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ABSTRACT
Climate change is increasingly noted as one of the critical challenges to pastoral production
systems in arid and semi-arid lands, particularly smallholder farming systems, which are
recognized as most vulnerable due to their high dependence on climate conditions and their
limited adaptive capacity. For ages, the pastoral system in Wa East District has altered and
evolved to adapt to shifting environmental circumstances. This study examined the effects of
climate change on mobility patterns of pastoralists in semi-arid northwestern Ghana. The study
specifically focused on patterns and trends in climate change and mobile pastoral systems,
drivers of change, their effects on land use and cover, and explored the adaptation strategies
employed to deal with the effects of climate change and pastoralism on land use and land cover.
The study examined resource access and control through the perspective of political ecology and
pastoral commons theories, with implications for pastoralism, changes in land use and cover, and
climate change. Going by pragmatism as a philosophical underpinning, a mixed research
approach, specifically, the concurrent strategy involving household questionnaire survey, focus
group discussions and key informant interviews was employed in collecting primary data from
387 sampled smallholder farmers from six communities in the Wa East District. Landsat images,
rainfall, and temperature data were sourced using geospatial and meteorological methodologies
for analyzing land use and land cover change, as well as climate change trends and patterns. The
findings reveal that Wa East District has witnessed severe climate change over the past four
decades, which has caused drastic changes in environmental and resource conditions. In response
to changes in land use and cover caused by climate change and nomadic pastoralism in the area,
smallholder farmers have devised a variety of coping methods. Respondents' adoption of these

strategies is heavily influenced by a variety of social, economic, and demographic factors such as



gender, age, household size, length of stay, access to land, livestock ownership, and external