty and unemployment were also emphasized in suggestions of households
relying on firewood as a coping strategy because they are unable to pay for electricity or alternative energy
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sources. This issue, as stated in one focus group, of ‘[e]veryone harvests. Electricity is expensive’ was the
most frequently cited challenge by leaders (Figure 3).

Another common issue, raised by both leaders and community members, was that of ‘threats to
security’ as well as ‘limited security’ (Figures 2 and 3). In the first case, patrolling rangers are beaten,
shot, threatened with bewitchment or faced unwarranted aggression by harvesters. As a result, rangers
are increasingly reluctant to patrol specific areas and illegal harvesting continues unabated in certain
communal lands. In the second case, there are not enough patrolmen available to adequately cover all
the communal lands in the area. One focus group highlighted that the Chief only had three security
men who had to patrol the entire chieftaincy. This issue was thought to stem from reduced Traditional
Council budgets.

An important discrepancy in responses between community members and leaders related to
suggestions of dissension between village leaders and their communities, which here refers to issues
of bribery, corruption, nepotism and lack of trust as explicitly stated by respondents. Interestingly,
while this discord was collectively mentioned nine times in village talks, they were only cited twice in
leadership answers (Figures 2 and 3). In contrast, suggestions of the community being ‘uneducated’ or
unknowledgeable about the firewood regulation processes and ‘inactive’ in issues of firewood were
raised by leaders, but were not mentioned by focus groups at all.

Figure 2. Frequency of firewood governance issues raised in focus groups (n = 30) across all villages.

Figure 3. Frequency of firewood governance issues raised by leaders (n = 30) across all villages.
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4. Discussion

4.1. Local Firewood Management Systems

4.1.1. Importance of Traditional Leaders over Democratic Structures

Across our research villages, there was little contestation that the Chief, and traditional authorities
in general, are the over-riding powers in firewood governance. This perception is evidenced in the
consistency of responses across all six villages where the Chief was repeatedly cited as the ultimate
authority in firewood regulation, the primary implementer of firewood laws and, in most cases,
the most important institution in firewood harvesting management. Although the local Ndunas were
also ranked as highly important, perhaps suggesting a second-in-command authority, the differing
views of their practical responsibilities produce an unclear picture of their actual role in firewood
regulation. These inconsistencies may stem from chieftaincy- and/or village-level differences in
the functions of these local level leaders and future work is required to unpack these potential
nuances. In contrast, the other governance structures, such as the Community Development Forum
(CDF), were consistently considered to either have no responsibility in firewood management or
to fall under the directive of one of the traditional leaders. From this, the bulk of responsibility
in firewood governance is therefore understood to lie with traditional authorities rather than local
democratic institutions. Given the numerous examples throughout the developing world in which
traditional leaders remain the primary governors of natural resources (see Brown and Lassoie 2010,
Mukamuri et al., 2003, Kayambazinthu et al., 2003, Kajembe et al., 2003 [25–27,60]), this result is
unsurprising. Importantly, though, the low prominence of state conservation agencies is of interest
and their perceived role in regulating the harvesting of resources should be explored further.

These results suggest that the emergence of modern institutional structures have not had as much
impact on the perceived functional roles of traditional authorities in natural resource management
as expected. Despite assertions by some that confusion over the roles of different institutions has
decreased local firewood regulation (see Kirkland et al., 2007, Twine et al., 2003 [32,33]), the findings
here indicate that the roles of traditional leaders and democratic institutions appear separate and
quite well-defined in the study villages. Here, traditional institutions remain closely linked to natural
resource regulation while democratic groups (CDF, Civic Associations etc.) are more involved with
service delivery and community development issues. This was confirmed by both community residents
and leaders across villages. While studies elsewhere show that the establishment of local democratic
institutions can create institutional uncertainty between the two groups (Brown and Lassoie 2010,
Mukamuri et al., 2003, Kayambazinthu et al., 2003, Clover and Eriksen 2009 [25–27,61]), this tension is
unlikely to be the primary contributing factor to the reduced effectiveness of firewood systems seen in
these specific villages.

4.1.2. General Weakening of Institutional Control

Although the emergence of democratic institutions appears to have had little bearing specifically
on the perceptions of traditional leadership in firewood management, three lines of evidence indicate
a generalized reduction in firewood regulation across all the study villages. Firstly, no single group
or leader described a set of firewood laws that was described by any other group. Many of the
laws were only mentioned once and this meant that the laws were too variable to enumerate in
this study. While this assortment of laws may point to a complex and extensive system of firewood
regulations, it may also suggest that knowledge of firewood laws may be poorly communicated or
weakly enforced in these communities. Secondly, although almost all respondents acknowledged that
permission was required to harvest firewood and that the Chief was the primary issuer of permits,
there was no consensus as to the amount required to pay for the permit or what the permit authorizes
the holder to harvest. It is possible that these vague and incongruous responses, evident in both
chieftaincies, indicate that very few, if any, households ever actually obtain permits or that leaders
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ever issue them. This could also point to decreased compliance to known firewood regulations
around obtaining permission. Finally, and linked to the above, one of the most pressing governance
issues, as cited by both community and leader respondents, was villagers’ non-compliance with
firewood laws. In discussions, this sentiment often referred to the instances of live tree harvesting that,
although prohibited, were thought to have intensified in recent times and have been noted elsewhere
(Kirkland et al., 2007, Giannecchini et al., 2007 [32,42]). In the words of one community respondent,
harvesters overlook established traditional laws “to harvest as they please” and “everybody harvests,
nobody cares”. These concerns point to the increase in perceived lawlessness with which harvesters,
both commercial and domestic, access firewood.

These findings could suggest a widespread reduction in compliance with and enforcement of
traditional firewood laws in these study villages and could signify a weakening of local institutional control,
as noted in other literature (Kirkland et al., 2007, Twine et al., 2003, Giannecchini et al., 2007 [32,33,42]).
Across rural Africa, many studies point to similar levels of insubordination by communities and reflect on
the increasingly diluted systems of governance by historically well-respected tribal leaders. Mukamuri et al.,
2003 [26], for instance, describe how in some regions of rural Zimbabwe, community members increasingly
contravene local harvesting laws by cutting previously sacred trees and these activities undermine the
traditional systems of miombo woodland regulation.

These cases above exemplify a cycle of firewood degradation where livewood harvesting, for
both domestic and commercial purposes, is both a cause and a symptom of local deadwood scarcity.
Although it is recognized that often harvesters have few alternative livelihood options and are left with
no choice but to harvest live trees, the continuation of live tree chopping has the possible and indeed
high likelihood of further decreasing the natural resource supply and rendering resource-dependent
households further impoverished in the areas studied (Kirkland et al., 2007, Twine et al., 2003 [32,33]).
This cycle evinces the inter-dependence and inter-connectedness of social systems and the landscapes
on which they rely, where changes to one feature ultimately feedback, directly or indirectly, to modify
another (Twine, 2005, Liu et al., 2007 [52,62]).

Although it is critical to recognize situations of weakened natural resource management, it is
often even more important to identify and understand what factors have led to those governance
changes in order to develop suitable interventions that promote sustainable management, and thereby
reduce poverty and improve livelihoods (Kepe and Scoones, 1999, Potts et al., 2016 [15,17]). As such,
the following section delves into the possible drivers of the weakened institutional functioning
described above.

4.2. Drivers of Weakening Traditional Resource Control in Bushbuckridge

4.2.1. Poverty-Driven Use

A common theme throughout this study was that of poverty-driven firewood use. Leaders,
more so than community members, cited this as one of the biggest firewood governance issues,
where households, out of poverty, were left with no choice but to continue harvesting both live
and deadwood. It was emphasized by leaders here that firewood dependence was a last resort for
community members and that livewood harvesting, although proscribed, stems from desperation,
necessity and poverty, rather than from malevolence. Some leaders gave the impression that they
found themselves in a “catch-22” situation, where although acknowledging that livewood harvesting
was illegal, saw residents having no other option but to harvest livewood in a firewood-scarce
and poverty-stricken environment. Given these perceptions, we argue that some leaders may be
consciously choosing to overlook the illegal harvesting that has intensified across the landscape.
While the decision of local leaders to turn a ‘blind eye’ may stem from acts of political expediency
(see below), Mukamuri et al., 2003 [26] note that local leaders in certain regions of rural Zimbabwe,
despite having the capacity and authority to detain firewood transgressors, are consciously choosing
not to because they believe illegal harvesters are doing so out of livelihood destitution. In this
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study, such empathy and consequent leniency may therefore be an important feature of the observed
deterioration of local control.

4.2.2. Political Self-Interest

Although poverty-driven use may be an important factor influencing leaders’ degree of law
enforcement, another reason could be more closely related to that of leaders maintaining their social
standing in the community. In these villages, although this was never specifically stated by respondents,
political self-interest may be at play in the easing of firewood regulations. For instance, von Maltitz and
Shackleton 2004 [39] describe how in other areas of rural South Africa, traditional leaders are no longer
enforcing local regulations as strictly or chastising lawbreakers as regularly out of fear of losing local
votes to democratically-elected councilors. Here, competition for local support with newly emerging
institutions has prompted tribal leaders to be more lenient on community transgressors, leading to an
increasingly relaxed governance system (von Maltitz and Shackleton 2004 [39]). In our study region,
although there appears to be no overt competition between the different leadership groups on issues
of natural resource regulation (see Section 4.1.1. above), politicking in the form of firewood leniency
may be one mechanism by which some traditional authorities are attempting to regain a degree of
local legitimacy and to win back standing in their communities. This may be particularly true given
the weaknesses in their institutional credibility and trust in the eyes of those they are meant to govern
(see Section 4.2.3 below).

4.2.3. Decreased Trust in Local Institutions

A key issue raised in discussions was that of discord and dissension between community members
and their leaders. That is, the perceived bribery, corruption and nepotism exhibited by some of the
village and regional leaders had created a sense of distrust between them and the communities they
intend to rule. Concerns over intensified commercial harvesting, the perceived lawlessness with
which some residents harvest as well as increasing threats of violence towards patrolmen may also be
indicative of these strained relations.

Trust between stakeholder parties has been identified as a critical factor in effective natural
resource management (Vaske et al., 2007, Stern 2008a [63,64]) and distrust for leadership has been
shown to fuel non-compliance with regulations and stimulate open defiance of authority in systems
across the globe (Brown and Lassoie 2010, Kayambazinthu et al., 2003, Thondhlana et al., 2015,
Stern 2008a, Stern 2008b, Oyono 2009 [25,27,31,64–66]).

Following this, the impact of reduced social trust and the weakened legitimacy of traditional
leaders should not be underestimated in the deterioration of resource regulation and in the increasing
powerlessness of traditional authorities to regulate in these villages. It is this cycle of reduced
authority, increased disobedience and associated institutional collapse that some authors consider
the basis for the ‘open access’ nature of communal land systems observed in other parts of Africa
(Thondhlana et al., 2015, Jones 1999, Luoga et al., 2005 [31,67,68]).

4.2.4. Decreased Financial Capacity of Governance Structures

Finally, our results confirm much of other South African literature (see Kirkland et al., 2007,
Twine 2005 [32,52]) that speaks of the explicit links between weakening traditional resource control
and decreased financial support from government. Here, the ineffectiveness of traditional leaders
to implement resource laws was highlighted in various ways, including how authorities do not
have enough security to patrol the communal lands and that they cannot trace illegal harvesters.
These issues speak to capacity insufficiencies where, even in contexts where leaders may seek to
enforce laws, budgetary constraints mean that they are largely incapable of maintaining previous
firewood governance systems. In a similar study, Twine et al., 2003 [33] note that traditional authorities
themselves asserted that one of the main factors impeding their implementation of resource laws was
reduced government funding.
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5. Conclusions

With rural poverty and natural resource dependence remaining widespread in South Africa,
there is an indisputable need to implement strategies and reforms that seek to improve landscape
function and advance livelihood opportunities in such resource-dependent areas. While the results of
this study add support to the notions of weakening local governance and their impact on firewood
availability in Bushbuckridge specifically, the insights gained have broader applicability to other
common property systems. The first of these is that enduring institutions do not necessarily translate
into effective institutions. In this system, the institutions involved in natural resource management
remain firmly in place, however, they have failed to account for the social, political, economic and
environmental changes that currently shape the mechanisms by which natural resources are being
used. This oversight has meant that regulations and the institutions meant to enforce them are fixed in
historical policies that are no longer appropriate to deal with the new stresses and pressures both within
and on the system. This weakened capacity to deal address new forces, such as the reduced resource
base, has meant that other changes have evolved in their place, including decreased obedience to laws
by residents. What we need in order to combat landscape degradation and livelihood vulnerability,
such as already appears in Bushbuckridge but also elsewhere, is to increase the capacity of such
institutions to adapt and evolve to changing circumstances.

Secondly, the findings from this study shed new light on the complexity of factors that drive
the effectiveness, or indeed the ineffectiveness, of institutions in carrying out their functions.
Where previously it was widely accepted that traditional authorities in Bushbuckridge could not
enforce resource harvesting laws because of certain exogenous factors, such as their reduced financial
capacity, here we see a multiplicity of factors that contribute, individually and in combination, to the
weakening of local resource control. Importantly, these new insights into the specific drivers of regional
governance were achieved only by coupling community and leader perspectives. The inclusion of these
new understandings helped unpack more fully the complexities of local issues and can also be used
in the development of more effective interventions. Here, for example, simply increasing Traditional
Council budgets or providing more patrolmen does not address the tangled network of factors resulting
in the illegal harvesting seen above. Rather the multi-dimensional nature of such resource-use systems
calls for the development of policy and programs that engage with such complexity and offer solutions
that are holistic and multi-pronged in approach (Nkhata et al., 2012, [69]). We therefore argue that
future work should seek to engage as many stakeholders as possible where a diversity of views,
perspectives and experiences add more fully to understanding the nuances in such systems that other
more singular-focused research may overlook.

Finally, three of the four major drivers of weakened institutions in this case were based on the
relationships between the leaders (regulatory institutions) and their communities. Some leaders
may have chosen to withhold enforcement on penalties for reasons of compassion and/or political
self-interest. Likewise, communities’ perceptions of their leaders, both from current practices
(e.g., bribery and nepotism) and historical affiliations, impacted on communities’ attitudes towards and
compliance with firewood regulations. We would argue that these findings point to the underestimated
role of personal motivations, beliefs and relationships in shaping institutional effectiveness in resource
use systems. Here, without understanding the relationships between the different entities, we fail to
acknowledge how successful natural resource governance can be achieved in any landscape (de Castro,
2016 [70]). From this, future studies of both resource use systems and socio-ecological systems in
general should focus on the relationships between resource users and their regulatory institutions
from a more personal perspective to not only more fully understand the drivers of specific degrees of
functioning but also to develop more effective strategies for future resource use regulation.
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Abstract: Agriculture in Africa is not only exposed to climate change impacts but is also a source
of greenhouse gases (GHGs). While GHG emissions in Africa are relatively minimal in global
dimensions, agriculture in the continent constitutes a major source of GHG emissions. In Ghana,
agricultural emissions are accelerating, mainly due to ensuing deforestation of which smallholder
cocoa farming is largely associated. The sector is also bedevilled by soil degradation, pests,
diseases and poor yields coupled with poor agronomic practices. Climate Smart Agriculture (CSA)
thus offers a way to reduce the sector’s GHG emissions and to adapt the sector to the adverse impacts
of climate change. This study assesses the potential of CSA vis-à-vis conventional cocoa systems
to enhance production, mitigate and/or remove GHG emissions and build resilience, in addition
to understanding key determinants influencing CSA practices. Using a mixed methods approach,
data was collected in Ghana’s Juabeso and Atwima Mponua districts through semi-structured
household questionnaires administered to 80 household heads of cocoa farms, two focus group
discussions and expert interviews. A farm budget analysis of productivity and economic performance
for both scenarios show that CSA practitioners had a 29% higher income per ha compared to the
conventional farmers. Estimations using the FAO Ex-Ante Carbon-Balance Tool (EX-ACT) indicate
CSA practices preserve forest resources without which the effect on carbon balance as presented
by conventional farming would remain a source of GHG emissions. Farm tenure, age of farmers,
location of farm, residential status and access to extension services were the main determining factors
influencing CSA practices among cocoa farmers. An in-depth understanding of these indicators can
help identify ways to strengthen CSA strategies in the cocoa sector and their contributions to climate
change mitigation and resilience.

Keywords: climate smart agriculture; resilience; carbon balance; cocoa; mitigation; Ghana;
Ex-ACT; agroforestry

1. Introduction

Agriculture is the primary source of livelihood in many African countries, employing more than
60% of the population and often the largest contributor to Gross Domestic Product [1,2].

Yet the sector faces various challenges including market system failures and trade barriers,
unstable and ineffective socio-economic policies, poor information, infrastructural and financial
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accessibility, increasing population pressure and resources scarcity, unsustainable agronomic practices
and environmental degradation [3,4]. These challenges are further compounded by the effects of
climate variability and change as the sector is mainly rain-fed and climate dependent [2,5]. Thus,
agriculture in Africa remains one of the most vulnerable sectors to climate variability and change.

Yet African agriculture is not only exposed to climate change impacts but can also be a source of
greenhouse gases [6]. Although in global dimensions, GHG emissions in Africa are relatively minimal,
a key concern is that major parts of these emissions emanate from the agriculture sectors with high
growth rates [7]. For instance, between 1990 and 2014 annual agricultural emissions from Africa
increased by 46.4% from 569.3 to 833.6 Megatonnes of Carbon dioxide equivalents (Mt CO2e) making
up nearly 16% of global agricultural emissions over the period [7]. As many African economies like
Ghana expand, it is crucial to initiate measures to reduce emissions from the agricultural sector while
adapting the sector to the impacts of climate change.

Ghana’s agriculture is the second largest contributor to total national GHG emissions,
constituting approximately 38%, only after the energy sector’s 41% [8]. Moreover, agricultural
emissions in Ghana are growing at a faster rate, considering trends between 1990 and 2006, of 44.2% as
opposed to a 39% growth rate of energy sector emissions [8]. Although cocoa production is the most
important economic activity in Ghana’s agriculture sector, it is associated with significant contributions
to national agricultural GHG emissions [9,10]. The expansion of cocoa cultivation into the high forest
zones in the 1990s in order to increase national production levels has resulted in biodiversity loss,
massive forest degradation and associated GHG emissions [11,12].

Furthermore, the Ghanaian cocoa landscape is plagued with ecological problems such as
declining soil fertility, high incidence of pests and diseases and high exposure to droughts and
temperature extremes, coupled with poor agronomic practices and inadequate farm maintenance by
characteristically aged farmers [13,14]. Yields are estimated to be 350 kg/ha on average and are far
lower than other major producing countries like Cote d’Ivoire with an average yield of 800 kg/ha
and Malaysia’s 1700 kg/ha [15]. Consequently, livelihood conditions of many of the approximately
800,000 smallholder cocoa farmers [16] have deteriorated over the decades with lower returns from
cocoa farming leaving them impoverished [17].

Despite high commitments to meeting its objectives, the state-owned Ghana Cocoa Board
(COCOBOD) charged with nationwide sustainability of the sub-cocoa sector, is yet to achieve
necessary synergies between emerging socio-economic and environmental trade-offs such as increasing
productivity/income vis-à-vis reducing extensive cultivation and deforestation. To address the
challenges of adapting the cocoa sector to climate change and reducing the sector’s emissions,
Climate Smart Agriculture (CSA) is increasingly being promoted especially for cocoa production
in Ghana [10,18,19]. CSA integrates economic, social and environmental dimensions of sustainable
development to build on three main pillars as follows: (1) sustainably increasing agricultural
productivity and incomes; (2) adapting and building resilience to climate change and; (3) reducing
and/or removing greenhouse gases emissions relative to conventional practices [4]. Hence, the World
Bank programme to reduce emission from deforestation and forest degradation (REDD+) is strongly
focused on cocoa and expected to drive sustainability in the sector post 2016 [10,20]. However,
a majority of the predominant smallholder cocoa farmers still employ conventional methods of
production [10,21]. Antwi-Agyei et al. (2013) [22] attribute this situation to the limited understanding
of the barriers to effective implementation of adaptation strategies faced by farm households across
sub-Saharan Africa.

Furthermore, knowledge on the extent to which existing agricultural practices are climate smart
in terms of increasing productivity/income and building resilience does not exist. There is thus a need
to identify factors that contribute to livelihood resilience, which has been characterized to encompass
buffer capacity (as portrayed by livelihood capitals and their dynamics) and actors’ capacity to
self-organise and to learn [23]. There is also no information on the conditions and factors that influence
climate-smart cocoa practices. Thus, we aim to analyse the potential of cocoa farming systems to
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maintain or enhance cocoa production, reduce and/or remove GHG emissions and build resilience.
Further, we aim to identify and analyse the factors that influence CSA practices from the individual
and household as well as the institutional and policy perspectives. We therefore seek to answer the
following questions: What is the level of increase in productivity, farm income and GHG balance due
to CSA practices compared to conventional cocoa production? What factors influence CSA practices in
cocoa farming systems in Ghana?

2. Materials and Methods

2.1. The Study Area

The cocoa landscapes of Juabeso and Atwima Mponua districts in the Western and Ashanti
regions respectively (Figure 1) were selected for this study. These sites were considered suitable
primarily because of the predominance of smallholder cocoa farming households, engaging in either
‘business-as-usual’ or improved cocoa farming systems based on scientific recommendations. The area
also embodies successful implementation of major voluntary standards and certification schemes
in Ghana including Rainforest Alliance (RA) and UTZ certified (an abbreviation for “Utz Kapeh”:
‘Good Coffee’ in the Mayan Quiché language; global certification program for sustainable coffee,
cocoa and tea production) [24]. While conventional farming systems are common in each district,
the presence of the Rainforest Alliance certified Climate Cocoa Project in Juabeso and Organic Cocoa
Project in the Atwima Mponua Districts represent essential classifications that allowed the study to
explore and compare different dimensions to adoption and practices of CSA, as well as determinant
factors in different locations.

Figure 1. Map of the Study Area (Source: Authors (2015)). The Juabeso district is in the Western Region
of Ghana while the Atwima Mponua district is located in the Ashanti Region. The characteristics of
both regions are displayed in Table 1.
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Table 1. Profile of the study area districts.

Feature Juabeso District Atwima Mponua District Source

CSA/Agroecology
intervention RA Climate Cocoa Project Agro Eco Louis Bolk Institute

Organic Cocoa Project

Study Area
Study Location

1924 km2

2◦40′ W; 3◦15′ W & 6◦06′ N; 7◦00′ N
1883.2 km2

2◦00’ W; 2◦32′ W & 6◦32′ N; 6◦75′ N
[9,25,26]

Capital Juabeso Nyinahin [9,27,28]

Climatic Zone Wet Semi-Equatorial Wet Semi-Equatorial [9,29]

Temperature 25.5 ◦C–30.0 ◦C 27.0 ◦C–31.0 ◦C [9,28]

Rainfall May–June: 1250 mm
September–October: 2000 mm

March–July: 1250 mm
August–November: 1850 mm [9,26,28]

Relative Humidity 70–90% 75% (Average) [28]

Vegetation Moist semi-deciduous Forests Moist semi-deciduous Forests [9,28]

Population (Density) 58,435 (42.7) 119,180 (63.0) [26,27]

Population Growth Rate 3.5% per annum 3.6% per annum [9,24]

Gender (Sex Ratio) Male (50.9%); Female (49.1%) Male (51.3%); Female (48.7%) [26,27]

Main Economic Activity Agriculture (engaged in by 76% of
economically active population)

Agriculture (engaged in by 66% of
economically active population) [25,26]

Forest Reserves Krokosua Hills; Bia National Park Asenanyo; Tano Ofin [9,25]

Source: Authors’ (2017).

The study area is composed of a rural population of which growth rates reflect high immigration
mainly by migrant cocoa farmers who are estimated to own about 70% of cocoa farms in the
districts [9,24]. The Juabeso district is host to the Krokosua Hills forest reserve, which is one of
the remaining forest patches surrounded by vast areas of low or no shade cocoa farms with negative
implications for biodiversity and ecosystem services [9]. Similarly, encroachment also threatens the
forest reserves in Atwima Mponua district, which cover over half of the land area making it one of the
biggest forest reserves in Ghana [30].

Recognised as very productive, Juabeso district is a hub of recent cocoa expansion, illegal logging
and associated encroachment into protected areas [9,29]. Bush fires are frequent in the dry seasons
resulting from the activities of farmers practicing slash and burn, as well as from hunting and palm
wine tapping activities [25]. With annual deforestation rate of 2.2% compared to a 2% per annum
national rate, land, forest, wildlife and water resources remain under threat of degradation [31].

2.2. Data Collection

Data for the study was collected using a mixed methods approach. Semi-structured household
questionnaires were administered to 80 household heads of cocoa farms to elicit information on
household characteristics and farm management in the two study areas. In addition, two Focus Group
Discussions (FGDs), each targeting cocoa farmers in the respective districts were conducted to explore
perceptions about climate change and cocoa production as well as factors influencing adoption of
CSA practices. The FGDs helped to verify and build consensus on conflicting data. Lastly, interviews
with selected experts provided further data on the study area. These various sources also served to
triangulate collected data.

In each study area, two categories of cocoa farmers were identified, namely, farmers practicing
conventional models of cultivation and those engaged in CSA/Agroecology as illustrated in Table 2
below. CSA/Agroecology farming systems were selected from the cocoa certification projects by the
RA or AgroEco Louis Bolk Institute. Following this stratification, 20 farmers were selected under
each of the categories in each location of the study. Four communities were randomly selected
in each location. These included Anasu, Pasoro, Gyereso and Wurubegu in the Atwima Mponua
District and Cashiekrom, Komeamaa, Breman and Addaekrom in the Juabeso district, from which
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five respondents under each stratum of conventional and CSA/Agroecology farming categories were
respectively selected.

Table 2. Characteristics of CSA/Agroecology juxtaposed Conventional Practices in Ghana.

Activities/Practices
CSA/Agroecology (Recommended

Improved Systems)
Conventional Farming

(Business-As-Usual Systems)

Land Preparation Leaving cleared weeds and biomass to mulch on
prepared lands (locally known as proka)

Burning of entire land for cocoa
cultivation

Planting Material Hybrid cocoa seedlings from certified source Amazon, Mixed hybrid-Amazon and
Amelonado varieties

Planting Methods Grafting, Lining and Pegging seedlings at
3 m × 3 m spacing

Randomly planting cocoa beans
“Planting at Stake”

Fertilizer Application 371 kg/ha of 0–18–23NPK to mature cocoa on
previously cultivated land

No fertilizer/Lesser quantities per
hectare in varying compositions

Pesticide Application

If needed, apply fungicide to control black pod
and other fungal diseases and insecticide at four
times (August, September, October, December)

per year to control mirids (Akate)

No pesticide application or application
between 1–2 times per year at irregular

time periods

Shade Tree Planting 12–18 matured trees per hectare No shade trees/lesser numbers per
hectare

Weeding Regimes 4–6 times per year for young cocoa, as necessary No weeding/<4 times yearly

Pruning Practices Prune to remove epiphytes and deadwood and to
improve aeration No pruning

Production strategy Cocoa intensification approaches Extensive practices

Source: Adapted from Asare (2014) [10].

Asare (2014) outlines the following justification by experts and practitioners for recommended
CSA/Agroecology practices over conventional practices: During land preparation, leaving cleared
weeds to mulch increases soil organic carbon via decomposition and improves soil fertility,
avoiding emissions associated with burning in the context of conventional practices. Planting hybrid
seedlings increases yield as well as disease resistance, while applying recommended fertilizer regime
not only significantly increases yield but also increases root and shoot growth of cocoa causing
enhancement of soil carbon stocks. Applying pesticides four times per year, if needed, helps control
black pod, other fungal diseases and pests affecting cocoa. Grafting, lining and pegging seedlings
at a three square meter spacing reduces intra cocoa competition associated with planting at stake
and enhances yield. Allowing natural regeneration and planting shade trees lead to modest carbon
sequestration, while planting cocoa under forest-tree or shade produces no emissions from clearing.
Weeding regimes reduce competition for soil nutrients, enhances carbon sequestration from cocoa
and shade growth. Pruning practices improve cocoa growth and reduces incidence of pest and
diseases thereby ensuring healthy cocoa and greater resilience. Cocoa intensification as production
strategy ensures higher resource efficiency, climate adaptation and mitigation co-benefits in contrast to
extensive practices.

One community representing each study district was selected for a Focus Group Discussion.
Anansu and Komeamaa communities were selected in Atwima Mponua and Juabeso districts
respectively. In each case, the groups were limited to a randomly selected sample of 10 participants to
enable effective facilitation.

We interviewed one targeted expert each from the International Institute of Tropical Agriculture
(IITA), Rainforest Alliance (RA) and Nature Conservation Research Centre (NCRC). These institutions
were considered due to their technical know-how on the theme of this paper and also due to
convenience and resource constraints.
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2.3. Data Analysis

Statistical software (SPSS and STATA) were used to analyse quantitative data on productivity,
income and factors framing CSA practices. Qualitative data from focus group discussions and expert
interviews were analysed using content analysis. The FAO Ex-Ante Carbon Balance Tool (EX-ACT)
was used to estimate climate change mitigation potentials of the two farming systems.

2.3.1. Farm Budget Analysis

A farm budget analysis was carried out for both conventional and CSA/Agroecology farming
categories. This was to assess respective levels of productivity in average yield per hectare (ha) and
economic performance through average income per hectare expressed in Ghana Cedis per hectare
(GHS/ha). To realise this, income indicators such as Gross Output Value and Total Production Cost
were calculated and set in the function below.

Income (I) = Gross Output Value (GOV) − Total Production Cost (TPC) (1)

The GOV is defined as the total value of cocoa and associated intercrops harvested per hectare
over the 2014/2015 farming season. For the purpose of this study, fixed costs were held as a constant
factor and TPCs were therefore limited to total variable costs incurred during the same season
consisting of variables such as costs for labour (both hired and permanent), pesticides and herbicides,
farm maintenance (pruning, weeding etc.), harvesting (pod plucking and breaking), post-harvest
(drying and bagging) and transportation.

2.3.2. Estimation of Greenhouse Gases as Part of Natural Capital

The FAO Ex-Ante Carbon-Balance Tool (EX-ACT) was used for the estimation of GHGs emission
and/or sequestration from farming systems (conventional and CSA/Agroecology). The EX-ACT is a
land-based accounting system for measuring the impact of agriculture, forestry and other land use on
carbon (C) stocks, stock changes per unit land and methane (CH4) and Nitrogen oxide (N2O) emissions
expressed in tonnes per hectare of carbon dioxide equivalent (t CO2-eq/ha) [32]. The difference
between two scenarios; with or without project interventions, which in the study’s context is considered
as with or without CSA/Agroecology intervention, defines the C balance, which is the main output of
the tool.

2.3.3. Logistic Regression for Identifying Factors Framing CSA/Agroecology Practices

A binomial logistic regression was used to identify factors framing CSA/Agroecology practices
among cocoa farmers in the study area. The logistic model was estimated using the following equation:

Yi = β0 + β1(Education) + β2(Farm Tenure) + β3(Farm Size) + β4(FarmerAge)+
β5(FarmerAge Squared) + β6(Number of Farms) + β7(Dependency Ratio)+

β8(Gender) + β9(Location) + β10(Residence Status) + β11(Extension Service)+
β12(Credit) + β13(Nonfarm Economic Activities) + β14(CocoaAge) + εi,

(2)

where Yi is the dependent variable measured as a dummy, 1 if farmer practiced CSA/Agroecology, 0 if
farmer practiced conventional farming; β0 is the constant term; β1 to β14 represent the coefficients of
the explanatory variables; and εi the error term. In relation to the following a priori expectations as
presented in Table 3, the coefficients were estimated using STATA software [33].
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Table 3. A Priori Expectations for Explanatory Variables.

Explanatory
Variables

Description Measurement
Expectation:
CSA Practice

Supporting
Literature

Education Education level of farmer 1 = no education, 2 = Basic education,
3 = Secondary/Tertiary education + [21,34]

Farmer Age Age of farmer Years + [21,33,35]

Square of
Farmer Age Age of farmer squared Square of the age farmer − [21]

Farm Size Farm size Hectares − [21,33]

Farm Tenure Farm ownership and rights 0 = own farm, 1 = family farm,
2 = sharecropper, 3 = Tenant + [16,36,37]

Dependency Ratio Ratio of economic inactive &
active household members Ratio of dependency −

Gender Gender of farmer Dummy: 0 = female, 1 = male + [33]

Location Location of the study area Dummy: 0 = Atwima Mponua,
1 = Juabeso −

Residential Status Farmer residential status Dummy: 1 = Yes, if farmer is native to
farming community, 0 = if Not − [38]

Extension Service Extension services access Dummy: 1 = Yes, if farmer received
extension visits last year, 0 = if Not + [16,34,36]

Credit Access to credit Dummy: 1 = Yes, if farmer had access
to credit, 0 = if Not + [21]

Non-farm
Economic Activity

Farmer engagement in
off-farm economic activities Dummy: 0 = No, 1 = Yes + [33]

Cocoa Age Age of cocoa trees on farm Years − [21]

Source: Authors’ (2017).

2.3.4. Content Analysis

Qualitative data that was collected in focus group discussions and expert interviews were analysed
via content analysis. Voice recordings obtained via these processes were transcribed and manually
synthesised to retrieve information to complement the quantitative data.

3. Results

3.1. Demographic and Socio-Economic Characteristics of Household Respondents

Demographic and socio-economic characteristics considered include age, gender, education,
household size, farm tenure, number of farms and size, among others (Table 4). The age of respondents
ranged from 24 to 75 years with a mean of 45 and modal age of 40 years, whereas 63% of respondents
were male. On average, farming experience (number of years engaged in cocoa farming) was about
18 years. Table 4 shows a similar distribution of farmers with primary education while those with
secondary education are more among the CSA/agroecology farmers.

The average number of persons per household is 8 persons. About 72% of respondents employ
both household and hired labour. Average farm size cultivated is 2.7 ha with conventional farming
having the largest farm size (8 ha) in the range. With respect to farm tenure, 69% of the farmers own
their farms while 20% managed family farms and 11% operated as share croppers under equal share
of proceeds (abunum) agreements. However, 60% of farmers interviewed had access to only one cocoa
farm and 29% operated 2 different cocoa farms while 11% operated 3 to 4 cocoa farms. In general,
59% of the respondents were members of farmer organizations but only 23% of conventional farmers
belonged to a farmer organization compared to 95% of farmers in CSA/Agroecology with membership
in at least one farmer organization. Furthermore, 64% of respondents who had access to extension
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services in the previous farming season (2014/2015) comprised 90% and 38% of CSA and conventional
farmers respectively.

Further, only 10% and 13% of respective farmers under conventional and CSA/Agroecology
categories had access to farm credits, which made up 11% of respondents who obtained access to credit.
Despite the government’s support with free cocoa fertilizer distribution and free pests and disease
control exercises, 71% of respondents claimed no access to farm inputs in the previous (2014/2015)
farming season. Only 15% of conventional farmers had access to pesticides and fertilizer compared to
43% CSA/Agroecology farmers.

Table 4. Characteristics of Cocoa Farming Household Respondents.

Variable
Conventional CSA/Agroecology Total

(N = 40) % (N = 40) % (N = 80) %

Gender
Female 18 45 12 30 30 38
Male 22 55 28 70 50 63

Formal education
None 10 25 3 8 13 16

Basic/Primary 21 53 20 50 41 51
Secondary/Tertiary 9 23 17 43 26 33

Residential Status
Native 25 62 18 45 43 54
Settler 15 38 22 55 37 46

Tenure
Own Farm 24 60 31 77 55 69

Family Farm 11 28 5 13 16 20
Share Cropper 5 13 4 10 9 11

Number of Cocoa Farms
One 25 63 23 58 48 60
Two 9 23 14 35 23 29

Three-Four 6 15 3 8 9 11

Member of Farmer Organisations
No 31 78 2 5 33 41
Yes 9 23 38 95 47 59

Access to Extension Services
No 25 63 4 10 29 36
Yes 15 38 36 90 51 64

Livelihoods Diversified (off-farm)
No 25 63 27 68 52 65
Yes 15 38 13 33 28 35

Access to Credits
No 36 90 35 88 71 89
Yes 4 10 5 13 9 11

Access to Inputs
No 33 85 23 58 56 71
Yes 6 15 17 43 23 29

Source: Field Data (2015).

3.2. Assessing Productivity, Income and Resilience as Dimensions of CSA/Agroecology

3.2.1. Farm Production Input and Costs

Farm investments in inputs and other costs incurred for cocoa production in the 2014/2015
farming season links to the value of assets at the disposal of cocoa farmers. Cocoa production costs per
hectare (Table 5) ranged from GHS 65 (USD 17) in the conventional category to GHS 1962 (USD 516) in
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CSA/Agroecology with an overall mean of GHS 715 (US $188). Averages of total production costs
(without fixed costs) per hectare for Conventional and CSA/Agroecology practices were GHS 621
(USD 163) and GHS 920 (USD 242) respectively. Labour constituted the largest cost component in both
categories representing 42% and 51% of total cost respectively.

Table 5. Share of Average Cocoa Production Costs in Ghana Cedis per Hectare (GHS/Ha).

Cost Items/Activities
Conventional Farming CSA/Agroecology

Mean SD (%) Mean SD (%)

Weeding 83 70.3 (13) 150 91.4 (16)

Pruning 21 20.18 (3) 45 28.4 (5)

Organic Fertilizer/Compost 186 (30) 169 49.4 (18)

Chemical Fertilizer 94 170.1 (15) 190 249.4 (21)

Fuel 14 12.1 (2) 20 13.7 (2)

Herbicides 6 9.9 (1) 0 0.0 (0)

Herbicide Application 7 11.5 (1) 0 0.0 (0)

Pesticides 60 57.9 (10) 70 101.6 (8)

Pesticide Application 27 15.3 (4) 67 48.5 (7)

Harvest 60 48.56 (10) 114 55.19 (12)

Pod Breaking 26 12.6 (4) 46 13.2 (5)

Drying/Bagging/Transporting 37 27.3 (6) 49 17.2(5)

Cost of Labour 260 169.4 (42) 471 168.0 (51)

Total Production Cost 622 350.6 (100) 921 386.2 (100)

Source: Field Data (2015). * USD 1.00 = GHS 3.80.

3.2.2. Farm Productivity of Cocoa

A total average yield of 432 kg/ha was achieved for the entire study area. Average yield per
hectare for the whole study area was 37% higher in CSA/agroecology (500 kg/ha) than in conventional
farming (363 kg/ha). We use the difference between CSA/Agroecology and conventional cocoa yields
as an indicator of resilience. The performance of CSA/agroecology in Juabeso and Atwima Mponua
indicates 50% and 22% improvements in productivity and by extension improvements in resilience
compared to respective cases of conventional cocoa. In CSA/Agroecology, yields in both Juabeso
and Atwima Mponua were 594 kg/ha and 406 kg/ha respectively. Conventional cocoa yields in
Juabeso and Atwima Mponua were 394 kg/ha and 332 kg/ha respectively. Independent sample t-test
of yields showed a significant difference between yields from CSA/Agroecology and conventional
farming (t(78) = −3933, p = 0.000), with yields from CSA/Agroecology being higher than yields from
conventional farming.

3.2.3. Value of Produced Cocoa

With reference to the producer price of cocoa as set by Ghana’s cocoa governing institution
(COCOBOD) for the 2014/2015 farming season of GHS 5.47 (USD 1.4) for 1 kg (Ministry of Finance
2014) and additional 3.5% premium paid for organic cocoa beans, the value of cocoa output per hectare
ranged from GHS 1050 (USD 276) to GHS 6394 (USD 1683) with a mean of GHS 2382 (UD $627).
Farmers practicing CSA/Agroecology produced higher output per hectare with an average value of
GHS 2786 (USD 733) compared to GHS 1978 (UD $521) for conventional cocoa.
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3.2.4. Farm Income from Cocoa and Non-Cocoa Farm Production

Considering farm productivity and value of output, respondents in the study generally made
profits for the 2014/2015 farming season, indicating improvement in their buffer capacity (resilience)
with results (Table 6) showing an average income per hectare of GHS 1726 (USD 454). With farm sizes
averaging 2.7 hectares, farmer income from cocoa production for the season ranged from GHS 658.40
(UD $173) to GHS 5865 (USD 1543) per hectare. CSA/Agroecology farmers earned higher incomes
with a mean of GHS 1983 (USD 522) per hectare, 29% above that of conventional farmers’ (GHS 1470
(UD $387)).

Table 6. Average Farm Size in Hectares and Income Indicators in Ghana Cedis per Hectare (GHS/Ha).

Farming Systems Farm Size Gross Output Value (GOV) Total Production Cost (TPC) Income

Conventional (Juabeso) 2.54 2093.75 703.17 1452.65
Conventional (Atwima. Mponua) 2.62 1862.57 436.41 1487.95

CSA/Agroecology (Juabeso) 2.71 3294.89 1040.33 2296.1
CSA/Agroecology (Atwima Mponua) 2.88 2276.93 680.52 1669.76

Total 2.69 2382.04 715.11 1726.62

Source: Field Data (2015).

With these mean income values for CSA/Agroecology and conventional farming categories
associated with a standard deviation of 871.3 and 516.3 respectively, results of the independent sample
t-test showed a statistically significant effect, t(62.9) = −3.334, p = 0.002. Thus, income levels from cocoa
were statistically higher among farmers practicing CSA/Agroecology than among farmers practicing
conventional farming.

Furthermore, an assessment of diversity in household income shows that the average on-farm
income from non-cocoa related farm activities was 11% higher in CSA/Agroecology (GHS 930)
compared to conventional farming (GHS 840). For instance, intercropping annual food crops on cocoa
farms is a common practice in both farming systems. However, CSA/Agroecology had a higher
diversity of 3 crops on average in contrast to 2 crops in the conventional cocoa farms. Animal rearing
(e.g., grass-cutter; Greater cane-rat: Thryonomys swinderianus), bee keeping and economic trees on-farm
such as citrus and avocado, augmented household income and hence contribute to their economic
resilience. Although statistically not significant (t(47) = −0.280, p = 0.781), non-cocoa farm income
levels were higher among farmers practicing CSA/Agroecology than among farmers practicing
conventional farming.

3.3. Assessing Climate Change Mitigation and Resilience as Dimensions of CSA/Agroecology

3.3.1. Land Use Change

Both conventional (87.5%) and CSA/Agroecology (80%) cocoa farmers in the study area cultivated
cocoa mainly by slashing and burning secondary forests (Deforestation by fire). Figures 2 and 3 show
the results from the carbon balance analysis of conventional and CSA/Agroecology cocoa production.
While deforestation affected 133 hectares of forests via conventional farming systems in Juabeso,
111 hectares of forest were affected by CSA/Agroecology interventions. Consequently, the study
estimated emissions of 64,493 tCO2-eq (2150 tCO2-eq yearly) with CSA/Agroecology interventions
and 76,876 tCO2-eq (2563 tCO2-eq yearly) with conventional practices over a 30-year period ex-ante.
For this period, a carbon sink of 12,383 tCO2-eq (413 tCO2-eq yearly) is estimated from avoided
deforestation as a result of CSA interventions (Figure 2).
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Figure 2. EX-ACT results showing fluxes per relevant component in cocoa farm projects in Juabeso
Source: Field Data (2015).

 
Figure 3. EX-ACT results showing fluxes per relevant component in cocoa farm projects in Atwima
Mponua. Source: Field Data (2015).

Similarly, results from Atwima Mponua indicate 110 and 146 hectares of deforested area
with and without CSA/Agroecology interventions respectively. Over a 30-year ex-ante period of
consideration, these results indicate future emissions of 63,648 tCO2-eq (2122 tCO2-eq yearly) with and
84,710 tCO2-eq (2824 tCO2-eq yearly) without CSA/Agroecology (Figure 3). The estimated balance of
21,062 tCO2-eq (702 tCO2-eq yearly) represents a carbon sink from avoided deforestation (Figure 3).
Thus, CSA/Agroecology practices preserve forest resources (natural capital) without which the effect
on carbon balance as presented by conventional farming would remain a source of GHG emissions.

Furthermore, in Juabeso (Figure 2), afforestation activities of planting shade trees as engendered in
CSA/Agroecology was higher with an average of 11 trees per hectare, in contrast to results shown from
conventional practices with 5 trees per hectare. Consequently, CSA/Agroecology was responsible for
an estimated sequestration of 8648 tCO2-eq compared to only 2913 tCO2-eq resulting from the fewer
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trees planted in conventional systems. Hence a carbon balance reflected a sink of 5735 tCO2-eq over a
30 year period (191 tCO2-eq yearly), resulting from improvement via CSA/agroecology interventions
beyond the conventional or business as usual practices. Similarly, over the same period in Atwima
Mponua (Figure 3), a sink carbon balance of 6008 tCO2-eq (200 tCO2-eq yearly) was estimated from
afforestation activities. CSA/Agroecology was responsible for sequestration of 8830 tCO2-eq compared
to only 2822 tCO2-eq by conventional or business as usual practices.

3.3.2. Crop Production and Farm Input

The study also analysed crop systems and farm inputs under CSA/Agroecology and Conventional
systems, using the EX-ACT, to further understand associated GHG mitigation potentials. As a perennial
crop, the production of cocoa in Juabeso over a 30 year period of analysis generally sequestered an
estimated 36,152 tCO2eq in conventional systems compared to 30,267 tCO2eq in CSA/Agroecology
(Figure 2). Due to expansive production with closely spaced cocoa trees, typical in conventional farming
systems, more cocoa trees were cultivated per hectare and hence the higher carbon sequestration
estimates associated with growing the perennial crop compared to CSA/Agroecology. The same
situation held true in Atwima Mponua, where over a 30 year period of analysis, cocoa cultivation
generally accounted for an estimated sequestration of 39,831 tCO2eq in conventional systems compared
to 29,871 tCO2eq in CSA/Agroecology (Figure 3).

Despite the resulting emission source balance of 5885 tCO2eq (196 tCO2eq yearly) and 9960 tCO2eq
(332 tCO2eq yearly), linked to the intervention of CSA/Agroecology practices in Juabeso and
Atwima Mponua respectively, its overall mitigation impact is yet greater considering benefits from
avoided deforestation and afforestation practices as explained above.

Emissions from farm investments and inputs such as application of fertilizer, pesticides,
spraying and fuel use were higher at 760 tCO2eq (25 tCO2eq yearly) with practices under
CSA/Agroecology compared to 396 tCO2eq (13 tCO2eq yearly) in conventional systems at Juabeso.
This is justified from the observation that cocoa farms under CSA/Agroecology were more intensified
with relatively higher inputs, compared to those in the conventional systems. In the case of Atwima
Mponua, a sink balance of 26 tCO2eq (1 tCO2eq yearly) is projected and accounted for by a carbon
source of 90 tCO2eq (3 tCO2eq yearly) due to farm input under conventional systems and 65 tCO2eq
(2 tCO2eq yearly) from farm input approaches under CSA/Agroecology. This was due to lower or no
input organic farming practices, typical with CSA/Agroecology systems in that part of the study area.

3.4. Assessing Farmer Self-Organisation as a Dimension of Livelihood Resilience

Though CSA/Agroecology groups were historically formed by external project organizations
(Rainforest Alliance and Agro-Eco Louis Bolk Institute), these groups have thrived over time through
institutions created by farmers themselves.

Farmers indicated in the focus group discussions that they introduced their own rules and
regulations, ways of enforcements and related punitive measures such as fines for non-compliance to
these introduced organizational rules by members. These local institutions also worked to improve
knowledge and skills of members and access to their rights and entitlements mainly through their
own initiatives. Through fellow members whom they had selected and promoted with the groups’
resources as lead farmers, they interact with stakeholders at various levels and information and skills
acquired through this process is shared within the groups. Further 90% of CSA/Agroecology farmers
compared to only 38% of Conventional farmers had access to extension and advisory services; and 45%
of CSA/Agroecology farmers compared to 15% of conventional farmers had access to government’s
free improved planting materials.

The integration of CSA/Agroecology farmers, into their respective farmer organizations is
also driven by trust. Thus, farmers who are believed to be trustworthy and could trust others,
worked together to enhance their livelihood. 25% of farmers who were not members of any farmer
organization identified mistrust in others as an important reason, while 25% were refused admission
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into their desired groups. Through such processes, CSA/Agroecology farmers in different instances
collectively organized assets at their disposal to support enhancements of their livelihoods such as
through buying spraying machines, training lead farmers and maintaining demonstration farms.

These interrelations between farmers’ abilities (buffer capacities), in terms of ownership of
livelihood capitals and exercise of necessary utility rights, highlight the contribution of farmer
self-organization to livelihood resilience. Majority of CSA/Agroecology cocoa farmers (95%) rather
than conventional farmers (23%) however, have willingly become group members in order to secure
their livelihoods.

3.5. Assessing Farmer Capacity for Learning as a Dimension of Livelihood Resilience

Results from the FGDs indicated that farmers were generally aware of what constituted
threats (mainly high temperatures and rainfall variability) and opportunities to their livelihoods.
However, transfer of new ideas and technology is challenged mostly in conventional farming due to
limited interaction among conventional farmers and key stakeholders. In contrast, CSA/Agroecology
farmers demonstrated commitment to learning through creation and use of existing group-managed
demonstration farms for experimentations and transfer of knowledge and technology. They also
engaged visiting extension officers and their lead farmers acquired training from relevant agencies.

Based on previous experiences with unfavourable tree tenure, CSA/Agroecology farmer groups
have engaged with the officials of the Forestry Commission of Ghana to register trees they have planted
on-farm to protect their ownership and rights. However, conventional farmers have not exercised such
agency to take advantage of this collaboration but are rather demotivated to plant trees on their farms
due to illegal logging by chainsaw operators without appropriate compensation to the conventional
farmers. In addition, analysis of selected farm management practices (Figure 4), underscored that CSA
systems indicated higher commitments for learning, by following and implementing recommended
best practices better than in conventional systems, although this strategy may be tied to the conditions
set by the organizations for CSA/Agroecology farmers to access farm inputs.

Figure 4. Frequency of selected farm management practices per farming systems. Source: Field Data (2015).

Despite a general awareness of climate risks on cocoa production, livelihoods diversification was
moderately undertaken in each of the farming systems. While CSA/Agroecology systems showed
more diversity on-farm in terms of non-cocoa crops and forest/shade tree cover, conventional systems
were averagely more diversified with respect to non-farm economic activities

3.6. Factors Affecting Practice of CSA/Agroecology

Results of the logistic regression model to identify the factors affecting CSA/Agroecology practices
are presented in Table 7. Using the specifications with the dependent variable measured as 1 if farmer
practiced CSA/Agroecology and 0 if farmer practiced conventional farming, a maximum likelihood
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procedure was used to estimate the parameters. The co-efficient of determination, Pseudo R2 of 0.446,
indicate that about 44.6% of variation in the practice of CSA/Agroecology could be explained by the
explanatory variables. The model is statistically significant at 1%.

Table 7. Estimations of regression models for framing factors of CSA/Agroecology practice.

Variables

Logit Estimation Probit Estimation

Co-Efficient
Standard

Error
Marginal

Effects
Co-Efficient

Standard
Error

Marginal
Effects

Reference Group (RG): Education
Education (Basic) 1.147 1.051 0.271 0.654 0.622 0.249

Education (Secondary/Tertiary) 0.915 1.156 0.223 0.552 0.675 0.216
RG: Farm Tenure (own farm)
Farm Tenure (family Farm) −2.004 ** 1.016 −0.391 −1.152 ** 0.585 −0.377

Farm Tenure (share croppers) −2.655 ** 1.288 −0.427 −1.459 ** 0.731 −0.412
Age 0.472 * 0.271 0.115 0.260 * 0.157 0.101

Square of Age −0.006 * 0.003 −0.001 −0.003 * 0.002 −0.001
No of Farms −0.691 0.645 −0.168 −0.323 0.365 −0.126

Dependency Ratio 0.004 0.006 0.001 0.002 0.003 0.001
Gender −0.315 0.866 −0.077 −0.285 0.496 −0.111
District 1.598 * 0.887 −0.371 0.938 * 0.511 0.353

Residential Status 1.659 ** 0.826 0.386 0.895 ** 0.444 0.339
Access Extension Service 4.295 *** 1.037 0.728 2.491 *** 0.566 0.716

Access to Credit 0.431 1.283 0.107 0.239 0.735 0.095
Off-farm Economic Activity −1.041 0.703 −0.253 −0.616 0.409 −0.239

Cocoa Age −0.051 0.051 −0.012 −0.03 0.03 −0.012
Constant −11.375 * 5.919 −6.310 * 3.416

Model Diagnostics
Observations 80 80

Pseudo R2 0.446 0.445
Prob > Chi2 1.49 × 10−5 1.51 × 10−5

Notes: Standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. Source: Field data (2015).

Farm tenure, age of farmer, location (district), residential status and access to extension services
were the main determining factors influencing CSA/Agroecology practices. Farm Tenure was
statistically significant at 5% indicating that farmers who owned their farms were 39% more likely
to adopt CSA/Agroecology practices than those who managed family farms and 43% more likely to
practice CSA than share croppers. While age of farmer was positively significant at 10%, results showed
non-linearity in the variable as the square of farmer age was negatively significant at 10%. Thus,
farmers are more likely to practice CSA/Agroecology with increase in their age but this tendency of
CSA practice eventually drops with further age increase.

Location has an influence on the practice of CSA/Agroecology. ‘District’ as a variable was
significant at 10%, showing a 37% likelihood of CSA/Agroecology practice in Juabeso more than
in Atwima Mponua District. However, with residential status remaining positively significant at
5%, native farmers are 39% less likely to practice CSA/Agroecology than settlers. Further, access to
extension services has a positive significant effect at 1% on the practice of CSA/Agroecology in cocoa
production. It is 73% likely that increasing farmer access to extension services increases farmer adoption
of CSA/Agroecology practices. Nevertheless, farmer level of education, household dependency ratio
and access to credit were positively related to CSA/Agroecology but were not statistically significant.

4. Discussion

4.1. Contributions of CSA/Agroecology to Productivity and Income

The results indicate higher income in CSA agroecology systems. The average yield for
conventional systems (363 kg/ha) identified in this study is validated by the national average of
350–400 kg/ha [15,35], mainly reflecting the conventional cocoa production practiced by most farmers
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in Ghana. The relatively higher yields (501 kg/ha) attributed to CSA/Agroecology, is confirmed by
Aidoo and Fromm (2015) [39], who reported similar results for farmers engaged in certification for
implementing more sustainable practices in the Ashanti Region of Ghana.

CSA/Agroecology farmers also had higher financial capital as evidenced in their average incomes
(29% more) and hence increased their purchasing power as observed in their average farm investments
(32% more) compared to conventional farmers. Incremental financial capital can buffer livelihood risks
(such as poor soil fertility, pests and diseases, etc.), since farmers are more capable to finance their
strategies (such as fertilizer application, spraying pesticides, etc.) to reduce or cope with the risks,
which is a crucial dimension of livelihood resilience [40].

Through intercropping of diverse non-cocoa crops (particularly food crops), respective CSA/
Agroecology households invariably have access to food and are additionally provided with income
(10% more than conventional) mainly due to higher cropping intensities and diversities. Such farm
households earn additional incomes directly from the sale of food products including plantain, yams,
fruits, honey, vegetables etc., and indirectly from monies saved that would have been otherwise used
to buy food [41]. Furthermore, through agroforestry practices that increase carbon stocks on-farm
and hence reduce GHG emissions, CSA/Agroecology provides a potential opportunity for additional
household incomes from carbon credits through the result-based national REDD+ programme [42].
However, this potential raises questions on equity concerning how farmers would be fairly rewarded
from carbon credits and other related benefits for achieving mitigation benefits. This is because there is
not yet clarity on key issues around the development of a fair and transparent benefit sharing scheme
and carbon rights definition, land and tree tenure and gender mainstreaming mechanisms are still
outstanding, which have dominated the REDD+ implementation discourse [41].

While CSA/Agroecology contributed to increased yields and incomes which in turn build
resilience of farmers’ livelihoods through improved food security (also from higher variety and
output of food crops) and enhanced buffer capacity [39], the study also considers the hypothetical
diminishing of this buffer capacity given the susceptibility of cocoa to reduction in rainfall particularly
during the dry season and increased temperatures which have worsened due to increase climate
variability and change [16]. The following further places the discussions in this context to highlight
the potential of CSA/Agroecology to mitigate such climatic risks and adapt to associated impacts.

4.2. Contributions of CSA/Agroecology to Climate Change Mitigation

Although farmers clear fell and burn secondary forests to plant cocoa crops before the adoption
of recommended practices, the emission effect was lower with the intervention of CSA/Agroecology.
This is explained by the effect of avoided deforestation for the purposes of farm expansions as
CSA/Agroecology farmers were rather shifting to intensification practices. Unlike conventional
farmers who typically employ low input and aim to increase yields by expanding the area of land
cultivated and hence further deforest secondary or virgin forests [9], CSA farmers rather intensify
input investment in relatively smaller areas of land to increase productivity thereby saving carbon
stock in forest, which would have otherwise been burnt.

According to Cambell et al. (2014) the approach of sustainable intensification is an essential
means of adapting to climate change, also resulting in lower emissions per unit of output and is
highly complementary with CSA [43]. Gockowski and Sonwa (2011) further observed in their study
of rural livelihoods in the Guinea rain forest of West Africa that this strategy not only mitigate
deforestation and carbon emissions but also biodiversity loss and enhance poverty alleviation and
rural development [44], all of which are essential ingredients for strengthening adaptive capacities
against and building resilience to climate variability and change.

4.3. Contributions of CSA/Agroecology to Farmer Social Capital and Learning

Increase in income among CSA/Agroecology farmers was inextricably linked to their respective
higher value in social capital (increase in other assets due to membership or participation in social
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networks; labour support from group members and income gained through membership in groups)
and vice versa. This also influenced their higher capacities for learning via institutionalising group
processes and their ability to further mobilise more resources to protect their livelihoods as a collective.
To protect and enhance their livelihoods, CSA/Agroecology farmers actively self-organised and
integrated into farmer based groups such that they subject themselves to rules and regulation,
offer themselves to trust and be trusted and pulling resources together as well as remaining open
to information and new ideas for the achievement of livelihood outcomes. Hence enhancement in
not only their buffer capacities but also their social capital and capacity for learning as dimensions of
resilience [39] This is further supported by Mohammed et al.’s (2013) [45] observation of a positive
relationship between social capital and access to credit.

CSA/Agroecology farmers have also generally demonstrated agency through resources at their
disposal including increased economic power from higher incomes and political influences through
the functioning group dynamics. These represented the foundation on which they engaged with the
officials of the Forestry Commission of Ghana and which was instrumental in protecting their interest
in established tree tenure for example. Asare (2014) argues that making the shift to a sustainable and
climate resilient cocoa landscape will require significant changes, including extensive coordination and
collaboration between key stakeholders, many of which have traditionally not collaborated, like the
Cocoa Board and the Forestry Commission [10]. These forms of cooperation have implicitly been
initiated by CSA practices.

4.4. Conditions and Processes Framing Practice of CSA/Agroecology

4.4.1. Land and Farm Tenure

In accordance to the a priori expectations of the study, farm tenure influenced the practice of
CSA/Agroecology in the study area showing that farmers are more likely to invest time and resources
on their own farms than on farms where ownership right is insecure [16,35]. Secure land tenure thus
has a significant effect on agricultural production and the ways in which rural livelihoods are sustained.
According to Acheampong et al. (2014) [35], the security and quality of land tenure rights directly
affect how respective resources are used and managed.

Linking this situation to resilience, up-scaling the practice of CSA in the study areas will require
the processes of land and farm right acquisition to foster farmers with greater security in terms of
ownership and rights to use (entitlement). Freudenberger (1994) [46] argues that local land and farm
tenure system in Ghana is complex, adaptive and evolves over time in response to changing ecological
and socio-economic conditions. Given that this is a product of the interaction of customary laws
as guaranteed by government statute [47], local and public institutions are crucial as they influence
options and strategies available to farmers to sustain their livelihoods. Therefore, institutional reforms
must create conducive environments that reduce farmers’ risk associated with accessibility of farmlands.
Short term interests acquired by migrant farmers in lands or in farms as well as the resources on
them should therefore be ensured by capitalising on Customary Land Secretariat systems to enhance
enabling contractual agreements between them and their respective land or farm owners [44].

4.4.2. Age of Farmer

According to the results, the adoption and practice of CSA/Agroecology grew with increase
in farmers’ age but only up to a threshold beyond which adoption of CSA/Agroecology practices
declined as farmers grew older. Farmers also tend to reduce farm investments as well as the propensity
to experiment or employ new technologies as they grow older. Knowler and Bradshaw (2007),
Aneani et al. (2012), Obuobisa-Darko (2015) [21,33,34] indicated that older cocoa farmers in Ghana are
more resistant to shift from traditional practices to improved ones as they are risk averse.

However, it needs to be considered that younger farmers are less likely to have the necessary
endowments in livelihood assets or capitals compared to older farmers. Thus, access to natural
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capital (farmlands), financial capital (credit, bank loans), human capital (farm experience, know-how),
social capital (household control, trust) and physical capital (access to technologies) are more likely to
be limited among younger farmers than older ones. These have implications for the extent of practice
of CSA/Agroecology among younger farmers despite their will to change considering that Mumuni
and Oladele (2016) [48] observed young farmers are more likely to develop entrepreneurial abilities
than aged ones. To overcome these barriers, institutions and policies governing the sector need to not
only target CSA/Agroecology technologies among young farmers but also enhance their capacities to
improve their relatively weak buffer capacities and livelihood resilience [39,49].

4.4.3. Location (District) of Farmer

The location of farmers also influenced their tendency to practice CSA/Agroecology with farmers
in Juabeso District being more engaged in CSA/Agroecology systems than those of Atwima Mponua.
This can be explained by the status of Juabeso district as part of the Western Region, which is recognised
as the cocoa hub of the country and produces more than half of the country’s cocoa [9]. This comparative
advantage could also be linked to government and private sector interventions to support cocoa farmers
through fertilizer distribution, free cocoa farm spraying exercises, extension and technical support
services and other important facilities, skewed towards the Juabeso district. Thus, significant variations
in socio-economic and ecological contexts can explain the success of CSA/Agroecology interventions.

4.4.4. Residential Status of Farmer

Farmers’ residential status was identified to be a significantly influential factor determining
farmers’ capacity to practice CSA/Agroecology in Ghana. Contrary to a priori expectations, the results
showed that native farmers rather have lower tendencies to practice CSA/Agroecology than migrant
farmers. This contradicts other findings [37,50] that associate unsustainable land management practices
with migrant farmers because of their short-term insecure land access and interests in faster and higher
returns, than natives with more secured interest and as such greater incentive to sustainably preserve
the quality of land.

Van der Geest (2011) [51] also challenged findings attributing unsustainable land management
practices to Dagara migrants in Ghana’s Brong Ahafo Region. Given that migrant farmers in Ghana
have mostly been displaced by environmental change [49], their experiences and awareness of previous
threats are likely to define their capacity for learning in their new locations to build livelihood
resilience. According to Marney et al. (2014) [49], migration of farmers in Ghana is mostly an
adaptation strategy and in the process migrants expand their social networks with stronger ties
through which they access information, while deploying social-ecological memory as potential agents
of innovation and adaptation. Thus, there is a need to revise unpopular perceptions that associate
migrant farmers with growing forest degradation in Ghana, while enabling their adaptation as they
have potentials to be agents of change through innovation, technological transfer and adoption.
In cases of environmentally induced migration, recognition should be given to migrant farmers in
Ghana’s climate change adaptation policies to provide them with adaptation opportunities and rights,
similar to non-migrant farmers.

4.4.5. Farmer Access to Extension Services

It is expected that increased access to extension services by farmers will correspondingly increase
CSA/Agroecology adoption and practice [34,36]. Anim-Kwapong and Frimpong (2010) [16] argued
in this relation that cocoa farmers in Ghana are quite conservative and as such require very effective
extension systems to motivate them adopt innovations and new technologies. Yet the processes of
extension in Ghana have not been effective mainly due to financial constraints [36]. This condition also
produces risks in adaptation to climate change.

However, with institutional bottlenecks, processes of agricultural extension initiated out of the
agency of farmers to build their own capacities as evidenced by the CSA/Agroecology farmer groups
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should be encouraged. Collaborations between farmers and responsible institutions for extension
service delivery would be instrumental in closing this gap. For instance, involving farmers in extension
delivery through the concept of “Lead Farmers” where selected farmers from farmer groups are
equipped with extension delivery skills in order to train and educate their colleagues would be a vital
strategy towards reducing livelihood risks under current conditions among cocoa farmers in Ghana.

5. Conclusions

This study has shown that average farm productivity and average income is significantly higher
among farmers practicing CSA/Agroecology, who also incur higher farm investment costs required to
meet recommended practices, than conventional cocoa farmers. Premiums additionally paid to cocoa
CSA/Agroecology farmers for undertaking these recommended practices under certification schemes
also augmented their incomes, in addition to income from non-cocoa farm production. The relatively
high income is linked to enhancements in other livelihood capitals and hence increased ownership
of livelihood assets and utility rights such as in land tenure for example. With enhanced buffer
capacity and resilience, farmers practicing CSA/Agroecology also indicated better self-organisation
with higher capacity for learning in an inter-linked fashion, contributing more to livelihood resilience
than in conventional farming systems. Further, the study highlights that trade-offs may exist between
practicing CSA/Agroecology cocoa production and diversification of farmer livelihoods as a climate
change adaptation strategy.

The estimations of carbon balance due to land-use change, crop production and farm input use,
using the EX-ACT tool varied with different production systems. While farm input intensification
practices of CSA/Agroecology have negative implications for climate mitigation, CSA/Agroecology
practices, overall have positive impacts on GHG mitigation without which cocoa landscapes would
be a source of emission. The contributions of CSA to climate mitigation however showed no direct
impact on farmers’ livelihood resilience. The study however found that the institutional processes
of obtaining land or farm ownership and rights (land/farm tenure system) in Ghana, age of farmers,
geographical location of farmers (district), farmers’ residential status and their access to agricultural
extension services were the main factors influencing the practice of CSA/Agroecology in the study
area and by extension resilience to climate change impacts on cocoa production.

While the study assessed resilience with selected proxy indicators, the analysis hints that a
comprehensive resilience profile of cocoa production systems integrating all relevant indicators and
related proxies under each of the three components of resilience (buffer capacity, self-organization and
capacity for learning) should be further studied. This also means re-examining the concept of CSA that
captures resilience as one of its components. It is also instrumental to research existing trade-offs that
exist with practice of CSA by cocoa farmers and to assess the extent to which they can be minimised.
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Abstract: This article is concerned with the adoption of small-scale irrigation farming as a
climate-smart agriculture practice and its influence on household income in the Chinyanja Triangle.
Chinyanja Triangle is a region that is increasingly experiencing mid-season dry spells and an increase
in occurrence of drought, which is attributed largely to climate variability and change. This poses
high agricultural production risks, which aggravate poverty and food insecurity. For this region,
adoption of small-scale irrigation farming as a climate-smart agriculture practice is very important.
Through a binary logistic and ordinary least squares regression, this article determines factors that
influence the adoption of small-scale irrigation farming as a climate-smart agriculture practice and
its influence on income among smallholder farmers. The results show that off-farm employment,
access to irrigation equipment, access to reliable water sources and awareness of water conservation
practices, such as rainwater harvesting, have a significant influence on the adoption of small-scale
irrigation farming. On the other hand, the farmer’s age, distance travelled to the nearest market and
nature of employment negatively influence the adoption of small-scale irrigation farming decisions.
Ordinary least squares regression results showed that the adoption of small-scale irrigation farming
as a climate-smart agriculture practice has a significant positive influence on agricultural income. We
therefore conclude that to empower smallholder farmers to respond quickly to climate variability and
change, practices that will enhance the adoption of small-scale irrigation farming in the Chinyanja
Triangle are critical, as this will significantly affect agricultural income. In terms of policy, we
recommend that the governments of Zambia, Malawi and Mozambique, which cover the Chinyanja
Triangle, formulate policies that will enhance the adoption of sustainable small scale-irrigation
farming as a climate-smart agriculture practice. This will go a long way in mitigating the adverse
effects that accompany climate variability and change in the region.

Keywords: climate-smart agriculture; adoption; small-scale irrigation farming; household income;
Chinyanja Triangle; Southern Africa

1. Introduction

The rural poor in Sub-Saharan Africa (SSA) earn their livelihoods mostly from climate-sensitive
rainfed agriculture. Their production is typically limited to a 3–6-month rainy season and crops
grown are mainly staple cereal crops meant to sustain their livelihoods [1]. However, the yields
from these crops are subject to weather-driven fluctuations and are generally low. Dependence of
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smallholder farmers in SSA on such climate sensitive, seasonal staple production systems often leads
them into multiple-scale poverty traps [2]. Additionally, this often makes economies in the region
(SSA) vulnerable to climatic variability and change [3–5].

It therefore requires that African governments assist the smallholder farming sector to transform
and adapt to the various challenges it faces, including climate variability and change. Gaining access to
relevant climate-smart technologies and other sustainable productivity-improving practices that will
enable them to increase farm productivity, achieve climate resilience, improve food security, nutrition,
and income and achieve other developmental goals is therefore key [6,7]. Climate-smart agriculture
may be defined as an approach for transforming and reorienting agricultural development under the
new realities of climate change [8]. The most commonly used definition is provided by the Food and
Agricultural Organisation of the United Nations (FAO), which defines climate-smart agriculture as
“agriculture that sustainably increases productivity, enhances resilience (adaptation), reduces/removes
greenhouse gases (mitigation) where possible, and enhances achievement of national food security
and development goals”. In this definition, the principal goal of climate-smart agriculture is identified
as food security and development [8,9], while productivity, adaptation, and mitigation are identified
as the three interlinked pillars necessary for achieving this goal.

Adopting improved land and water management practices amongst other sustainable
technologies can assist smallholder farmers in SSA to achieve the aforementioned goals [6–9]. Some of
these technologies may include improved water management in agriculture through the adoption of
small-scale irrigation, use of improved crop varieties, fertilizers and other innovative practices more
suited to their local conditions. Of interest is the adoption of small-scale irrigation, which currently
does not play a significant role in African agriculture, especially as compared to other regions such as
Asia and Latin America [10]. Statistics show that irrigated land in Africa as the proportion to cultivated
land is only about 6% for Africa compared to 14% for Latin America and 37% for Asia [11,12].

In the Southern African region where this study was conducted, agricultural practice can be
grouped into three categories: small-scale farmers, emerging farmers and large-scale farmers. When
defining farming practice, the land size alone is not adequate for classifying whether a farmer is a
small-scale or a large-scale farmer. Classification should also be based on the general character of the
business with labour supply as the principal factor [13]. Small-scale farmers are those who are mainly
located in rural areas where agriculture is the main activity to alleviate poverty and they are challenged
by a number of constraints to increase productivity [14]. Small-scale farmers differ by individual
characteristics: the size of the farm system, proportion of crops sold, household expenditure patterns,
distribution of factors of production between food crops and cash crops and off-farm activities. These
differences mean that these farmers make different contributions toward their country’s economy [15].

Small-scale irrigation is critically important as an innovative practice in smallholder agriculture in
Africa [16]. This is because it improves farm productivity [16], farming systems adaptation to climate
variability and change and achievement of household food security and national developmental goals.
According to Kamwamba–Mtethiwa et al. [16], there is a lot of heterogeneity in what small-scale
irrigation farming entails in Africa. It is characterized by the use of simple technologies to access
water for irrigation. Burney and Naylor [1] defined water access technology as any method of moving
water from its source to where it was previously unavailable. This includes all types of pumps from
human powered, rope and treadle pumps to liquid fuel engine-driven systems and solar powered
pumps as well as gravity/river diversion methods [17]. In SSA, a wide variety of such technologies
has been introduced since the 1990s for small-scale irrigation development [17]. Gravity technology
typically involves diverting water flow using open channels without pumping. Motorized systems
include engine-driven pumps, while treadle and rope and washer pumps are manual and wind and
solar use renewable energy [16]. Previously, most rural farmers in SSA had relied on traditional
methods on small plots of land using, for example, shadoof, buckets, watering cans, calabashes or
blocking streams [18]. It can also mean total area of land covered by the irrigation practice that
is in place. This can be from less than half an acre of land to multi-farmer irrigation projects that
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serve farms larger than 5 ha in size [19]. In SSA, the adoption of small-scale irrigation farming
is hugely important for smallholder farmers, especially when one considers that rainfall is highly
unreliable and insufficient in many places [6,20]. Drought—especially mid-season—due to low and
erratic rainfall poses high uncertainty and agricultural production risks in sub-Saharan Africa [21].
This leads to threats of widespread poverty and food insecurity. Small-scale irrigation is possibly a
viable climate-smart agriculture technology to consider in SSA given that the continent has abundant
freshwater resources from various lakes and river basins [10] even though their distribution is not
even across agro-ecological zones. In addition, small-scale irrigation is an important step towards
the intensification of farming systems [22] and in helping farmers ensure against drought risk and
transform their farming activities [23,24].

There is limited literature on studies that assess the impacts of adopting small-scale irrigation
on people’s livelihoods in SSA. The scarcity is even worse if we are to consider studies that have
analyzed the livelihood impacts of small-scale irrigation as a potential climate-smart agriculture
technology—that is, evaluating the potential of small-scale irrigation to build the resilience of farming
systems to climate variability and change. With increased threats from climate variability and change
in various parts of the world, including SSA, studies to assess the effectiveness of small-scale irrigation
adoption in sustainably increasing productivity and incomes should be a priority. Literature that
discusses adoption of small-scale irrigation in general in SSA is available. In these literature, small-scale
irrigation was found to improve income and food security in the Ambo district, the Ada Liben district,
the Tigray region, the Southern Nations, Nationality and People’s Region, and the Oromia region,
all in Ethiopia [25–29]. Similarly, in Zimbabwe, Mudima [30] investigated five irrigation schemes for
their livelihood impacts. The study shows that the irrigation schemes acted as sources of food security
for the participants and their surrounding communities. The main livelihood contributions of the
irrigation schemes came through increased productivity, stable production and incomes. In addition,
the study found that members of the irrigation schemes never ran out of food supplies compared to
their counterparts relying on rainfed agriculture.

In the Southern African region, not much land is under irrigation for both subsistence and
commercial agriculture. However, areas with irrigation schemes can be categorized into four groups.
First is the bureaucratically managed small-scale scheme in which farming is carried out by the
government or its agencies on behalf of the farmers. Second is the community or garden scheme, which
is usually very small and is maintained by community users with the main objective of subsistence
farming. Community gardens share a similar infrastructure for water supply where small dams are
usually used for the water supply. Third are the corporation-financed schemes in which governments
provide support from infrastructure down to farm gate while farmers only contribute toward a
subsidized water fee and make operational service and management decisions. Lastly are the large estate
irrigation schemes that are managed by agents with the objective of maximizing the use of resources
through the production of high-value crops, such as tea, coffee, etc. [19,31]. The other significant group
of small-scale farmers is the independent irrigators. They have a private water supply, such as their own
borehole, and their primary objective is to make a living out of farming where it is usually considered
as an additional source of income. Independent irrigators are usually not being supported through
funds but use their own or family capital accumulated over time. Moreover, there is a lack of support
for specialized technical advice on cropping and irrigation management, which reduces their overall
productivity. According to Delgado [32], independent irrigators can be differentiated on the basis that
they buy their own inputs and sell produce independently wherever they choose. In this study, we focus
on the independent irrigators as they form the majority in the study site.

In Zambia, Malawi and Mozambique where the study area falls, small-scale irrigation generally
relies on residual moisture and it is practised along stream banks. Smallholder farmers benefit
from either government established smallholder schemes operated by the governments or from
self-help schemes run by the farmers. In some cases, they are supported by non-governmental
organizations (NGOs). These schemes receive little or no formal technical support in design, operation
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and maintenance. In addition to schemes, other informal un-documented irrigation practices such
as the use of buckets, watering cans and hosepipes have been in place for several decades. The areas
being irrigated range from as small as 100–200 m2 with traditional approaches to 1000–2500 m2 and
up to 50 ha when organized as a smallholder scheme [33–35]. See Table 1 for coverage of areas of
irrigation land in Zambia, Malawi and Mozambique.

Table 1. The cultivated, potential irrigable and actual areas under irrigation in Malawi, Mozambique
and Zambia.

Country
Cultivated Area

(ha)
Total Potential Irrigable Area

(ha) a
Total Irrigated Area

(ha)

Malawi 2,440,000 480,000 (100,000 b) 60,000
Mozambique 4,435,000 3,072,000 200,000 c

Zambia 5,289,000 2,750,000 156,000

Source: FAO [33–35]. a Based on water availability and soil irrigability; b small-scale farms; c Northern Mozambique.

The main crops grown include vegetables, rice, bananas and some local varieties of sugarcane.
In 2005, the irrigation water use efficiency on smallholder farms was around 25–50% due to higher
loss experienced in surface irrigation. There have been improvements in irrigation as the sector
is gradually being transformed from subsistence-oriented to high value marketed crops. Since
smallholder agriculture is not capital intensive, it is promoted as an adaptation strategy for the
recurrent droughts that are attributed to climate variability and change in the region. Most of the
streams in the region are seasonal with torrential flows during the short wet season of 3–4 months.
The greater part of the year has low flows. The ground and large river/lake basin water are considerable
but has not been tapped for irrigation use. The main challenge in developing small-scale irrigation has
been the insufficient institutional capacity at both national and local levels [36].

With regard to the views above, this article aims to analyze the adoption of small-scale irrigation
as a climate-smart agriculture practice in the Chinyanja Triangle, southern Africa, and assess its
contribution to people’s livelihoods. More specifically, the article aims to identify factors that influence
smallholder farmers’ decisions to adopt small-scale irrigation and assess the influence of adoption on
household incomes. Policy options for targeting out and upscaling small-scale irrigation adoption for
effective adaptation to climate variability and change in the region are therefore proposed.

2. Research Methods

2.1. Study Area Context and Sites

The study was conducted in the Chinyanja Triangle and covered Furancungo (14.90 S; 33.61 E) in
Tete Province of Mozambique, Budula-Siliya (13.71 S; 31.96 E) in Zambia’s eastern province, as well as
Linthipe (14.17 S; 34.12 E) and Nsipe (14.87 S; 34.75 E) in the central and southern regions of Malawi
(Figure 1). The common denominator in this region is the inhabitants’ mother tongue, Chichewa.
This region forms a triangular shape. Culturally, the majority of people in the region share the
same beliefs. It is hypothesized that they would share similar approaches to resource management,
especially in terms of the land on which they depend for their livelihoods and the adoption of certain
agricultural practices [37]. According to the characterization by scholars from the Consultative Group
for International Agricultural Research (CGIAR) [38], 37.9% of the area in the Chinyanja Triangle is
under shrub cover, which is classified as closed–open deciduous trees. Tree cover occupies 31% of
the study area. Cultivated and managed areas make up 24% of the area and water bodies occupy 4%.
Herbaceous species cover 2.04% of the site and bare, artificial and associated areas take up less than 1%.
The study sites are dominated by maize as the staple food crop, mixed with legumes and groundnuts.
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Figure 1. Map showing the location of the Chinyanja Triangle and research sites. The numbers on the
map are the latitude and longitude of the specific research locations in degrees.

In terms of irrigation and water management, farming in the Chinyanja Triangle is mainly
rainfed. This is despite the abundance of water resources within its catchment area, mainly from
the Zambezi River Basin [37]. Irrigated agriculture contributes to less than 10% of the produce [39].
The general trends in the region show that climate variability and change pose a great risk to agriculture
productivity. The unpredictable climate of the Chinyanja Triangle means that the risk of crop loss in
rainfed agriculture exceeds 50% and can reach up to 75% in the drier southeastern zones of the triangle,
including most parts of Tete Province of Central Mozambique [37–39]. On the other hand, the western
and northern parts of the triangle have conditions that are more conducive for rainfed agriculture
where the probability of good harvests during the wet season is 70–95% [40].

Irrigation development is considered as a strategy for poor small-scale farmers to get out of
poverty by shifting towards market-oriented agriculture [39]. Higher-value crops are grown in the
valley bottoms mainly under irrigation or the dambo (wetland valley bottom) system. This is done as
a response to climate variability and change in the region. In the dambo system, crops use residual
moisture along with some supplementary irrigation to ensure adequate water supply during the
growing period. Farmers also practice spate irrigation, furrow irrigation and, in a few cases, motorized
pumps to deliver water to fields. The relatively higher-income and middle-income farmers are
commonly the ones using motorized pumps while the low-income farmers use predominantly furrow
irrigation or manual treadle pumps to transfer water from small springs [37].

The food crops commonly grown under irrigation include maize, rice, sweet potatoes, Irish
potatoes, beans, leafy vegetables, tomatoes and onions. This is also where most farmers use external
inputs (fertilizers and pesticides), particularly for growing cash crops such as tobacco and cotton. Most
farmers have agricultural land to grow food crops and a few cash crops but not everyone has a garden
area because of limited access to irrigation water. Malawi’s renewable water resource is estimated to
be 17.28 km3 yr-1 of which about 16.14 km3 yr-1 is produced internally, drained from the rivers within
the country [40]. About 91% of the country is within the Zambezi River Basin, over 90% formed by
the Shire Basin. According to FAO [33–35] and the Department of Irrigation in Malawi, the estimated
irrigation potential in the country is about 480,000 ha while only 63,000 ha have been fully developed,
of which 77% is used by commercial estates whilst only 23% is used by smallholders [40,41] who
produce mainly cereals (mostly rice and maize) and horticultural crops. Among those parcels that are
irrigated, 62% use watering cans, 14% use flooding, 11% are gravity-fed and 6% use treadle pumps [42].
Peters [41] estimated that about 11,500 ha of the small-scale irrigation are under farmer-run self-help
irrigation schemes while 3,200 ha are under government-run irrigation schemes. The irrigated area in
estates is used for export- or high-value crops such as sugarcane (45%), tea (44%) and coffee (11%) [43].
Moreover, about 62,000 ha of land is estimated to be used for traditional wetland cultivation using
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residue moisture, mainly during the dry seasons as the areas are waterlogged and inaccessible during
the rainy season. There is no formal classification of smallholder irrigation schemes in Malawi but
they are informally classified as farmer-run self-help schemes or government-run irrigation schemes.
The latter schemes commonly target smallholder farmers but are managed and rehabilitated, where
necessary, by the government, commonly using donor funding. Because there was limited participation
in the design, construction and management of the irrigation schemes, government-run irrigation
schemes managed by settlers and smallholders are underperforming and are the least diversified in
terms of market opportunities. Their landholdings are also small, even by Malawi standards, each
being between 0.1 and 0.3 ha [43]—too small to support substantial livelihoods.

Zambia has a huge irrigation potential, estimated to be about 2.75 Mha of land [40], with a large
portion of it being in the Chinyanja Triangle. However, the total area currently under irrigation is
estimated to be only about 10% of the potential and is mostly practised by large- and medium-scale
farmers using surface water irrigation [44]. Only 15,000 ha of land is estimated to be irrigated with
motor pumps although the region holds a high groundwater potential that could be exploited by
increasing access to motor pumps. Most of the smallholder-irrigation schemes produce food crops, such
as rice, maize and horticultural crops, but they are usually underperforming due to poor infrastructure,
inadequate water supply, and inefficient use of the available water [43]. The high rainfall from
December to March commonly saturates the soil and creates seasonally waterlogged low-lying dambos.
There is potential for developing and expanding small reservoirs in the region for multiple uses,
namely drinking for livestock, fishery, household irrigation and other domestic uses [44].

Mozambique has more than 100 river basins. Most of the rivers have highly seasonal, torrential
flow regimes with high flow for 3–4 months and low flow for the remainder of the year, corresponding
to the distinct wet and dry seasons [39]. Among these, the Zambezi River Basin is the most important
in Mozambique [37]. It accounts for about 50% of the surface water resources of the country and
about 80% of its hydropower potential, including the Cahora Bassa Dam [40], the second largest dam
in Africa. The main source of water for irrigation in Mozambique is surface water. Irrigation in
Mozambique is in its infancy despite being a downstream country with large seasonal flows of the
region’s big rivers, including the Limpopo and the Zambezi. The irrigation potential is estimated to be
above 3 Mha but only a small part of it is being developed, primarily for the large-scale production
of sugarcane, rice and vegetables in the downstream, central and southern provinces. Tete Province,
which is within the Chinyanja Triangle, has limited surface water flow except in districts at higher
altitudes (e.g., Angonia) [37]. Small-scale irrigation is very much limited to surface water irrigation
for producing tobacco, vegetables and a few rice fields. Mozambique could expand its provision of
water to smallholder farmers, particularly in the Chinyanja Triangle, to mitigate the potential effects of
recurrent drought. With the increasing market opportunities in Tete and its surroundings, thanks to
the expanding mining sector, small-scale irrigation could help farmers produce high-value agricultural
products, access regional markets and improve their capacity to respond to emerging demands and
climatic shocks [37]. Vegetables, fruits, dairy and small ruminant production seem to be feasible entry
points. In terms of irrigation technology, motor pumps could play an important role in the near future
in that landscape in getting water to farmers’ fields although the governments in the three countries are
promoting the use of treadle pumps because of the low maintenance requirements and operational costs.

In general, there is an increasing trend to use water for multiple purposes in the entire Chinyanja
Triangle socio-technical landscape, particularly in Malawi through integrating fishponds into farming
practices, drinking for livestock, irrigation farming and household use. Those farmers who have
adopted aquaculture have doubled their household income and increased household food production
by about 150% [45]. This compensates for crop losses due to climate change and variability.
The adoption of fishponds has been growing in number by about 25% yr-1 since 2000 and is being
increasingly practised in the region, particularly in the lower Zambezi River Basin [45]. Governments
have also acknowledged the challenge of promoting this practice in areas where the total rainfall
amount is low and access to the Zambezi River or its tributaries is limited [37]. However, increased
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integration of fishponds into farming systems along with the increasing demand for irrigation water
has created a fierce local competition among and between communities [37]. Expansion of small-scale
irrigation systems coupled with ineffective institutions for water governance for multiple demands
has led to frequent water shortages and local conflicts among communities.

2.2. Sampling Methods, Data Collection and Data Source

Sampling and Data Collection

Sampling units for this study were drawn using the multistage spatially stratified random sampling
design of the Land Degradation Surveillance Framework [46]. Four sites, as described in Section 2.1,
were used to make up the sample data. There were 16 clusters within each site. For the Africa Rising
sites, the two mother trials (established during the 2012/13 growing season) were used as centre
clusters with the other 14 clusters randomly spread around them. Each cluster covered an area of 2 km2

with 10 randomly located sampling plots from where a Land Condition Survey (LCS) was conducted.
For each cluster, five farmers who owned odd numbered plots (1, 3, 5, 7 and 9) were considered
for a socioeconomic questionnaire. The socioeconomic data were collected from owners of the plots
sampled during the LCS, thereby geo-referencing farmers to their sampled plots and not their place of
residence. Plot owners were identified during the LCS by locals from the nearest village. The household
survey was conducted to collect primary household socioeconomic data using structured questionnaires.
Collected data included the socio-demographic and economic characteristics of the households, land
characteristics and integrated soil fertility management (ISFM) technology usage, livestock ownership
and species, as well as irrigation and water harvesting technology practices. Extension service personnel,
agriculture research officers and trained enumerators collected data between December 2012 and June
2013. Data on different livestock species were further converted into standard livestock units (LUs)
using nutritional and feed requirement factors for sub-Saharan Africa [47,48].

Data were collected from 312 households. In this context, a household was defined as a group of
people who normally live together and eat their meals in the same dwelling [49]. The data obtained
were used to estimate the binary logistic and ordinary least squares (OLS) regression models. For the
purposes of this study, the heads of the selected households, whether male or female, were implicitly
assumed to be the sole decision-makers in the adoption of irrigation farming decisions. Household
heads were therefore selected to respond to the structured questionnaire. Predictor variables of
adoption were selected from the broad range of the household’s socioeconomic aspects, including
demographics, farming activities, institutions, processes of adoption and asset endowment.

2.3. Data Analysis

In this article, both descriptive and econometric data analysis methods were used. Where land
holdings are fixed, the allocation of land into crop type and the adoption of small-scale irrigation
farming are possibly endogenous. The adoption decision of small-scale irrigation farming as a
climate-smart agriculture practice and associated technologies is distinct, as a farmer can decide to
adopt or not adopt, in which case the smallholder farmer faces a dichotomous decision problem to
adopt or not adopt irrigation farming. In this context, smallholder irrigation farming adopters practised
irrigation farming at the time of the survey, while the rest were taken as non-adopters. In this study,
irrigation farming was mainly practised in the forms of spate, furrow and surface water irrigation with
a few farmers using manual and or motorized treadle pumps as discussed in the previous sections.
A smallholder farmer was considered an adopter of small-scale irrigation if he/she was practising at
least one of the aforementioned irrigation types as a response to climate variability and change in the
region. On the other hand, those farmers who did not practise any of the irrigation farming methods
were considered as non-adopters. Similar definitions of adopters and non-adopters have been used
by other writers [50]. In the OLS-based impact analysis, only farmers who had practised irrigation
farming for at least one season were considered as adopters. The econometric models for adoption
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and the model on the effect of the adoption of small-scale irrigation farming on income are specified in
the section below.

Modelling the Adoption of Small-Scale Irrigation Farming as a Climate-Smart Agriculture Practice

The general assumption was that there is a desire to maximize the expected utility of adopting new
technologies such as small-scale irrigation farming given the persistent drought in the region [22,51].
Although the utility-maximizing objective of individual smallholder farmers everywhere might be
the same, the specific characteristics that influence their technology adoption decisions are far from
uniform. The farmers’ responses to the adoption of small-scale irrigation farming as a climate-smart
agriculture practice were assumed to be consistent with utility maximization. Binary logistic regression
is a common statistical procedure in which the probability of a dichotomous outcome (adoption or
non-adoption) is related to a set of explanatory variables and has been widely applied in adoption
studies [48,50,52–61]. In this research, smallholder farmers’ adoption of small-scale irrigation farming
as an adaptation strategy to climate change was based on an assumed underlying utility function.
According to this model, the farmer will adopt small-scale irrigation farming if the utility obtained from
small-scale irrigation farming exceeds that of non-adoption. Considering the probability of an event =
Prob (Y = 1 if the smallholder farmer adopted and 0 otherwise), the smallholder farmer’s behaviour
towards irrigation farming is described as an indirect utility that is derived from the adoption of
small-scale irrigation farming, which is a linear function of k explanatory variables (X) expressed as:

Zi = β0 +
n

∑
i=1

βiXki, (1)

where β0 is the intercept term and β1, β2, β3, . . . , βi are the coefficients associated with each of the
k explanatory variables (X1, X2, X3, . . . , Xki). The X vector of variables (including socioeconomic,
farming, institutional factors and other household-specific characteristics that influence the individual
farmer’s decision whether to adopt or not) explains the adoption of irrigation farming by the
smallholder farmer, i.e., it explains the likelihood of the adoption of irrigation farming by the individual
(ith) farmer (see Table 2).

Considering Pi = ezi

1+ezi , where Pi denotes the probability of the ith farmer’s adoption decision
and (1 − Pi) is the probability of non-adoption, the odds of adoption (Y = 1) versus the odds of
non-adoption (Y = 0) can be defined as the ratio of the probability that a farmer adopts (Pi) to the
probability of non-adoption (1 − Pi), namely odds = Pi/(1 − Pi) [62]. By taking the natural logarithms,
one gets the prediction equation for the individual farmer:

Ln(
Pi

1 − Pi
) = β0 +

n

∑
i=1

βiXki = Zi (2)

where Zi is referred to as the odds ratio in favour of the adoption of irrigation farming.

2.4. Variable Selection and Hypothesis on Adoption Decisions Model

Table 2 gives a full description of the dependent variable, explanatory variables and initial
hypotheses of selected predictor variables on adoption decisions. Previous studies on the adoption
of agricultural technologies, such as the determinants of micro-irrigation adoption [63–65], economic
theory on adoption and the researchers’ own perceptions of the socioeconomic setting of the study
locations guided the selection of variables and their expected signs [49,51–61]. The study therefore
considered the characteristics of the household head and the household itself including gender, age,
household size, education, off-farm employment and occupation. The household‘s access to various
assets such as extension and agricultural credit, reliable water reservoirs, irrigation equipment (such as
manual and motorized pumps) and land was determined. Other explanatory variables included the
distance to the nearest markets and knowledge of conservation practices. It is important to note that
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access to irrigation equipment (manual and or motorized pumps) also acted as a proxy for general
access to resources (affluent farmers).

Table 2. Description of the variables specified in the binary logistic model of adoption.

Variable Acronym Description Measurement
Posited

Sign
Supporting References

Dependent variable

Irrigation farming Whether farmer adopted
irrigation farming or not Dummy (1 if yes, 0 if no) + [19,20,44,45,51,53,63,64]

Explanatory
variables

Gender Gender of household
head

Dummy (1 if male, 0 if
female) + [19,20,44,45,52,54,64]

Age Age of household head Years - [44,45,51,54,64,66–69]

Household size Household size Numbers + [19,20,44,45,51,54,64]

Education Educational background
of the household head

Number of years of
formal education + [19,20,44,45,51,54,64]

Extension Access to agricultural
extension services Dummy (1 if yes, 0 if no) + [19,20,44,45,51,54,64]

Occupation
Nature of the main
occupation of the
household head

1 if farming, 2 if formal
employment, 3 if

small-scale business, 4 if
casual labour, and 5 if

skilled labour

+/- [19,20,44,45,51,54,64]

Off-farm
employment

Members of the
household with off-farm

employment
Numbers - [19,20,44,45,51,54,64,70–72]

Credit access Access to credit Dummy (1 if yes, 0 if no) + [19,20,44,45,51,54,64]

Irrigation
equipment

Household’s access to
irrigation equipment Dummy (1 if yes, 0 if no) + [19,20,44,45,51,54,64]

Reliable water
source

Access to a reliable water
source that can be used
for irrigation purposes

Dummy (1 if yes, 0 if no) + [52,54,66]

Awareness of
conservation

practices

Awareness of some of
the water conservation

practices, such as
rainwater harvesting

Dummy (1 if yes, 0 if no) + [40,43,45,52,54,66]

Distance to market
(square root)

Distance to the nearest
market (square root) Kilometres - [37,42,52,54,66]

Land size
cultivated

Size of land available
for cultivation Hectares +/- [19,22,36,47,52,54,66]

2.4.1. Validity of the Binary Logistic Model

Coefficients of the binary logistic model were estimated by the maximum likelihood method
using STATA 12 software. The results of the binary logistic model are given in Table 4. The number of
observations used in the model is 312. Prob > Chi2 = 0.000 and a pseudo R2 of 42.2% shows that the
model is valid and the model estimates fit very well with the data at an acceptable level.

2.4.2. Modelling Effect of the Adoption of Irrigation Farming on Income

The continuous dependent variable is agricultural income. As such, the OLS regression model
can be used without a doubt. Getacher et al. [50] have also used the approach to estimate the effect of
irrigation technology adoption on total agricultural income. To estimate the effect of the adoption of
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irrigation farming on household agricultural income, a multiple OLS regression model was used that
is specified as follows:

Yi = β0 + X1iβ1 + X2iβ2 + · · · . . . .. + Xkiβk + piβk+1 + εi, (3)

where Yi = agricultural income; Xki is a vector of the household’s socioeconomic characteristics and
other farm-specific characteristics. These characteristics include livestock units (LUs), contact with
agricultural extension and labour; pi denotes the adoption of small-scale irrigation farming status for
a farmer; a dummy variable is specified as 1 for adopters and 0 for non-adopters; and εi is the error
term, which is assumed to be normally distributed with a mean of 0 and unit (constant) variance.

Table 3 shows the explanatory variables used in the OLS regression model with their specifications.

Table 3. Description of the variables specified in the ordinary least squares (OLS) regression model.

Acronym Description Type of Measure
Posited

Sign
Supporting References

Dependent variable

Agricultural
income

Income from agricultural
production US$ + [50,57–61]

Explanatory
variables

Irrigation farming Whether farmer adopted
irrigation farming or not Dummy (1 if yes, 0 if no) + [19,22,38,47,52,54,57–61]

Extension Access to agricultural
extension services Dummy (1 if yes, 0 if no) + [19,22,38,47,52,54,61–66]

Land size
cultivated

Size of land available for
cultivation Hectares +/- [19,22,38,47,52,54,61–66]

Labour Labour force size Active labour force
members + [19,22,38,47,52,54,61–66]

Economically
active

Economically active
population Numbers -/+ [47,52,54,61–66]

Off-farm
employment

Members of the
household with off-farm

employment
Numbers - [19,20,44,45,51,54,57–62,70–72]

Group membership
Household member
belongs to a farmer

group
Dummy (1 if yes, 0 if no) + [19,22,38,47,52,54,61–66]

Livestock units Livestock units Numbers + [50,57–61]

Main crop Main crop grown by
household

1 if cereal, 2 if
horticultural, 3 if mixed +/- [19,22,38,47,52,54,57–61]

Distance to market
(square root)

Distance to the nearest
market (square root) Kilometres - [37,42,52,54,66]

Literacy Level of literacy in the
household Numbers + [57–61]

Adoption of Land,
Soil and Water

(LSW)

Household adopted any
available Land, Soil and

Water, conservation
practices

Dummy (1 if yes, 0 if no) +/- [19,22,38,47,52,54,57–61]

2.4.3. Descriptive Statistics of Variables Used in the Two Econometric Models

The statistics of the variables specified in the two empirical models (the adoption of irrigation
farming model and the income model), as shown in Tables 2 and 3, are given in Table 4. The table
shows summary statistics on the profile of enumerated smallholder farmers.
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Table 4. Statistics of variables used in the econometric models.

Variable
Mean

n = 312
Standard

Deviation n = 312
Minimum

n = 312
Maximum

n = 312

Age 46.589 15.308 20 90
Household size 5.837 2.379 1 15

Education 5.045 3.637 0 17
Extension 0.692 0.462 0 1

Occupation 1.311 0.909 1 5
Off-farm employment 0.776 1.354 0 8

Credit access 0.237 0.426 0 1
Irrigation equipment 0.333 0.472 0 1
Reliable water source 0.487 0.501 0 1

Awareness of conservation practices 0.792 0.407 0 1
Distance to market 30.142 21.135 0.3 95

Distance to market (square root) 5.133 1.951 0.55 9.75
Land size cultivated 6.126 7.041 0.3 41

Labour 3.288 1.807 0 12
Economically active 2.824 1.754 0 10

Off-farm employment 0.776 1.354 0 8
Group membership 0.340 0.474 0 1

Livestock units 1.457 4.093 0 60
Main crop 1.154 1.109 1 14
Literacy 2.458 1.970 0 11

Adoption of LSW 0.712 0.454 0 1
Irrigation farming 0.471 0.50 0 1

3. Results and Discussion

3.1. Results of the Model and Discussion

Table 5 reports the coefficients (B), standard errors of the coefficients (S.E), odds ratios and the
p-values. Odds ratios show the predicted change in odds for a unit increase in the corresponding
explanatory variable. Expressed in terms of variables used in the model, the logistic regression
equation is:

Ln( Pi
1−Pi

) = Ln(Odds) (reporting coefficients of only significant variables)
= −(0.040 ∗ Age)− (2.813 ∗ f ormal employment)− (1.462 ∗ small − scale business)+
(0.604 ∗ o f f − f arm employment) + (0.706 ∗ irrigation equipment) + (2.921 ∗ reliable water source)+
(0.964 ∗ awareness o f conservation practices)− (0.199 ∗ distance to market (square root))

(4)

These estimates provide information on the relationship between the significant explanatory
variables and their influence on the adoption of irrigation farming as a climate-smart agriculture
practice within the study area, where the dependent variable is on the logit scale.

The results of the logit model (Table 5) show that among the hypothesized explanatory variables
only eight significantly influenced the adoption of irrigation farming. Age, formal employment,
small-scale business, off-farm employment, irrigation equipment, reliable water sources, awareness of
conservation measures and distance to the nearest market were the significant variables in the binary
logistic model. Contrary to the hypothesis, gender, household size, education, extension, casual labour,
skilled labour, credit access and land size cultivated did not significantly influence the adoption of
small-scale irrigation farming.

Age had a negative impact on the adoption of small-scale irrigation farming, which suggests
that the odds of adoption are higher among younger farmers than among older farmers. Specifically,
the results show that a one-year increase in the farmer’s age reduced the odds of adoption by about
4% (1 to 0.96). The average age of 46 for a population with a life expectancy of 40 shows that most
farmers are ageing. As farmers get older, despite their accumulated experience in farming, they tend
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to lose energy, have short planning horizons and become more risk averse and therefore adopting
new irrigation practices may be difficult for them. This result was expected and is consistent with
other scientists’ findings [66–69]. Moreover, small-scale irrigation farming is time and labour intensive.
The proper management of irrigable crops (especially fruit and vegetables) also requires storage
and transportation facilities, as well as market availability and access to the market, which act as an
adoption barrier to the older farmers.

Table 5. Parameter estimates of the binary logistic regression model for factors influencing the adoption
of irrigation in the Chinyanja Triangle.

Variable B (S.E) Odds Ratio (p-Value)

Gender 0.543 0.452 1.721 0.229
Age *** −0.040 0.012 0.961 0.001 ***

Household size 0.046 0.074 1.047 0.537
Education 0.011 0.05 1.011 0.830
Extension −0.482 0.383 0.618 0.208

Occupation
formal employment *** −2.813 0.983 0.060 0.004 ***
Small-scale business * −1.462 0.794 0.232 0.066 *

Casual labour −1.554 1.653 0.211 0.347
Skilled labour −1.099 0.924 0.333 0.234

Off-farm employment *** 0.604 0.179 1.829 0.001 ***
Credit access −0.171 0.414 0.843 0.680

Irrigation equipment ** 0.706 0.358 2.027 0.049 **
Reliable water source *** 2.921 0.367 18.564 0.000 ***

Awareness of conservation practices ** 0.964 0.471 2.623 0.041 **
Distance to market (square root) * −0.199 0.104 0.819 0.055 *

Land size cultivated 0.006 0.023 1.006 0.811
constant −0.381 0.925 0.683 0.680

*** = 1% level of significance, ** = 5% level of significance, * = 10% level of significance.

The household head’s occupation was another variable that was thought to influence the adoption
of small-scale irrigation farming. In terms of the sub-categories of the nature of employment, formal
employment and small-scale business were found to have a significant negative impact on the
adoption of small-scale irrigation farming. The odds of adoption were found to decrease if the
household head’s main occupation was either formal employment or involvement in a small-scale
business. A probable explanation is that for households with formal employment and those involved in
small-scale businesses, time will be the major limiting factor when it comes to focusing on agricultural
activities. Household heads will tend to focus more on their work and small businesses and, as a
result, the adoption of small-scale irrigation farming becomes more difficult. This finding agrees with
that of Abera [70] who argued that irrigation is generally a labour- and time-intensive endeavour
and that households usually find it difficult to synchronize small-scale irrigation farming with other
off-farm activities.

In addition, the number of household members with off-farm employment was found to
significantly influence the adoption of small-scale irrigation farming. The predicted change in the
adoption of small-scale irrigation farming was found to be 1.83 for an increase in membership of the
household by one with off-farm employment. This could probably be because if some members of
the household are involved in off-farm activities, they play a supportive role in agricultural practices,
especially by providing an alternative source of agricultural financing. Therefore, an increase in
household members with off-farm employment increases the chances of adoption because of its
supportive role. This result is consistent with that of Namara et al. [71] who concluded that off-farm
employment activities improve income for the farmer and that income can be used to complement
agricultural activities. However, the result was not as expected but was still acceptable as the empirical
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studies by Herath and Takeya [72] noted the role of off-farm income in the adoption of agricultural
practices as unclear and a contested terrain.

As expected, access to irrigation equipment influenced the adoption of small-scale irrigation
farming positively and significantly at a 5% level. The odds of adoption were found to be 2.03 times
greater for farmers with access to irrigation equipment compared to those without access. Access to
irrigation equipment necessitates the adoption of small-scale irrigation farming. Moreover, access
to a reliable water source that can be used for irrigation also influenced the adoption of small-scale
irrigation farming as expected. The odds of adoption were 18.6 times greater for farmers with
access to reliable water sources—such as for farmers whose fields neighboured rivers and small
water channels—compared to farmers without reliable water access. The results thus highlight the
importance of the necessary irrigation equipment and reliable water sources (i.e., proximity to a
perennial water source such as river or dam) in setting up successful small-scale irrigation farming
systems. Based on the binary logistic model, access to irrigation equipment and a reliable water source
are vital for any farmer to try small-scale irrigation farming.

Awareness of water conservation practices such as rainwater harvesting was also selected as an
explanatory variable to explain variability in the adoption of small-scale irrigation farming. Results
show that awareness of water conservation practices within the study sites had a positive and
significant influence on the adoption of small-scale irrigation farming. The odds of the adoption
of small-scale irrigation farming were found to be 2.62 times greater for farmers who were aware of
water conservation methods practiced within the study sites compared to those who were not aware of
such methods. This could be because the farmers who were aware of water conservation practices were
more likely to adopt such practices. This necessitates the adoption of small-scale irrigation farming,
since earlier results indicate that access to reliable water sources positively influenced the adoption
of irrigation farming. Besides, farmers who had installed rainwater harvesting technologies, such as
water tanks, would divert more of their time to adopt small-scale irrigation practices in riparian areas
instead of going to fetch water for domestic use.

The distance travelled to access the nearest market was another variable that was thought to
influence the adoption of small-scale irrigation farming. The results show that the distance travelled to
access input and/or output markets had a significant negative influence on the adoption of irrigation
farming. Odds of adoption decreased by about 18% with a one-kilometre increase in distance to the
nearest input or output market for the farmer. This might be explained by the fact that most smallholder
farmers now appreciate the role of markets in their farming activities. As a result, access to markets
influences their farming intensification decisions. Farmers closer to input markets are motivated to
adopt small-scale irrigation farming as a climate-smart agriculture practice since they realize that their
production will be improved and they can easily sell the surplus at nearby markets. For farmers who
travel long distances to access output markets, the situation might be very different. As much as they
realize the importance of the adoption of small-scale irrigation farming in raising agricultural output,
they may be discouraged to adopt the practice when they plan to sell their surpluses because long
distances come with additional marketing costs, which they cannot afford.

Overall, the results point to important behavioural, market, institutional, organizational, social
and economic factors that influence the adoption of small-scale irrigation farming as a climate-smart
agriculture technology in the Chinyanja Triangle. Such factors can be a crucial input to scaling up
of small-scale agriculture within the Chinyanja Triangle for greater, positive livelihood impacts on
the society.

3.2. Impact of the Adoption of Small-Scale Irrigation Farming on Income

The adoption of small-scale irrigation farming was hypothesized to positively influence
smallholder farmers’ agricultural income. In the OLS-based impact analysis, the dependent variable
was agricultural income. The adoption of small-scale irrigation farming was selected as an independent
variable to explain the variations in agricultural income. The results of the analysis are shown in Table 6.
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Table 6. Impact of the adoption of irrigation farming on agricultural income: OLS results.

Square Root of Agriculture Income Coefficient Standard Error p-Value

Irrigation farming ** 2.052 0.940 0.030 **
Extension 1.70 0.972 0.081 *

Land size cultivated 0.097 0.067 0.147
Labour ** 0.645 0.318 0.043 **

Economically active −0.371 0.315 0.240
Off-farm employment −0.173 0.373 0.643

Group membership 0.620 0.989 0.531
Livestock units −0.087 0.116 0.452

Main crop * 0.747 0.399 0.062 *
Distance to market (square root) * 0.423 0.256 0.099 *

Literacy 0.036 0.264 0.893
Adoption of LSW ** −2.247 1.004 0.026 **

_constant ** 5.979 1.780 0.001 ***

*** = 1% level of significance, ** = 5% level of significance, * = 10% level of significance.

As expected, the results confirm that the adoption of small-scale irrigation farming as a
climate-smart agriculture practice within the Chinyanja Triangle explains the variation in agricultural
income. The adoption of small-scale irrigation farming was found to have a significant positive impact
(at a 5% level) on agricultural income. This could be because farmers who use small-scale irrigation
farming can intensify and diversify their agricultural activities, which increases their production.
This was confirmed by Singh et al. [73] and Hussain et al. [74] in their studies on the adoption of
small-scale irrigation farming to be effective in reducing poverty due to improved productivity and
greater returns from farming. Increased production will lead to increased income from agriculture
(through the sale of surpluses), all things being equal. This is also influenced by market access,
which is a driver or an incentive to stay engaged in farming. With small-scale irrigation, farmers
can produce off-season as they can supplement their crops with water in the case of mid-season dry
spells or shortages. In other words, small-scale irrigation farming reduces climate risks, improves
crop production and reduces agricultural production’s overdependence on rainfall [50,75]. This is also
consistent with literature that ascertained the positive impacts of small-scale irrigation in developing
areas on livelihood outcomes such as yield and income [27–29], poverty reduction [25], and food
security [19,26]. These findings are also confirmed by studies in India by Chambers [76] who found
that reliable and adequate irrigation increases employment opportunities and income, which ultimately
contributes to food security. The result also bears important implications for climate change adaptation
in smallholder agriculture within the Chinyanja Triangle. Small-scale irrigation is therefore a vital
technology that can help reduce crop production risks posed by variable climate in the area and
this can ultimately lead to more climate resilient livelihoods within the area. Related, Kumar [77]
also confirmed the positive effects of small-scale irrigation in boosting India’s food production and
generating surpluses that can be used as a drought buffer.

Factors such as access to extension, labour, crops grown, distance to the nearest market, and
the adoption of land, soil and water conservation practices also had a significant influence on
agricultural income.

4. Conclusions, Implications and Policy Recommendations

This study was undertaken to improve our understanding of how efforts to promote the adoption
of small-scale irrigation farming as a climate-smart agriculture practice can influence the income of
smallholder farmers in the Chinyanja Triangle. Several useful conclusions that provide insight into
pathways to increase smallholder farmers’ adoption of small-scale irrigation farming in the study area
and improve agricultural income have emerged from this research.
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First, the results indicate that promoting small-scale irrigation farming as a climate-smart
agriculture practice for adoption by smallholder farmers should consider the farmer’s age, main
occupation, off-farm employment status, access to and availability of micro-irrigation equipment,
water source reliability, awareness of certain water conservation measures and distance to the nearest
markets. Failure to consider these socioeconomic aspects may lead to inappropriate results when
aiming for higher rates of adoption of small-scale irrigation farming as a climate-smart agriculture
practice in the study area. For example, the rehabilitation of reliable water sources will be an important
move that can positively impact the adoption of small-scale irrigation farming. In addition, assisting
farmers to access intermediary irrigation farming technologies and equipment will also enhance
adoption. Raising farmers’ awareness of water conservation practices, such as rainwater harvesting
methods and techniques, through extension or any other means will be critical for improving the uptake
of small-scale irrigation farming. Increased adoption of small reservoirs in the Chinyanja Triangle
could be an important investment in the region to improve access to water, sustain multiple uses,
support soil and water conservation, drought proofing and supplementary irrigation during dry spells.
The overall trajectory in the high rainfall areas of the Chinyanja Triangle is to promote small-scale
irrigation and to integrate irrigation into the social and economic context of the entire landscape.

Secondly, the results suggest that succeeding in enhancing the adoption of small-scale irrigation
farming as a climate-smart agriculture practice through careful consideration of the socioeconomic
aspects and other farm-specific attributes will enhance farmers’ income. This is an important finding
since the main motivation for urging farmers to adopt this technology is their welfare. Enhancing
the adoption of small-scale irrigation farming within the Chinyanja Triangle will be a great step
towards improving farmers’ agricultural income and combating climate variability and change.
This is supported by studies from India that show that adopting small-scale irrigation farming creates
employment opportunities both on and off the farm that transforms into improved livelihoods and
quality of life in the countryside [26,74,78].

Although our study makes a notable contribution to the adoption and impact of small-scale
irrigation in smallholder farming, it is not without limitations. We relied on cross-sectional household
level data, which in itself is associated with limitations (cf. [79]). It is therefore plausible that dynamics
of irrigation farming adoption and impacts could be slightly biased due to the cross-sectional nature of
our data. In light of this potential weakness, reliance on longitudinal data sets in future studies may give
outcomes that are more robust. Other limitations noted in the study include insufficient institutional
capacity both at the central and local levels. These were found to be the major constraint hampering
the development of the small-scale irrigation subsector as a climate variability and change adaptation
strategy. The institutions dealing specifically with irrigated agriculture are severely constrained by
insufficiently qualified human resources and an inadequate budget (cf. [37]). A point of concern for
the development of irrigation as a whole is the lack of flexibility of the legal and political framework
concerning access to and use of land and water.

In view of the above, we recommend that the three governments (Zambia, Malawi and
Mozambique) that cover the Chinyanja Triangle formulate national and regional policies on small-scale
irrigation farming that will ensure that farmers do not suffer total loss of their agricultural produce
due to climate variability and change. Currently, such policies in the three countries are wanting
as they are not enforced and farmers and extension agents are left to confront the effects of climate
variability and change on their own. Given that climate variability and change is increasingly becoming
a reality in Africa, climate-smart agriculture practices such as small-scale irrigation farming need to be
given emphasis.
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Abstract: Understanding the impact of commercial agriculture in the face of global change is
critical to support strategies that ensure food security and alleviate poverty among households.
We assessed the contribution of commercial sugarcane cultivation to household-level food security
among smallholder farmers in Busoga sub-region, eastern Uganda. Land use changes are motivated
by quick commercial gains rather than sustained food production; a situation that influences food
security. The majority of households cultivate few crop varieties, lack adequate and nutritious
foods, and have inadequate income to purchase food to meet their needs. Inadequacy of food
within some commercial sugarcane-cultivating households suggests that generating income does
not necessarily increase food security. To cope with food insecurity, households offer labour in
exchange for food, borrow food, ration food, and at times steal. This is exacerbated by increasing food
crop failures, large family sizes, trade in food items, and declining availability of food and land for
food production. Commercial sugarcane cultivation is the main driver of food insecurity but given
its perceived economic benefits, future sugarcane plantations expansion in the region is probably
inevitable. Therefore, future policy should be designed to provide triple-win strategies (i.e., food
security, poverty alleviation, and climate change adaptation) that provide sustainable livelihoods.

Keywords: poverty alleviation; sustainable livelihoods; climate change; commercial agriculture

1. Introduction

Understanding the impact of commercial agriculture in the face of increasing human population
and climate change in a rural landscape is critical for biodiversity sustainability and meeting the
needs of households whose livelihoods (i.e., food, medicine, and income) are mainly dependent
on natural resources. In many sub-Saharan African countries, subsistence agriculture (i.e., crop,
tree, livestock, and fisheries production) is not only a vital source of food but also the prevalent
way of life. However, in these countries with mainly agrarian economies, subsistence agriculture is
increasingly being replaced by commercial agriculture as national governments push to increase the
contribution of the agriculture sector to the national Gross Domestic Product (GDP) [1–3]. By 2016,
the contribution of the agricultural sector ranged between 3% (for Botswana and South Africa) and
more than 50% (for Chad) [3]. For Uganda, the contribution of the agriculture to the GDP was about
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25.8% [4]. With increasing interest in agriculture as an income earner, commercial firms and households
in tropical Africa and Asia countries have adopted commercial agriculture leading to expansive
lands of monocultures (incl. oil palms, sugarcane, tobacco, and sunflower) in historically forested
and subsistence-oriented agriculture production systems, but with mixed results. For sub-Saharan
Africa, the total value of agricultural output has grown markedly over the past decade; however,
it remains the most food insecure region in the world [3]. According to Binswanger & von Braun [5],
the optimistic view is that normally, technology and commercialization stimulates agricultural growth,
improves employment opportunities, and expands food supply that are all central to the alleviation of
poverty. In the tropical Asian countries (e.g., Malaysia, Indonesia, Sumatra, and Papua New Guinea),
oil palm cultivation is reported to be profitable, offering wealth and development, but it also threatens
traditional livelihoods and biodiversity [6–10].

In Uganda, recent times have witnessed the central government encouraging farmers to invest in
commercial agricultural enterprises as one of the efforts for poverty alleviation and wealth creation.
In areas close to sugarcane-processing industries in Uganda (e.g., Kinyara Sugar Works Ltd., Masindi,
Mayuge Sugar Ltd., Mayuge, Kaliro Sugar Ltd., Kaliro, and Kakira Sugar Works Ltd., Jinja), sugarcane
cultivation has been highly preferred relative to other more traditional crops (e.g., coffee, cotton) as
well as plantation forests, as it is perceived to be more profitable and economically valuable [11].
As commercialization of sugarcane and other non-food crops cultivation increases in importance
to rural households, the value of productive land and incentives to increase yields continue to
escalate, resulting in further loss of natural vegetation, and a reduction of land available for food
crop cultivation [12]. This reduction of land for food crops is of major concern, as producing more
food for a growing population in the coming decades, while at the same time combating poverty and
hunger and coping with the impacts of climate change is the major challenge facing agriculture in
Africa. It is important to note that food production is dependent among other factors on environmental
(including large-scale changes in land use, biogeochemical cycles, climate and biodiversity) and
economic conditions [13,14]. This might also have crucial consequences for food security and nutrition
for rural populations, where high human population growth and poverty reduction are of great
concern. In Uganda, like in many African countries, food insecurity amongst poor households
remains a serious problem, contributing to poor health, problems with learning in school, and lack
of socio-economic development [15]. Indeed, regional and seasonal food insecurity and varying
degrees of malnutrition within the general population are among the development challenges faced
by Uganda [3]. Food security may be defined as a situation that exists when all people always have
physical, social and economic access to sufficient, safe and nutritious, and is acceptable within the
given culture food to meet dietary needs and food preferences for an active and healthy life [13,16–18].
It also includes obtaining foods without resorting to emergency food supplies, scavenging, stealing,
or similar coping strategies [17].

Some studies (e.g., [19,20]) elsewhere suggest that commercial agriculture, especially oil palm
and sugarcane growing, increases household income, thus indirectly addressing food security.
Other studies (e.g., [9,10,21]), however, have found that cash cropping undermines food and livelihood
security particularly for smallholder farmers. In spite of the increased commercial sugarcane
cultivation in various regions of Uganda ostensibly resulting in improved household incomes and
road infrastructure, its impacts on rural household food security are not clearly known. Yet a clear
understanding of the area-specific factors that influence household-level food security and nutrition in
rural commercial agricultural landscapes is fundamental if we are to achieve food security. Such an
understanding may support strategies/policies for ensuring food security among households as they
practice commercial agriculture to alleviate poverty. The fight to eliminate hunger at the household
level and reach the other UN Sustainable Development Goals (SDGs) targets in sub-Saharan Africa
will be won or lost in the rural areas where most the poor and hungry people live.

In this study, we assessed the contribution of commercial sugarcane cultivation to household-level
food security within the commercial sugarcane cultivation landscape of Mayuge and Jinja Districts,
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in Busoga sub-region, Eastern Uganda. In this regard, we attempted to address the following questions:
(i) does engaging in commercial sugarcane growing increase or undermine household-level food
security; (ii) what are the levels of food security, food insecurity, and hunger among the households in
the sugarcane cultivating villages; (iii) apart from sugarcane cultivation, what other social-economic
activities do households participate in; and lastly (iv) wat strategies do households use to cope with
food insecurity? We also sought to understand the changes in land-use/cover types over a decade
(i.e., between 2000 and 2016) with major interest in commercial sugarcane plantations coverage.

2. Materials and Methods

2.1. Description of the Study Area

The study was conducted in the sugarcane out-grower villages of Jinja and Mayuge Districts
within a radius of 21 km from the Kakira Sugar Works Limited (KSWL) factory, Jinja, Uganda (Figure 1).
This is an area where most of the registered out-growers for KSWL are located and therefore areas
of small and large-scale commercial sugarcane cultivation. Agriculture is the main land use activity
and source of income for the local population in most parts of Jinja and Mayuge Districts. With the
falling prices for cotton and coffee in these districts, commercial sugarcane growing is increasing
in importance as a cash crop. However, recent vulnerability assessment indicates that changes in
climate will alter crop phenology, as well as increasing the incidence of crop pests and diseases,
especially because of higher temperatures [22]. Climate projections for most of Uganda also indicate
higher temperatures—about 5% increase in precipitation in most areas, with increasing spatial and
season variability.

 

Figure 1. A location map of the study area showing the 120 interview sites ( ) within a radius of 21
km from Kakira Sugar Works Limited, Jinja in the commercial sugarcane growing villages of Jinja and
Mayuge District, Eastern Uganda.
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2.2. Methods

2.2.1. Study Design and Data Collection

The study applied an exploratory research design in which face-to-face questionnaire interviews
with households/respondents were applied in data collection. Households/respondents were
randomly selected from 10 villages, each village contributing at least 10 households. The ten villages
were derived from a population of 89 villages based on a sample size calculation using a 95% confidence
level and a 20% Margin of Error. To be eligible for the study, a household had to have at least
one adult resident who grows sugarcane or has lived in the area for more than 10 years but not
necessarily growing sugarcanes. The questionnaire interviews were conducted on an individual basis
to minimize peer influence [23]. In total 208 respondents were interviewed. The questions covered
in the questionnaire focused on: (i) general household characteristics such as gender, age group,
ownership of land, level of education and main source; (ii) household incomes; (iii) organization
membership; (iv) crops cultivated for cash income and food; (v) decision making on crops planted; (vi)
adequacy of food provisioning; (vii) observed trends in food production and availability; and (viii)
quality and variety of food available to households. In addition, time series Landsat imagery (2003
and 2016) were obtained from United State Geological Surveys (USGS) database to aid in assessing the
changes in sugarcane coverage in the study area.

2.2.2. Data Analysis

Quantitative data was entered into an Epi Info database and exported to an SPSS dataset for
analysis. Themes related to the study objectives were identified and formed the codes to be used
in the analysis. Data were analysed using descriptive and inferential statistics generated in SPSS
17.0 [24]. Summary statistics, for example the mean, frequency, percentages, and totals were generated
to show the number of households, which responded to each variable of interest. The relationship
between dependent variable (i.e., vulnerability to food insecurity) and the independent variables
(i.e., socio-economic and demographic characteristics of households among other categorical variables)
was determined using a Pearson’s Chi-square (χ2) statistics at 5% level of significance. The time series
Landsat imagery (2003 and 2016) were subjected to image pre-processing and supervised classification
procedures in ENVI software to determine the changes in sugarcane coverage in the study area over
the time.

3. Results

3.1. Description of Respondents

The majority (72.6%) of respondents were males (Table 1), which is not surprising, given that in the
study area the patriarchy social system dominates. This has implications for the ownership of/or access
to productive assets in the agriculture sector amongst other economic activities. The decisions on what
type of plants/crops to be cultivated on the land and the acreage to be cultivated for a crop, even for
the type of food security crops, is mainly made by males. This is likely to negatively affect household
food security since males are mainly interested in crops that earning money. It was also observed that
a majority (91%) of the respondents were below the age of 60 years, and most (59.3%) of them were
members to sugarcane out-growers’ group. This suggests that they have a high interest in sugarcane
cultivation and a need to organize themselves for better outcomes. Over 78% of the respondents were
smallholder farmers, and for most (78.4%) of them, it was their major source of income. Very few
households earn their income from salaries/wages (6.7%) and trade (9.1%). This dependence on
smallholder agriculture that is rain-fed for food and income makes them more vulnerable to impacts
of climate variability and change. The majority (73.5%) of the households reported their annual
income to be not more than USD275, which may on average be less than USD 1 per day. Although
54.8% of the households reported to rear livestock, they mostly owned one or two goats or cows.
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And those who kept it, did it mainly for trade (66.4%), breeding (17.7%), and consumption (13.3%)
among other reasons.

As for education, 84.5% of the respondents had attained at least some level of education (Table 1).
Of these, 51.2% attained primary education and 31.9% had advanced to secondary school level
education. However, the percentage of those who had advanced beyond secondary school level
(i.e., university, tertiary, institute etc.) was relatively low, and they had also not gained training in any
other specialties (e.g., agriculture). The household heads’ low educational attainment and their lack of
training in other specialties narrows their possibility of depending on other sources of livelihoods that
requires higher education qualification, hence keeping them majorly in subsistence rain-fed agriculture.

Table 1. General household characteristics based on results from questionnaire interviews with
respondents (n = 208) from Mayuge and Jinja Districts. 1USD = 3640UGX (Uganda Shillings).

Household/Respondent Characteristics Percentage Respondents

1. Gender

Female 72.6
Male 27.4

2. Age group

≤20 4.2
21–40 45.0
41–60 41.8

61 and above 9.0

3. Level of Education

None 15.5
Primary Incomplete 33.8
Primary Completed 17.4
Secondary (Lower) 30.0
Secondary (Upper) 1.9

Post-Secondary 1.4

4. Membership to sugarcane out-growers’ group

Household head is a Member 59.3
Household head is a Non-Member 40.7

5. Occupation of household head

Smallholder Farmer 78.8
Trader/Business Man/Woman 7.7

Salary/Wage Earner 5.3
Fishing 2.9
None 0.5
Other 4.8

6. Main source of income

Smallholder Farming 78.4
Trade 9.1

Salary/Wages 6.7
Fishing 1.4
Other 4.3

7. Mean annual household income (USD)

<27.5 14.5
27.6–137.4 31.9
137.5–275 27.1

>275 26.6
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3.2. Dynamics of Sugarcane Plantation Coverage in Mayuge District

Commercial sugarcane covered an area of 14,995 hectares in 2003 and 53,518 hectares in 2016
(Figure 2). This shows an increase in commercial sugarcane plantation coverage by 256.9% between
2003 and 2016. The land taken up for sugarcane growing replaces other land use/cover types and
arable land, which includes land previously used for food crop cultivation, wetlands, forests and
grasslands, as this was majorly a subsistence agriculture landscape.

 

Figure 2. Land use/cover changes in Mayuge District between 2003 and 2016.

3.3. Food Security, Insecurity and Hunger among Households

Most (87%) of the respondents (181 out of 208) reported that most of the households in Mayuge
(95 out of 110) and Jinja (86 out 98) districts did not have adequate and nutritious food to meet their
family needs in the last 12 months prior to the study. Among the respondents, there were sugarcane
cultivators and those who were not but had rented out their land to other individuals for sugarcane
cultivation Even among the commercial sugarcane cultivators, only 3 in every 10 households reported
having access to adequate food. This is further compounded by the fact that there are few varieties of
food crops cultivated by households, and the households do not have enough money to supplement
what they grow.

Households were also found to not always have enough food and of the quality and/or variety
needed to eat, with households with large family sizes and children the most vulnerable. The major
reasons for this situation were low household financial capacity (92.4%), limited arable land available
for food crop cultivation (89.4%), poor farming practices and unreliable weather conditions resulting in
low crop yields (88.3%), and pest and diseases damage to food crops (87.1%) (Figure 3). In spite of a lack
of enough food to eat, some households go ahead and sell the little food harvested to earn an income
for use in meeting other household needs. To these families, food crops also serve as a short-term
source of income, yet usually the food harvests are very low. Food crops usually take a short time
to mature, while the maturity cycle for major sugarcane varieties in the tropics is 12–20 months [25].
In the study area, households that participated in the study were found not to have the right quality
or variety of food they need. This is majorly attributed to households having few varieties of food
crops cultivated in their usually small home gardens and a lack of enough money to purchase food to
supplement what they grow (Figure 3). The commonly grown crops and are the major sources of food
for every household are maize (Zea mays L.), cassava (Manihot esculenta Crantz.), sweet potaoes (Ipomea
batatas (L.) Lam), and beans (Phaseolus vulgaris L.). These are mainly starchy foods, while most of the
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previously cultivated nutritious foods like cowpeas, Bambara nuts, soya beans, and simsim have been
lost from agricultural systems. Poor farming practices, low soil fertility, and pests and diseases inhibit
proper cultivation, as most of the crops are sensitive to such conditions, limiting farmers to a few
varieties that are resilient. Other reasons for households not always having the right quality or variety
of food they want include lack of enough time for cooking, absence of quality foods in the nearby
local shops, and not enough firewood for cooking. Indeed, most of the traditional sources of fuelwood
(e.g., forests, and woodlands) have been replaced by sugarcane plantations, making it difficult to get
fuelwood to cook the three meals required in a day; foods like beans require a lot of biomass energy.

 

Figure 3. Reasons cited as to why people did not always have enough food and of the quality and/or
variety to eat in the surveyed households in areas of commercial sugarcane cultivation of Mayuge and
Jinja Districts, Eastern Uganda (n = 208).

These results point to a food insecurity situation within the commercial sugarcane cultivation
areas. The main causes of this food insecurity situation were reported to also include sugarcane
cultivation, poor soils, poor farming practices, sale of all food harvests, and prevalence of crop pest
and diseases (Figure 3). Nearly 21 in every 25 households (i.e., 84%) reported commercial sugarcane
cultivation as the main source of food insecurity in the area. Furthermore, out of the 64 households that
were engaged in commercial sugarcane cultivation, most of them (78.1%) cited sugarcane cultivation
as the main cause of food insecurity in the community.

Faced with the challenge of food insecurity, households employ various coping strategies that
include offering labor in exchange for food (30.8%), borrowing food (9.1%), rationing of food (7.2%),
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and at times stealing from their neighbors. This food insecurity situation in the study area has been
exacerbated by increasing trends in crop failures, family sizes, trade in food items in the villages
(Figure 3), as well as declining food availability, land available for crop cultivation, and livestock
numbers (Figure 4).

3.4. Perceived Trends in Relation to Food Production and Availability

In the 5–10 years prior to the study, a decrease in land availability for crop cultivation,
food availability and livestock numbers (Figure 4) was observed. The declining land availability
result here corroborates the results of the land use/cover change analysis results (Figure 2) that show
that increasing land for sugarcane cultivation has over the years taken over the arable for food crop
production and other natural ecosystems. On the other hand, family sizes, trade in food, and food crop
failures are reported to have increased. The combination of increased food crop failures, family sizes,
and the decreased land available for food crop cultivation heightens the food insecurity situation
in the study area. Most of the households now depend on their home gardens as the main source
of food and nutrition. However, the sizes of these home gardens continue to shrink as some of
them, and where they are located, is increasingly converted into the assumedly lucrative commercial
sugarcane plantations.
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Figure 4. Perceived trends observed in 5–10 years prior to the study year in relation to food
production and availability in the commercial sugarcane cultivation areas of Mayuge and Jinja Districts,
Eastern Uganda.

3.5. Relationship between Household Characteristics and Likelihood of Being Food Insecure

Our results reveal that there is a relationship between household characteristics and their
likelihood of being food insecure. Most (i.e., 62.5%) of the male-headed households and those (68.0%)
that owned land were found to be the most food insecure. Food insecurity among the households
was significantly related to status of access to land (χ2 = 4.8, df = 1, p = 0.028), land size owned
(χ2 = 10.75, df = 3, p = 0.013), and size of land under sugarcane cultivation (χ2 = 4.72, df = 1, p = 0.03)
(Table 2). This suggests that households with more land under sugarcane cultivation are more likely to
have less land under food crop cultivation and therefore more food insecure. Hence, the gender of the
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household head and land variables appear to be a key factor in the food security puzzle in the study
area. Some of the households with land lease it out for a period of eight years to other individuals with
the capacity to cultivate sugarcanes on a commercial scale, leaving them with very small or no land at
all to cultivate food crops. Meanwhile, those who cultivate sugarcanes do not always have enough
money to sustain them through an 18-month period when the sugarcanes can be mature enough to be
harvested and marketed. Yet, many of the sugarcane cultivators do not have multiple plantations of
different ages to ensure that they will always have one to harvest throughout the year.

Table 2. Relationship between household characteristics and their likelihood of being food insecure
(n = 208).

Household Characteristic
Food Insecure

No. of HH (%) χ2, df, p

Gender -
Level of education of household head -
Main occupation of household head 143 (68.8)

Participate in farmer groups 52 (35.3)
Decision making -

Status of access to land - 4.8, 1, 0.028
Land size - 10.75, 3, 0.013

Land under sugarcane cultivation - 4.72, 1, 0.03
Land under food crop cultivation - 9.11, 4, 0.058

No. of HH (%) = Number of households (Percentage).

4. Discussion

4.1. Food Security Situation and Coping Strategies among Households

The three interrelated elements that are essential to achieving food security in each community
are food availability (sufficient quantities available for consumption), food access (adequate resources
to obtain appropriate foods for a nutritious diet), and food utilization (a diet providing sufficient
energy and essential nutrients [11,26]. Results of the present study reveal that the people in this
commercial sugarcane growing region are food insecure, as they do not always have both the physical
and economic access to sufficient food to meet their dietary needs for a productive and healthy
life [13,26,27]. In their study in the same region Mwavu et al. [12] found that a majority of the
households rely on subsistence crop agriculture and agrobiodiversity of home gardens as their main
source of food and income. Similarly, for most of oil palm smallholders in Papua New Guinea,
living on land settlement schemes, garden food production, whether for domestic consumption or
for sale at local markets, is a fundamental component of their livelihood strategies [10]. However,
the home gardens in the Busoga sub-region are also increasingly experiencing the loss of important
and nutritious food crops like cowpeas, soya beans, aerial yams, and Bambara groundnuts [12] from
agricultural systems. Thus, in the study area, subsistence food crop agriculture is increasingly under
threat, yet according to research by Baiphethi & Jacobs [28] it can play an important role in reducing
the vulnerability of rural and urban food insecure households and improving livelihoods.

Some of the households in the present study had to cope with food insecurity by resorting to
offering labor in exchange for food, borrowing food, rationing of food, and at times stealing from their
neighbors. However, to be food secure, households must obtain food without resorting to emergency
food supplies, scavenging, stealing, or similar coping strategies to meet their dietary needs and food
preferences for an active healthy life [17]. In this area, children are the most likely to be affected by
food shortage in the household and the community. Similarly, among the migrant and seasonal Latino
farmworkers, households with children were reported to have a significantly higher prevalence of
food insecurity than those without children [29].
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Male-headed households and those with very small land areas under food crop cultivation
were found to be the most food insecure, although they are assumed to have high income than
women. This is not surprising given the evidence from other parts of Africa (e.g., Rwanda), Asia,
Latin America, which has shown that women’s income has greater positive effect on food security than
men’s income [30]. This was not expected, considering that owning land would give one an opportunity
to grow food crops. But most land owners who are mostly men utilize their land for sugarcane
production or rent it out to other individuals with the cash to cultivate sugarcanes, thus reducing arable
land for food production. In the present circumstances in the study area, of reduced land available for
food crop, there is also increasingly little opportunity to implement improved agroforestry systems,
yet they have the potential to reduce the vulnerability of smallholder farmers and help them adapt
to changing conditions [31]. One of the adaptation options of the food cropping system in the study
area would be to alter the timing and location of the cropping activities [32]. However, this is also
increasingly becoming hard since most of the households do not have alternative land for relocation or
fallowing. Furthermore, households lack diversified incomes with little or no integration with other
farming activities such as livestock rearing given the lack of land for agro-pastoral livestock systems.

4.2. Commercial Agriculture and Its Implications for Food Security among Households

While largescale commercial agriculture has succeeded in feeding the world, it has in the process
also contributed to deforestation, loss of wetlands, soil erosion, biodiversity losses, and increased
carbon emissions in many countries [9,33]. The expansion of sugarcane plantations is cited as presently
the major source of food insecurity in the Busoga sub-region. Similarly, in Swaziland, sugarcane
out-growers particularly the poorer ones were unable to meet their food requirements after converting
all their land to rain-fed sugarcane [34]. The widespread conversion of wetland, forest, and arable
crop land areas, leading to a commercial sugarcane plantation land matrix in the Busoga sub-region,
is resulting in the loss of biodiversity; yet, biodiversity is fundamental to agricultural production
and food security [12,35]. Loss of forest in the area has serious implications for household food
security, since forests represent an important repository of food and other resources that can play
a key role in contributing to food security, especially if integrated into complex systems that are
managed for multiple benefits [36]. Moreover, these land-use/cover changes are driven largely by the
increasing demand for more land to alleviate poverty and enhance the human and social welfare at
household and community levels [37], and not necessarily food security. Given their limited alternative
sources of income, smallholder farmers in these rural areas are often more involved in the cultivation
of crops that can earn them an income than just food. Yet, the income from sugarcane cultivation
comes once every 18 months, the average time required for sugarcane to reach a marketable age or
maturity. Thus, this often compromises the sustainable management of their agro-diversity as well
as food production, consequently exposing them to food insecurity and malnutrition. Expansion of
commercial sugarcane cultivation is making it hard for these households to maintain an intact and
interconnected ecosystem—one that will help them adjust to changing environmental conditions and
continue to provide services [38], thereby reducing vulnerability to the impacts of climate change.

In the study area, the landscape is increasingly being fragmented with sugarcane plantations
forming the land matrix. This is resulting in the loss of natural resources (incl. forests, wetlands and
grazing lands), that are linked to household livelihood security and are also underlying factors for
vulnerability to both climatic and non-climatic impacts [39]. The forest and wetland ecosystems that
are being lost have been reported to play an important role in adaptation to the impact of climate
change [40]. They are considered as “safety-nets“, in that people draw on available natural resources to
meet emergency shortfalls and to keep them from being worse off in times of need [41,42], particularly
when agricultural crops fail because of climatic events [30]. The systematic loss of wetlands and natural
forest patches in these rural areas is driving the already poor natural resources dependent households
into deeper poverty, food insecurity, and malnutrition. Our findings corroborate the findings of the
report of the National Household Survey 2016/2017 [43], where about 42.1% of the population in this
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region live below the poverty line. Although sugarcane cultivation is increasing income, it is only for a
small percentage of households that are out-growers, and not the majority who just lease out their land
for an eight-year period with a one-time pay off. For the lessor, the income is usually small and is spent
within a short period of time to solve immediate household needs (e.g., pay school fees for children,
medical bills, clothing, etc.); yet, they do not have any other consistent source of income. Moreover,
the cycle of hunger in Uganda, like in any other sub-Saharan African country, begins and ends with
poverty—the inability to grow or purchase food causes malnutrition and poor health, which in turn
leads to the inability to earn income and deeper poverty. The poverty levels pose a major threat
to household food security, since income is a critical determinant of a household’s ability to obtain
food [30], particularly in absence of sustainable own-production of quality food. Furthermore, given
that these smallholder farmers often depend on local and their own rain-fed agricultural production,
climate change will have negative effects on the food systems [44], reducing their access to adequate
food. Projected changes in climate point to increasing moisture stress especially during the growing
season, which calls for agriculture to rely on other ecosystem services like from forests or wetlands
to remain resilient. A recent vulnerability assessment conducted in Uganda suggests that changes in
climate will alter crop phenology, as well as increase the incidence of crop pests and diseases, especially
because of higher temperatures [22].

4.3. Perceived Trends in Food Inadequacy and Its Causes

Most of the respondents indicated that they did not have adequate food, both in quantity and
quality. This was mainly due to low incomes and limited arable land for crop production. Apart from
smallholder agriculture—their main source of food and income—many households lacked other
viable employment and economic activities to build their financial base to meet their livelihood needs.
The sugarcane cultivation is an 18-month cycle, meaning that an individual or household with one
plantation will have to wait for that period before gaining income; yet, they will be various household
needs to meet. Thus, such a household will borrow in anticipation that it will refund when it sells
its sugarcane produce. Hence, by the time such an individual sells the sugarcane, the income will
have already been spent keeping him/her financially constrained. Further, according to a U.S. policy,
food insecurity and hunger results from financial constraints and not voluntary restrictions in food
intake [29]. Similarly, in our study, lack of money (i.e., financial constraint) to buy food to supplement
what households grow is reported as one of the reasons why people do not always have the right
quality or variety of food they need. Trend analysis also revealed that food and land availability, and
livestock numbers had reduced in the last 10 years. This confirms other studies (e.g., [45]) that have
found that commercial agriculture of non-food crops can negatively affect food security. It should also
be noted that households’ vulnerability to climate change impacts and food insecurity tends to increase
as cash crops displace the traditional safety nets (e.g., forests) [41] and food crops in the farming
systems, and household consumption of own-produced staple foods is reduced [46]. This is unlike
a research by Kennedy & Cogill [47] who reported that household food security is not jeopardized
by commercial sugarcane growing. Indeed, sugarcane is a crop associated with significant positive
and/or negative environmental and socio-economic impacts. It has been argued that moving up
from the individual out-growers level and their households there are trade-offs between national
food security, health of local communities, quantity and quality of water for other uses, disruption of
biodiversity and other land related ecosystem services and the expansion of the sugar industry on the
other hand [48]. To make way for commercial sugarcane plantation establishment, households lose
their lands that had previously been used for food crop production, fuelwood provision, or livestock
grazing. Although commercial sugarcane cultivation provides local jobs, they are mainly seasonal
casual laborer jobs with little income for those involved. The casualization and seasonal employment
with laborers being repeatedly hired on short-term (seasonally) absolve employers of the responsibility
of providing benefits, such as pension contributions, health and social services, and employment
security [48]. In the region, there is also a trade-off between commercial sugarcane benefits and the
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drawback (i.e., amount of atmospheric pollutants) that ensues from the off-cuts removal from the fields
through burning [49–51].

The lack of enough food among the households calls for a significant increase in the productivity
of subsistence agriculture to ensure long-term food security [28]. Yet, producing enough food for the
growing population like in the study area, where soil fertility and many of the farmers lack the capacity
to intensify agriculture, might require opening more land for cultivation. However, this is no-longer
tenable, given that most of the land in the area is being taken up for commercial sugarcane cultivation
that has an assured market ensuring income to the out-growers, seasonal casual labour employment to
the unskilled local communities, and tax revenues to both the local and central governments.

5. Conclusions

Commercial sugarcane cultivation, although contributing to increased household income, does
not necessarily increase food security among households in the Busoga sub-region, since even some of
the households practicing commercial sugarcane cultivation were found to be food insecure. The fact
that such households’ practicing of commercial sugarcane cultivation compromises the ability to
meet their own food needs places food security as a major consideration in commercial agricultural
projects. These findings seem to support the conventional “wisdom” that the transition to commercial
agriculture causes a deterioration in household-level food security. However, our results do not
support the optimistic view that normally technology and commercialization stimulate agricultural
growth, improve employment opportunities, and expand food supply—all central to the alleviation of
poverty [9].

There is unsustainable expansion of sugarcane plantations in the study area, causing loss of
traditional safety-nets (i.e., forest and wetland ecosystem services) and leaving many poor households
without land for food crop cultivation and adequate livelihoods, making them more vulnerable
to the future impacts of climate change. Hence, there are trade-offs between future expansions
of sugarcane cultivation for economic benefits, and the quest for food security, water resources,
environmental conservation, and provisioning of ecosystems goods and services. While acknowledging
the serious environmental implications of sugarcane plantation expansion, and additionally the
livelihood consequences of such impacts, future expansion is probably inevitable. If natural ecosystems
in the study area were to be well managed, they could provide a wide range of local ecosystem services
that reduce societies' vulnerability to climate change [52], thereby helping them to adapt both to current
climate hazards and to future climate change [53]. Thus, it is important to put in place strategies that
allow ecologically and socially sustainable sugarcane cultivation to maximize its development benefits,
while minimizing the negative social and environmental impacts. It may be necessary to enact and
enforce regulations for agro-ecological zoning and land use plans to ensure a balance between the
competing commercial sugarcane and food crop cultivation. Governments should consider promoting
distributional equity in areas where sugarcane is commercially grown through initiatives such as
providing agricultural incentives from taxes generated from sugar companies to enhancing food
production per unit area among the local communities. It will also be important for future studies to
integrate the nexus between commercial sugarcane cultivation, natural resource governance, and other
livelihood components of smallholder farmers to promote future sustainability.
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Abstract: Semi-arid Namibia is marginal for agricultural production. Low soil fertility combined
with low and variable rainfall restrict the livelihoods of smallholder farmers who often struggle
to produce enough food. Although historically, communities have adopted a number of coping
mechanisms, climate change threatens to further reduce agricultural production. There are many
additional options available to smallholder farmers to adapt to climate change, but they are not
necessarily adopting these measures despite having noticed increasing temperatures and declining
rainfall. Semi-structured interviews were conducted in three villages in Onesi constituency to
examine what agricultural practices smallholder crop farmers use, perception of changes in their
yields, their perspective on future yields and whether they are planning on changing their agricultural
practices. The results suggest that to sustain the livelihoods of rural communities in north-central
Namibia, support is needed from local and regional authorities, as well as traditional and religious
leaders to assist with enhancing access to information, enabling information sharing on adaptation
options, and increasing awareness on climate change, its impacts and what can be done about it.
In addition to this, implementation of the adaptation action also requires demonstration sites and
building capacity to enable the development of self-help groups.

Keywords: vulnerability; culture; religion; agency; adaptation; perceptions; climate change; dependency

1. Introduction

Semi-arid environments are becoming increasingly harsh for smallholder farmers. This means
that providing a livelihood is becoming even more difficult. By their nature, semi-arid lands are
difficult to eke out a living in. They are remote, infertile, have limited services and have variable
climates, although they are generally hot and dry [1,2] This makes surviving on agriculture difficult.
However, communities in these environments have managed in the past by adopting different coping
mechanisms. North-central Namibia is no exception. In this marginal environment, agriculture has
persisted by people adopting ways of coping with uncertain rainfall. One of the traditional Ovambo
farming practices is the use of indigenous land units with different elevation and soil characteristics to
plant different crops under different climatic conditions [3].

More recently, a number of other mechanisms have been used by some farmers to sustain
their livelihoods. These include: (i) diversifying livelihoods to off-farm activities [3,4]; (ii) growing
drought-resistant crop varieties such as early maturing Okashana millet with a three-month growing
season [5]; (iii) keeping heat-resistant breeds of livestock [6]; (iv) adjusting planting of crops by
delaying, using a combination of early and late planting, and/or planting multiple times within a
season [7,8] (v) soil and water conservation through conservation tillage, ripping, ridging, farrowing,
crop rotation, intercropping and the use of manure [6]; (vi) supplemental feeding, watering and
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moving to access alternative water and grazing resources for livestock [3,6] and sometimes selling
livestock [3]; (vii) storing mahangu [3] and getting food from friends and neighbours [3]; (viii) receiving
remittances from family members living in urban areas [4]; and (ix) relying on pension grants from the
government [3,9]. However, in drylands although remote communities can be well equipped to cope
with climate variability and change, they are often marginalized, chronically disadvantaged, and can
battle to secure resources to respond to changes in climate [10].

Despite the different measures available to cope with variable climates, not all farmers can or do
apply these measures, e.g., there is limited crop and livelihood diversification [3] and many of the
existing crops and livestock are susceptible to drought, heat stress and disease. Livestock owners also
often don’t sell livestock when there is impending drought [11] and crops and livestock losses are most
often not insured [12]. As a consequence of this reliance on rain-fed crops and livestock for livelihoods,
and a lack of alternatives, these communities are sensitive to climate variability and change [3,11].
In addition, as food insecurity is getting worse, some coping measures, such as the sharing of food,
are becoming less prominent [3].

Inherent poverty, marginalization and inequality [13], degraded natural resources [14],
limited availability of fertile land, [6] and limited grazing [3,6,14] combined with unreliable crop
yields, mean that many households face food insecurity, which is most pronounced during drought
periods [11]. Droughts are already becoming more frequent and intense and this trend is expected to
worsen in the future. Significant increases in temperature have been observed in Namibia over the
past century [15], and there has been a decrease in average annual rainfall [16] with higher variability
in rainfall and more droughts since 1970 [17], but also frequent floods [18]. Of concern is that trends of
increased temperatures and reduced rainfall are expected to continue in north-central Namibia [7,19,20]
and as such, agricultural productivity is expected to decrease [21].

Although smallholder farmers have already noticed reductions in rainfall and increases in
temperature [9] and have experienced severe droughts that have led to major crop and livestock
losses, they are not necessarily changing their agricultural practices [7,22]. This qualitative study uses
three villages in Onesi constituency in the Omusati region of Namibia as a case study to examine:
(i) the agricultural practices that smallholder crop farmers use; (ii) the perceptions of these farmers of
changes in their yields; (iii) their perceptions about the future and what their planned responses are;
and (iv) barriers to the adoption of new agricultural practices.

2. Materials and Methods

The study was conducted in three villages in the Onesi constituency in Omusati region in
semi-arid north-central Namibia. 31 structured interviews were conducted across the villages:
Okathitukeengombe (n = 10), Omaenene (n = 11) and Oshihau (n = 10), by Angela Chappel (AC)
between 4 and 15 July 2017. The secretary of the Uukolonkadhi traditional authority set up a meeting
with each village headman who granted permission for interviews to be conducted in their respective
villages. The headmen also identified a few initial interviewees, after which snowball sampling was
used to locate others. The sample was 68% female compared to 55% female in the 2011 census for
Onesi constituency [23]. The mean age of the sample was 56; 55% of interviewees were between 26 and
59 and 45% were over 60 years old. In the 2011 census, the equivalent figures would be 83% in the age
group of 15 to 59 and 17% in the age group [23]. Although the sample was largely aged and female,
these were the people who were home and looking after the crops. In this paper, quotes are given from
17 of the farmers (10 females and 7 males).

A translator assisted in asking farmers, in the local language of Oshiwambo, about their
agricultural practices, whether they think their yields have changed over time, whether they think there
will be future changes in their yields, if they are worried about their future food supply, what changes
they have made or plan to make to their farming practices and what prevents them from making these
changes. During the interviews, the translator loosely translated each answer given by the respondent.
This allowed AC to understand the essence of the interview and to ask further questions where
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necessary for clarification. Interviews were recorded using a Dictaphone and after the interviews,
AC and the translator listened to the recordings and transcribed each interview into English so that
all information was captured, and quotes could be recorded word for word. The interview data
was then coded for different themes taking note of relevant quotes. The identity of the interviewees
was also coded. As some of the data on barriers to adopting agricultural practices is published
elsewhere, [24] summary information is presented in the results for barriers to adopting new practices.

3. Results

3.1. Livelihoods in the Study Area

During interviews with the 31 respondents (ten men and 22 women) it was noted that generally
when a family owned livestock, men were responsible for the livestock and women were responsible
for crop production. If the family did not own livestock, crop production responsibilities tended to
be shared. In terms of the use of crop yields, 20 respondents used their crops for subsistence only
and 11 sold certain of their crops or homemade sorghum beer when they had adequately supplied
their own family and had an excess of yields. Mahangu (pearl millet) (n = 30), cowpeas (n = 30),
and sorghum (n = 27) were the most commonly grown crops. Other crops that are grown included
maize, watermelon, Bambara nuts, cooking melons, ground nuts, pumpkins, and oilseed melons.
In addition to these crops, some families had fruit trees either around their homestead or in the fields
with their crops. The fruit trees grown across the study site are lemon, mango, marula, guava, palm,
and custard apple.

3.2. Smallholder Farmer Perceptions of Past Changes

Most crop farmers in this study mentioned that the soil quality of their fields and their crop
yields have declined over time. One farmer explained that their “family has been living here for more
than 50 years and the texture of the soil is changing, and nutrients are decreasing” (FK28). Another
farmer said, “When I first came here, I used to get much better yields” (FM82). The most commonly
stated reason for observed changes in yields was that rainfall in the area has decreased: “It has also
changed because of rain, because sometimes you will plough your field and sow seeds, but the rain
won’t come or when it comes it is just not enough for the crops, and this results in dry land which
leads to poor yield” (MM73). Next most mentioned was the depletion of nutrients from the soil due
to overuse followed by soil erosion. A farmer mentioned that “the land lost nutrients because the
rain washed it away” (FS89). The weather was also blamed for low yields: “Last year was hotter
and drier than this year, so we received less yield than this year” (MK30). Crickets were also held
responsible by five farmers. One farmer explained that “the crickets came this year and decreased
the yield” (FS48). Two people also mentioned that their soil is nutrient poor because they do not
have livestock: “The nutrients are depleted because we keep using the same land every year and we
don’t have livestock to put manure on the land” (FK70). A lack of animals, after them having died in
the drought, was also linked to poor yields by them not being available for ploughing and having to
use a tractor instead. One farmer said: “Now we use a tractor, but I believe the tractor brings bad soil
to the top and puts the good soil deep into the ground” (MM60).

3.3. Farming Approaches That Have Been Applied by Smallholder Crop Farmers

Many farmers still use indigenous land units and plant different crops in different portions of
land; they also intercrop some of the crops and rotate some. One farmer mentioned they “look at
the soil structure and nutrients and plant different crops in different portions” (FS45) and another
that they “grow each crop in a different portion and change them every year” (FK62). However,
different farmers intercrop different crops. One famer mentioned “Bambara nuts and sorghum have
their own portion” (MK30), another that they “intercrop sorghum, mahangu, oilseed melons and cooking
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melons” (MK30); yet another said that “different portions for maize, Bambara, sorghum; other crops are
intercropped” (FK70).

Farmers also move crops between land units if they don’t do well during periods of climatic
variability. One farmer explained that, “when the sorghum doesn’t do well we put mahangu and
watermelon, then move the sorghum to grow somewhere else” (FK40). Another said, “where we
put mahangu, if it doesn’t do well, the next year we plant it somewhere else and plant Bambara nuts
there” (FK26). The use of drought resistant varieties is also common. One farmer mentioned, “I have
changed the mahangu I usually grow (Ongonga) to Kangara and Okashana #2. Ongonga takes long to
mature, so it requires the rain to start early but now rain starts very late, while Kangara and Okashana
mature faster, if the rain comes late, we will be able to get a better yield” (MM72). However, different
varieties are used in wet years. Another farmer said that, “when there is too much rainfall I change the
variety from Okashana #2 to Kangara. When there is too much rainfall Kangara is better because it can
withstand the water better and Okashana falls. But the problem is that Kangara does not mature fast
enough so this year while we were waiting for it to grow the crickets came and killed the crops” (FS40).
Another response to changes in yields by many farmers is the application of manure. One farmer
explained, “We apply the manure from the livestock to replace the nutrients” (MM68).

Despite some of the approaches mentioned above, some farmers were of the opinion that they
have not changed any of their farming approaches, despite having noticed declines in their yields.
One famer mentioned, “We have not changed any crops or techniques. We don’t have animals to
put manure on the land” (FS89). However, another farmer said, “I have never changed the farming
practices or crops because I don’t know any other ways” (FK85).

3.4. Smallholder Perceptions of the Future and Their Planned Responses

In general, the smallholder farmers do not perceive reduced yields in the future. Many (n = 11)
farmers mention that their yields depend on rain but don’t seem to have any opinion of rainfall trends in
the future. One farmer indicated, “If it rains we will get a good yield, if it doesn’t rain the yield will be
bad” (FK37). Quite a few farmers (n = 5) thought their yields would improve in future because of crop
rotation or applying manure. One farmer thought “yields might get better in the future because even this
year was better than last year, and this might continue if we keep rotating crops” (FK26). Another was of
the opinion that “the yield will get better because we put manure everywhere, if it rains the soil quality
will improve and we will get better yields” (FS45). However, 12 farmers mentioned an expected decline
in yields for a number of different reasons. Some thought their yields would decline because of low soil
fertility. One farmer thought that “the yield will be less in the future because the nutrients will keep
being depleted and the soil will get worse” (FK70). Another perspective was that crickets would reduce
yields. One farmer thought “the yields will get worse because of the crickets” (FS40). A few farmers did
not know, and a few were of the opinion that only God knew. One farmer explained, “We don’t know
how the crop yield will change in future, because we haven’t been receiving good rainfall in the past
but when it came this year, it was too much again that it ended up flooding our fields killing our crops.
So, if anybody says she/he thinks the yield will be high or low in future that person must be lying, no one
can predict the future, only God knows” (MM73). Only one farmer mentioned that because of climate
change there might be reduced yields in the future. This young farmer explained that, “according to
climate change if there is too much rain or not enough rain the yields will be poor. I can’t predict what
will happen, but I think that there will probably be less rain” (FK28).

Some farmers perceived that they would still be able to provide for themselves in the future using
the same approaches as now. One farmer thought that “with crop rotation we will get a good enough
yield to supply food for our family. New variety Okashana #2 will also help us—we will get this from
Ministry of Agriculture” (MK75). Others didn’t what know what will happen in the future or trusted
in God to provide for the future. The minority opinion was that there would not be enough food in
the future. One man mentioned: “I don’t think we will have enough food for the family in the future
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because having bad land with no nutrients and poor rainfall is going to lead to poor yields and not
enough food” (FK78).

Twenty-four of the farmers were worried about food security in the future. Some said that they
were worried because they were not sure it would rain, others were worried because the land was not
very fertile, and some were not worried because they had faith in God. One farmer mentioned: “I am
very worried. The land has poor nutrients which is bad for growing crops. We can’t predict rainfall
anymore and we don’t know when it will come. In the past we used to predict rainfall. Now even
if you predict rain you will be surprised that you don’t get rain” (FK78). However, seven farmers
we not worried about the future. This was predominantly attributed to faith that God will provide
sufficient rain or that the government will provide assistance. One farmer’s perspective was that he
was “not worried because we don’t know what God has in store for us. He is the creator, he will
provide” (MS42). The same farmer also expected that the government would provide food for them if
they were going hungry: “There is no other method that I can use in my field because we don’t have
enough water. Maybe I will get enough food for my family but if I don’t, the government will assist
us” (MS42). Another mentioned, “We are even thinking that the government should help us with
projects that will give us food” (MM72). Although many of the farmers perceived that their crop output
would in fact decrease in the future, bar one, all respondents said that they would continue farming
in the same way without adaptation. Only one farmer (MM68) was preparing for the future and
he had recently attended a workshop on adaptation. When asked specifically about climate change,
16 respondents stated that they had heard about climate change either on the radio, by word of mouth,
or from school. Most of the respondents believed that climate change would cause decreased rainfall
in the future.

3.5. Barriers to Changing Farming Practices

Most farmers said they would continue to farm their crops in the same way as now.
Many mentioned tradition as a reason for this. One farmer mentioned that “we are used to farming in
the same way” (FK70). Another farmer mentioned that they do not have another option. Whereas
others mentioned they might try something else if they had information on it. One farmer said, “we just
have to continue farming the same way because we don’t have any other information on the other
methods that we could possibly use, and our animals have died of drought we will continue using
tractors” (MM72). When asked specifically whether farmers would adopt new practices, they expressed
willingness to do so but there were barriers to doing so. The most commonly mentioned barrier was
lack of information on new or alternative farming practices followed by a belief that current approaches
are the only or best way. Other popular responses were that farmers feared new approaches would not
work or that they did not have enough water. Other than this money, equipment, time, labour and old
age were mentioned as reasons.

4. Discussion

Perceptions of vulnerability and future risk play an important role in adaptation to climate
change [25,26] and action to respond is shaped by belief systems, personal experiences and perceived
responsibility of the problem [25,27,28]. In this study, climate change did not specifically come up as a
contributing factor to reducing yields nor did farmers express a perception of worsening droughts.
Although climatic change may be difficult for farmers to detect amidst the climatic variability that is
characteristic of drylands [29,30] this result perhaps also reflects on a lack of awareness about climate
change. Despite the likelihood that yields are going to decline in the future because of the expected
effects of climate change [21], the smallholder farmers that were interviewed did not reflect this in
their responses. The factors that were mentioned as affecting yields were those that would be expected
for agriculture: rain, soil fertility, the weather, crickets, and the availability of livestock for ploughing
and providing manure. However, the tendency for farmers to have a stronger memory of more recent
events e.g., crickets and short-term trends should also be taken into consideration [31].
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Although some farmers are worried about soil fertility and are uncertain about having enough
rain in the future, the findings of this study suggest that many smallholder farmers in north-central
Namibia may not be aware of how vulnerable they are to climate change. As such, they are not
necessarily expecting changing conditions in future and are not planning for this by changing their
approach to securing food for their families. The coping mechanisms that were mentioned as being
already used by farmers were the use of land units, intercropping, and crop rotation, but farmers did
not consider that as changing their practices and did not plan to change practices despite reductions in
yields. These findings are in concordance with other studies that have also suggested that if farmers
are not aware that they are vulnerable to the effects of climate change they will be less likely to respond
e.g., in rural communities in Brazil [32].

It is expected that if farmers perceive the effects of climate change to be imminent they will take
action to adapt [33]. Fortunately, there are examples of where this is so e.g., in Tanzania where farmers
perceived increasing temperatures and decreasing rainfall, they changed to drought-resistant crops and
increased the area under cultivation to make up for declining yields [34]. Similarly, farmers in Kenya
that noticed similar trends in temperature and rainfall started mulching and planting early maturing
crops [35]. In Kenya, there are also examples of farmers adopting new approaches, e.g., rice farming,
after perceiving the land as being degraded [36]. However, farmers do not always respond to perceived
changes. For example, a study in South Africa showed that 95% of farmers perceived changes in
temperature and 97% perceived changes in rainfall, yet 62% of the farmers did not adapt in any way to
these changes [37]. Similarly, although farmers perceive changes in north-central Namibia, they are
not necessarily changing their agricultural practices.

Some farmers in north-central Namibia are not worried about the future because they believe that
God will provide or that the government will assist them if they do not have enough food. Others are
not willing to change because of traditional norms. In north-central Namibia, culture is a central
component of Oshiwambo people’s lives and farming traditions [22]. This is very important to take
into consideration here as it can act as a barrier to adaptation when those who prescribe to it are bound
to cultural practices that have been passed down over many generations and are unwilling to deviate
from what is known and trusted [27,38]. Such cognitive and normative social barriers to climate change
adaptation are widely recognised [39–41]. Mindsets influenced by traditional norms, religious beliefs
and dependence on government, make smallholder farmers more vulnerable to impending climate
change and are important to consider because the perception of risk is more important than calculated
estimations of risk in determining response behaviour [27]. Farmers are also less likely to adopt climate
smart agricultural practices if they are skeptical about climate change [38] and they are likely to be less
aware and have a limited understanding of climate change if they have a low level of education [30,31].

A number of factors have likely led to high vulnerability and low levels of agency that are currently
seen in north-central Namibia. A history of colonial dispossession, market-driven economic policies,
and gender inequality has led to chronic poverty, marginalization and inequality in the country [13].
In addition, there is a culture of expectancy of the government to do something. The government
has been providing social grants including state pensions as well as drought relief and people are
very reliant on this. This situation of government assistance reducing adaptive capacity is also seen
in other remote drylands in Botswana and Australia and is considered potentially maladaptive [10].
However, it should be recognised that some form of social protection is needed to keep people out
of extreme poverty and food insecurity. In Namibia, drought relief could be maladaptive in that it
is encouraging the continuation of existing activities, creating dependency and reducing the use of
coping mechanisms and further innovation. Importantly, Namibians could learn lessons from other
countries where innovative agricultural practices have been used to combat the effects of climate
change. For example, in Ghana, many farmers say that they are not concerned by environmental
change because they innovate using methods such as zai pits and trash lines, intercropping, use of
manure, and tied-ridges [42].
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Despite there being a number of different possible coping mechanisms and adaptation options
that could be employed, many of these are not used in north-central Namibia. There are a number of
reasons for this. Some of the barriers to action, such as lack of information, traditional norms, religious
beliefs (the expectation that God will provide) and a reliance on government, influence perceptions and
others impede the implementation of adaptation interventions e.g., lack of water, money, equipment,
time, labour and old age [24].

The problem of limited information on adaptation solutions is frequently cited as the main barrier
to the adoption of new agricultural practices in Namibia [22,43], and elsewhere e.g., South Africa [37].
Scientific information is crucial in helping smallholder farmers e.g., to establish early warning systems
and change the time of planting [44]; insufficient information is a problem not only at the farmer
level, but also with extension officers and higher levels of authority [7,45,46]. It has been previously
noted that there is limited awareness about climate change and its impacts, in addition to a lack of
knowledge about solutions [7,45]. Part of the problem is that climate change information and technical
advice is not being interpreted and communicated to policy makers, practitioners and farmers to assist
with decision making [45–47]. In addition, many farmers don’t have access to extension services in
north-central Namibia [43,48]

The provision of information and enhanced knowledge through education, training,
and communication is a vital component of changing behaviour and initiating action [49]. Therefore,
to sustain the livelihoods of rural communities in north-central Namibia support is needed from local
and regional authorities, as well as traditional and religious leaders to assist with enhancing access to
information, enabling information sharing on adaptation options, and increasing awareness on climate
change, its impacts and what can be done about it. In addition, the implementation of adaptation
action also requires beneficial interventions such as demonstration sites and building capacity to enable
the development of self-help groups.

It is important that information is framed appropriately to take into consideration local traditional
and religious beliefs and that it is communicated by someone that is trusted by the community [24,
38,50]. Therefore, it is important to work with community leaders that are informed about climate
change, its impacts and what can be done about it so that they are able to share information that is
context relevant [50]. In north-central Namibia, radio is an important avenue for communicating this
information as most households have radios [46].

Although having information is useful, it has been found that more action happens (e.g., investment
in research and training of extension services) when actors see the benefits of an intervention
e.g., agroforestry improving food security in Zambia [51]. Some farmers will only adopt new practices
after witnessing success by others, even when they are aware of the benefits e.g., of compost [52].
Both demonstration sites [46] and working with champions [24] are an opportunity for communities to
observe effective practices e.g., the demonstration of planting pits near a busy road in Burkina Faso [53].

Having enough labour is also often vital to enable the adoption of some labour-intensive practices
and can be achieved through self-help groups [54–56], in which farmers organise themselves to
take turns working on each other’s farms e.g., in Ethiopia [56]. These can also strengthen social
networks, which are important in the uptake of soil and water conservation practices as an essential
means of sharing information, brainstorming ideas and as an informal source of credit [37,57].
Rural development policies that promote the formation of formal or informal farmer associations can
strengthen this form of farmer-to-farmer interaction [55,58].

5. Conclusions

This study indicates that the lack of understanding of future risks posed by climate change
is problematic. If smallholder farmers do not perceive that they are vulnerable or becoming more
vulnerable, they have less motivation to change. Having said this, another study [3] indicated that
farmers in focus groups in Omusati region, mentioned concern over being able to continue farming if
there was an increase in dry years. However, there are many other reasons they might not change as
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evidenced through the findings. It is not merely a case of a lack of access to finances [7], limited access
to technologies such as drought resistant seed [59] or the time, labour and effort required. Local norms,
customs and beliefs influence adaptation to climate change by influencing conceptual understanding
of the reason for hazards as well as whether people decide to make changes to minimize current and
future risks [25,28]. This study shows both how traditional norms and religious beliefs are preventing
people from making changes, thereby making them more vulnerable to climate change. But it is not
only the intent to continue with traditional farming practices and faith that God will provide that
make these communities vulnerable. Another reason why smallholder farmers do not necessarily do
anything to change their practices is the expectation that the government will do something to help.
All of these ways of thinking prevent action by these smallholder farmers.

For communities in these drylands to sustain livelihoods in these areas, they need to adopt more
climate-smart agricultural practices and they need access to alternative livelihoods. Part of the solution
is building the adaptive capacity of these communities so that they can help themselves. In other
developing countries, often where there isn’t as much state support, there is a stronger presence of
self-help groups, self-mobilisation self-organisation, and innovation [60] e.g., women’s self-help groups
in India [61]. The attitude of waiting for God or the government to resolve the situation isn’t useful
when it is expected that conditions are going to get much worse and food security will decrease.
Although there are limited resources in villages in north-central Namibia, a change in perspective
would help in bringing forth action. It is hoped that traditional leaders and religious leaders can play
a role in changing some of these perspectives.

Although suggestions are being made here on how to increase the adaptive capacity of rural
farmers in northern Namibia, it cannot be said that the government does not have some measures
in place. There are some government agricultural projects in existence. One of these is the
FAO (Food and Agriculture Organisation) and EU (European Union) funded MAWF (Ministry of
Agriculture, Water and Forestry) Learning and Information Sharing for Agriculture SMS (Short
Message Service) line, where farmers can communicate with extension officers [62]. It would be
beneficial if this innovative platform for information sharing could be further promoted e.g., through
radio [46]. However, it would also be beneficial for smallholder farmers to have more access to
extension services, especially where there is no radio and cellular phone network. These communities
need agricultural support, but they also need training and access to markets to enable them to diversify
their livelihoods outside of agriculture.
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Abstract: The paper investigates whether farm dwellers in the KwaZulu-Natal (KZN) province of
South Africa are subject to a “double exposure”: vulnerable both to the impacts of post-apartheid
agrarian dynamics and to the risks of climate change. The evidence is drawn from a 2017 survey
that was undertaken by the Association for Rural Advancement (AFRA), which is a land rights
Non-Governmental Organization (NGO), of 843 farm dweller households. Data on the current
living conditions and livelihoods was collected on 15.3% of the farm dweller population in the area.
The paper demonstrates that farm dwellers are a fragmented, agricultural precariat subject to push
and pull drivers of mobility that leave them with a precarious hold on rural farm dwellings. The key
provocation is that we need to be attentive to whether the hold farm dwellers have over land and
livelihoods is slipping further as a result of instability in the agrarian economy? This instability arises
from agriculture’s arguably maladaptive response to the intersection of structural agrarian change
and climate risk in post-apartheid South Africa. While the outcomes will only be apparent in time,
the risks are real, and the paper concludes with a call for agrarian policy pathways that are both more
adaptive and achieve social justice objectives.

Keywords: agrarian dynamics; climate change; farm dwellers; livelihoods; precariat; vulnerability;
South Africa

1. Introduction

What place is there for farm dwellers in South Africa’s changing agrarian and climate context?
The uncertainty over this issue is what we intend to engage in this paper. Some things are more
certain, however. Three key features of South Africa’s agrarian economy 24 years into democracy
are the persistence of a racially skewed distribution and structure of land ownership with most rural
people living on state land under traditional authorities and accessing land through (neo-) customary
processes (Hornby et al., 2017 [1]); concentration, centralisation, and integration of agricultural capital
creating a globally competitive but highly capital intensive and labour shedding agro-food regime
(Greenberg, 2015 [2]); and, the ongoing evictions of farm dwellers from commercial farms despite
tenure reform laws, with totals exceeding evictions from a decade prior to 1994 and greater than the
number of beneficiaries of land reform policies (Wegerif et al., 2005 [3]).

The politics of land reform remain contested while consensus on agrarian solutions is elusive. AgriSA,
the national agricultural union representing commercial farmers, claims that the government’s target to
redistribute 30% of white owned farmland has been achieved (AgriSA, 2017 [4]). However, methodological
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critiques (Hall and Cousins 2017 [5]) show that the real figure is closer to 8% (Aliber and Cousins
2013 [6]) and growing populist demands for land expropriation without compensation indicate widespread
discontent with the land ownership distribution. Debates on agrarian futures revolve around the possibility
of expanding rural household use of small plots to generate food and income (Aliber and Cousins 2013,
Hall, 2009a [6,7]), while others (Sender and Johnstone 2009, Hein, 2011 [8,9]) suggest that the dominance of
large scale farmers and agro-food conglomerates (or ‘Big Food’) (Igumbor et al., 2012 [10]) eviscerate the
space for small farm strategies. O’Laughlin et al. [11] argue that “Land reform can therefore be seen as
simultaneously both central and marginal (or ‘necessary but not sufficient’) to meeting South Africa’s crisis
of employment, livelihood and social reproduction . . . ”

This poses serious challenges for South Africa’s attempt to use agrarian reform to confront rising
unemployment, persistent structural inequality, and growing poverty and hunger1, particularly for
farm dwellers, the focus of this paper. Moreover these challenges are exacerbated in the context
of emerging climate change risks. Global warming is widely acknowledged as one of the greatest
environmental, social, and economic threats to sustainable development in the world this century
(Agrawala and Frankhauser 2008, Stern 2008, United Nations Intergovernmental Panel on Climate
Change (IPCC) 2014, Ziervogel and Taylor 2008, Anbumozhi 2009, Kaijage 2011, Turpie and Visser
2012 [12–18]). In South Africa, the mean annual temperatures have increased by at least 1.5 times
the observed global average of 0.65 ◦C over the past five decades and extreme rainfall events have
increased in frequency (Ziervogel 2014 [19]). Both the United Nations Intergovernmental Panel
on Climate Change (IPCC) and South Africa’s own localized and downscaled assessment models
project warming of about 3–6 ◦C by 2081–2100 (IPCC 2014, Department of Environmental Affairs and
Tourism (DEAT) 2004 [14,20]). Despite the parallels, there is a disconnect in the literature with agrarian
political economists tending to neglect climate as a factor of change, while the climate change literature
disregards how these changes will intersect with the social dynamics underlying agrarian change. Yet,
climate change could deepen and exacerbate pre-existing historical and current vulnerabilities of the
approximately 2 million (Stats SA 2011 [21]) already vulnerable farm dwellers across the country.

This paper thus investigates the degree to which farm dwellers, their land tenure and livelihoods
are subject to a “double exposure” (O’Brien and Leichenko 2000 [22]); vulnerable to the impacts of
post-apartheid agrarian dynamics and change while their land-based livelihoods are vulnerable to
climate change as are the commercial farm enterprises on which their wage labour and residential
rights depend. The study is innovative in providing extensive data on frequently neglected rural
dwellers, namely those who live on commercial farms that they do not own, and in drawing attention to
their double exposure to a combination of agrarian and climate changes, the livelihood vulnerabilities
that are created, and the particular politics that this generates on farms.

The paper demonstrates that farm dwellers are a “fragmented” (Bernstein, 2010:110 [23])
agricultural “precariat” (Standing, 2011 [24]) that are subject to centrifugal (push) and centripetal
(pull) drivers of mobility that leave them with a precarious hold on rural farm dwellings. The key
provocation of this paper is that we need to be attentive to whether the hold farm dwellers have
over land and livelihoods is slipping further as a result of instability in the agrarian economy2?
This instability, we suggest, arises from agriculture’s arguably maladaptive response to the intersection
of structural and climate change in post-apartheid South Africa. While outcomes will only be apparent
in time, we suggest the risks are real, and the paper concludes with a call for more research, and for
agrarian policy pathways that are both more adaptive and achieve social justice objectives.

1 Food prices in 2016 recorded the highest level of inflation at 11.6% (Province of KwaZulu-Natal, 2017: 14 [25]) while
agricultural production in the KwaZulu-Natal recorded a sixth consecutive contraction in 2016 due to a severe multi-year
drought (ibid, 20).

2 StatsSA (2016 [26]) records a 25.2% decline in “agricultural households” in KwaZulu-Natal between 2011 and 2016,
the highest rate of decline nationally, and followed by North West with 21.6%.
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2. Capital, Climate and the Agricultural Precariat

The contested discourse of a new geological era, in the form of the Anthropocene—in which
anthropogenic climate change is acknowledged to have fundamentally altered our climate system
(Clark 2015, Morton 2014 [27,28])—provides an entry point for a number of issues that re pertinent
to this paper; namely the interconnections between climate, capital and socio-ecological change.
Moore 2017 [29] argues that there is a fundamental Human/Nature dualism at the centre of the
Anthropocene discourse, which “obscures our vistas of power, production and profit in the web of
life”. Instead of the Anthropocene discourse, which begins with Nature as analytically distinct to
a homogenous and abstracted notion of Society, Moore, amongst others (Klein 2014 [30]) proposes the
Capitalocene as a way for understanding the conditions for co-production in the planetary ‘web of
life’, and how capitalism has revolutionised the “co-production of historical natures” (ibid: 599).

Indirectly substantiating this argument, O’Brien and Leichenko 2000 [22] consider processes of
globalisation together with climate change arguing that “on-going processes of economic globalization
are modifying or exacerbating existing vulnerabilities to climate change” (ibid, 221).

Most directly, the connection between highly capitalised, commercial agriculture and climate
change is one of cause and effect: on one extreme commercial agricultural systems are energy-intensive
and fossil-fuel based, and thus contribute to greenhouse gas emissions. Estimates posit that agriculture
and the food system as a whole accounts for between 8.2% (Takle and Hofstrand 2008 [31]) to 29%
(Vermeulin et al., 2012 [32]) of global greenhouse gas emissions, thus further accelerating climate change
(Hewitson et al., 2005 [33]). Moreover, some scholars (Weiss 2013, Van Der Ploeg et al., 2015 McMichael
and Schneider 2011 and Schneider and McMichael 2010 [34–37]) contend that the shift towards a highly
capitalised, mono-culture form of agriculture has constituted a form of maladaptation to ongoing
climate change and associated shifting agro-ecological conditions. Grain production (specifically maize
in Southern Africa and rice in Asia) faces particular adaptation threats due to sensitivity to small
temperature increases (IAASTD, 2009:287 [38]), with small farmers most at risk (ibid). Maladaptation,
according to the IPCC (2014 [14]), is ‘an adaptation that does not succeed in reducing vulnerability but
increases it instead’.3

Yet Moore’s argument is further nuanced regarding accumulation dynamics, where he situates the
capitalist revolution in the co-production of historical natures in the four “cheaps” of Nature—labour4,
food, energy, and raw materials—that have sustained capitalism’s expansion and that are now drawing
to an end. The launch of the green revolution in the 1960s, along with the intensive investment that
accompanied it, was based on the extensive farming of monocultures and supported by a boom in the
agrochemical sector and fossil fuel based mechanization (Capra, 2015 [39]). While the new technologies
supported an exponential growth in agricultural production and increased food supply for a growing
world population (Bernstein 2010 [23]), the assumptions were that the climate would remain stable
and both fossil fuels and water supply would always be abundant and affordable (Capra 2015 [39]).
However, the mounting evidence of climate change and food price volatility (Holt-Giménez a & Altieri
2013, Van Der Ploeg 2013 [40,41]) have shown the limits of these assumptions. Commercial agriculture
is now increasingly faced with prospects of peak fossil fuels, peak fertilizers (Pinock 2010 [42]), falling
water tables in some regions, with risks of food shortages, increasing food prices, and increased
social instability (Raleigh et al., 2015 [43]), as well as global political pressures to curb agriculture’s
contributions to greenhouse gas emissions. The spatially uneven distribution of climate change effects
(O’Brien and and Leichenko 2000 [22]) has already resulted in periodic declines in crops yields and
failures in some regions.

3 There is debate about adaptation as a useful concept, however. See, for instance, Atteridge and Remling (2018 [44]) who
suggest that adaptation is redistributing vulnerability rather than reducing it.

4 Cheap labour, according to Moore 2017 [29], was based on the disconnection of indigenous populations from the fold of
‘civilized’ people: what English colonial administrators referred to as the ‘wild’ Irish and the Castilians called the ‘Naturales’
in reference to indigenous Peruvians.
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Of interest with regards to ‘cheap’ labour in South Africa, the dynamics run somewhat
contrary to Moore’s assertion of scarcity, with increasing precarity for an oversupplied labour base.
O’Laughlin et al., 2013:6 [11]) argue that it was apparent in the 1970s “that the system of migrant
labour [in South Africa] had eroded its own conditions of existence”. The subsistence ‘subsidy’ that
household farming in the apartheid ‘Bantustans’ had provided to agricultural and mining wage labour
had been undercut by overcrowding as a result of forced removals and consequent declining farm
production. However, this particular contradiction created the basis for the subsequent emergence of
‘surplus labour’ as people continued to migrate out of rural areas and the need for labour in mining
and manufacturing declined. As a result, “cheap labour was no longer scarce and securing it no longer
required systematic state intervention” (ibid). Furthermore, the growing surplus of labour over the
past 40 years have “narrowed the range of employment-based entitlements, cut flows of remittances
between rural and urban areas, and heightened competition for jobs and access to services” (ibid).

The effect of this surplus labour boom alongside the capitalist restructuring of agrarian social
relations have been far reaching for rural farm dwellers and labourers. Ewert and Du Toit 2005: [45] use
the idea of a “double divide” to characterise the changes in the agrarian structure that have take place
over the past four decades. On the side of capital are farmers “able to profit from the opportunities
offered by international expansion and those who are not”; and, on the side of labour is a growing gap
“between ‘core’ workers and those thrown out by casualization and externalization”. While there is
no reference to what happens to the dynamics internal to the double divide in the context of climate
change, an effect of the double divide has been the growth of a “rural lumpenproleteriat, often residing
in rural, peri-urban or metropolitan shantytowns” (ibid: 317).

Perhaps more accurately, the position of farm dwellers in the face of these trajectories can
be described as something of a rural agricultural precariat. Standing 2011 [24] argues that the
fragmentation of the labour market accompanying globalisation has created a new social class of people
who are ‘habituated’ to precariousness characterised as flexible, insecure and intermittent employment
as well as “uncertain access to housing and public resources”. While the idea that the ‘precariat’
constitutes a specific social class has been thoroughly critiqued for disregarding the (geographically
varied) logic of class domination under capitalism (see Breman 2013, Bernado 2016, Munk 2013 [46–48]),
further theorisation has linked employment precariousness (or ”wageless existence” for Denning,
2010 [49]; ‘footloose labour’ for Breman, 1996 [50]) to eroded conditions of social reproduction
(Hart 2014, Bernstein 2004: 205–6, Bernstein 2003: 210 [51–53]). Tania Li (2010: 67 [54]), in her
essay ‘To Make Live or Let Die’, argues that the deepening condition of precariousness is the result
of a new round of enclosures, leading to the dispossession of large numbers of rural people from
land combined with “the low absorption of their labour, which is ‘surplus’ to the requirements of
capital accumulation”. It is in this sense that we find the term ‘precariat’ a useful conceptual lens
to engage with changing social relations on farms in the rural midlands of KwaZulu-Natal (KZN)
province, to which we presently turn. Firstly, however, we set out the KZN context of capitalist
agrarian transformation in South Africa over the past decades.

3. Study Method

The evidence is drawn from a 2017 survey that was undertaken by the Association for Rural
Advancement (AFRA), a land rights NGO that works with farm dwellers in the Umgungundlovu
District of the KwaZulu-Natal (KZN) province. The Umgungundlovu District, which is located in the
midlands area of KwaZulu-Natal (the country’s second most densely populated province), is one of
11 municipal districts that are located on the east coast of South Africa, inland from the port city of
Durban. The District has a population of just over a million inhabitants, 61% of whom are located in
the Msunduzi Local Municipality in the vicinity of the city of Pietermaritzburg (Stats SA, 2017 [55]).
The commercial farm areas are dominantly sugar, forestry and beef with some poultry and diary.
The farm dweller population is estimated to be just under 41,000 people.
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The survey was undertaken as part of AFRA’s Pathways Project, whose objective is to find
pathways for farm dwellers out of poverty.5 The purpose of the survey was three-fold: firstly, to collect
base-line data on farm dweller households in the district in order to update information on the living
and livelihood conditions of farm dwellers across the district; secondly, to provide data that could be
used in longitudinal studies to assess changes to the living and livelihood conditions of farm dwellers;
and thirdly, to provide a GPS location of the interviewed farm dweller households and summary
data on rights to land and services as a record of evidence to be used to adjudicate any arising future
disputes over rights.

Surveys on farms in South Africa are not politically neutral processes of data collection.
The research was planned to be undertaken together with land owners in a single municipal area,
but after landowner structures subsequently withdrew their co-operation, AFRA changed the scope to
a sample of farm dweller households across the District in order to ensure access to a representative
sample. The access to farm dwellers then had to be negotiated through other structures, which included
elected councilors, community development workers, and farm dweller structures. This may have
created some bias in the sample in that the farms more likely to be known to these structures are those
where farm dwellers have reported problems of some kind, but these problems also constitute the
rationale for researching farm dwellers in the first place. A further dimension shaping the sample was
that some land owners prevented the researchers from accessing farms and in one case threatened to
bring trespassing charges.

The sampling method under these conditions was essentially opportunistic and the robustness
of the data depended on the percentage of farm dweller households sampled.6 The survey was
conducted with 843 farm dweller households, which collected data on 6478 individual men, women,
and children, living on 83 farms, and thus comprises an estimated 15.8% of the farm dweller population
in the District. Data was collected on both individuals7 and households8, and analysed accordingly.
The instrument was piloted repeatedly and amendments to the instrument were made on the basis of
research assistants’ experience of administering the survey.

The survey was loaded onto a tablet, and interviews were undertaken by six research assistants
over a six month period, with a subsequent two months for checking and correcting errors.9

Data analysis was undertaken in excel and made available on a limited access website as information
was being updated. Cross-tabulations were run across variables where possible relationships had
been identified through literature or through focus sessions with farm dwellers and AFRA field
staff. In terms of ethics, AFRA was concerned that the collected data not be used by landowners or
government to further erode land and service rights of farm dwellers. The permission of respondents
to be interviewed was thus obtained in every case, and the respondents assured that the data linked
explicitly to their names would not be released without their consent.

5 The pathways include a number of strategies for settling land rights and the providing municipal services and state
housing through multi-stakeholder processes, including with land owners, and different spheres of municipal, provincial,
and national government (see https://afra.co.za/current-focus-areas/).

6 The total number of farm dweller households in the District was calculated from Stats SA (2013 [56]) data which showed
that in 2011 5.28% of South Africa’s population lived in designated “Farm Areas”, and of this population, 76.1% lived on
commercial farms (see Visser and Ferrer, 2015: 8 [57]). Although the census data is old, there is no up to date data that can
be used to calculate the farm dweller population. AFRA thus used these percentages to calculate the population of farm
dwellers living on commercial farms as: 5.28/100 × 76.1/100 × 1,017,763, which amounted to 40,895 individuals.

7 Data collected on individual members of household included educational levels, gender and age, permission to be on the
farm, residence on the farm, income levels and sources of income.

8 The data collected on households included household composition, age and gender characteristics, length of time resident
on farms, use of land for livestock production and cultivation, access to basic needs and services (specifically water, energy,
and housing), succession in relation to housing and perception of relationship to farmer, and whether the municipality
provided services to farm dwellers.

9 The captured data was uploaded daily and verified and accepted by the research team leader twice a week. Errors or
missing data were sent back to research assistants on a weekly basis during data collection, and then again in the seventh
and eighth months when preliminary analysis and data cleaning were being undertaken.
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4. Structural Change and Labour Vulnerability in South Africa’s Agrarian Economy

The structure of South Africa’s agricultural economy is the outcome of history, its persistent effects into
the present, and of changes occuring in the democratic period (Ledger, 2016 [58]). Bernstein (1998: 1 [59])
states that “land and production, poverty and power, are key coordinates of the terrain of the agrarian
question and of prospects of agrarian reform” in South Africa. These “coordinates” are often characterised
as a dualism10, with poverty, overcrowding, and subsistence agriculture in the apartheid-constructed
former ‘Bantustans’ existing alongside the vast, highly capitalised, mainly white-owned commercial farms.
An often-neglected dualism is the persistence of “divisions and stark contrasts within commercial farms . . .
[which] exemplify the twin processes of accumulation and underdevelopment, featuring extreme poverty
(among farm workers and dwellers) in the midst of substantial agrarian wealth in large-scale capitalist
agriculture” (Hall et al., 2013: 48 [60]).

Beyond its apartheid history, what accounts for these changes? Answers are complex, and include
policy changes in the early 1990s resulting in de-regulation (Marais 2011: 124 [9]), the dismantling
of apartheid agricultural marketing boards and monopolies and the withdrawal of government
subsidies (Hall 2009 b [61]), and the reduction of tariffs on agricultural imports that exceeded with
the requirements in 1994 of the General Agreement on Trade and Tariffs (GATT) (Ledger 2016 [58]).
Nicholson (2001 [62]) shows that tariffs on agricultural, forestry, and fishing imports were set at 41.2%
but had been reduced to 2.2% by 1998. The changes meant that South African farmers were, over a very
short period, expected to compete on global markets, and in this “moment of globalisation” (Bernstein
2003:203 [53]) were subjected to conditions of extreme competition and an “export or die” (Andrade
2017 [63]) dynamic. There was a need to adhere to and pay the costs for stringent quality requirements
imposed by these markets (Reardon et al., 2003 [64]), with little support from the South African state
and despite continued subsidies provided to farmers in Europe and the United States (Visser, 2016 [65]).
These new conditions and disciplines have made it difficult for emerging small farmers to gain a secure
foothold (Ledger 2016 [58]).

Capitalist agriculture’s response to the changes has varied. Sections of agrarian capital supported
and lobbied for the changes in the early 1990s in order to open up their access to global markets
(Bernstein 1996 [66]) resulting, amongst others, in expansions of sugar milling corporates and their
commercial models into Africa (Dubb 2016 [67]) and forestry corporates into Europe and the United
States. Others used the opportunities to assert local market dominance, with the rise in ‘Big Food’
dominating the food and beverage sectors (Igumbor et al, 2012 [10]), the emerging dominance of
a small number of retailers and supermarkets (Reardon et al., 2003 [64]), the squeezing out of small
growers from the agro-food system (Weatherspoon and Reardon 2003 [71], and increased expenditure
of rural households on food purchases (D’Haese and Van Huylenbroeck 2005 [72]). However, many
agro-corporates and commercial farmers have not survived the new ‘disciplines’ of competition and
have gone out of business (Visser 2016 [65]), as is evidenced in the declining number of farming units;
in KZN the number of commercial farm units declined rapidly from 6080 in 1993 to 3574 units in 2007.
Accompanying this decline is the growth in the mean size of farms from 668 ha in 2003 to 808 ha in
2006 (Stats SA 2013: 6 [56]).

Genis (2015 [73]) summarises responses to changes in conditions for agricultural production as
follows. Firstly, an expansion and consolidation of production and landholdings, which resulted
in increased concentration in agriculture. Secondly a large degree of centralisation, with vertical
integration into up and downstream value chains. This is less apparent at farm level and most
apparent in the agrochemical and seed sector (e.g., Monsanto, Bayer) although the concentration

10 The notion of a dualism in the agricultural economy is highly contested, with some theorists arguing that the underdevelopment
of the peripheral former TBVC states is the result of capitalist development in the centre (see, for instance, Du Toit 2004 [68];
Cousins 2005 [69]; Legassick and Wolpe, 1976 [70]). As O’Laughlin et al (2010:5 [11]) put it: “the highly ‘dualistic’ but unified
economic structure was articulated with and dependent on the bifurcated colonial polity”.
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at farm level is probably a response to centralisation beyond the farm-gate. Thirdly, increased
labour productivity, through the systematic application of labour technologies in work processes
and mechanization. These changes have enabled shifts to smaller, more skilled farm labour, with low
skill or seasonal work being undertaken by contracted labour. This reorganisation of labour has
particular pertinence for this paper because it also threatens to snap the connection between farm
labour and access to land (Hall et al., 2013 [60]). Finally, increased production efficiency through the
use of high-yielding plant varieties and production practices, e.g., conservation agriculture, moisture
conservation, and pruning practices.

KwaZulu-Natal

KwaZulu-Natal’s agricultural structure reflects key features of the national structures, specifically,
racially skewed land ownership, a decline in contribution to GDP, and a decline in the number of
farming units with an associated increase in the size of farms; together with a restructuring of labour,
which has included an overall decline in jobs and a shift to contract and seasonal work.

In terms of its contemporary land dispensation and agrarian patterns, the KwaZulu-Natal
Agricultural Union (KwaNalu) claims that 46.29% of land in the province is black owned, while only
15.6% is white owned (with about 35.8% of the province’s land ownership unknown) (De Lange 2017;
Groenewald 2015 [74,75]). These statistics include nearly half of the province’s land that is owned by
the Ingonyama Trust Board, which is a public entity. To describe the tenure in these areas as black
ownership is misleading and inaccurate. By contrast, the audit of state owned land undertaken by the
Department of Rural Development and Land reform (2013: 9 [76]) suggests that 50% of the province is
state owned, while 46% is privately owned, with only 4% unaccounted for. The report does not provide
a racial or urban/rural breakdown but does indicate a shift from individual private ownership to
corporate ownership of rural land, and reflects some ownership changes as a result of transfer through
land reform. However, accurate data on the exact racial and class composition of land ownership in
the province and the mechanisms accounting for changes do not exist.

The contribution of agriculture to KZN’s Gross Domestic Product (GDP) has declined from 4.4%
in 2004 to 2.1% in 2014 (TIPS 2016: 3 [77]), though with a slight increase to 2.3% by 2017 (TIPS 2017 [78]).
Despite this decline, agriculture is nevertheless more important to the provincial economy than
agriculture generally is to the national GDP. Employment in agriculture in the province has fluctuated:
150,000 jobs in 2008, down to a 100,000 in 2011, and up to 148,000 in 2015 (ibid).

The dominant agricultural commodities in KwaZulu-Natal are forestry, sugar, poultry and beef
production. Forestry uses 5.5% of KZN’s total land (exceeded only by Mpumalanga Province at 6.3%).
Although a relatively low user relative to 12.7% used for arable production, 58.3% for grazing, and 15.1%
used for nature conservation (Godsmark 2013 [79]), forestry in KwaZulu-Natal makes up a significant
proportion of the national forestry hectorage, expanding from 36.8% in 1979/80 to 39.9% in 2015/6.
While forestry’s contribution to national agricultural GDP has risen from about 4 to 10% (although declining
from just above to below 1% of national GDP), its contribution to manufacturing GDP through processing
has declined from approximately 6 to 5%. This drop has been associated with the halving of employment
in the KZN wood and paper industry from approximately 34,000 jobs to 15,000 between 2010 and
2015, the most rapid decline in provincial manufacturing industries over this period (TIPS 2016: 4 [77]).
The drop-off in manufacturing employment could be explained by the diversification and globalisation
strategies of the SAPPI and MONDI forestry corporates, while Mondi has also shifted to a longer term
strategy of leasing rather than owning land subject to land reform (SAPPI 2016 [80]).

Sugar is the provinces second most important agricultural revenue earner after forestry, generating
R2,3 bln in 2007, followed by broilers (R1,7 bln) and beef farming (R1,4 bln) (Stats SA 2007: 11 [81]).
KwaZulu-Natal accounts for 90% of the country’s sugar production (Thornhill et al., 2009 [82]).
The Department of Agriculture, Forest and Fisheries (DAFF) (2016 [83]) reports that 318,865 ha (4.8%)
of agricultural land in the province is under sugarcane plantations, a decrease of about 24% from the
2006/07 season, which stood at 419,465 ha (6.3%). Most sugar in the province is grown under dryland
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conditions (SASA 2017 [84]), and hence is vulnerable to climate variability. The sector experienced
a decline in employment that was associated with a decline in output per hectare over the last
two decades due to a combination of factors, including rising input prices, volatile global sugar prices,
drought, and its impact on yields and quality of production, the withdrawal of state subsidies since
the 1990s (EDTEA 2017 [85]), the perceived risks of land reform (Cronje 2015 [86]) and rising labour
costs (Visser 2016 [65]).

The poultry industry (which has a high concentration of broiler chicken production in the
Umgungundlovu District between Cato Ridge and Pietermaritzburg) took a large knock after a trade
dispute saw European goods flood the market (Meyer and Davids 2017 [87]). As the largest agricultural
sub-sector in the country, poultry contributes 16.5% of the gross value of agricultural production, and is
the cheapest and most consumed animal protein source (DAFF, 2016 [83]; Davids and Meyer 2017 [88]),
whereas beef contributed 11.9% and sugar 3.2% of the total value of agricultural revenue nationally in
2015. KwaZulu-Natal has the highest percentage of agricultural households that were engaged in poultry
production (27.5%)11 and vegetable production (30.3%), while the percentage of agricultural households
that were engaged in cattle production (24.5%) is second to the Eastern Cape (Stats SA, 2013 [56]).

In terms of climate risk, Thornhill et al., (2009 [82]) note that KwaZulu-Natal has been subject to
extreme weather episodes at regular intervals over the last 100 to 150 years, and while there are data
gaps that make it difficult to identify trends with surety, these events are likely a part of a continuum
of events whose frequency and severity will increase in the future. The impacts of these events will be
made more severe by the degradation of natural abatement systems, such as floodplains, wetlands,
forested valleys, and coastal dunes. Discussion of further climate impacts are the subject for the
penultimate section, and we now proceed to discuss the survey data on farm dwellers in KZN.

5. Farm Dwellers in KZN as a Rural Precariat

According to the 2011 Census [21], 3.7% of South Africa’s population lives on commercial farms that
they do not own, and yet little is known about the living conditions of farm dwellers. Farm dwellers are
a distinct category of rural dweller, and while there are overlaps with farm workers, to collapse them
into a single sociological category blurs important differences between them. Farm dwellers in this study,
following AFRA’s definition (2017 [89]), include four categories: waged farm workers who have long
histories of living on the farm together with their families; waged farm workers who have recently come
to live on the farm with their families and have no homes elsewhere; migrant farm workers who have
homes elsewhere (often in other countries) but visit them infrequently; and finally, families with nobody
working on the farm, but who have lived many generations on the farm and have no homes elsewhere.12

The 2017 AFRA survey of 838 farm dweller households13 living on 83 farms across the
Umgungundlovu District in KwaZulu-Natal found that the mean size of farm dweller households is
7.2 members, with 55.8% with six or more members, a significantly higher number than the 3.5 members
per household national mean (Wittenberg et al, 2017: 1299 [90]). 35% of household members are

11 Despite the importance of poultry production to the province, none of the farms surveyed in the AFRA data produced poultry.
The majority of interviews took place on farms producing sugar cane (39%) followed by beef cattle (23%) and forestry plantations
(22%).

12 These categories are different from legal categories that include farm occupiers (in terms of the Extension of Security of Tenure
Act 62 of 1997) who have rights of occupation linked to employment, farm workers (in terms of the Agricultural Sector, farm
workers (Basic Conditions of Employment Act, 75 of 1997 and Agricultural Labour Act 66 of 1995) who may not be resident on
the farm, and labour tenants (Land Reform Labour Tenants Act 1996) who have access to land for residence and farming in
return for the provision of labour.

13 The definition of household is an important sociological concept as it is key to much demographic research. There are,
however, a number of debated definitions (see, for instance, Amoateng 2007 [91]). In this paper, we follow the definition
used by Wittenberg et al., (2017 [90]), of the household as both a social entity (as in family) and residential unit. The social
entity allows investigation of family members who are absent but who consider the residential space to be ‘home’, while the
physical residence is the site for service delivery, including housing, electricity, water, and sanitation. These aspects of farm
dweller existence are all covered in the AFRA survey.
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younger than 18 years, 52.1% are female and the remainder male, with slightly more men between the
ages of 18–35 (50.9%) than women of the same age.

Farm dwellers secure incomes from multiple sources, including wage work on farms and off
farms, social grants, remittances and own enterprises. However, rising unemployment and labour
casualisation on farms (identified above) combined with declining work opportunities in rural and
urban secondary and tertiary sectors, declining access to land for farming and high numbers without
access to social grants means that farm dwellers, and particularly young men, struggle to secure the
conditions for their social reproduction. The combination of these factors create the conditions for the
identified politics. Drawing from the data and supporting literature, the following sub-sections cover
the precarity, mobility, and politics of holding on related to farm dwellers.

5.1. Precarity

Two-thirds of farm dwellers (66.5%) over the age of 18 have no income at all. This means that they
are unemployed, receive no social grants, and are involved in no enterprises or activities that generate
income. Of those farm dweller households in our sample that do have an income from work, social
grants or own enterprises or combinations thereof, there are significant differences in mean amounts,
with a minimum of R014, a maximum of R95,840, the mean in the first quartile R2600, in the second
quartile R4000, and in the third quartile R6600. As household sizes average 7.2 members, this means
that members of households in the first quartile have a mean allocation of R361 per member per month,
those in the second quartile a mean allocation of R555 per member per month and those in the third
quartile R917 per member per month.

Our data thus suggests that farm dwellers may be worse off than previously indicated.15

Furthermore, 75% of members in farm dweller households in our sample receive less than the
upper-bound poverty line (of R992 per person per month) in 2015 prices (Stats SA, 2017 [55]).
Stats SA (2017) reports that 55.5% of South Africans were poor in 2015, and that this rising poverty is
concentrated among children, black Africans, females, people living in the Eastern Cape and Limpopo,
and those with low educational levels. Our data shows that, by Stats SA’s definition, farm dwellers are
one of the poorest, albeit socially differentiated, social categories in the country, and that their poverty
levels and the inequalities may be obscured in national data sets. The reason for this possibly lies in
nuances revealed by distinctions in the data between individual and household incomes, primary
income sources and combined income sources and temporary, seasonal, and contract employment
along with unemployment.

Farm labour (combining permanent, temporary, and seasonal labour)16 constitutes half (49.9%) of
the primary income sources of individual farm dwellers that have an income when those who have no
income are excluded from the analysis. Wage labour is thus a very important source of income. This is
not significantly different from 51.1% of permanent farm labour reported in Visser and Ferrer (2015:
ii). However, the figure drops to 38.9% when labour (of unspecified duration) only on the farm on
which the farm dweller is resident is taken into account, as opposed to work on another farm in the

14 This was found in the case of two elderly men living alone, and who were supported with food by other farm dwellers.
They both died during the data collection process.

15 According to Visser and Ferrer drawing mainly on national databases (2015:10 [57]), the 2013 work status of people
living on farms showed 4.8% unemployed, 2.5% discouraged work seekers and 19.9% not economically active.
National unemployment figures currently stand at 27% when only active job seekers are counted and around 37% when
discouraged work seekers are included (Stats SA 2017 [55]).

16 These distinctions fluctuate over time (Bhorat et al., 2014 [92]) while the extent of casualisation is difficult to gauge because
researchers use different definitions of temporary, including blurring differences between seasonal, contract and regular
work (Visser 2016 [65]). Our data combines temporary and contract work understood as intermittent work with short-term
contracts for specific employers. Seasonal and permanent work are separate categories, with seasonal implying short-term
but seasonally regular work often for a specific task (e.g., cane cutting, planting, felling and transportation in forest
plantations) and permanent meaning on-going work for the same employer, on either a full day basis or part of a day.
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area. Furthermore, of those individual farm dwellers whose primary17 income is from farm labour,
our data shows 79.5% are permanent workers, followed by temporary or contract workers (18.9%)
with very few people stating seasonal work (1.6%) as their primary income source18. Notwithstanding
methodological and analytical differences in the studies, this is significantly less than the work of
limited or unspecified duration of 48.9%, as reported by Visser and Ferrer (2015:21 [57]) and Hall et al.,
(2013:53 [60]), and when factoring in those farm dwellers over the age of 18 who have no incomes at
all, then full-time permanent employment on the farm on which they reside is the primary income
source for just over 10% of farm dwellers.

Relatedly, incomes and their differentials also appear to have a bearing on how farm dwellers
view their relationship with farmers (something that has a bearing on the ‘politics of holding on’
section to follow). Where the distribution of the total primary income of households is relatively equal,
households are more likely to rank the relationship with the farmer as good (see Table 1). Indeed,
even where a high percentage of household incomes fall into the fourth quartile of highest incomes,
this distribution does not improve the ranking of relationship with the farmer.

Table 1. Household Primary Income Distribution V Relationship to Farmer.

Good Average Poor

Quartile 4 24.3% 32.6% 19.8%
Quartile 3 22.8% 20.1% 29.5%
Quartile 2 25.9% 26.4% 19.8%
Quartile 1 26.9% 20.8% 30.9%

Total no HH 193 288 288

The worst relationship ranking is where most of the households fall into the first income
quartile, and this indicates a significant, simmering politics of discontent surrounding farm dweller
precariousness and fragmentation.

Other primary sources of income for individual farm dwellers (excluding those in the sample who
have no income) are child grants and government old age pensions (15.9% and 13.4% respectively)
and off farm income (13.8%). While primary income sources reveal an important component of farm
dweller incomes, the diversification and combination of incomes shows the increasing importance of
multiple income sources to farm dweller livelihood strategies (see also Cousins (2013 [94]). More than
half of farm dweller households (60.6%) have more than one income source, in a range of 0 to 12,
while only 38.1% of households have a single income. The most frequently stated secondary income
source is child grants (15.3%), and the most frequent combination is mainly permanent full-time farm
work as the primary income supported by child grants. Reversals are also apparent, for example,
government old age pensions the primary income source supported by part-time work on the farm.
Other secondary income sources include other social grants (child foster grants, disability grants), own
businesses, second part-time jobs in addition to a primary job, and remittances. While work-social
grant livelihood combinations may avoid the precariousness of intermittent contracted work, very few
farm dwellers secure this combination of livelihood strategy or the alternative income source from
contracted and seasonal work opportunities19.

We thus suggest that declining permanent employment (in agriculture and industry) and modes
of labour casualisation of farm labour that exclude farm dwellers, together with uneven access to social

17 Primary income refers to the income that generates the highest amount of cash in a month.
18 This is possibly because labour contractors, who increasingly supply seasonal workers to forestry plantations (see Khosa,

2000 [93]) and sugar cane farms, do not employ farm dwellers but secure labour from off-farm locations.
19 With the increase in labour brokers, labour contractors and sub-contractors (see Khosa 2000 [93] for the forestry sector), it is

possible that farm dwellers are sidelined as a source of labour in preference to other sources of labour. However, this would
require investigation.
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grants, small (agricultural and other) businesses are resulting in social differentiation among farm
dwellers with associated fragmentation. Farm dwellers are, in other words, a poor but diversified
and socially differentiated precariat, whose best chance of survival is multiple, combined incomes
strategies, alongside mobilities, which the next sub-section indicates.

5.2. Mobility

The social dynamics underlying mobility can be analysed in terms of centrifugal or push factors
(moving from a central zone to another periphery, i.e., from the farm dwelling to town) and the converse
centripetal forces (attractive qualities operating at destination peripheries that attract individuals to
them (Colby, 1933 [95]) or pull factors back to the farms. The data indicates that farm dweller mobility
falls into three distinct types: eviction, constructive eviction, and voluntary migration. In the latter
case, migration involves both movements off the farm, as well as movements back to the farm.

Regarding prospective evictions, 7.1% of individual farm dwellers20 have had permission to
reside on the farm withdrawn, with 76% of these taking place after 2005. This is the first step hat
a farmer is obliged to take in order to secure an explicit, or legal eviction.21 The reasons given by
land owners for withdrawing permission vary (as Table 2 below shows), although in most cases farm
dwellers said farmers simply said farm dwellers should make their homes somewhere else.

Table 2. Reasons for farmer withdrawing permission vs. Age category.

Make a Home
Elsewhere

Person Working
Elsewhere

Misdemeanor
Committed

No Reason Other Total

Younger than 18 30 0 2 3 6 41
18–35 years 59 4 4 26 8 101
36–60 years 37 10 4 25 10 86

Older than 60 8 0 0 3 4 15
Total 134 14 10 57 28 243

Despite having their permission to be on the farm withdrawn, not all of the affected farm dwellers
have moved off the farm. As Table 3 below shows, of those whose permission to be on the farm has
been withdrawn over half (53%) stay home most nights. Perhaps more striking than the impending
potential evictions is that of the many individuals who said that they have the farmer’s permission
to be on the farm, nearly a third (31%) do not stay at home most nights, suggesting that more farm
dwellers are leaving farms, at least temporarily, for reasons other than an explicit eviction.

Table 3. Permission to stay on the farm vs Stays home most nights.

Permission to Stay on
the Farm Withdrawn

Has Permission to
Stay on the Farm

Total

Stays home most nights 178 3045 3223
Not home most nights 135 1063 1198

Total 313 4108 4421

Evictions can also take a ‘constructive’ form. Legal, explicit eviction procedures, which require a court
order, alternative accommodation and reporting to the Department of Rural Development and Land
Reform and the local municipality, can be onerous and expensive for the landowner (AFRA, 2017 [89]).

20 The data on withdrawn permission was collected for all people over the age of 18 rather than at household level because
young adults have reported to AFRA that they are particularly vulnerable to eviction.

21 In terms of the Extension of Security of Tenure Act (ESTA, 1997), explicit evictions involve legal processes in which
landowners withdraws the farm dwellers’ right to occupy the land, for reasons that include termination of labour, violations
of farm rules by the farm dweller, or the landowner’s intention to make productive use of the land occupied by the farm.
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As a result, some farmers pressure farm dwellers to vacate on-farm residences. Constructive evictions
thus refer to processes whereby the landowner puts pressure on the farm dweller with the intention of
pushing him or her to decide to abandon the property. They can take many forms that are designed
to compel farm dwellers to ‘decide’ to leave the farm, including acts of omission (withdrawing access
to basic needs such as water or energy resources), or more explicit acts of commission (fencing in the
household and depriving children of access to roads needed to get to schools (Reilly, 2014 [96]), or refusing
occupiers permission to renovate their houses, even at their own cost and in an effort to create habitable
living environments for their families that secure human dignity22).

Omission of services is a common impetus for constructive evictions, and this is reflected in
the relationship between farmers and farm dwellers. Table 4 shows that the higher the number of
households that have access to a bundle of goods (including access to electricity, water and toilet,
the presence of family graves on the farm, and the right to have visitors), the higher the probability
that farm dwellers will rank their relationship with the farmer as good. Similarly, if a higher number
of farm dwellers do not have access to the bundle of goods, then the relationship is ranked as poor.
We assume that a poor relationships with farmers are more likely to result in conditions giving rise to
constructive evictions, than where relationships are good. However, the relationship to farmer trends
suggested by access to a bundle of services, while present, is not strong.23

Table 4. Relationship to farmer V Access to bundle of goods.

Relationship to Farmer Good Average Poor Total HH

Access to service: Yes No Yes No Yes No Yes No
1. Electricity 134 59 167 121 109 179 410 359
2. Water 178 14 263 25 249 39 690 78
3. Toilet 126 66 191 96 121 167 438 329
4. Have graves 88 105 121 167 173 115 382 387
5. Allowed visitors 186 7 259 28 248 40 693 75
TOTAL 712 251 1001 437 900 540 2613 1228
As % 73.9 26.1 69.6 30.4 62.5 37.5 68 32

Evictions, constructive or explicit, are not the only reason farm dwellers leave farms, as centrifugal
forces are at play. Of the 31% of adult farm dwellers who have the landowner’s permission to live on
the farm but do not stay on the farm most nights, nearly half (41.6%) left because they have found work
elsewhere, followed by a third (32.1%) who went to live with relatives living elsewhere, sometimes in
order to provide support to those relatives. It is also possible that while some respondents stated that
various household members had gone to live with other relatives, they had in fact been told by the
farmer that they should leave the farm.24 As Table 5 below shows, there is a gendered dimension to
this centrifugal mobility, with more men (61.6%) than women (38.8%) leaving for reasons of finding
work elsewhere, while many more women left the farm for reasons of marriage (86.3% compared
to 13.7% of men) or to live with families elsewhere (57.4% of women compared with 48.6% of men).
Finding work elsewhere was the most frequently given reason given by men for leaving the farm

22 In the Constitutional Court case (Daniels v Scribante and Another 2017 ZACC 13, five judges ordered that the farm dweller,
Daniels, be allowed to effect renovations to her home at her own cost. They argued that “there can be no true security of tenure
under conditions devoid of human dignity”, and that to fail to grant permission to renovate could inadvertently facilitate an
illegal eviction because the living conditions are “intolerable”.

23 Just over a quarter of households who rank their relationship to the farmer as good do not have access to a bundle of services,
while nearly two-thirds of farm dwellers who rank the relationship with the farmer as poor do have access to a bundle
of services. In some respects, this indicates a methodological difficulty in researching the conditions that give rise to
constructive evictions, as pressures exerted by land owners on farm dwellers to leave the farm can take many forms and
different actions may be interpreted differently by farm dwellers and farmers.

24 This interpretation, which emerged in discussion with AFRA staff, was not canvassed in the survey, however.
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(61.6%), whereas going to live with relatives was the most frequent reason women had for leaving the
farm (32.1%).

Table 5. Gender of farm dwellers with permission to be on the farm who have left.

Male/Female Breakdown Breakdown of Samples by Gender

Reasons for leaving the farm Females Male Female sample Male sample
Found work elsewhere 38.3% 61.6% 173 (31%) 278 (52.8%)

Left to live with relatives elsewhere 57.4% 48.6% 179 (32.1%) 169 (32.1%)
To continue education 46.6% 53.4% 48 (8.6%) 55 (10.4%)

To get married 86.3% 13.7% 157 (28.2%) 25 (4.7%)
Total (of 1084) 52% 48% 557 (100%) 527 (100%)

There is also a significant gender-generational nexus to those that are leaving farms for the
purpose of working elsewhere. More than half (58%) are young men that are below the age of 35.
This is probably due to a combination of factors, including that young adult men do not have social
grants to reduce their income vulnerability and that women are more likely than men to be expected
to undertake family duties where there is a need for support and care.

Centripetal forces also operate to draw farm dwellers back to the farm in migration patterns that
are often described as circulatory. A perhaps surprising feature of the data is the high preponderance
of young adults who are on the farm. As Figure 1 below shows, 71% of young adults between the
ages of 18 and 35 stay at home most nights. Although most of the people leaving farms for work
elsewhere are young men in this age group, the size of this age group on farms together with the high
proportion who have no income from any source suggests that this is the most vulnerable sub-group
in the agricultural precariat, and that residence on farms is the best of their a very limited range of
options for living.

Anecdotal evidence from AFRA (Sithole, 2017 [97]) suggests that this growing population
of younger adults, many of whom are better educated than their parents and who have a better
understanding of their legal rights, is a source of friction on farms. Whereas, older generations tend
to adhere to the farm rules, younger adults are more willing to confront farmers around what they
view as unreasonable actions. In a particular case in the Umgungundlovu District, the farmer locked
the gate and prevented a farm dweller household from admitting visitors who had arrived by car to
attend a ceremonial family function. The younger adults eventually cut the lock, which resulted in
a confrontation with the farmer, who had a firearm, and his wife. The conflict was recorded on phone
video and sent to AFRA. Strikingly, the farmer asserted his right to lock the gate on the basis that
“This farm is mine. I have a title deed”, to which the young farm dwellers in the dispute responded:
“This is our home. This is where we live”. We turn now to consider further these centripetal forces of
that pull farm dweller back to homes on farms, or the politics of holding on to the land.
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Figure 1. Age Category of Adult Farm Dwellers Home Most Nights.

5.3. The Politics of Holding on to the Land

A significant number of households, and in particular, young adult members of households,
remain on farms, despite difficult and worsening living conditions, which contradicts the processes
of “rural hollowing” (Liu et al., 2010 [98]) that an over-simplified analysis of the push-pull migratory
trends would suggest. Farms are neighborhoods that constitute the foundations of well-being and
identity of those who grow up on them (AFRA, 2005 [99]). Together with deep connections to graves
and the recreation of these links through ongoing burial practices, “[1] and ties people to their histories”
(Greenberg, 2015: 975 [2]), and this is an important centripetal force to take note of. Our data shows
that farm dwellers assert ‘home’ as a place that belongs to them, based on histories to specific land that
are re-enacted through ceremonies in the present, along with entitled remuneration for a life of labour.

Dynamics of belonging are multi-faceted. Despite restricted financial resources, Mosoetsa
(2011 [100]), in a study of home, shows that familial solidarity is not compromised in settlements on
the periphery of cities in KwaZulu-Natal, and is expressed as “eating from one pot”. The reference to
food as an anchor for the farm dweller family is also supported by the data, which indicates that 69%
of households cultivate gardens on the farm and 44% own some livestock.25 History and length of
occupation on the farm also play a role, as Figure 2 below shows. Nearly 70% of households (69.6%)
arrived on the farm where they live before 1994, with 59% of those stating that the family had either
always lived on the farm, or that one or both of their father and grandfather had been born on the
farm. There is a key correspondence between when a household came to live on a farm and who they
believe will take over the home on the death of the household head.

The majority of respondents who came to live on the farm before 1994 said family would take
over the house on the death of the head of house, whereas most of the respondents who came to live
on the farm after 1994 stated that the farmer would take over the house. The reasons given by those
who say a family member will take over the house include that they have always lived in the house
and that they have no house elsewhere. A life of labour without adequate remuneration was also
a justification. As one respondent stated: “My husband worked on this farm all his life and when he
died, there was no pension. So I took this house to be his pension”.

25 Visser and Ferrer (2015 [57]), however, have disputed the emphasis NGOs place on farm dwellers’ security of tenure and
argue that labour conditions and housing constitute the key concerns of farm workers.
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Figure 2. What will happen to the house V When the family came to this farm.

There are ties between family and home in the data. 82.2% of farm dwellers who live in single
room houses believe that the farmer will take over the house, whereas 78.7% of those who live in houses
with five rooms or more said that family would take over the house, with only 0.06% stating that the
farmer would take over. This corresponds with the presence of family on the farm as single-room
quarters invariably (77%) have two or fewer occupants in them, whereas 87% of houses with more
than five rooms are occupied by households with six or more family members. Households that have
lived on the farm since before 1994 thus tend to be bigger and have more rooms, suggesting that these
are homes for families.

While length of residence and presence of family is important to a notion of home, belonging is
forged through keeping the link between identity and place alive in the present. This can be seen in
the data on graves. Just over half of farm dweller households (422) have graves on the farm where
they live. Hornby (2015 [101]) shows that ceremonial practices on farms in KwaZulu-Natal around the
deceased are drawn-out, extended affairs that are located in specific homestead spaces and involve
animal slaughter, communication with ancestors, and participation of extended family and community.
The entanglement of graves, land, family, and community possibly explains why burials hold such
potential for conflict between farmers and farm dwellers. Of the 99 households that are no longer
allowed to bury on the farm, 46.6% judged their relationship with the farmer as ‘poor’ and only 6%
said they had a ‘good’ relationship (60% of households that assessed their relationship with the farmer
as being ‘poor’ have graves on the farm). This suggests not so much a process of constructive eviction
as a process of constricting the space and normative activities that underpin ‘home’ for farm dwellers.
This constriction of home-life could result in farm dwellers either abandoning homes on farms or
defending homes on farms in order to secure the ceremonial and other social reproductive activities
necessary for making homes.

Tying this together with unemployment figures and the on-farm household demographics that
are shown above, the conclusion is that a large number of residences on farms are not housing for farm
workers, but homes for families who have lived on the farm for 24 years and longer. These individuals
expect that their homes will remain theirs into the future, and who continue to construct ‘home’
through ceremonial activities such as burials. However, this conclusion is contrary both to farm tenure
legislation as well as the conclusions drawn by Visser and Ferrer (2015 [57]).26 While we do not dispute
Visser and Ferrer’s conclusion that that “[e]xtending on-farm tenure security and protection from

26 As noted above, the ESTA closely links farm wage work with on-farm residence, placing the tenure of the farm dweller at
risk if their employment is terminated (see AFRA, 2017 [89]). Visser and Ferrer (2015: 85 [57]) argue further that the state
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eviction is no longer the single, biggest need of farm workers” (ibid: v1) and that farm workers are an
increasingly diverse group with a range of livelihood and tenure needs, our argument is that the farm
is nevertheless “home” for a significant proportion of rural dwellers, many of whom do not secure
their primary income from farm work.

We thus propose that farm dwellers are asserting a politics of home, of belonging to the land,
as a counter response to what Barchiesi (2011 [102]) argues is the disciplining effects of the normative
nexus of employment and citizenship that underpins South Africa’s “precarious liberation”. Unable to
secure regular or ‘decent’ employment in the ‘new’ South Africa, some farm dwellers hang on to
‘home’ as a silent expression of a ‘subaltern politics’ (Spivak 1998 [103]). This politics arises from
national and global drivers of agrarian change, but it also stands in tension to them.27 Moreover this
subaltern politics constitutes the social force, together with increasingly constrained livelihood options,
which could potentially activate a local politics that focuses on farm dweller precarity. With an
understanding of structural changes in the agrarian sector and their relation to farm dweller’s
distributed precarity and ‘holding on’ to land, we turn to consider the second component of the
‘double burden’ related to climate change risks and their implications for farm dwellers.

6. A Slipping Hold? The Risk of a Double Exposure for Farm Dwellers

Climatic changes that were observed in the province over the past 50 years include general
warming (Hewitson et al. 2005; Schulze 2005, CSAG 2017 [33,104,105]), with weather stations along
the coast reporting temperature increases of over 2 ◦C/century, more than twice the global rate of
temperature increase (CSAG 2017 [105]). Hewitson et al., 2005, amongst other climate change studies
(including Schulze 2005 [104]; CSAG 2017 [105]) identify the KwaZulu-Natal Midlands as one of
three climate change hotspots in South Africa. This is because the warming already observed and the
projected changes in climate have expected impacts on people, ecosystems and economies.

The important derived trends projected into the future (CSAG 2017, Zierwogel 2014 [19,105])
for the purposes of this article are: firstly, an increase in the annual maximum mean temperatures,
particularly over the KwaZulu-Natal Midlands and the north-eastern parts of the province; secondly,
an increase in heat units in the summer months across the province; thirdly, an increase in heat units in
the winter months along the coast and inland to the Pietermaritzburg area, and finally, an increase in
the annual means of minimum temperatures. The projected result of warming is changes in weather
patterns with expected increases and variability in the amounts of precipitation coupled with changes in
seasonality. These are likely to be accompanied by a corresponding increase in the intensity of extreme
events such as floods, tropical cyclones, storm surges, heat waves and droughts. While statistically
there exists no clear evidence of substantial changes in annual precipitation totals, seasonal total
rainfall or daily rainfall extremes there is consensus that there is a general wetting trend over KZN,
a phenomenon supported by modelling data in the 2017 draft of the Third National Communication
Report to the United Nations Framework. Convention on Climate Change (UNFCCC). The localized
analysis of the extended Long Term Adaptation Scenarios (LTAS) data set for 1960–2015 indicates
significant positive trends in annual rainfall in the south of KZN and negative trends in the north
(CSAG, 2017 [105]).

With these changes in mind, O’Brien’s notion of double exposure is useful in approaching both
the risk that farm dwellers will be affected by climate change at the household level at the same time
as they are affected by a changing agrarian political economy, and that climate change and agrarian
change may interact to amplify farm dweller vulnerability. According to McDowell et al., (2010 [106]),

focus on litigation to prevent evictions is “misplaced” because movement off farms is the “inevitable” result of agricultural
“modernisation” and tenure security without a livelihood is “not sufficient”.

27 Greenberg (2015 [2]) argues that these ties to the land and the conflict skewed ownership will produce constitutes a political
imperative for land reform while the potential of agrarian reform to create small scale farming as an alternative to wage
employment is an economic imperative for land reform.
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there are a variety of ways to understand and apply the concept of vulnerability, from a principally
biophysical focus on climatic exposures to the concept of “social vulnerability” that exists, regardless
of climatic conditions (Adger and Kelly 1999 [107], Kelly and Adger 2000 [108]). Erratic rainfall
constitutes a significant biophysical risk to food security for those approximately 69% of farm dwellers
in the sample supplementing their diets with home gardens. There are likely to be increased public
health risks for those approximately 30% of residents with poor service access—especially to water
borne diseases when faced with poor sanitation and water sources. Vulnerability studies assessing
the level of risk should an extreme weather event occur indicate that KwaZulu-Natal has the highest
human vulnerability to climatic events (Jansen Van Vuuren cited in Thornhill et al, 2009: 51 [82]).
The province’s high level of human-climate vulnerability is closely associated with the high poverty
levels and population densities coupled by high levels of land degradation (ibid).

While taking full cognizance of the importance of considering biophysical exposures, including
extremes, such as flooding and drought, scholars (Adger and Kelly 1999 [107] Kelly and Adger 2000 [108]
and Turner et al., 2003 [109]) posit that a focus solely on external stressors is insufficient in explaining how
a population is exposed, its sensitivity, and its adaptive capacity (Fussel and Klein 2006 [110]). Low level
social and economic conditions of a population, such as the precariat within the farm dweller sample,
render it vulnerable, even in the absence of actual climatic events. In fact, McDowell et al., (2010 [106])
go as far as to say that the ability of a population to deal with biophysical exposures is a function of its
social vulnerability. The sample can be interpreted as fitting with her framework of social determinants
of individual vulnerability. These include low social status, lack of access to resources such as land
(with farm dwellers lowest on the priority list for land restitution and redistribution (Hall et al., 2013 [60]),
and a lack of diversity of income sources (high levels of no income combined with dependency on farm
wage income and child grants). A lack of stable off-farm income for young adults in cities in a context of
high unemployment also limit alternative—or multiple—livelihood strategies. Therefore, the on-going
precarity of farm dweller livelihoods is the foundation for future climatic shocks because it increases their
sensitivity to climate events and lowers their adaptive capacity.

A second set of dynamics relates to the implications for farm dwellers of climate change impacts
at farm or regional/national scales, as well as those implications of mitigation or adaptation strategies
on the part of farmers and government. The awareness and evidence base of these factors is nascent.
Officially, however, the Department of Environmental Affairs and Tourism (DEA, 2013 [111]) has identified
agriculture as a sector highly vulnerable to climate change, and expects to see a reduction of 3.5% to
4.3%, respectively, in total average maize and wheat yields for the median impact scenario by 2050,
with impacts on food production, agricultural livelihoods, and food security of a magnitude to be of
national policy concern (DEA, 2013 [111]). Studies that were conducted by Turpie and Visser (2013 [65])
project costs to farmers of climate change to be R694 billion rand by 2080 (although KwaZulu-Natal is
less severe than other provinces). This is likely to exacerbate the winners and drop-outs from commercial
agriculture that were identified by Ewert and Du Toit (2007 [45]) above, entrenching and deepening farmers’
responses identified by Genis (2015 [73]), including labour shedding. The climate trends highlighted above,
and in particular recent extreme weather events such as drought and floods, have already started having
a bearing on the day-to-day decision-making processes of farmers. Hewitson et al. (2005 [33]) and
Schulze (2005 [104]) suggest that these events are affecting farmers’ selection of cultivars, irrigation regimes,
fertilizer, and pesticide applications, as well as number of farm employees, although Genis (2015 [73])
attributes these decisions to increased competition. An incidence of the knock on effects for the employment
in KZN of labour reductions was evident in the sugar cane industry, where, largely in response to the
2016/17 drought, saw a decline of 14.1% in total number of workers on cane farms as compared with the
previous year (Canegrowers 2017: 20 [84]).28

28 A survey the Canegrowers’ Association undertook of large scale canegrowers in 2015/6 indicated that inflation adjusted revenue
was 11% lower than the previous season, attributed to drought, and that growers may have reduced staff or hours as a cost-saving
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Such impacts beg the question of what is to be done. Mitigation strategies that were identified by
DEA include building more sustainable production, enabling farmers to access more formal markets
and finance, and incentivising carbon sequestration and climate smart agriculture (DEA, 2013 [111]).29

While the adoption of ‘biological’ farming practices (such as drip irrigation and zero till cultivation)
are championed and have their place, purely technological approaches lack analytical integration
of how vulnerability is either mitigated or exacerbated by the structural changes of the past
35 years, which largely entailed consolidation and expansion. Expansion of production can be
a climate-mitigating strategy depending on the commodity produced.30 For example, goats in bush
encroached communal areas may serve to control bush encroachment where it is beginning to displace
grasslands (Alcock 2017 [112]). However, the expansion of plantations—for example, sugar and
timber—is also likely to put pressure on diminishing ground water resources and increase crop
yield vulnerability to intermittent drought, increased temperatures, and climate change induced crop
diseases. In parts of the Umgungundlovu District, the plantation expansions of the global corporate,
Mondi, have brought it into conflict with farm dwellers that are resident on the land it leases around
eviction threats, diminished access to services, land for small farm production (Ziqubu 2017 [113]),
and reduced opportunities for waged employment and contracting (Khosa 2000 [93]).

In relation to this, climate justice, food and agroecology activists (amongst others, Holt-Giménez
and Altieri (2013 [40]) and Van Der Ploeg et al., 2015 [35]) argue that the expansion of land-holdings in
response to competition (CF Genis 2015 [73]) and the increase of monoculture plantations in agriculture,
create food security and climate related risks, and constrain adaptive responses to technological
innovation and bioengineering. Their contention, fitting with O’Brien and Leichenko (2000 [22]), is that
the social impacts of environmental distress are unevenly distributed across space and social groups,
and that, in line with McDowell et al., 2010 [106], such strategies are in themselves maladaptive as
they increase the vulnerability of other systems, sectors, or social groups (McDowell et al., 2010 [106]).

Such perspectives emphasise the need for a politics that enhances food and livelihood security
at the household level for farm dwellers. Yet, the current land reform dispensation and agrarian
trajectory that benefits elites rather than the rural poor (Hall and Kepe 2017 [116]) seems to preclude
this eventuality. In this context, the land question remains a central and politically contested issue,
and in particular, whether there is place for farm dwellers to own commercial farms? The shift in
redistribution policy focus away from poor people who need land for multiple purposes, together with
the government’s failure to develop a comprehensive tenure reform policy (Hornby et al., 2017 [1]),
has meant that farm dwellers are no longer a policy priority for commercial farmland acquisition.
Indeed, their tenure appears to have become more insecure with an escalation of evictions during
post-Apartheid South Africa (Mntungwa 2014 [117]; Wegerif et al., 2010 [3]).

7. Conclusions

This paper set out that intersections between climate change risk, capital, and precarity are
playing out at a farm-dweller household level in Kwazulu-Natal. Initially, we set out how structural
change in the agricultural sector has created a diversified agricultural precariat. Farm dwellers are
primarily a group of wageless, income-less adults, whose lives are precarious in that high levels of
unemployment co-exist with declining permanent farm work and extremely limited and intermittent

measure in response to the drought. Wage costs per ton of cane attributed to seasonal workers constitute 18.8% of the total wage
bill, suggesting a significant proportion of low skill workers are seasonal (Canegrowers 2017 [84]).

29 Deressa et al (2005 [114]) for instance found that irrigation was ineffective as a KZN adaptation strategy for sugarcane,
and that adaptation strategies should focus special attention on technologies and management regimes that will enhance
sugarcane tolerance to warmer temperatures during winter and especially the harvesting phases.

30 Vertical integration can be an adaptive responses in terms of enhancing employment, particularly into downstream
value-adding processes in the timber sector (National Planning Commission (NPC) 2011 [115]). Khosa (2000 [93]) also shows
that there are opportunities in forestry for small contractors and sub-contractors. However, agro-processing can also be
a major contributor to water and air pollution, as well as major user of water and fuel inputs.
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seasonal and contract work. Furthermore, farm dwellers are evidence of labour fragmentation, in that
those who do have incomes secure them from multiple sources in a variety of combinations, with signs
of emerging social differentiation being indicated in uneven distributions of income at both individual
and household levels. Income precariousness is compounded by insecure tenure in the form of explicit
and constructive evictions. This results in often circular migration to towns, where an absence of
employment opportunities pushes people back home and generates a politics of holding on to home
on the farms. Here, the concept of land as lived home space occupied by farm dwellers co-exists with
the farm as landed property that is owned by the farmer. We see this as the expression of a subaltern
politics that constitutes part of the social forces that activate ‘land’ as a politics of place and home and
not simply as a site of production.

While in the main we demonstrate, based on our study sample, that this hold is tenuous,
an additional concern in the context of this special issue is whether climate change exacerbates
or the further causes the hold to slip? While there is as yet little evidence in the literature for claiming
climate change impacts on agriculture in KZN or farm labour, and given that attribution is difficult
in complex agrarian contexts, we suggest that the need to take into account climate related risks to
an already precarious population is compelling. Here, we attempted to substantiate that the risk of
a double burden for a rural farm dweller precariat is substantial. The structural trends in post-apartheid
South Africa, which is characterised by a concentration on the part of capitalist agriculture, and a land
reform dispensation that does not take into account farm dwellers, might be construed to constrain
responses to climate change that could mitigate farm dweller vulnerability.

In contrast to these risks and vulnerabilities, we advocate an enabling politics and an agrarian
plan that explicitly aims to mitigate this precarity and vulnerability, and beyond to create positive
trajectories for change. Li (2015: 80 [54]) hints at this kind of progressive biopolitics, envisioning that
“In a democratic system, and within the container of the nation state, tensions between productivity and
protection may be worked out by means of the ballot and are embedded in laws that define entitlements
and—just as important—a sense of entitlement that is not easy to eradicate”. Agrarian reform
that puts farm dwellers at its centre is precisely such a legal entitlement arising from within the
democratic system and that ‘works out’ some of the tensions between productivity and protection.
Ferguson (2015 [118]) agrees that land reform is important for this reason. South Africa’s property
clause in the Constitution gives effect to this. The Constitution protects rights to property. This is
often interpreted as protection of rights to ownership, whereas land reform laws (especially ESTA
and the labour tenants legislation) make clear that rights of occupation are a form of statutory
property right. A transfer of such farm dweller rights to land could be undertaken with compensation
only for the difference between the full bundle of ownership rights and these rights of occupation.
Equal land distribution has a potential to provide vulnerable communities a platform to actively
exercise their agro-economic activities. Therefore, secure land rights in conjunction with micro-scale
farmer supporter, has the potential to bring about greater justice and equity (Greenberg, 2015 [2]), and,
we argue, greater livelihood resilience.

In concert with Ewert and Du Toit (2005 [45]), we argue that a broader approach to pro-poor
policies and citizen empowerment is necessary to address the problems on farms. The question is
whether the social conditions identified, in particular the fragmentation of farm dwellers as a result of
diversified income and income strategies, create the conditions for a politics to pursue the interests
of farm dwellers? We argue that these conditions are emerging, in that an increasing number of
young farm dwellers constitute the precariat on farms, and this constituency both understands its
rights and is more likely to assert them. Furthermore, the circulatory migration pattern means they
are potentially connected with the urban precariat in shack settlements and inner city abandoned
buildings, thus creating the potential for alliances around a disruptive politics. Whether climate change
will lend further impetus to this politics, or exacerbate and engender a ‘slipping hold’ will be key for
rural farm dweller futures.
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Abstract: We studied livelihood changes and poverty dynamics over a 25-year period in two villages
in central Tanzania. The villages were, from the early 1990s and 2000s, strikingly poor with between
50% and 55% of families in the poorest wealth groups. 25 years later much has changed: people have
become substantially wealthier, with 64% and 71% in the middle wealth groups. The new wealth had
been generated locally, from farming, particularly of sunflowers as a cash crop. This goes against a
conventional view of small-scale farming in Tanzania as being stagnant or unproductive. The area
of land farmed per family has increased, almost doubling in one village. People have made money,
which they invest in mechanised farming, improved housing, education of their children, livestock,
and consumer goods. Improved infrastructure and local entrepreneurs have played key roles in the
area’s transformation. Locally identified wealth rankings showed that most villagers, those in the
middle wealth groups and above, can now support themselves from their land, which is a notable
change to a time when 71% and 82% in each village respectively depended on casual labour for their
survival. This change has come at a cost to the environment. By 2016, the village forests have largely
gone and been replaced by farms. Farmers were concerned that the climate was turning drier because
of deforestation. Studying the mundane—the material used in roofs, the size of farms, and so on
made it possible to trace and understand the radical transition the area has experienced.

Keywords: Longitudinal studies; assets; livelihoods; rural entrepreneurs; Tanzania

1. Introduction

What does radical, positive change in poor rural societies look like, and how is it achieved?
This issue is a bone of contention in Africanist circles, with three contrasting schools of thought at
work. There are those who argue that growth is occurring in many African countries with marked
positive changes in rural areas (we call these the neoliberal optimists). Others argue that neoliberal
capitalism is at best leaving people behind, and at worst wreaking havoc on rural societies as strategies
of accumulation by dispossession proliferate (we call these the radical critics). A third school challenges
our ability to know anything in rural African contexts with much certainty because the quality of the
data is so poor (we call these the data challengers).

Tanzania, where our case study is set, provides a good laboratory to explore these debates. The first
school of thought is strongly represented. Most observors accept that Tanzania has experienced strong
economic growth (averaging 7% annually) since the 1990s that was principally generated from mining,
tourism, services, construction, and the financial sector [1,2]. The neoliberal optimists herald this as
a success of neoliberal reforms, which saw tighter controls on government spending, the withdrawl
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of government attempts to plan and control economies, the sale of parastatals, macroeconomic
stability, loosening of financial restrictions, and encouraging foreign investment [3,4]. The fruits
of this, these enthusiasts argue, are visible in the reducing levels of basic needs poverty in Tanzania
from 34.4% in 2007 to 28.2% in 2011/12 and extreme poverty from 11.7% to 9.7% in the same period,
according to the most recent Household Budget Surveys [5].

These analysts belong to a wider school of enthusiasts for free markets and neoliberal policies
which they argue are fundamentally responsible for reducing poverty because they have made
economic growth possible [6]. Without growth, they insist, there can be no poverty reduction [7].
Indeed, growth matters far more than redistribution through taxation and social services or social
protection payments [8]. Because of the economic growth that is caused by the policies which they
advocate, they claim that global poverty has reduced dramatically, driven by transformations in India
and China (see Hulme for a review [9]).

At the same time, many of these same observors concede that, amidst this success in Tanzania the
agricultural sector in this country appears to be relatively stagnant, showing little sign of growth [3].
Given that 68% of the population live in rural areas with most working as peasants [10], and 84% of the
country’s poor live in the countryside [5], the radical critics argue that the country’s rapid economic
growth only partly benefits the rural areas [1,11,12]. These critics observe that during many years of
economic growth up until 2007, poverty lines did not shift particularly noticeably [13]. Even with
recent changes and declining poverty, population growth means that the number of Tanzanians living
in poverty is larger in 2012 than in 1992, according to World Bank figures [14].

This school is in turn part of a broader critique of what neoliberal capitalism does to poor
people, poverty and poor places like Tanzania. Some authors here decry the inequality, dispossession,
and social and environmental deprivation that results when firms extract resources from rural places
with state violence to support them [15–17]. They point to a growing crescendo of alarm at land
grabbing for agriculture [18–20]. Others observe land grabs that are driven by alliances between
capitalists and conservationists [21,22] (for a particularly unpleasant example of this in Tanzania see
Walsh’s work [23]), or by new environmental policies [24]. Others insist that the World Bank’s own
data are either misconceived, or poorly calculated, or else at face value demonstrate that poverty
persists [25]. The costs of living in urban areas are under-estimated meaning that far more people are
poor in towns than is recognised [26]. In rural areas, the evidence of poverty is so overwhelming that
the correct task for analysts is not to celebrate its reduction but to explain why it persists [27].

Finally, the data challengers question the empirical basis of both sides in this debate. Jerven’s
already classic study Poor Numbers [28] argues that much of official statistics in African countries are of
poor quality, and should not be taken at face value. His work joins a tranche of critiques that question
the quality of data to measure large-scale changes in well-being and poverty [29–31]. Ansoms and
colleagues found substantial misrepresentation of rural poverty in official statistics in Rwanda when
these were confronted with their own qualitatively oriented studies, carried out in 2006–07 and 2011
in six different locations [32]. We can also include in this group critics who contend that some of the
alarm raised over land-grabbing is itself based on faulty data and measurements that over-estimate
the extent of actual land loss [33].

A different branch of the data challenging debate questions whether the right statistics are being
used to measure change. An increasingly important and influential view argues that GDP is anyway
the wrong means of measuring progress [34,35] and that income and expenditure are inadequate to
capture the experience of poverty [36]. Alwyn Young has used asset data to suggest that there has been
such a positive transformation that Africa must have experienced a ‘growth miracle’, and that poverty
dynamics need to pay attention to assets [37]. Young’s argument may have been over-extrapolated [38],
but the point remains that, as we have argued elsewhere [39,40], the measures of poverty that are used
by both the neoliberal optimists and the radical critics rely on poverty lines and baskets of consumption
from Household Budget Survey data. This means that they do not include local meanings of wealth
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and poverty that are more concerned with assets. Changes in these measures will not be well captured
by such consumption data.

The logic of the data challengers’ argument is that national scale figures about changes in poverty
may not be good enough to capture local variety and dynamics, either because the numbers are wrong,
and/ or because they are counting the wrong thing. They will be a poor source of predictions for
nature of changes at village level. This raises the possibility that villagers may be richer than the
optimists have hoped, or poorer than the radical critics have feared, or even simply not sufficiently
well connected to ‘national’ economies or policies for it to be meaningful to look for prosperity or
poverty that results from national fortunes.

The data challengers’ arguments are particularly apt for studies of poverty dynamics Tanzania
because there are few good data. The normal records to explore poverty dynamics and the mechansims
by which GDP changes might affect ordinary people’s lives are scarce. Ideally, poverty dynamics
are measured using panel data that track the same individuals and families over time, revisiting
families every 2–3 years [41–44]. These are only present in Tanzania for Kagera in the 1990s [45],
and for the nation as a whole since 2007 when the Living Standards Measurement Survey was started.
Alternatively researchers can use longitudinal data, which are less robust than a panel (because the
revisits are less frequent), but which nonetheless still track the same individuals, families, or larger
communities. Unfortunately these too are rare.

There is therefore a need to look afresh at changes which are occurring in rural parts of Tanzania.
We need to understand first what sorts of changes rural villagers aspire to achieve. What do they mean
by wealth, prosperity and a good life? Do they think that they are closer to those ideals now than they
once were? Do they think that they have become poorer or richer? What data can we use, and should
we use, to explore changes in rural areas? Which of the grand narratives just reviewed—the neoliberal
optimists and the radical critics are most justified in the light of new data?

In this paper, we address this challenge by exploring the relationship between these national
figures and detailed studies of small, rural Tanzanian communities. We draw on data from a
longitudinal study set in two villages (Goima and Mirambu) in a geographically peripheral and
economically disadvantaged part of central Tanzania. We show how the studied area has gone through
a substantial transition, which pleases many villagers, during the last 25 years, and we explore some
of the drivers of change. Yet we also argue that these changes can only be cautiously welcomed.

We proceed as follows. First we outline how the study was organised and the broad headline
changes. Then, we explain what precisely has changed, and what villagers make of these dynamics
in more detail. Then we explore some of the reasons for these changes. Finally, we consider
what these changes in Goima and Mirambu might mean for the broader context of Tanzanian
economic development.

2. The Techniques of Longitudinal Research

This restudy is part of the Long Term Livelihood Change in Tanzania research project which
is retrospectively constructing longitudinal profiles of change by revisiting households first visited
in the early 1990s–early 2000s [40]. The project has identified 67 villages, which were surveyed by
17 researchers in this time period. Of these, we have revisited 30.

The limitation of this technique is that it is confined to villages that happened to be surveyed
in the past. It is not possible systematically to survey the country. We are restricted to places that
researchers once found interesting or were able to reach. Its advantage is that if the original researcher
is able to take part in the repeat visits, then this adds to the insights that are possible.

This paper presents our findings from two of these revisted villages, Goima and Mirambu,
in Chemba district, Dodoma region in central Tanzania (Figure 1). They were first visited by Wilhelm
Östberg in the early 1990s as part of his PhD research ([46], and see Materials and Methods). This he
undertook with the support of Joseph Mduma, and both he and Mduma took part in the second revisit,
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which took place in 2016. In addition, we are also able to draw on findings of an earlier revisit, 2005,
undertaken by a Dutch sociologist Monique Slegers [47].

Figure 1. Goima and Mirambu villages on the foot slopes of the Burunge Hills, south-east of Kondoa
town, and the Kondoa Eroded Area. Source: Östberg and Slegers 2010.

The technique of retrospective longitudinal survey construction has been used before in the
Kageera Health and Development Survey [45]. It is similar to methods which ask respondents to
reconstruct change over time from the present—turning survey data ‘upside down’ as Dercon and
Shapira put it ([43], p. 30)—except that it does not rely on those memories for its baseline. The baseline
is provided by the first survey. This gives it an advantage, as recall can suffer from rose-tints and
inaccuracy, a risk, for all of its insights, in the ‘stages of progress’ method [48–50]. We rely instead on
actual observations that were recorded some twenty years ago.

When we resurvey villages, our methods are deceptively simple (see Materials and Methods).
We identify sites that were visited in that time period, and, working with the original researchers where
possible, revisit the original families to explore how their circumstances have changed. Our particular
focus is to explore the changes in asset control and ownership, as we find that these are central in local
meanings of wealth. We combine this with keyinformant interviews and focus groups to talk about
the changing meaning of wealth and prosperity. We also take, where village lists allow, profiles of the
condition of families that are currently in the village. But note the word ‘deceptively’ in the first line of
this paragraph. Re-identifying families is no easy task, and, on occasion, we find that there has been
too much change even to attempt this work.

Fortunately, as Table 1 shows, the levels of attrition are relatively low in this case. Moreover, there is
no sign of a tendency in the data for the attrition to affect particular groups. In particular, given that
the villages appear to have got richer we have to be clear that this is not due to poorer families who
were once present have now just disappeared (through death or migration). Absence of poverty for
this reason would not indicate an improvement in well-being. Fortunately this selective attrition is not
apparent. As Table 1 shows, there is no trend for higher attrition rates in the poorest groups across both
villages: attrition is slightly higher among the poorest in Goima (37% missing as compared to 31% from
wealth group 2), but lower in Mirambu (only 8% missing when compared to 19% in wealth group 2).
Nor could we spot any consistent trend in terms of attrition of dual and female headed households
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across both of the villages, with attrition in female headed households being lower than the dual headed
households in Goima (29% as compared to 35%) and higher in Mirambu (23% compared to 9%).

Table 1. Success rates in recontacting original families.

Characteristic Goima Mirambu

Wealth Group 1 100% 100%
Wealth Group 2 69% 81%
Wealth Group 3 63% 92%
Male Headed 65% 91%

Female Headed 71% 77%

Note: We have grouped the 1991/3 categories 2 and 3 into category 2 and categories 4–6 into category 3. The 100%
re-contact rate for the richest families is misleading because there are only three families in those cells.

The changing composition of households over time has made some changes to the presence
of female-headed households in the follow up in Mirambu alone. In the original survey, 50% of
households in Goima, and 38% in Mirambu, were female headed. In the revisited group the proportion
changes to 47% and 20%.

However, we can get a deeper picture of the forms of bias that might be at work if we look beneath
headline wealth categories to the construction of family units. There is a sadly long history of talking
about societies using terms like ‘family’ or ‘household’ in problematic ways. These can obscure gender
or generational dynamics, or simply fail to mention how a household unit was defined [51,52]. As we
have described elsewhere [53], family units are often essential to understand the changes in assets that
we explore, but they have to be examined carefully.

For the work of the 1991 survey Östberg and Mduma used village rosters from Goima and
Mirambu to construct the sample frame. The basic unit, in the view of the village offices, was a
“kaya” (household) which they more specifically defined as a “house”. This was made up of people
sharing a roof. This definition meant that an aged and/or sickly person sleeping in his/her own house
would count as a separate domestic unit, even if he/she on a daily basis was provided with food from
relatives, or neighbours. They typically would have only a small piece of land, an aged house of low
quality, and they did not own much more than the clothes they wore. In the wealth rankings, people in
this category were usually described as “helpless”. The advantage with following the local practice of
registering them as a separate domestic unit was, from the point of view of our survey, that these cases
of poverty were not concealed (they constituted 7% of the sample). However, for the 2016 re-survey,
these units have largely disappeared—they have died. Ours is a record therefore of what happened to
the people who have survived the intervening 25 years.

Goima and Mirambu are rather stable social entities, and the households provided a useful unit
to record changes of assets, which we use as one dimension to capture the transformation the area has
gone through over a period of 25 years. The households afford us with some headline changes and
sufficient material to present the arguments in this paper.

But, we must note that there are aspects of this story, taking place within families, which are
not told here. This means that the labour implications within the families of the larger farms that we
describe are not covered in this paper. Our female informants gave us some inkling as to the value of
better water supplies, but we have not provided the sort of rich account which privileges their views.
It means that the contests over what sorts of assets (cows, land, farms, houses, education) to invest in,
that will have taken place, and currently are taking place, are not described in this paper. They must
form the subject of other investigations.

We could go on, but the point is made. We are just beginning to understand the implications of
increased investment in assets. Our first task, however, is to describe the nature and the possible causes
of the changes that we encountered. This will, we hope, create the space for other richer accounts.
Or, to put this differently, we think we can robustly describe in this paper important changes which
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deserve writing up and publishing as they are. We do not pretend for a moment, however, that our
household based perspectives are at all complete and we welcome contributions in this area.

3. Sketching a Changing Scenario

Goima and Mirambu are located on the lower slopes of the Burunge hills and their surrounding
plains in central Tanzania. Before the villagisation campaign of 1973–4, the Burunge people also lived
in the interior of the hills. During the villagisation campaign, the people were moved off the hills to
settle in the villages surrounding them. As the rigour of the villagisation policy slackened in the 1980s,
a number of Burunge began returning to their ancestral lands.

The area has a semi-arid climate with an average (but unpredictable) annual precipitation of
below 550 mm. The rain falls entirely between November and May, with no rain being recorded at the
nearest guage between June and October [47]. Rivers are ephemeral and it is difficult to find surface
water for six to eight months in most years (Figure 2a). In the 1990s, these villages, and indeed the
broader region, were marked by their poverty. Agriculture was marginal and precarious, yields poor,
and returns slim. Infrastructure was sparse with bad roads, supplies, and transport.

In the early 1990s, an old, battered bus arrived in Goima village from Kondoa town every morning,
on its way to Kiteto. In the afternoon, it returned. This was the only public transport on offer. Today,
privately operated buses pass frequently with connections to major towns, including Arusha, Babati,
Dodoma (the political capital), Tanga, and the metropolis of Dar es Salaam. The road passing through
Goima has been widened and provided with a gravel surface, and this encouraged bus companies to
open new services. A new road is also planned to take a more south-westerly direction, passing through
Mirambu village, and at Chemba, where the district headquarters are, to link up with the major road
that is connecting Dodoma with Arusha. The new, tarmacked road will soon also continue to Singida.
This means that Goima and Mirambu will be situated along one of the country’s major arteries, opening
up not only these two villages along the roadside, but the whole region.

The primary court in Goima village is still a dilapidated building made by adobe bricks. In the
early 1990s, the open area outside the primary court was the sleepy centre of the village. Peddlers
marketed their selection of tomatoes, cassava, dried fish and other produce in the shade of a big Ficus
tree, said to have grown from the cattle enclosure of Damasi, the first chief of the Burunge (Figure 2b).
These goods the peddlers either carried there, or transported by bicycle.

Today a fleet of motorcycles are parked here, waiting to transport people and goods to various
destinations in the area. Motorbikes appeared in Goima in numbers by 2005–6, and a new village
centre, with modern buildings, has moved a few hundred metres further east, on land that used to be
the primary school’s sports field, but that was opened up for commercial development. Here, one also
finds a new spacious mosque, and a new secondary school is not far away (Figure 2c,d).
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Mirambu village is, currently, less obviously changed than Goima in terms of its buildings. It is
slightly more off the beaten track, being located some five kilometres from the main Kondoa—Kiteto
gravel road, and the road accessing it is small and not well maintained, being better suited to carts
than cars or lorries. The village does not look that different from how it was 25 years ago, although
there now are more houses, and the farming areas have been expanded considerably (Figure 3a).
The primary school has been extended and it is well-maintained. There is a new grinding mill making
noise that is close to the village office, which looks just as it did 25 years ago. The ‘truly’ modern
houses in Mirambu are few. In fact, so unusual that they act as village landmarks, with people saying,
“you go left at the modern house with the green roof” or “the turning is just past the modern house
with the red roof”.

In both villages commercial life has expanded dramatically (Table 2). In Goima, shops are almost
four times as many as they were 25 years ago. The number of grinding mills and oil presses have more
than doubled. There are now seven tractors based in Goima as compared to just one in the early 1990s,
and 35 motorcycles when compared to five before, and 128 ploughs. Likewise, Mirambu is today
better endowed with facilities when compared to the early 1990s. There are three tractors, three power
tillers, and three grinding mills in the village, 28 motorcycles, no less than 106 ploughs (in a village of
672 households), and 25 solar panels.

Table 2. Commerce and Infrastructure Changes.

Goima Mirambu

1992 2007 2016 1992 2007 2016

Shops 3 8 11 2 4 7
Canteens 8 10 9 2 3 4
Tractor 1 2 7 2 1 3
Power tiller 3
Lorry 2 1
Car for hire 1 0
Motorcycles 5 5 35 28
Grinding mill 2 3 5 1 3
Oil press 1 3
Spray pumps 1 3 2
Hardware 1
Timber sale 1
Motorcycle spares 1
Motor cycle repair 2 1
Bicycle repair 1 1 3 2 2 3
Blacksmith 2 2 1 4
Tailor 3 4 11 8
Carpenter 2 2 3 3 2
Radio repair 1 3 2
Butchery 2 2 1
Pharmacy 1
Charging telephones 5 6

One of the biggest changes to the area is water supply. In the early 1990s, the water situation was
desperate. At least one member of most households, often a child, spent hours every day during the
long dry season drawing water for household needs from wells that were dug deep into dry riverbeds
situated kilometres away from home. Any discussion about farming and livelihoods started and ended
with the comment “if only it rains” ([46], p. 31). What can you do when there is not enough water for
people, crops, or livestock?

Today, there is a large water body at Adia in a valley that is just west of Goima. In 2016, a large
earth wall was constructed leading water from a gully into the area and a shallow lake developed.
In November 2016, just before the rainy season, it still contained water. Livestock could be watered
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closer to home instead of taken to distant watering points at Kelema River. People could also get
water from wells in the sand fans immediately below the new water reservoir (and prefer to take
water from such sites because the sand filters some of the dirt). Furthermore, at the neighbouring
village of Jenjeluse, a successful borehole has been installed, and two entrepreneurs ferry water with
tractors to Goima, which they sell at a small profit. The changes that access to water has brought to the
village cannot be overestimated (Figure 3b,c). It is for this reason that people have been able to expand
livestock herds and take on new building projects.

The water situation has improved also in Mirambu when compared to the early 1990s. A Christian
NGO, Compassion, has drilled a borehole for a children’s support centre that they have run in the
village since 2014 (but it was broken in December 2017 on our return visit). They offer water for
households for 100 Tz sh a jerry can (about US$ 0.05 at the time of writing). The new lake at Adia
similarly eases life for the Mirambu livestock keepers.

There has also been considerable population growth. The number of households in Goima grew
more than 2.5 times from 1991 to 2016, from 507 to 1350, and in Mirambu, it almost doubled, from 350 to
672. The increase is faster than the annual population increase in the Dodoma region, which was 2.1%
during the last inter-censal period 2002–2012. Both Goima and Mirambu have attracted immigrants,
and Goima particularly so, the majority (according to key informants) being from the neighbouring
Kondoa highlands.

Figure 3. (a) Drawing water from shallow wells in dry river bed. (b) Gourds lined up to be filled with
water from shallow wells dug in a dry river bed, 1991. (c) Household water on sale at Goima village
centre, 2016.
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4. Findings from Revisited Families

Impressions such as those that we have just described above are notorious for concealing other
dynamics. The appearance of new trappings of wealth makes it seem that people as a whole have
benefited. However, it is possible that the original inhabitants do not share in the new prosperity.
Indeed, worse than that it is possible that earlier residents may have suffered in some way, experiencing
displacement or land loss to make way for a new set of economic actors. So, how are the changes
described above reflected in the lives of the families who Mduma and Östberg visited in the early 1990s?

Briefly put, it appears that most have prospered, and they are prospering because they are able
to farm more. In the early 1990s, farming in Goima and Mirambu was largely undertaken with hand
hoes with 64% and 66% of land cultivated thus (Table 3). Land was cultivated for a limited period and
fallowed to allow fertility to be restored. Many fields looked more like clearings in the forest than a
cultivation steppe ([46], pp. 58–66). Families typically owned two or three fields, of which one often
was a newly opened field in the Burunge Hills. It was a period of expansion of farm land. In both
Goima and Mirambu, the median size of cultivated land was three acres (1.2 ha), while the mean land
owned was 6.7 acres (2.7 ha) and eight acres (3.2 ha see Table 4).

Table 3. Mode of cultivation (%) in Goima and Mirambu villages, 1991/3 (farmers) and 2016 (plots).

Goima 1991/3 Goima 2016 Mirambu 1991/3 Mirambu 2016

Hand hoes 64 17 66 31
Ox plough 18 18 27 25

Tractor 18 65 7 44
n 50 54 45 127

Note. Goima: χ2 = 29.84, df = 2, p < 0.001; Mirambu: χ2 = 13.07, df = 2, p < 0.002.

Table 4. Land farmed (acres) in Goima and Mirambu villages 1991/3—2016.

Goima Mirambu

Average land farmed 1991/3 4 3.7
Average land farmed 2016 6.5 7.4

n 14 26

Note. This table only uses paired families from the original visit and subsequent revisit; excludes 5 outlier families
from 1993. Pair Sample test for both villages: t = −2.279, df = 39, p < 0.029.

By 2016, the mean cultivated area (not the area owned) had increased, in Goima to 6.5 acres
(2.6 ha) and in Mirambu to 7.4 (3 ha see Table 4). The extensive land use has been made possible by
improved farming technology. The dominance of hand hoes has been replaced by the dominance of
tractors in Goima (65% of farmers ploughed their land with tractors, 44% in Mirambu). Levels of ox
ploughing remain unchanged. Now, only minorities (17% in Goima and 31% in Mirambu) cultivate
land with hand hoes (Table 3). This growth of farms is clearly visible in the landscape with much more
land, on the plains and in the hills, put to use.

The expansion of land used is particularly important because the local definitions of poverty
here (and indeed throughout the other 28 villages we have worked in as part of this project) associate
poverty not so much with landlessness as with an inability to use land owned properly because the
families lack the capital, labour or liquidity to do so. Working land well requires money for ploughing,
good seeds, manure, and/or chemical inputs. Poverty is expressed by not being able to use land as
well as one might—by not being able to generate an income from assets. Thus, the expansion in land
cultivated, being made possible by greater access to tractors, is both likely to be a driver of wealth
increase (it increases production and returns) and an expression of that greater wealth.

The farming boom in Goima and Mirambu is not associated with intensified production. In the
early 1990s no Goima or Mirambu farmers in our sample used any farm inputs. The picture had not
changed by 2016. Only four per cent of the farmers in the Goima and Mirambu samples for the early
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1990 used manure in their fields, and quite sparsely at that. In 2016, five per cent of the Goima farmers
used manure, while none in the Mirambu sample did. A district by-law stipulates that manure must
be removed from the cattle enclosures and used in the fields. This was rarely enforced at the time of
our visit. Villagers cited lack of transport and fear that manure increased pest incidence. Now five
per cent of the Goima farmers used improved seeds, but other farm inputs were not used. Neither in
Goima, nor in Mirambu, do any shops stock improved seeds. In this respect, Goima and Mirambu are
still, in 2016, relatively remote outposts.

Yields of maize are much higher now than in Östberg and Mduma’s first survey (Table 5).
But the comparision is unreliable as they collected yield data during a particularly dry period when
respondents were bemoaning their unproductive farms. Our hypothesis is that there has in fact been
little real change in the productivity per unit area, unless it be derived from the different means of
land preparation. Tractor ploughing can be more intensive and thorough than hand hoes, especially if
performed more than once before sowing.

Table 5. Yield per acre (kg) of different staple crops in the two study sites.

Crop
1991/3 2016

Goima Mirambu Goima Mirambu

Maize 258 147 556 875
Sorghum 170 133 480 238

Across all villages, yields in maize are significantly different: Mann-Whitney U = 208; Z = −2.914; p = 0.004. One acre
is equivalent to 0.4 hectares.

Cash crops have grown in importance, as has trading. In addition to maize, bulrush millet,
finger millet, and sorghum, people also grow sunflower, pigeon peas, green grams, cow peas,
pumpkins, water melon, and others. Cash crops became important in the late 1990s, and particularly
sunflower has a stable and good market. Village focus groups discussing our findings insisted that the
most important cash crop that was driving the new found wealth was sunflowers.

Increased wealth in land is matched by the trends in livestock ownership (Table 6). In the early
1990s, 18% of families owned livestock in both Goima and Mirambu. By 2016, 32% of the households
in Goima owned cows, and 38% in Mirambu. There have also been a growth in the incidences
of smallstock ownership. These are within bounds of normal statistically significant difference in
Mirambu, and just outside these bounds in Goima. Mean herd size for cattle owners has risen
substantially to 10.5 in both of the villages, from 2.7 in Goima and 0.6 in Mirambu. More cattle also
means more livestock powered goods, such as carts and ploughs, which have increased almost five
times (Table 7). In the early 1990s, 23% of families in Goima had smallstock. This had risen to 39% in
2016. In Mirambu, smallstock ownership has more than doubled from 23% of families to 49%. There are
signs that the increased wealth in Mirambu has in particular strengthened the cattle economy, while the
increased resources in Goima have been used for improved housing, farm expansion, and education.

Table 6. Percentage of Families owning cattle and smallstock, Goima and Mirambu.

Goima 1991/3 Goima 2016 Mirambu 1991/3 Mirambu 2016

Cattle 18 32 18 34
Smallstock 24 39 18 49

n 51 34 45 41

Note. Goima: χ2 = 4.57, df = 2, p < 0.1; Mirambu: χ2 = 12.4, df = 2, p < 0.005.

195



Land 2018, 7, 44

Table 7. Ownership of livestock infrastructure Goima and Mirambu (total number).

Goima Mirambu

2007 2016 2007 2016

Ox ploughs 27 128 23 106
Donkey/ox carts 8 24 8 13

Note: Ploughs and carts were not counted in the first survey.

The consequences of this growing agriculturally-based prosperity are visible in three ways.
First in changes to employment practices, second in buildings, and third in commerce. In both villages,
casual work (called kibarua in Swahili), which was the affliction and economic mainstay of the early
1990s, has in 2016 been reduced, indeed, the proportion of people that are undertaking it has generally
halved (Table 8). Moreover, as we explore below, casual labour now has a different meaning from
previous eras. It is not just a sign of poverty, but has also become a strategy of increasing wealth.

Table 8. Casual Work Goima and Mirambu villages (proportion of sample).

Goima 1991/3 Goima 2016 Mirambu 1991/3 Mirambu 2016

Employing casual labour 22 21 15 15
Performing casual labour 76 44 73 39

n 42 34 40 41

Note. Goima: χ2 = 5.8, df = 1, p < 0.02; Mirambu: χ2 = 16.0, df = 1, p < 0.001.

Asked about what the main changes during the last decades were, people commonly emphasised
that they now live in better houses and that all children attend school. Östberg and Mduma did not
record housing quality 25 years ago, simply because virtually all the people at that time lived in tembe
houses (wattle and daub houses with mud roofs). In 2016, 76% of people in Goima lived in houses
with galvanized metal sheet roofs, which was mentioned in focus groups in both Goima and Mirambu
as a key signifier of wealth. In Mirambu, 67% of interviewees lived in houses with roofs that were
covered by metal sheets. This is a clear change to the early 1990s when only the very richest families
lived in houses of this type.

It is important to report, however, that while records of assets and farming activity show all these
increases, people’s own perceptions of their lives are not as positive (Table 9). In Goima and Mirambu,
a majority of people (56% and 61% respectively) thought that life was better before—and this reflects
the views of the female headed households who tended to prefer their earlier lives. In some respect,
this should not be surprising as many people were recalling the times of their youth when they were
healthier and more vigorous. Some people also feel strongly about how the forests in the hills now are
gone, and they worry that there is less land that is available for the next generation. Assets provide
only a partial insight into the nature of social change in these localities. We provide more of the the
details of the changes in Appendix A.

Table 9. Is life better or worse now than at the last survey by village and gender of the domestic
unit head.

Women Men

Better Now No Difference Better Before Better Now No Difference Better Before

Goima 4 1 11 9 1 8
Mirambu 1 2 5 11 2 20

In the 1990s, in both of the villages, well-off families were those who could feed themselves.
The catch-all term that villagers used to rank the households was uwezo (strength, ability), or their
nafasi (literally ‘space’, but here, rather ‘possibilities’). Those who were poor were described as people
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who lack strength (hana uwezo). The guiding principle was a household’s ability to cultivate the land,
rather than the size of the land holding itself. Capacity to plough with oxen or tractors and to hire
farm labour meant that a household was regarded as well-off. Note that wealth was not necessarily
about owning the oxen (or tractors) per se, rather it focussed on the potential to produce food and to
solve problems. The poorest families were those who had to work as farm labourers to meet their
daily needs, and in there was also a category of people who were dependent on others to survive
([46], pp. 42–3).

Wealth rankings in 2005 provided findings that were rather similar to the 1990s. More than half of
the households struggled to support themselves from their own farms. Day labouring continued to be
an important aspect of life in the villages. Farm size had now become more important as a criterion of
wealth ([54], pp. 141–2).

In 2016, the number of wealth groups and their definitions were self-determined by participants in
a focus group setting. We then assigned households from the village lists to these groups. This exercise
highlighted two major changes. First, the significant majority of the families that were currently living
in the villages were classified by villagers as being of medium wealth. Poverty (locally defined) is
not the dominant experience. There seems to have been an expansion of the middle group, with the
poorest categories contracting (Table 10). This is particularly important, as it suggests that the changes
of the longitudinal surveys are matched by broader changes in the village as a whole.

This shift matched local perception of some changes. In Mirambu, our informants said that the
big change is that many poor households have moved to the category ‘ordinary people’, and that
many now live in sun-dried or baked brick houses, while previously almost all lived in tembe houses.
In Goima, they noted that the support of the Tanzanian Social Action Fund (TASAF), which provides
financial support to the poorest families, was influential.

Table 10. Changing Wealth Profiles—proportion of families in different wealth classes.

Wealth Group
Goima Mirambu

1993 2005 2016 1993 2005 2016

1 2 4 0.5 2 8 6
2 45 41 64 48 37 71
3 53 55 35 50 55 23

Note. Goima 2005–2016: χ2 = 76.6, df = 2, p < 0.001; Mirambu 2005–2016: χ2 = 43.4, df = 2, p < 0.001.
Wealth group 3 follows the Mirambu classification in Table 11, which combines categories 3 and 4 of the
2016 categories
We have grouped categories 2 and 3 of the 1991/3 survey into category 2 of the 2016 survey
We have grouped categories 4–6 of the 1991/3 survey into category 3 of the 2016 survey
We have grouped categories 4–6 of the 2005 survey into category 3 of the 2016 survey
Note that in 2016 Goima is based on the complete village lists and Mirambu from some sub-villages

Second, there is considerable shift in the meaning and definition of wealth, as described by
our focus groups (Table 11). In the 2016 wealth rankings, uwezo remained the factor upon which
wealth is determined, but this now means new things. To be able to afford health care, and to pay for
educating one’s children, as well as quality of housing, were now factors that our informants in Goima
emphasized. Investments, like owning a tractor or a milling machine, were points of reference for the
most wealthy. Trading now also appeared as a means for people to better their lives. These all indicate
a more diversified economy and improved livelihoods.
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Table 11. Changing Definitions of wealth Goima and Mirambu villages, 1991/3–2016.

Wealth
Group

Goima 1991/3 Mirambu 1991/3
Goima and

Mirambu 2005
Goima 2016 Mirambu 2016

1 The rich, those who
can do anything

The rich. Tractor.
Maize mill.

With resources.
Ploughing.

Employing farm
labour. Livestock.

Children at
university,

car/tractor/lorry/shop,
big land, sell crops

outside, grade cows.
3 meals a day.

Command other people to
work for them

(“veranda farmers”).
Tractor. Bank account.
Livestock. More than
100 acres. Sell crops

outside. Eat well.

2

Those who have
resources. Can hire

tractor, employ
farm labour.

Salaried people

Those with
resources, better

than average. Hire
tractor and farm

labour. 8–12 cows +
small stock.

Of average ability.
Can support the

family on their land.
Able to manage
various needs

Modern house,
use hospital,

Bicycle/motorbike,
employ farm labour,
livestock, small shop.

5–20 acres.
Hire tractor.

Average people.
5–20 cows. Up to 20 acres.

Plough with oxen
or tractor.

Children at school.

3

Average ability.
A few cows and
small stock. Can
afford help with

the farming.
Harvest last

through the year.

Average ability.
A few cows and
small stock. Can
afford help with

the farming.
Harvest last

through the year.

Children at school,
cannot afford to hire

farm labour,
2–5 cows.

No surplus.

The poor. 2–5 cows.
1 or 2 acres of land.

Undertake casual work.
Children not at school.

Eat only once a day.
No medical care.

4
Poor, managing by
doing casual work.

No margins

Poor but with
ability, must

undertake casual
work. Vulnerable

Poor, but with ability.
Do farm labour.
Almost half the

population.
A vulnerable group.

Poor, “everything is
a problem”.
No assets.

Day labouring.
Children not in

school. Looking after
other’s livestock.

Dependant on others

5 Those who depend
on others Need help Needing and

getting assistance

6 The helpless Destitute.
The destitute. Depend on

others. Live in other
people’s houses.

Note. farm size is expressed in acres as this is what Tanzanian farmers use. 1 acre is equivalent to 0.4 hectares.

In Mirambu, the meaning of poverty has changed: the poor are now defined as those who have
‘only’ a few cattle, and these are put in the same group as those who have none and have to do casual
work to keep going. In other words, without things that were once the property of a privileged few,
people are currently counted as poor. So, not only are there more wealthy families, but the standards
of what it means to be wealthy have risen.

Moreover ,the meaning of the activities that defined poverty in the 1990s (casual labour) has
changed. In the 1990s, payment was low, often the load of grains that you could carry home after a
couple of days’ or a week’s work. Attendance to the home fields suffered, meaning reduced harvests,
in addition to the strain on family life with one or more adults being away from home for long
periods. In 2016, the situation was different. We were told that people could undertake casual work
not just to ‘hunt for food, but (also) to better their lives’, as a participant in a focus group in Mirambu
formulated it.

5. Drivers of Change

What could explain the changes we have described above? We do not have the sample sizes
or experimental design to be able to quantify any of the factors that we have discussed. Instead,
we present here a qualitative account of the possible factors, drawn from our key informants,
interviews and focus groups, as well the academic literature.

First, it is plain that the improved infrastructure and communications networks have made a great
difference to the availability of consumer goods and the prices that can be obtained for agricultural
products. But, interestingly, our informants were not as concerned about the infrastructure per se as
with the mindsets and attitudes of residents. One such change is that there is less alcohol consumption.
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According to both local businessmen and leaders, people used to be away for days, ‘following pombe
(alcohol). However, they have now come to their senses’ (while) ‘those who continue with pombe
remain poor’ (Goima interview, 10 November 2016), and there appears to be less money being spent
on local brews than previously. We have no data to test whether this change has happened or not,
but if drinking has declined drastically there seem to be two factors responsible: one is a revivalism
within the Christian community and the expansion of Islam. The other is that incomes have increased
so much that people can afford to improve their houses, pay secondary school fees, buy better clothes,
invest in solar panels, motorcycles, televisions, and other consumer durables. Some may be drinking
less because there are other things to do with their money.

Another prominent driver of the changes in local eyes is changing attitudes towards farm work.
This came up in discussions about rain. In the 1990s people said that if only it rains everything would
be fine. But now, some informants objected to that view, as one put it:

‘What matters is that you work. Not the rains. That you all the time think that you can do better.
People used to be content with cultivating two acres (0.8 ha) growing bulrush millet. Yes, they got
food enough to feed the family. But what is that? It was when people turned to commercial crops that
things started to change. When they grasped that they could earn money, they also started to work,
and not just roam around’.

Some observers suggested that the greater desire for money reflected more social diversity and
specifically immigration. Immigrants, we were told, stimulate the community: ‘they came and they
worked’. They start new activities, and they make use of the land and earn money from farming, in turn
motivating others. It also mattered that young people from the area had been working in other places
and discovered fresh opportunities: ‘then they want progress also for themselves’. When money is
available, traders arrive, and people are stimulated to grow commercial crops, and the economy grows.

Another factor has been the role of wealthy entrepreneurs who dominate the booming grain
trade in Goima and Mirambu. They have played decisive roles in bringing about the transformation,
particularly in Goima village. Their modus operandi involves a mixture of good business knowledge
and practices that allow for them to make money out of their neighbours’ poverty and poor bargaining
position, combined with instances of more philanthropic activity. For example, as many farmers
cannot afford to hire a tractor, they ask the entrepreneurs to plough for them and as payment for
the service the tractor owner will get access to half the ploughed land for the cultivation season.
In this way, the entrepreneurs get access to farmland at a low cost. They also act as an informal bank.
People in need of cash ask for a loan, which after the harvest will be repaid in grains at a predetermined
price below the market value (up to as much as a third of the price), and the trader increases his
margins considerably.

The entrepreneurs have also invested in village infrastructure, and with it have built up their
social capital. Two of them ferry in water to Goima village from the government-financed borehole in
the neighbouring village of Jenjeluse and sell it at a price that all agree is below the market value of
the service. With this service, the two traders have solved the problem of household water in Goima
for all who can afford the sum that is charged. One of the traders in 2015 hired a grader to construct
a sizeable earth wall to lead water from a gully into the low-lying area at Adia, west of Goima and
northeast of Mirambu, as we mentioned in the introduction. The same person also created two smaller
dams in the village, which do not contain water year-round, but he plans to extend these so that they
will. He furthermore contributed TZS 30 million (c. US$ 13,500), according to local hearsay, to the
newly built mosque in Goima. Initiatives like these have made the grain traders appreciated in Goima.

Other factors are likely to be at work, but we can only mention their possibility, we do not have
the qualitative or quantitative data to examine them. First, many long term observers in Tanzania will
recognise that wealth accumulation has been constrained in rural areas of the country due to the fears of
jealousy and witchcraft. This, in turn, is sustained by notions of ‘limited good’, which sees the pursuit
of wealth as a zero-sum game [55]. What one person enjoys you cannot. Personal advantage therefore
has to be gained at someone else’s expense. Fear of retalitation by ones’ neighbours constrained wealth
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creation. This is clearly not constraining the wealthier entrepreneurs, and the discourse of jealously is
notable for its absence in our most recent fieldwork, especially when compared to previous visits.

Second, crop prices are likely to have played a role in wealth creation. However how they
have done so, when and for whom is difficult to disentangle from these data. As several researchers
have observed, where most poor farmers in fact purchase more food than they produce then crop
price increases must, logically, increase household expenditure and make people poorer [56–58].
Only relatively few farmers who are net food producers will prosper from the higher prices. Thus, it is
possible that one of the factors that made people wealthier in these villages was the low food prices
when most of the families were net food consumers. However, as they have got richer and started
farming more, so more families will become net food producers. At this point. they will benefit from
higher food prices. We cannot tell which dynamic is at work—both may work at the same time in that
low prices for food crops, and high prices for cash crops will decrease outlays and increase income.
Further research is required to understand these dynamics.

6. Sustaining Beneficial Change

Members of the local elite, the village officials, teachers, and entrepreneurs, are all optimistic about
the future. More and more land is put under the plough and the demands for agricultural products is
strong (Figure 4). Goima and Mirambu are booming. However, the entrepreneurs’ optimism contrasts
with many farmers’ fears that their children will face difficulties in accessing land, and that the fertility
of the land is reducing. It was plain from our transect walks, field observations, and discussions
with villagers that the previous expansion areas in the Burunge hills have now been cleared of trees,
and now new land is not so easily available. Signs of soil erosion were evident in many fields. This is
in marked contrast to the situation in the early 1990s, when farmers described the Burunge Hills as an
endless expanse of land, waiting to be cultivated whenever needs arose. There was a belief that soil
would regenerate itself faster than it could be eroded. The forest, with its virgin soils, and re-generating
power, was there to guarantee that life goes on ([46], pp. 53–58; 117–120).

Figure 4. Newly opened fields in the Burunge Hills.

Fifteen years later, by 2005/6, local perceptions of natural resources had notably changed.
Many farmers worried about increased drought, which is perceived to be driven by local reductions in
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forest cover. The opinion was shared by rich and poor farmers, men and women. However, the notion
was particularly strong among female-headed and younger households, reflecting that female-headed
households were less endowed with resources, and therefore, particularly vulnerable, while young
farmers had a shorter memory of droughts ([47], p. 258). Rainfall records did not tally with the
perceived increased severity of drought, but rather reflected a local interpretation of the diminishing
resource base ([47], p. 255).

In 2016, the worry that clearings would result in diminishing rains persists. People argued that
rain clouds gather over forests, and with the forests largely gone, the area will no longer attract rains.
They felt that they were now facing a changed environment. Over 25 years the attitudes had moved
from trusting that nature will provide, to a concern that the area’s current farming bonanza may soon
be over. The Burunge used to talk of good land as being ‘cold’, which when over-exploited turns ‘hot’,
describing an environment where rains could be expected to a new situation where rain clouds pass
without delivering. They describe the ‘hot’ land as ‘pushing’ the rains away.

Since the improved livelihoods that we documented in Goima and Mirambu are based on
resource extraction and extensification, the situation is unlikely to be sustainable under current forms
of land management. Land rehabilitation, soil conservation, and tree planting were the hallmarks
of development policy in the Kondoa area for at least half a century [59–66], but are now history.
The institutional set up for land rehabilitation work is no longer there. No government foresters
are posted to the study area. There are no tree nurseries. ‘There just is no environmental protection
any longer. The village environmental committees should be empowered’, one informant observed,
while admitting that this is unlikely to happen. To sustain the improved living conditions of recent
years, and to raise agricultural productivity, the conservation of farm land is essential.

7. Conclusions

In some senses, the changes that we have documented here are in accordance with country wide
patterns. We have a situation of agricultural activity expanding through increasing the area that is
farmed. This is entirely normal. A United States Department of Agriculture report covering 2001–2008
found that 69 per cent of the agricultural growth could be attributed to the expansion of area [67].
Only 17% of increased agricultural productivity was due to increased use of inputs and technical
change ([68], p. 138). One assessment is that in Tanzania ‘agricultural productivity has remained
stubbornly low’ and that the use of agricultural inputs is quite low ([12], p. 64).

But, in other respects, our findings are new and strange. Using local measures of wealth
and measures of assets, people here appear to be substantially wealthier. This is contrary to the
pessimistic interpretations that saw little return of economic growth to rural people. It is also contrary
to perceptions of the agricultural sector as being relatively stagnant and unresponsive to change.

The most striking change since the early 1990s is that most households can now support
themselves on their land, and many do this on a substantially improved living standard, while 25 years
ago, half the number of households survived only with the help of underpaid day labour. We have
described how some differentiation of the economy has indeed taken place, but life in the study area
remains firmly anchored in the land. Agriculture is what people live from, and it is their ability to use
the land that lies at the core of how people define wealth and well being in Goima and Mirambu today.

Living standards were very low in the early 1990s, by 2005/6 the pattern of social stratification
remained similar, while by 2016 many people had moved up the local ladder of progress. If this is
sustainable or not will depend on the extent to which farming productivity can be raised, how off-farm
income possibilities develop, and how farmers manage their environment.

This finding is important because it suggests that the radical critics may be overlooking important
forms of local economic dynamism in their arguments. Indeed, some radical critics already complain
that their colleagues’ theories are too totalising, and foreclose the possibilities of positive change.
Henry Bernstein observes that:
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‘the assumption of generalised persistent/’permanent’ rural poverty gives no analytical
purchase on such questions as: why are some farmers/rural people not poor? Which and
why? What are the trends of rural poverty?’ ([69] page 173 emphasis in the original).

Our work suggests that by using local measures of wealth, far more dynamism becomes visible.
Rural societies in Tanzania, even in its poorest regions, are more varied than the theories of persistent
poverty suggest.

However it does not follow from this finding that the neoliberal optimists’ exhultation in the
success of the country are justified. Not least we should note that neoliberal optimists were concerned
about agricultural stagnation and low productivity. In this respect, our findings provide more succour
to data challengers than to people who want to celebrate the achievements of economic growth.

It is also important to recall that the changes we have observed may not be as driven by national
level change as they might first seem. Local interpretations of the changes emphasise that they are
driven from within. The infrastructural change (new roads and transport facilities), like the abundance
of land, provides enabling conditions. Similarly, the growth of the Tanzanian economy, with its greater
demand for agricultural goods, and its cheaper provision of things, like motorbikes and metal roofing,
stimulate growth. But, they are merely that: stimulants. They are not, in themselves, responsible for
the improvements we have documented.

Rather, in local parlance, change in these villages derives from the initiative of the villagers
themselves. Many emphasize the driving role of locally based entrepreneurs. There is talk of a new
ethos of hard work, in a way reverberating with sentiments from the socialist post-independence era.
That it is local initiatives, responding to outside opportunities, that transformed Goima and Mirambu,
echoes experiences from other places, like Giting village in Hanang District [39], Rukwa Region [70];
from Kagera [71], and from Sibou village in Marakwet County, Kenya [72]. The triggers differ, but what
is common is that large-scale outside, technical (green revolution-type) interventions are remarkable
for their relative absence. They can cause change [73], but they are not necessary for change to occur.
It can be locally driven and incremental.

We do not have the data to test the power of this interpretation, but it is important to note it.
Further research that allowed for the researchers to distinguish between exogenous factors such as
infrastructure and marketing arrangements, and endogenous factors, such as attitudes to wealth and
work, are required.

In a 25-year perspective, the changes are dramatic, as we have reiterated throughout this article.
However, when comparing the village to other Tanzania villages, Goima and Mirambu look ordinary.
What is so special with a good range of shops, a communication tower, buses, a secondary school,
and a new spacious mosque? Well, perhaps little. But, this is our point. For it is precisely this mundane
but widespread change that might tell a wider story of improved livelihood conditions in other
peripheral parts of rural Tanzania. Goima and Mirambu are, as Tanzanians would put it, ‘catching up’,
and becoming ordinary, whereas just 25 years ago the story was quite different. If Goima and Mirambu
are just like any Tanzanian villages, then we need to look at the stories that their mundane asset growth
portray in order to get a richer picture of the nature of social and economic change in the country as
a whole.

8. Materials and Methods

Field data were collected by Mduma and Östberg in Goima and Mirambu villages during the
years 1991–94, and reported in a monograph [46]. They made follow-up research visits in 1997, 2006,
and 2007. Further background information on the study area and primary data are also available in
Slegers & Östberg [54] and Östberg & Slegers [47].

The data from the early 1990s derive from participant observation, semi-structured interviewing,
transect walks, participatory mapping, wealth and problem rankings, focus group discussions,
village asset inventories, reporting back-seminars ([46], pp. 10–14, 6–40, 49–51, 108–111, 221–222),
and from surveys that were based on a ten per cent random sample of households in both of the
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villages. The surveys were focused on farming, land management and livelihoods, and they provide
the benchmark from which the 2016 situation is evaluated.

The two villages were restudied in November 2016 by Howland, Mduma, and Östberg,
together with Cuthbert Mwanyika and Einhart Mwanyika. All of the still existing households from the
original study were located with the help of the respective village chairmen and secretary, and were
interviewed. When the original informant was no longer available, a close relative (a spouse or a
child) was interviewed. In addition to formal interviews and conducting questionnaires with farmers,
we arranged focus group meetings, separately with men and women, in both villages (Goima women
9, men 10; Miramu women 7, men 10), and conducted semi-structured interviews with a number
of informants from our original study in the early 1990s, with village leaders, subject specialists,
entrepreneurs, teachers, shop keepers, religious leaders, traditional specialists, and as many villagers
as we found time to engage in conversations during our weeks in the villages. These were combined
with and entailed long walks through the landscape in which we assessed forest cover change, from our
own observations and in conversation with villagers. The survey work and interviews were conducted
in Swahili.

The wealth rankings that were done in 1991 were based on our ten per cent random sample
of households. A step-by-step procedure was followed to identify the criteria for wealth that local
informants applied, and the number of wealth groups that they used to describe the economic
differentiation in the village (the procedure is accounted for in 46, pp. 36–40). The sample households
were then ranked by selected well-informed villagers, both in individual exercises and in group
sessions. The 2005 and 2016 wealth rankings were likewise based on criteria for wealth that was
generated locally. The ranking in 2005 followed the same procedure as in 1991, backed up by the
familiarity with the area derived from long-term field work. In 2016, the ranking was done during two
focus group sessions in each village.

The data from the original household surveys have been digitalised and anonymised. The 2016
data were digitally recorded in the field using the Open Data Kit app, which allowed for coded
version of the questionnaire to be uploaded in app form and then administered using Android devices.
These data could then be sent to a central server, to prevent the risk of loss or corruption of data,
and later downloaded in an Excel format for ease of analysis. Thus, both the field work in the early
1990s and the one in 2016 used a combination of qualitative and quantitative methods, and utilised the
original researchers’ familiarity with the area built up progressively over several years.

We then analysed the data to explore what changes had occurred, many of which have been
presented in the present paper. Subsequently, we undertook a second visit to the villages to present
these findings to villagers and ask them what they made of the changes and why they thought
people appeared to have become richer. This took place in February 2018, with two focus groups
(Goima women and men mixed, 15 people; Mirambu women 5, men 8), and have been incorporated
into the present draft.
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Appendix A. Short Biographies Introducing Some of the Interviewed Households in Goima and
Mirambu Villages

Appendix A.1. Goima Village

Farmer #Goima 012 in our sample. In the early 1990s this farmer was in his 40s, a man with a
clear plan for his farming. He was doing well at the time, and the family belonged to those who
could support themselves on their land. There was no erosion on his land, and they cultivated with
ridges. The harvest was more than satisfactory, although less than what they expected in a good year.
They counted 53 bags of grains (apart from bulrush millet which he grew but where we did not record
the figure) plus beans, cowpeas, pigeon peas, gourds, sweet potatoes, pumpkins, castor. They did not
plough, and managed the farm with the help of casual labour.

Today this informant is prospering. He now owns 26 acres (10.5 ha compared to 18 acres—
7.3 ha—in 1992). He employs casual labour. He owns livestock, and a motorcycle. He has moved
closer to the village centre. He has made use of the new possibilities to grow cash crops, and from the
profits he has bought land, and built a new house. His children finished primary school, and are now
successful farmers. From a solid base, his life has improved further.

#G073. In 1991 this was a young, recently married family. They had 6 acres (2.4 ha), cultivated
with hoes, using ridges, and lived in a modest house. The harvest was adequate at 12 bags of grains
plus sunflower, cow peas, pigeon peas, and other “small crops”. They started trading animal skins
shortly after our visit. The proceeds from that trade helped them to gradually build a house with
burnt bricks and an iron sheet roof, and to buy a bicycle. They bought goats and chicken. In 2005,
they bought 10 acres (4 ha) of land, and they had a herdsman looking after the animals. They have
now moved to the centre of the village to develop the skin trade. They have ten cows. Their house is
connected to the electricity grid, they have a tv-set, sofa and coffee table.

#G196. The household was ranked in wealth group 3 (of 6), which means that they were among
those who could support themselves on their land. They had 4 acres (1.6 ha) of land, most of it cleared
the last two years, and they added one more acre (0.4 ha) in 1993. 1.5 acres (0.6 ha) were cultivated
with ridges and the rest flat. They harvested 7 bags of grains (below what they normally expect, but it
was a dry year), plus cassava and a wide variety of small crops, including groundnuts and tomatoes.
There were considerable problems with soil erosion in the fields. They had 40 beehives and sold both
honey, wax and honey beer. They also brewed grain beer for sale. In addition to all this the farmer did
woodwork (arrows, handles, etc.) for sale, and the family engaged in petty trade with dagaa (small
fish) and salt. They had livestock and ten donkeys helped to bring water from the river some five
kilometres away. The cattle enclosure was full of cow dung; i.e., not used in the fields. They lived on
land that belonged to the wife’s father, and we could not quite make out what animals belonged to
him and what to our interviewee.

We returned in 2006, and now the family had doubled the farm size. The erosion problems
remained unsolved. There was still no cut-off drain protecting the land, and no other conservation
measures either. They hired casual labour (while in 1991 this farmer worked for others) and they
received help from work parties. Generally, the economy seemed to have improved. Although they
had livestock they did not plough. The manure was not used in the fields. Ten donkeys (!) were
used for carrying water from River Dalai. The harvest was modest, and the family depended more on
livestock, selling milk, than on farming.

Ten years further on, in 2016, they say life is difficult as the land is not fertile. The farmer now
occasionally does casual labour. All the same, in 2014 they built a new house, using their own money,
and a contribution from the parents in law, and in 2015 they had bought three goats and four ducks.
They had five cows and two donkeys. They say that life was better in the 1990s.

#G204. In the early 1990s, this farmer was one of Goima’s richest persons, owning 32 acres
(12.9 ha) of land and a large herd. The family got very good yields in newly cleared land at a distance
from the village centre. They harvested 90 bags of grains as well as beans, pigeon peas, cowpeas,
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etc. This, the farmer said, was about half the normal harvest. They used cattle manure in the fields.
They ploughed with both tractor and oxen, and used hired labour for the farm work. They also
ploughed with oxen for others. The main income came from trading with livestock.

Today the farmer is dead and the sons and their families live on the farm. In 2006 they built a
house with burnt bricks, cement floor and roof covered with metal sheets. It is equipped with solar
panel. Soil fertility has gone down dramatically, and they continue to transport cow dung to the fields
on oxcarts. There are many mouths to feed and they say life is more difficult now. Today they have
18 cows, 20 goats and 7 sheep.

#G242. When we first met this farmer, she was a middle-aged, recently widowed woman living
with her children in the hills above Goima. She was ranked in wealth group 4 (of 6), meaning that
people did not think that the family could subsist from only their land. She cultivated 5 acres (2 ha),
all with ridges, on sloping land, surrounded by forest. She had recently increased with two acres
(0.8 ha) to allow two acres (0.8 ha) to stay fallow. She looked after livestock for others, and cultivated
with the help of the children. She worked for others now and then, as did her sons. She was, at our
first visit, upset because bee-hives had been stolen. “This could never had happened had my husband
been alive”.

We met her again in 2006. She was growing a wide selection of crops, some for the market but
most for home consumption. Her sons were now married and lived with their families on the land.
All the land was cultivated, using hoes. A work party had helped with weeding. It was a household in
full swing.

Ten years later, 2016, only a grandchild lived with her on the farm. She was still using her old tembe
house. She occasionally did casual work. Some of the land has been divided to other grandchildren.
The cultivated area was smaller. She was in a phase of the life cycle when life become reduced, and she
was not particularly happy to be interviewed while she had on previous occasions been quite helpful.

#G333. The husband and wife were in their 30s in 1992, with four small children. They had moved
five years earlier to the land they cultivated from land close to the village centre. They had been
looking for more and better land. They cultivated only half of the 6 acres (2.4 ha, with ridges, across
the slope) in 1992 because of the poor rains. In 1993 they opened a further two acres (0.8 ha). They had
left the land in the village fallow. In the wealth ranking they were regarded as among those who can
support themselves on their land, but in the dry year 1992 they harvested very little. To survive they
sold goats and did day-labouring. They had 15 beehives, and the husband made bee-hives for sale.

In November 2016, they had recently moved back to the village centre to get closer to schools
and services. The house was built by sunburnt bricks, and with a metal sheet roof. They had been
successful with the previous move. Most years they reaped good harvests and they bought livestock.
In 2013 they sold crops for TZS 300,000 (c. USD 135), which was invested in livestock. They now
had ten cows, two donkeys and four goats. They are a modernising family where husband and wife
take decisions together. Five children have been through secondary schools. Life has improved,
they concluded.

#G367. In 1991 their land was a clearing in the hills, about an hour and half’s walk from the
village centre. The farmer was a man in his 60s, who together with his sons and two more families,
had returned to the place they had been evicted from during the villagisation campaign of 1974.
Now they had started a small settlement in the forest. It was a calm and pleasant life, and the first two
harvests had been good. “If you come here next year, you shall see what we can do here”. However,
water entered the 3-acre field (1.2 ha), there were rills all over the place and emerging gullies. The 1991
harvest was poor.

We revisited in 1993. The farmer had been sick, and the cultivated area was now reduced.
He harvested almost nothing, “no rains”. The erosion problem had clearly grown worse. The farmer’
solution, he told us, was to “leave for Matui to get new land if things do not improve”. In addition to
the land, the farmer had 60 beehives but only harvested 7 debe of honey a year. (A debe is a tin container,
for kerosene, and re-used to measure and store grains, potatoes and other products. It holds roughly
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13–14 litres or kg. One might think that honey production could be a safe-guard in dry years but also
flowers are affected by drought.) He prepared honey beer and sold. He also makes wood products
that he sells in Mondo market, about 25 km away. He and the sons also worked as casual labourers to
get food.

In 2016 the farmer was dead and his widow said that without fertilisers, which she could not
afford, the land does not produce anything. The house was built by sunburnt bricks and had a grass
roof. In 25 years the household had gone from a golden opportunity, on land that had been rested for
20 years, to bad lands.

#G436. He is one of the farmers who said that life was better in the early 1990s. At the same
time, our records tell that at that time his fellow villagers ranked the family in wealth group 4 (of 6),
which means that they had to do day-labouring for their food. They experienced considerable problems
with soil erosion on the land. They had 12 goats, and the family got extra income from selling local
beer. The husband’s parents helped with money for ploughing. Things were not that bright in the old
days either, we could note.

Now he is divorced since 15 years. His house was destroyed by floods in 2015, and he has built a
new house with walls of sticks and adobe and a roof covered with soil. The animals died about ten
years ago, and he says he does not have much energy these days. He cultivates 3 of his 5 acres (1.2 ha
of 2 ha). It was easier, he commented, when they were two who cooperated, and when the children
were still at home. Problems with supporting the family have followed him through his life. The root
cause is, we assert, that he never managed to do anything about the soil erosion on the land.

Appendix A.2. Mirambu Village

Farmer #M024. This household was ranked in wealth group 4 (of 5) in the early 1990s. The family
had sold land, and remained with 7.5 acres (3 ha), of which four were cultivated. One of the fields was
on a 4.5% slope, with serious erosion problems. They harvested only three bags of grains, of which
they sold two tins of bulrush millet. Food was finished by October. The four beehives did not produce
this year. The husband worked as a casual most of the time. The family sold home-made beer.
They received a small quantity of maize as famine relief.

In 2016 the land had been divided between the sons, and they now leased 2 acres (0.8 ha) from
a neighbour. In 2015 they built a new house, with bricks and iron sheet roof, with the help of two
daughters who worked as housemaids elsewhere. Life is better now, they say, as they have a better
house, and get help from the children from time to time.

#M029. In 1992 our informant was an old woman, ranked in the poorest group. She owned
3.5 acres (1.4 ha), had a grandchild staying with her, and got help also from other grand-children to
cultivate. This dry year she harvested only a few tins. Food was finished already in July. Her children
and neighbours helped her with food. She received famine relief with 4 kg of maize.

In 2016 an adult son and his family live on the land, and things had improved. The old house
had collapsed and they were building a new made of sun-dried bricks with a grass roof, and had
eleven goats and two donkeys, bought with money from day-labouring. They ploughed with a donkey
instead of using hand-hoes.

#M044. In 1992 this household was ranked in wealth group 4 (of 5), indicating that the family
could not support themselves from their land. The farmer was a woman in her thirties. Her husband
lived in a village about 20 km away. She had 2.5 acres (1 ha), inherited from her maternal grandmother.
She harvested two bags of white sorghum, a tin of pigeon peas and very little else. She had chicken and
sold eggs. She worked as a casual most of the time. Received a small quantity of maize as famine relief.

In 2016 the informant had died, her house had collapsed, and been replaced with a house built by
sun-dried bricks and with a roof covered with metal sheets. Now an adult daughter lives on the land.
She works regularly as a day-labourer and gets an extra income from making pots. Life was difficult
25 years ago, and so it is today.
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#M135. Wealth group 4 (of 5) 25 years ago. Their assets might have implied a better ranking
since the family had 5 acres (2 ha), 6 cows, 5 goats. The harvest, however, was minimal, and food was
finished by September. The husband worked frequently as day-labourer, and they brew beer for sale
to get an extra income. Sold two goats to buy grain. They also received 5 kg maize as famine relief.

In 2016 the farmer was old, both his wives were dead, and he had divided the land among the
children, retaining one acre (0.4 ha) for himself. In 2015 he built a new house, mud and daube walls
and earth-covered roof, with the help of his children. They also gave him food every day. He says life
was more enjoyable when he still had cattle. One daughter is a housewife in Dodoma, and the other
children are farmers. He survives with the support of the children.

#M162. In 1991 this farmer was in his mid-thirties. He was ranked in wealth group 4 (of 5),
had five children, and lived on 1.5 acres (0.6 ha) of land that he had bought. He borrowed land in
addition to his own. He harvested two bags of grains and a couple of tins of small crops. He said he
would normally get six bags. He was doing casual labour regularly. The family brewed local beer for
sale twice a month.

In 2016 the farmer had evacuated his house after it collapsed, and was building a new with mud
and daube walls and a roof covered by earth. He still did casual work. He had had livestock at some
stage but they died from disease. Erosion problems on the land had grown to the extent that some of
the land had been abandoned. Yields are low, and life has not improved, he says, compared to 25 years
ago. Receives help from the children.
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Abstract: This paper investigates the drivers and dynamics of livelihood and landscape change
over a 30-year period in two sites in the communal drylands of Zimbabwe (Marwendo) and South
Africa (Tshivuhulani). Of particular interest to us was how access to social protection and a wider
range of options may mitigate increased vulnerability under a changing climate. A mixed methods
approach (using household surveys, focus group discussions, life history interviews, transect walks
and secondary sources of data) was applied to develop human–environment timelines for each
study site. Findings indicate that prolonged periods of droughts, unreliable rainfall, changing
socioeconomic policies and development-related projects were among the major drivers of both
positive and negative change in both villages. Marwendo, in particular, experienced a suite of
negative drivers in the last 10 years that increased vulnerability and forced households to diversify
into potentially maladaptive activities. In contrast, the expansion in social grants in Tshivhulani
provided an important safety net that reduced vulnerability, but also led to a decline in farming and
a narrowing of livelihood activities for some households. We demonstrate that rural development
initiatives such as electrification and road construction can strengthen local people’s capacity to
respond to drivers of change, while new methods of farming and diversification of the livelihood
portfolio can make them more climate-resilient. However, long-term changes in landscapes and
ecosystem services and feedbacks on livelihoods could reverse some of the benefits of development
by eroding the natural capital many households still depend on.

Keywords: livelihoods; landscape change; drivers; trends; vulnerability

1. Introduction

There is a growing sense of urgency to better understand the complex and rapidly changing
global realities that the world faces today [1]. Greater risk and uncertainty is fast becoming the norm
as our planet undergoes escalating levels of environmental change (e.g., [2]), including climate change,
and as globalisation links countries and economic systems in multifarious and often unpredictable
ways [3,4]. Ongoing and accelerated change in climate, population and migration, environment,
land use, and economies often translate into increased risk and vulnerability at the local level,
particularly amongst poor natural resource dependent communities [5–7].

In southern Africa, it is well established that contemporary rural society is facing a growing
suite of interacting stressors including HIV/AIDS and other health shocks, poverty, food insecurity,
weak governance, climate variability and increased extreme events, and land and resource degradation,
to name but some [5,8–16]. These changes and stressors combine to exacerbate livelihood asset erosion,
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vulnerability, poverty and food insecurity, and tend to be most amplified in the dryland parts of the
region [17–20]. Drylands (arid, semi-arid and dry sub-humid areas) represent highly sensitive systems
where precipitation is scarce and typically more or less unpredictable, temperatures are high, humidity
is low and soils generally contain small amounts of organic matter [21,22]. These, and other biophysical
features, have profound socioeconomic implications, which exacerbate the feedbacks between poverty,
environmental decline and long-term vulnerability [15,23]. Such biophysical sensitivity is further
affected by a lack of capacity in civil society, the private sector and governments to respond
appropriately to emerging threats in these areas [24].

Moreover, several commentators have argued that new and incipient risks and threats in these
regions are outpacing and superseding any positive development changes that may have strengthened
livelihoods and improved the ability of rural people to respond to the negative impacts of change in
the past [15,25]. Indeed, in dryland regions livelihoods are reported to be deteriorating and poverty
deepening [15], while there is mounting evidence that people are turning to potentially unsustainable
practices, such as higher levels of natural resources harvesting, in order to cope with the increasingly
harsh living conditions they are facing [14,26–28]. Overall, people and ecosystems in the region are said
to be becoming increasingly vulnerable, especially to climate change [17,29,30]. Given this situation,
these local level social–ecological complexities require systematic unpacking in order to identify and
promote sustainable pathways and trajectories into the future. In particular, how different economic
and policy contexts play out in either blocking or enabling sustainable livelihood responses in these
constrained arid and semi-arid environments needs further enquiry, something this paper seeks to do
using South African and Zimbabwean case studies.

Many approaches to global environmental change research tend not to include the broader
political-economy and development context, nor address historical processes. Vulnerability and
adaptation in southern Africa cannot be addressed in isolation of an understanding of broader
issues such as historical trends, regional development challenges, drivers of poverty and inequality,
problems of political representation, health concerns, land and tenure issues, social welfare systems
and people’s own concerns and priorities. Current drivers of change are deeply embedded in the
past and have profound implications for what is possible in the future [1]. Thus, when facing major
environmental change, such as the effects of climate change, developing an in-depth knowledge
of past drivers and experiences is of prime importance [31,32]. Furthermore, a holistic picture is
needed as poorly coordinated national and regional policies and strategies sometimes reinforce the
structural and political factors that contribute to vulnerability and poverty in the first place. To fully
understand how different contexts, policies and multiple stressors shape vulnerability and to capture
local people’s own experiences, local-level, placed-based case studies that link social and ecological
change and vulnerability are essential [33]. These studies need to include the ‘lived experiences’ and
narratives of the very people affected by climate change and other stressors. The use of inductive
qualitative approaches, such as applied in the human–environmental timeline method [31,34] and life
histories, together with quantitative data enable us to describe drivers and processes of change that
determine livelihood outcomes and vulnerability in particular local circumstances. We argue that only
through understanding how society and ecosystems simultaneously interact and respond to new and
exacerbated drivers can we start to address vulnerability and promote sustainability in a changing
world. Consequently, more place-based studies that facilitate comparison of the livelihood and
vulnerability outcomes resulting from different historical and contemporary drivers, from the national
to local scale, are needed in order to inform development and adaptation solutions going forward.

In this paper we use the Millennium Ecosystem Assessment (MEA, [23]) definition of a driver
as any factor (natural or human-induced) that can cause a change (direct or indirect) in the structure
and/or function of a social–ecological system. Drivers that result in negative outcomes are often
referred to as stressors [35] and tend to be ongoing, long-term and persistent [36], as in the case
of resource declines, seasonality issues, and temperature increases. Shocks, on the other hand,
are generally unpredictable, short term events such as human, crop and livestock disease epidemics;
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natural events such as droughts, and floods; and economic turns such as currency devaluation [37].
To unravel the impacts of different drivers on livelihood outcomes and vulnerability we applied
Dorward and colleagues’ livelihoods aspiration framework [38] that identifies three dynamic livelihood
strategies or trajectories that emerge from change: “hanging in”, “stepping up”, and “stepping out”.
We added another category, “losing out”, which refers to a situation of increasing vulnerability.
Vulnerability is most commonly understood as consisting of exposure to shocks and stressors,
the susceptibility to harm from these (sensitivity), and the capacity (or not) to respond and recuperate
from such adverse impacts (adaptive capacity) [13]. Here, we draw on a notion of vulnerability that
highlights the importance of incorporating both a risk-hazards perspective (that locates vulnerability
within external risk) and an entitlements–livelihoods and political ecology perspective (that traces
vulnerability to multiple social, political and economic factors at different scales) [39,40]. Place-based
vulnerability is thus a function of the starting context in which people find themselves, including their
livelihood options and activities and the assets they have to draw on, all embedded within the local
institutional context, wider political economy and agro-ecological system, and influenced by historical
processes, such as colonisation, and the risks and threats that households face.

Drawing on the above and responding to the research gaps highlighted, in this paper we
investigate the drivers and dynamics of livelihood and landscape change over a 30-year period
in two rural villages in southern Africa, one in Limpopo Province of South Africa and the other in
Manicaland Province of Zimbabwe. The two villages are located in similar semi-arid environments,
but vary in terms of socioeconomic policies and conditions. In particular, what stand out are the site
differences in relation to access to social protection and welfare, basic service delivery and development
opportunities. In South Africa, social grants in the form of old age pensions and child grants are
received by large numbers of poor households; these provide a safety net that is not available in
Zimbabwe [41]. Furthermore, the post-apartheid period in this country has been characterised by a
commitment to improvement in service delivery in many previously neglected areas. Through analysis
of how these contextual differences, and the drivers behind them, influence people and landscapes
at the local level, we aim to contribute to the growing body of literature on social–ecological change
in the region. We are particularly interested in how access to social protection and a wider range of
options in South Africa may militate against some of the impacts of new threats and prevent a possible
downward spiral of increasing vulnerability or a poverty trap. Such downward trajectories might
result from, for example, higher dependency on, and subsequent overuse of, a range of vital ecosystem
services that people turn to when livelihood options are limited [14]. The study was thus designed to
facilitate examination of the similarities and differences between villages in relation to the national and
local socioeconomic and political context, while the construction of coupled human–environmental
timelines enabled us to explore the temporal coevolution of drivers, livelihoods and natural resources
based on local perspectives and narratives. Specific objectives included to: (1) identify the drivers that
have influenced livelihood and landscape change within the two villages; (2) unpack the changes that
have taken place; and, lastly (3) interpret what these changes mean for social–ecological vulnerability
and future livelihood trajectories in each setting.

2. Study Sites, Approach and Methods

2.1. Study Sites

The study was conducted in two paired, purposefully selected villages (366 to 645 households),
in the drylands of southern Africa, namely Tshivhulani village in Limpopo Province of South Africa
(part of the former homeland of Venda; 22◦55′46′′ S; 30◦29′40′′ E) and Marwendo village in the
Manicaland Province of Zimbabwe (20◦6′28′′ S; 32◦27′3′′ E).

Both study sites fall within the savanna biome, specifically what is commonly referred to as
dry woodlands, and receive an average rainfall of between 334–450 mm per annum, characterised
by high variability and mid-season droughts [42,43]. The vegetation in Tshivhulani is classified as
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Soutpansberg mountain bushveld [44], and is characteristically heavily impacted by overgrazing,
wood-collecting and farming activities. Common trees found include Vachellia (previously Acacia)
karoo, Berchemia zeyheri, Combretum molle, and Kirkia acuminata among others. Marwendo lies in
agro-ecological Region IV of Zimbabwe [42], a semi-extensive farming region that is characterised by
low rainfall and periodical seasonal droughts and severe dry spells. The most extensive vegetation
types in the village are open Mopane (Clophospermum mopane) woodland and Acacia-Combretum
woodland. Other common species and genera include the baobab (Adansonia digitata) (an important
source of fibre and emergency food) and Terminalia spp. The grass cover in the village has been heavily
affected by overgrazing and bush encroachment [45].

The villages differ in terms of their socioeconomic characteristics (Table 1), especially with
respect to proximity to urban areas, government policies, and access to social protection or welfare.
Tshivhulani village is located some 10 km from the nearest town (Thohoyandou), whereas Marwendo
village is located 40 km from the nearest town (Chipinge). Access to electricity and piped water is
more uniform in Tshivhulani than Marwendo. Both sites are characterised by widespread poverty and
unemployment [46,47]. In Tshivhulani most households rely on a combination of government social
grants (mainly old age pensions and child grants), remittances from migrant workers, home gardening,
some livestock production and the collection of firewood and other natural resources (wild fruits,
vegetables) for their livelihood [48]. In Marwendo, livelihoods are dominated by cereal production
for household consumption, which is the key livelihood activity for the majority of Zimbabwe’s
rural population [47]. Livestock production, mainly cattle and goats, is also important. The village is
located on the edge of the Mutema Highlands [45]. Residents rely heavily on natural resources, such as
construction poles, firewood and fencing materials, and food and medicine, obtained from these
highlands. Cash and in-kind remittances primarily from South Africa have become an increasingly
important source of household income. Due to the significantly high levels of poverty, low levels of
economic activity coupled with poor quality of land available, non-farm activities such as seasonal
casual work, petty trading and the sale of handicrafts and other local natural resources have become
important sources of income.

Table 1. General characteristics of the two study villages.

Village Characteristics Tshivhulani (South Africa) Marwendo (Zimbabwe)

Number of households 645 366

Dominant ethnic composition Venda Ndau

Water source Piped water River/boreholes for most of village except
township/urban area

Transportation Gravel road Gravel road, close to the main highway

Market access Very easy Fairly easy

Electricity Yes Yes/only few households

Distance to the nearest town Less than 10 km 40 km

Social grants (monthly) Yes No

2.2. Approach and Methods

The human–environment timelines presented in this paper were developed by drawing on the
findings from a mixed-methods approach that included a household survey, focus group discussions,
in-depth life history interviews, transect walks and a review of secondary sources. This approach
facilitated the triangulation of findings and provided multiple sources of information to construct
comprehensive human–environment timelines that are able to highlight the co-evolution of livelihoods
and landscapes over time as influenced by major biophysical, socioeconomic, development and policy
drivers of change. Furthermore, the insights gained from these various approaches, in particular the
qualitative methods, assisted with interpreting the findings presented in the timelines. The timelines
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were constructed to cover the period from 1980 to the present and were divided into three distinct
periods: Period 1 (1980s): 1980 to 1989; Period 2 (1990s): 1990 to 1999; and Period 3 (2000s): 2000 to
the present. The drivers and changes are described and the outcomes interpreted according to
Dorward et al.’s typology in [38].

The bulk of the long-term temporal information was obtained from focus group discussions.
One focus group was held in each village with 6–12 participants (based on who arrived on the day)
in their 50s and 60s, including both men and women. Members of this age group are viewed as the
custodians of considerable knowledge and experience of the past, making it possible to look back at
least two generations. The local councillor assisted with finding suitable participants. To determine key
chronological events and temporal changes in the village over a 30-year period, participants were asked
to recall and generate insights about changes in their villages (both in relation to their livelihoods and the
local landscape), the factors behind these changes (drivers) and the outcomes for livelihoods. This was
complemented by a ranking exercise that was used to determine the relative importance attached to
various livelihood activities and environmental concerns that had been identified by the participants.

Other data used in the human–environmental timeline included findings from the household
survey carried out in each village. Some of these results are also tabulated or graphed in this paper to
provide additional evidence for the trends indicated in the human–environmental timeline. Structured
questionnaires were administered to 80 households in each village. These households were randomly
selected using freely downloadable Google Earth software, where random points were generated
using the “Cruise tool” [49]. The Cruise functions allow one to enter the number of points required;
80 random points were generated from each map site. These points were then displayed on a Google
Earth map, printed out in colour and taken to the field. During fieldwork, the household nearest to the
GPS point was selected for the study and, if not available or not willing to take part, the next closest
willing household was visited. The questionnaire covered four main themes: (1) household members
and structure, income, assets, livestock and farming activities; (2) shocks, long-term stressors and other
changes and local responses (including natural resource safety nets); (3) changes in woodland cover
and natural resource use and drivers; and (4) future concerns.

Stories obtained from in-depth, life history interviews also provided contextualisation for the
timeline. Ten households were selected in each village, targeting the elderly. The interviews were
recorded and field notes were taken. The interviews were later transcribed. Respondents were asked
to tell their “life stories” in whatever way they felt comfortable and to describe notable events that
they believe defined their experiences. To facilitate the storytelling, questions based on the following
major themes were used to guide the interview: (1) livelihood changes (general household information,
personal narrative of the respondent’s life from growing up to present, village’s history and any
changes that occurred since their arrival, hardships experienced, major causes of hardships); (2) local
responses to key changes, shocks and stressors faced (with a particular focus on the role of social
protection and use of natural resources); and finally (3) a look into the future (major concerns into the
future for the household and the community).

For data on landscape and natural resource change, a transect walk, which involved walking
from the village periphery into the surrounding grazing lands, was carried out in each village with
5–10 willing participants (both male and female) recruited from the community. This walk provided
an opportunity for direct observation, questioning, discussion and learning about natural resources
and biophysical indicators of change and the livelihood impacts of these for villagers. Several aspects
related to the use and availability of woodland resources were discussed and recorded. These included
the main uses of key woodland products, who uses them (e.g., men, women, children, community
outsiders, etc.), any changes in vegetation structure, species, and the relative abundance/scarcity of
useful species, changes in the distance and/or time required for collection of woodland products;
and changes in land use and cover, including woodland shrinking and/or patchiness and the opening
up or abandonment of cultivated areas. Where the transects passed through fields or old fields, various
issues relating to arable agriculture were discussed.
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Lastly, secondary data sources including government reports, other published historical or
anthropological studies in southern Africa, newspaper articles and non-governmental organisation
(NGO) reports were reviewed to gather background information on the historical context as well to
triangulate the findings.

3. Results and Discussion: Coupled Human–Environmental Timelines

3.1. Drivers of Change and Trends

In this section, we highlight the key drivers of change (both positive and negative) identified from
the various data sources. For ease of discussion, we classify them into four main categories, namely:
(1) climatic drivers and events (perceived changes in rainfall and other weather-related parameters);
(2) demographic and socioeconomic drivers and events (changes in socioeconomic and structural
policies); (3) local developmental drivers and events (local factors, including NGO projects and
provision of new services, that facilitated or detracted from people’s ability to make a living); and (4)
drivers of natural resource change (changes in land use and cover, natural vegetation and useful
species). These various drivers work together to influence ecosystem and human vulnerability and
livelihood outcomes. The sections that follow then consider the combined impacts and consequences
of these drivers and the subsequent changes in livelihood and landscape vulnerability.

3.1.1. Climate-Related Events and Drivers

Given that both villages are located in dryland areas with highly variable climates, it is not
surprising that climate, particularly drought, emerged as an important driver of change (Figure 1a,b).
Both villages have experienced prolonged periods of drought, on an almost decadal basis, coupled
with increasing temperatures since the 1980s. All of the droughts were considered by participants to be
severe. In Marwendo (Figure 1aA), participants spoke about the 1992 drought as being the worst in
living memory. This drought was said to have been so severe that it resulted in critically low levels
of surface water for both domestic use and livestock, and people had to live from hand to mouth.
In Tshivhulani (Figure 1bA), the 1992 drought was regarded by the focus group participants as a
natural disaster in economic, social and environmental terms that altered the course of their livelihoods,
while the 2002 drought was said to have caused severe hunger and dragged people into deep poverty.

Figure 1. Cont.
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Figure 1. (a) Coupled human–environmental timeline of Tshivhulani village, based on focus group
discussions and complemented by transects walks, life history interviews and secondary sources of
information. (b) Coupled human–environmental timeline of Marwendo village, based on focus group
discussions and complemented by transects walks, life history interviews and secondary sources
of information.

Other than droughts and increasing temperature, another climate-related driver mentioned in
both villages was greater uncertainty regarding rainfall patterns. The rainy season was described
as becoming increasingly unpredictable, and, together with high temperatures, these unfavourable
weather conditions were considered to be pushing people into off-farm activities. An increase in strong
winds and veld fires, particularly in the early 2000s, were mentioned in Tshivhulani resulting in damage
to houses and vegetation. The 2000 flood was also a key event in this village, which resulted in loss of
property (collapsed dwellings) and damage to infrastructure such as roads. This was pinpointed to the
first two weeks of February 2000, showing that many respondents had clear memories of this event.

3.1.2. Demographic, Socioeconomic and Policy-Related Events and Drivers

Events and changes in the demographic, socioeconomic and political spheres also contributed
significantly to the changing conditions in the two villages, with the primary drivers being quite
different between the two countries.

A key influence on change in both villages in the early 1980s was a peak in the population,
and then steady growth following that. In Marwendo, this was said to be the result of an influx of
refugees from neighbouring Mozambique. The refugees were fleeing the Matsangaissa anti-communist
rebel group, which had sparked war in their country [50]. For some villagers the refugees were
welcomed as they provided a relatively cheap source of labour, although after the war many of these
Mozambicans returned home. One participant commented:

“I was able to hire one of the refugees (Arushia) . . . . I provided him with a place to put his
head, food to eat every day . . . in return Arushia (the hired refugee) would help me with
herding my cattle and farming. By then I had a large herd of cattle before the 1992 drought
wiped out all of them . . . these friends of ours, ‘maputukezi’ meaning ‘Portuguese refugees’,
were very obedient and trustworthy and this made it easier for us to live with them like
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family . . . . After the war in their country, it was sad for me and my family to see him go as
he was now part of our family” [Male respondent in Marwendo village].

Most other drivers of change in this category emerged in the 1990s and 2000s, especially the last
10 years, and their impacts continue to be felt. During this period, Marwendo faced mostly negative
drivers. One of these was the adoption by the government of Zimbabwe of the Economic Structural
Adjustment Programme (ESAP) in the 1990s, designed by the International Monetary Fund (IMF)
and World Bank. Smallholder farmers in Marwendo explained that the ESAP resulted in economic
turmoil, which saw them becoming less well-off due to rising input costs, higher costs of services
(e.g., health care, education), lower output prices and reduced remittances from urban areas as people
lost their jobs. The far-reaching impacts of the ESAP have also been written about by several other
authors [51–54]. The ESAP saw massive retrenchment of the labour force, particularly in industries
and civil service [54]. This had serious negative repercussions on the economy of the country and
made rural people worse off, as one participant shared:

“I lost my job after the company I was working for had to retrench workers. I was forced to
come back to the village where I started to plough the land. From the day I lost my job, things
have never been the same, eating from hand to mouth” [Male participant, Marwendo village].

The above sentiment clearly shows that chronic underemployment and increases in unemployment
meant that rural communal areas like Marwendo had to endure much of the strain.

It was during the same period that most participants agreed that HIV/AIDS was becoming a
serious concern, furthering the downward spiral of poverty in the village. The HIV/AIDS epidemic
hit rural populations hard and peaked in the late 1990s, with major effects on household structure,
gender relations and labour. According to Freeny [55], Zimbabwe experienced a huge increase in
adult mortality from the mid-1980s to the mid-1990s, essentially due to HIV/AIDS. Most affected
households were forced to sell their assets in order to cover medical costs. The South African situation
mirrors this.

The decline in health and higher mortality rates was further compounded by policy change,
which saw the introduction of school fees for secondary schooling. This presented a major challenge to
poor people in the village. This rolling back of government services also included withdrawal of free
health care, agricultural extension and veterinary services [56]. The removal of subsidies for seeds and
fertilisers, coupled with the healthcare burden, seriously affected farming in the village.

Compounding all of this is the issue of inflation, which peaked in the years 2008 and 2009. People
felt desperate, as captured in the following quote:

“It is only left for God to decide the fate of peoples’ lives . . . It was very hard for me and my
family to even buy a loaf of bread ‘mari yaisatenga’ (meaning ‘money could not buy anything’)
during these difficult times . . . the prices of goods and services would change more than
three times a day” [Female participant, Marwendo village].

The last 10–15 years have therefore seen a loss of income for investment in productive assets such
as livestock, household health, education and household food security for most villagers. We discuss
this and the longer-term consequences in the next section.

Another important and more positive economic driver that was noted to have occurred in the
late 2000s in Marwendo was the introduction of the United States dollar as the official currency
of Zimbabwe in April 2009. Most respondents agreed that this stabilised the prices of goods and
services and increased the availability of consumer goods that were in short supply between 2000
and 2008. However, the present chronic shortages of currency have all but reversed the benefits that
dollarisation brought.

In contrast to Marwendo, the drivers in this category in Tshivhulani had mainly positive outcomes
for villagers. The South African democratic transition in 1994 marked the end of discriminatory
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apartheid policies, and a commitment to amend the injustices of the past. It was generally agreed
amongst participants that this led to improvements in basic infrastructure such as water and sanitation
systems, electricity lines, roads, housing and other services provided at municipal level (discussed
further below). In addition to this, the democratic transition saw the equalisation and increased
value of old age pensions, as well as the introduction of child grants (http://millionssaved.cgdev.org/
case-studies/south-africas-child-support-grant). Following this, social grants became an increasingly
important part of villagers’ income profiles with the availability of cash fostering more livelihood
options and providing an important safety net.

3.1.3. Local Development-Related Events and Drivers

Local development-related drivers mentioned by focus group participants mainly related to
the provision of infrastructure and services, although in Marwendo support by non-governmental
organisations was also highlighted. This had benefits for both villages.

The provision of piped potable water (clean and easily accessible) around 1985, by the government
to the people in Tshivhulani village was noted as a significant driver of change, as it spared villagers
from fetching water from unprotected sources and paved the way for small home gardens for improved
nutrition as explained by a female participant:

“We used to wake up very early in the morning to go and fetch water . . . but now it is very
easy since we have tapped water inside our yard. We even have a small garden where we
grow our green vegetables because the water is readily available. Piped water has made our
lives easier” [Female participant, Tshivhulani village].

The provision of piped water was also emphasised by participants during the focus group as
having relieved drought stress on people, crops in their gardens, and livestock.

Similarly, rural electrification was seen as a significant driver of change in Tshivhulani since 1999
(when the whole village was electrified). Most households were said to now use electricity, as it is
faster and cleaner, although the use of firewood is still common. The advent of electricity facilitated
the flow of information through radio and television broadcast, and allowed households to diversify
their income by engaging in small backyard industries.

More recently the construction of Reconstruction and Development Programme (RDP) houses
and toilets has had positive outcomes. Not only did this provide decent accommodation and sanitation
for the villagers, but also much-needed employment opportunities as the locals were hired to work as
construction workers. Other positive developments included improved road maintenance and thus
mobility and access to the nearby town.

Like Tshivhulani, electrification of Marwendo village in 2009 was also a noteworthy positive
driver of livelihood change. This came as a result of the government recognising that rural
electrification is a major pillar in enhancing socioeconomic development in rural areas. This rural
electrification programme mainly targeted growth points; however households close to the gridlines
benefited as well. The focus group participants acknowledged an increase in enterprise as a result
of electrification, suggesting that such a development can contribute immensely to an increase in
rural enterprise opportunities as also shown by Mapoko and Prasad [57] in southwest Zimbabwe in
Matebeleland South.

Following the arrival of Non-Governmental Organisation (NGOs) operations during the 2000s,
Marwendo witnessed varied development projects and concomitant shifts in local livelihood strategies.
Projects included the establishment of a community garden, several nutrition gardens, women’s
savings clubs and gully reclamation and road construction projects. Thus, external assistance from
NGOs acted as a prominent driver of positive change.

The recent advent of mobile network boosters (around 2012) in the village was mentioned
to have facilitated communication flow to Marwendo through mobile communication and mobile
money transfers, among other services that come with mobile phone networking. Another local
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driver of change was the Chiadzwa Diamond Rush (a period when people migrated to the Chiadzwa
diamond mines to engage in illegal diamond mining) in the mid to late 2000s (after discovery in 2006).
The diamonds were discovered at Chiadzwa, a communal area located in Marange, Zimbabwe [58],
less than 150 km from Marwendo village. This new activity injected cash into the village economy and
resulted in an increase in small-scale commercial activities.

3.1.4. Drivers of Vegetation and Land Cover Change

Land transformation was mentioned as the most significant driver of change in village landscapes
and natural resources, manifested through establishment of new settlements, deforestation (driven
by clearing and fuelwood consumption and sale), overharvesting of natural resources (wild fruits,
wild animals, firewood, thatch grass), and brick moulding (only in Marwendo). The bourgeoning of
new and unplanned settlements in Tshivhulani was noted as a major driver of landscape change in the
village, with 70% of survey respondents attributing the loss of woodland cover in the village to this
driver. In contrast, in Marwendo new settlements (3%) were only mentioned by a few households.
The unplanned expansion of residential areas in Tshivhulani was also said to have resulted in siltation
of the river that feeds the village. One participant said:

“The people in our village just settle wherever they want...our ‘Bafuwi’ (meaning traditional
leader) has lost control over the allocation of stands for people to stay. Long time ago it used
to be in the hands of the ‘Bafuwi’, which means that it was organised. Today people have
settled themselves near water sources, polluting them and cutting down trees. No wonder
we do not have enough water to drink. At this rate, I fear that my grandchildren will not
live to see the river flow as it used to. When it rains, all the loose soils are dragged into the
river, now it hardly flows throughout the year . . . something should be done surely with
these new settlements that are erupting all over the village” [72-year-old female respondent
in Tshivhulani village].

The increase of brick moulding was said to be having the same impact in Marwendo, while 70%
of respondents in the household survey felt that poor waste management and pollution were a major
problem in Tshivhulani (Appendix B).

In both villages, deforestation was indicated as another major contributor to land transformation
(60% of respondents in Marwendo and 56% in Tshivhulani) (Appendix B) and was associated with
decreased availability of woodland goods and the erosion of the ecosystems’ capacity to provide
ecosystem services, e.g., control of local micro-climate and soil conservation. Transect walks in
both villages, revealed that the distance for collection of firewood had increased. In Marwendo,
one participant commented:

“We wake up very early before sunrise in search of firewood and only come back in the
afternoon. This leaves little time to do other household chores and at the same time is
affecting our health” [Female respondent in Marwendo village].

3.1.5. Linking Drivers and Local Concerns

Most of the drivers mentioned above relate directly to the areas of concern expressed by villagers.
In Marwendo, the major concerns mentioned by survey respondents were persistent unemployment,
droughts, hunger, poverty and economic hardships. Respondents in the life history interviews
(see Appendix A, Table A1) and the focus groups emphasised economic trends such as inflation and
dollarisation, which affected the price of goods and services and the cost of living. Respondents in
Marwendo also felt that the current trends in increasing temperature and decreasing precipitation
would continue or even increase in the future. Intensified weather extremes, more frequent droughts
and dry spells, and more crop failures were anticipated. Consistent with previous results, respondents
regularly spoke of the deteriorating natural resource base as a further concern in the village, especially
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as this was linked to current livelihood practices, such as brick moulding, which are undertaken out of
desperation given few other choices.

In Tshivhulani, there has been a shift in the main concerns in villagers’ lives over the past 30 years.
According to focus group discussions and life history interviews, previously food scarcity and poverty
were major concerns, whereas now social grants have helped to address these, coupled with the end of
the apartheid era. The ability to access a good education and the future of children were now ranked
as the major concern for most villagers. A better life with better opportunities was generally hoped
for by most of the families, but unemployment was a major concern, as well as truancy and crime
(see narratives in Appendix A, Table A2).

3.2. Changes in Landscapes and Natural Resources

Several changes in landscapes, the natural resource base and the way in which people utilise
ecosystem services were mentioned in the focus group discussions and household survey, primarily as
a result of the land transformation drivers mentioned above. These changes are illustrated in section
B of the human–environment timelines (Figure 1a,b). In both villages there was a general consensus
by focus group participants that natural resources and woodland products were in a state of decline.
In addition, the majority of household survey respondents in both villages also felt that woodland
cover, availability of water from natural water sources, species diversity, wild fruits, wild animals
and grass cover had decreased (see Appendix B). Increasing soil erosion and loss of soil fertility were
also mentioned. Regarding wildlife, elderly participants in the focus group discussions in Marwendo
recalled times when there used to be an abundance of small antelope and other small mammals such
as scrub hares in the natural woodland close to the village. According to their narrative, all that
remains are baboons and monkeys, which are, because of the growing wild food scarcity, increasingly
encroaching onto crop fields and the main road that passes through the village. Traditional wild fruits,
which used to be abundant, were mentioned to now be scarce and many species that provide fruits
were said to have disappeared from local agro-ecological systems. Despite electrification, fuelwood
harvesting is still seen as an important livelihood activity and source of energy. Many of these
landscape changes impact on livelihoods and even result in livelihood changes, as highlighted below.

3.3. Livelihood Changes and Trends

Similar to landscapes, our understanding on how livelihoods are changing as a consequence of
the drivers identified was drawn mainly from the focus groups discussions as well as the household
survey. From this information we were able to construct the livelihood change portion (C) of each
human–environmental timeline (Figure 1a,b). The household survey was particularly useful in relation
to trends in livelihoods activities, household physical assets and overall standard of living in the
last 5–10 years. Here we consider how drivers work in synchrony to influence what we see in
livelihoods today.

3.3.1. Changes in Livelihood Strategies and Activities

The highly negative economic and policy drivers in Zimbabwe since 2000 combined with the two
recent droughts were viewed to have pushed many villagers in Marwendo to diversify into a range
of ‘self-reliant’ income earning activities. These included the commercialisation of garden produce
(tomatoes, vegetables and onions) and woodland products (firewood, wild fruits, baobab fibre goods,
and thatch grass), brick moulding, casual labour, and migration in search of employment. Some of
these ‘new’ activities were supported by NGOs and were focused on improving rural livelihoods and
adapting to changing climatic conditions. Participants in this village also mentioned they had adopted
strategies and practices such as conservation farming, use of small grains and drip-system irrigation in
order to continue farming. These technologies have been useful in negotiating livelihoods through the
changing climatic conditions and deteriorating crop yields, due primarily to heat and water stress,
that participants mentioned. In 2002, an NGO introduced community nutrition gardens and fruit
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tree plantation projects, mainly for women, which led to improved nutrition and substantial income
increases through the sale of produce. However, when we visited during the middle of the drought
in 2015 little cultivation at all was happening. In addition, development projects also presented
opportunities for local residents to be provided with “food-for-work” employment opportunities
through road maintenance and gully reclamation projects. Road maintenance and construction was
said to have increased accessibility in the village, supporting easier movement of garden produce and
facilitating commercial activities in the village.

While, the above adaptations could be consider a positive response to dealing with negative
drivers, some of the self-driven diversification activities such as brick moulding have potentially
negative feedbacks on key ecosystem services (i.e., water as river banks are mined for clay) increasing
both human and ecosystem vulnerability in the long term. The use of baobab fibre for weaving is
another example. This activity could affect the health of baobab trees, undermining access to an
important emergency food resource (baobab fruit is used for making a maize or small grain porridge
substitute during drought). The reversal in free schooling also caused difficulties for many participants
in the focus groups who mentioned struggling to pay the fees. This has resulted in withdrawal
of children from school, which again has significant long-term consequences for vulnerability and
adaptive capacity.

Like the opportunity created by the nearby diamond discovery mentioned above, electrification
also opened the door for small enterprises such as welding and retail in both villages:

“It is better in our village with electricity. I started my welding business in the village
repairing and making a wide array of things. Since I am no longer much into farming, my
welding business has helped me and my family to survive . . . My eldest son helps with
welding and marketing our products. Since there are not many people involved in this kind
of work, everyone in the village comes to us . . . For now I continue with welding” [Male
participant, Tshivhulani village].

In the above case, diversification of this family’s livelihood activities is a strategy that can be
considered as both opportunistic and reactive. The respondent’s choice to diversify is an example
of a coping strategy for dealing with fewer options, especially with the increased risk associated
with farming, as well as a response to the opportunities created from having access to electricity.
New livelihood strategies and activities are often the product of the interaction between choice and
constraint [59] but may emerge through the interaction of different drivers. Despite the positive
livelihood outcomes of such commercial activities, some participants mentioned they also brought
moral and cultural problems. They mentioned increases in crime, school dropouts and teenage
pregnancies. The diamond mine close to Marwendo was said to be particularly problematic in this
respect even though it facilitated small enterprise development. In terms of electricity the benefits
were also not necessary forthcoming for all. The majority of participants emphasised problems of
high costs, slow progress and selective reach to households, and power cuts as some of the negatives
associated with the electrification programme.

Migration into neighbouring South Africa in search of jobs was also noted as an important
livelihood change in Marwendo and was said to have increased around 2008/9, as at this stage it was
mentioned as the most effective way for young men to earn the money needed to get married (i.e.,
to pay the lobola or bride price).

While there was some livelihood diversification in Tshivhulani, the main changes related to a
decline in field-based arable agriculture and to a lesser extent livestock production, and greater reliance
on social grants as well an expansion of vegetable gardens. The abandonment of field cultivation is not
an unusual finding in the communal areas of South Africa and has been written about in other parts of
the country, especially the Eastern Cape (see [16,60–63]).While multiple drivers have been ascribed
to this decline, having access to social grants to purchase food means it is no longer essential to farm
fields for staple food substances under what is seen as increasingly risky climatic conditions [63–66].
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The cost of investment as local conditions change and as labour needs increase (due to a decline in free
labour and work parties) is also seen to not necessarily be worth the returns [66]. The greater number
of vegetable gardens in Tshivhulani reflects a shift from fields to manageable homestead gardens partly
due to the availability of piped water. Survey results revealed that a large percentage of respondents
(46%) have been leaving cultivated land to fallow (Table 2). Focus group discussions reflected similar
findings; participants mentioned that although they are still holding on to their fields they are not
actively involved in cropping them year in and year out. This was also evident from the transect walks
where large areas of unused arable fields were a common feature, especially areas more distant from
the village. One participant in the focus group explained:

“We still hold on to my field . . . this is our family inheritance . we take pride in the fact
that we have a piece of land to our name although we do not crop in it year in and year out
. . . it still remains our asset . . . we have a small garden in our yard where we mainly grow
vegetables mainly for consumption. The home gardens are very much easier to maintain
as compared to distant fields . . . we can easily water and weed them with very little labour
required” [Male respondent in Tshivhulani village].

By contrast, most villagers in Marwendo had little choice but to continue with agriculture, and to
adapt this by bringing in more small grains (sorghum, pearl millet, finger millet) to minimise the risk
of crop loss from drier and hotter conditions and more frequent droughts. The addition of conservation
farming and micro-irrigation approaches has also assisted in making cultivation more resilient. It is of
note, however, that fewer households in Marwendo (66%) had access to land than in Tshivulani (97%),
despite being more dependent on cropping for food security (Table 2). Regarding livestock the results
show the reverse; 86% of respondents in Marwendo owned livestock compared to 31% in Tshivhulani;
this is even in the context of the majority of the respondents in Marwendo believing livestock numbers
had declined (Table 2). One respondent explained how he ended up losing most of his livestock:

“As the head of the family and in line with our culture, it’s every man’s ambition to
accumulate wealth through acquiring livestock, especially cattle . . . By the late 1980s I
had a herd of 19 cattle, but 12 perished during the infamous 1992 drought . . . I started again
to rebuild my stock using money from my piece jobs. By 2000, I had significantly recovered
. . . but again the 2002 drought struck and coupled with Foot and Mouth disease my herd was
severely affected . . . Now I remain with five cattle” [Male respondent in Marwendo village].

The perceived decrease in livestock numbers can be partly explained by the significantly high
proportion of survey respondents in Marwendo who confirmed that they had sold livestock in the
last five years. The major reasons mentioned included the need for cash income to buy food and pay
school fees, and to recover from a shock such as death of a family member, and expensive events,
among others. This suggests that in Marwendo, villagers are compelled to sell livestock for cash since
it is one of the few options available to them. The quote above illustrates how many villagers are also
unable to restock following livestock loss or sale.

As mentioned, in contrast to field cropping, small-scale, intensive vegetable gardening has
continued to be important in both sites (some 65% of households have vegetable gardens) with
homesteads being the primary location for these in Tshivhulani, while in Marwendo this includes
NGO supported community gardens. However, some barriers to continued growth in gardens were
identified. In the focus group discussions and interviews in Marwendo, respondents raised the issue
of a recent ban by the Environmental Management Agency (EMA) on cultivating vegetable gardens
along natural water sources (i.e., the Tanganda River that flows through the village). This has resulted
in abandonment of gardens.

In both villages, there is a sense of an increasing level of vulnerability within farming systems
and concerns that in the near future it is likely that further adverse climatic events may lead to further
declines in crop and livestock production, ultimately impacting food security. Already in the year of

223



Land 2018, 7, 50

the study (which was a drought), people in Marwendo mentioned greater utilisation of wild foods
such as baobab fruits to meet local needs. Without improved local natural resource management even
these food sources may become increasingly vulnerable through overutilisation and climate impacts in
the future.

Table 2. Land use and livestock ownership in the two villages.

Variable Tshivhulani (South Africa) Marwendo (Zimbabwe)

Households having gardens (%) 66 64
Mean number of gardens/hh 0.66 ± 0.053 0.78 ± 0.087
Households owning fields (%) 97 69

Mean number of fields/hh 0.98 ± 0.018 0.74 ± 0.066
Fallow land left (%) 46 28

Livestock ownership (%) 31 86
Mean number of livestock/hh 2.78 ± 0.594 9.9 5 ± 1.054

Changes in livestock numbers—yes (%) 26 85
Decreasing numbers—yes (%) 15 72

Livestock sales—yes (%) 19 60
Increasing livestock sales (%) 5 22

3.3.2. Changes in Livelihood Assets, Local Self-Sufficiency and Quality of Life

Household physical asset accumulation and erosion can be a good indicator of livelihood
vulnerability and adaptive capacity, as assets are often sold in response to shocks and on-going
stressors, while assets purchases are often the result of more disposable household income. Household
physical assets can include productive assets such as solar panels, wheelbarrows, farming implements,
tools and domestic goods such as televisions, radios, paraffin stoves and furniture. From the survey,
we found that the 46% of households in Tshivhulani indicated that their physical asset base has been
increasing over the past 30 years (Table 3). In contrast, almost half of households in Marwendo noted a
decrease in their total asset base, due to a combination of factors such as being forced to sell livestock
and various goods due to economic hardships, food insecurity, and the need for cash. With respect to
the last 5–10 years, which has been a period of greater hardship in Marwendo in particular, we found
that 40% of households in Marwendo mentioned selling physical assets, whereas the corresponding
number in Tshivhulani was only 8%. Overall, Marwendo has seen a significant erosion of household
and farming assets.

Table 3. Ownership, sale and trends in households’ physical assets across the two villages.

Variable Tshivhulani Marwendo

Average number of assets per household 5 ± 0.23 5 ± 0.42

Asset purchases in last 5–10 years (%) Yes 60 47
No 40 53

Asset sales in last 5–10 years (%) Yes 8 40
No 92 60

Reasons for asset sales (%)

Food 100 38
Fees 0 25

Death/other shocks 0 16
Expensive events 0 21

Change in assets from childhood (%)
Increasing 46 16

Stay much the same 46 35
Decreasing 8 49

Given the changes in livelihoods observed, we were interested in whether households are shifting
from being largely self-reliant, especially for food, to being more cash dependent and what this means
for vulnerability and adaptive capacity. Results from the survey indicate that, in terms of reliance on
purchased goods (over the past 10 years), most respondents in both villages agreed that they now rely
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more on purchased goods than crops from their garden/fields for food (Figure 2). This livelihood
trend was seen as creating increased hardship in the lives of a majority of households in Marwendo
(Figure 2), primarily as a result of scarcity of income and the need for cash leading to asset erosion.
One respondent was quoted as saying: “kana usina mari hauna upenyu”, which means “if you do not
have money you do not have a life”. However, mixed responses were observed in Tshivhulani, with
49% of households agreeing that their lives were made a little easier by relying more on purchased
goods due to availability of cash from social grants. Social grants provide a regular source of income
pooled within the household and are important to food security as illustrated by the narrative below:

“The whole family survives on a state old age grant from our grandmother whom we stay
with . . . no-one in the family is employed formally . . . the other three grandchildren in
the family also receive child support grants . . . We normally use this money to buy food
and clothes . . . If our grandmother were to pass on it will be very difficult for the family to
survive because next year one of the grandchildren will be too old to be eligible for the child
support grant” [Female respondent in Tshivhulani village].

Figure 2. Proportion of households relying more on purchased goods rather than on harvested natural
resources/crops from gardens/fields in Marwendo and Tshivhulani village and perceptions of the
impact of this change on household livelihoods.

As part of the survey, we asked respondents to reflect on changes in their overall quality of life
and how, based on this, they conceived the future. Most respondents in Marwendo (72%) agreed that
their lives were better 30 years ago or during their childhood compared to over the last five years
with 86% saying their lives have worsened due to the multiple negative drivers of change in the past
30 years coupled with the continuous erosion of livelihood assets and the inability to rebuild these.
In contrast, in Tshivhulani, 60% of the respondents said that their lives have become better in the last
5–10 years. This coincides with the increase in social grants, which are described by Shackleton and
Luckert [16] as creating a window of opportunity, as well as various developments in the village. Social
grants were said to be crucial in contributing to food security and children’s education. In addition,
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the infrastructure improvements in the village (electricity, piped water, rural development houses,
and road construction) have facilitated access to the town, markets and information, thereby increasing
the range of available livelihood options. Studies from elsewhere in the world have also documented
how basic rural development can help improve the overall standard of people lives [31,67–69].

Respondents’ perspectives on the future were linked to their concerns and their quality of life
assessments. Just over half of respondents in Tshivhulani village (55%) were optimistic regarding their
future (Figure 3) reflecting the improved living standards for most people in this village. However,
44% of households had mixed optimism about their future (unknown—26%; bleak—18%). In contrast,
43% of respondents in Marwendo were very pessimistic about their future and another 34% of
households were unsure of how their future will turn out. Only a few households (14%) in Marwendo
village were positive about their future. Households with a more positive outlook are likely those
that have managed to diversify their income sources to include off-farm activities, or those who were
receiving remittances from their children or relatives.

Figure 3. Respondents’ perceptions of the future in the two villages.

3.3.3. Outcomes for Livelihood and Social–Ecological Vulnerability

The human–environmental timelines constructed for this paper show that considerable changes
in livelihoods and landscapes have taken place in Marwendo and Tshivuhlani over the last 30 years,
amidst continuity in certain ways of life. These changes are linked to and influenced by the wider
political and economic context within which particular drivers operate. The situation is complex,
as multiple drivers and changes interact to both create and constrain livelihood options and subsequent
ability to respond to changes such as more climate extremes.

Rural development initiatives such as electrification, piped water and road construction, which can
be thought as supporting so-called generic adaptation [70], have opened up opportunities as well as
countered some of the negative effects of ecosystem service degradation in both villages. Key responses
have been new commercial activities and more vegetable gardening. However, the ability to exploit
these opportunities is not even, and requires access to cash or credit. Households in Tshivuhlani
with access to social grants are much more able to establish alternative livelihood activities when
opportunities arise than those in Marwendo.

226



Land 2018, 7, 50

In both villages, farming has been affected by climate drivers with responses again differing.
In Tshivuhlani, cash from social grants that allow the purchasing of staples has meant that extensive
field farming is not essential nor necessarily worth the investment and so it has declined, as is the case
for other parts of South Africa [16,62,63]. By contrast, in Marwendo, villagers have had to adopt more
climate-resilient approaches to farming as they have few other choices available to meet their basic
food needs. The social welfare system in South Africa has thus provided a safety net for people both
for their daily living and when faced with shocks, whilst in Marwendo villagers are often faced with no
option but to continue to engage in risky farming activities or in potentially maladaptive practices (e.g.,
woodland product commercialisation, brick moulding or asset sales) to get through difficult times.
Thus, in this village, climate-related shocks and socioeconomic hardships have combined to erode the
household and community asset base impacting on household adaptive capacity. In the long term this
could contribute to spiralling vulnerability as described in Shackleton and Shackleton [14]. That said,
one could argue that the development interventions and social protection (food for work) brought by
NGOs have helped to counter some of the impacts of negative drivers, although the solutions would
need to be scaled up to make a difference in the long term.

If we refer to the well-known typology of livelihood trajectories [38], we could argue that in
Tshivuhlani most households are on a “stepping out” (diversification) trajectory, although there
is also the danger of becoming too reliant on social grants that may not always be available to
households as pensioners pass on and children grow up [16]. In contrast, Marwendo households are
either “hanging in” (coping) or potentially entering what we have termed a “losing out” (erosion)
trajectory, although small-scale development support by NGOs has helped to offset this to some extent.
More social protection, like the food for work opportunities provided by NGOs or state social welfare
or drought relief systems, may be needed in Marwendo in the long term to prevent a downward spiral
into a poverty trap. Only a minority of households in each site could be viewed as “stepping up”
(accumulation), and these are likely to be households that have locally secure employment, and have
managed to diversify their income sources to include off-farm activities or are receiving remittances
(also see [54]).

Based on some of the current livelihood activities—for example, the commercialisation of natural
resources in Marwendo and the over-reliance on social grants in Tshivhulani [71]—we argue that the
vulnerability of villagers in both study areas may increase in the future (with Marwendo being worse
off). This will result from the impacts on local natural capital in the first case, and a narrowing of
livelihood options, flexibility and self-reliance in the latter. The decline in local arable production
has possible future consequences as food prices increase with climate change impacts on agriculture
globally [16]. This will be further exacerbated by the likely increase in exposure to shocks and stressors
of both people and ecosystems, and the current susceptibility of presently pursued livelihoods to both
climate extremes and slow onset changes, especially in Marwendo where livelihoods are primarily
based on natural resources.

4. Conclusions and Future Trajectories

Given that the findings of this study suggest more fragile and vulnerable livelihoods and less
healthy ecosystems in the two study sites, and a further lowering of adaptive capacity, especially in
Zimbabwe, it is necessary to ask: what is required to move rural communities in these semi-arid regions
onto a more sustainable trajectory? The results suggest that this requires attention to both generic and
specific adaptive capacity [70] since adaptation to future climate change is highly influenced by the local
and national development context, but also by new climate threats and risks. The observed synergies
between the coping or adaptive responses to drivers of change, and what can be considered basic
development, corroborate the need for ‘mainstreaming’ adaptation within development planning [31].

Basic service delivery and improved transport, communication and energy infrastructure were
found to have positive impacts on livelihoods, for at least some households, in both sites by opening
the door for small-scale enterprise development. In Zimbabwe, new climate smart approaches to
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agriculture were proving successful in supporting arable production for some farmers through
unfavourable weather periods, while private and communal, mainly irrigated, food gardens were
playing a role in enhancing food diversity, nutrition and security in both sites, with this also being
an income generating opportunity. These, and other areas of development such as providing access
to start-up funding and other forms of credit and developing skills in conservation agriculture and
micro-irrigation, could help to broaden local options, support diversification and local self-sufficiency
and open-up multiple pathways to sustainability that can cater for the interests and priorities of
different types of rural households [72]. Such developments and adaptation strategies need to take
into account local contexts, be structured to target poorer households and support economic returns
without introducing potential negative ecological consequences [31]. At a policy level, in both sites
the issue of education as the entry point to new opportunities, including migration, emerged as
an area of concern; in Zimbabwe this was primarily related to the reversal of free education and
subsequent costs, while in South Africa it was to the poor state of rural education. Both need to
be addressed at a policy level. The findings also suggest that various forms of social protection
are of crucial importance in the semi-arid conditions that characterise the villages in this study to
prevent increasing vulnerability, especially amongst households that are primarily dependent on
natural resources. Such social protection could include free schooling, favourable access to credit,
agricultural subsidies, public works programmes, or monetary or in-kind relief to facilitate recovery
from drought, amongst others [73]. Certainly, there is some evidence from the South African site that
access to social welfare reduced engagement in potentially destructive livelihood activities such as
sand mining and brick moulding. The continuing concern regarding the natural resource base and the
degradation of ecosystem services such as water provision pointed to the need for improved systems
for the management of local landscapes and natural resources to prevent feedbacks on livelihood
vulnerability in the future. Apparently, already the traditional leadership is reinstituting controls over
baobab harvesting in Marwendo, given the importance of this species in food security. Any natural
resource/agro-ecological management approach would also need to consider alternative livelihood
options for villagers, as resource exploitation tends to be an option of last resort for many.
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Appendix A

Table A1. Narratives from life histories indicating the general concerns of people in Marwendo village.

Narratives from Life Histories

“The lack of employment opportunities in our village is a major concern especially for our children who are
in school”

“I am worried that my children will not be able to see the Mukamba tree (Afzelia quanzensis) as this has been
seriously overharvested in the village”

“The forests are now very far away from the village. This forces us to wake up very early in the morning to go
looking for firewood. The scarcity of firewood is a major concern in the village now as very few houses

have electricity”

“We foresee an increased change in the weather patterns, especially with rainfall and temperature. Our river is
never full throughout the year. Most of us fear that it may dry up in the near future . . . my greatest concern is

food security for my family”

“I foresee more frequent droughts hitting our village, worse than the 1992 one. We are most likely to continue
to struggle to feed ourselves”

228



Land 2018, 7, 50

Table A2. Narratives from life histories indicating the general concerns of people in Tshivhulani village.

Narratives from Life Histories

“If my children do well in their education, I foresee a better future, as they will be able to take care of me when
I am old, as well as their own children”

“I am looking forward to a better future for my children and grandchildren”

“My main concern is a better life for my children . . . I wish my children could live a better life than the one
I lived”

“I am unemployed . . . I don’t want my children to live the way I have lived . . . I am concerned about the
future of my children . . . they should live a life that is better than mine”

Appendix B

Table A3. Perceived drivers of landscape change in Marwendo and Tshivhulani villages (% of
respondents agreeing with each driver).

Natural Resource Drivers of Change
Marwendo %
(Zimbabwe)

Tshivhulani % (South
Africa)

Forest Cover

New settlements/stands 3 78
Deforestation 60 22

Brick moulding 4 -
Hardships/survival 3 -
Rainfall variability 15 -

Droughts 15 -

Soil erosion

New settlements/stands 1 70
Deforestation 34 -
Cultivation 11 30

Brick moulding 8 -
Droughts 3 -

Rainfall variability 4 -
Floods 39 -

Water Sources

Rubbish
disposal/pollution 3 70

Deforestation 3 -
Siltation 10 -

Droughts 14 -
Rainfall variability 44 -

Cultivation 26 30

Forest Diversity

New settlements/stands 15 23
Deforestation 41 67

Fires 3 -
Overharvesting 2 10
Brick moulding 4 -

Droughts 30 -
Rainfall variability 5 -

Wild Fruits

New settlements/stands 3 11
Deforestation 18 56

Overharvesting 31 33
Brick moulding 11 -

Hardships/survival 4 -
Droughts 30 -

Rainfall variability 3 -

Wild Animals

New settlements/stands - 15
Deforestation 5 20

Overharvesting 62 65
Fires 3 -

Droughts 10 -

Grass Cover

Deforestation 8 11
Fires 37 70

Overharvesting 5 4
Droughts 27 -

Rainfall variability 23 -
New settlements/stands - 15
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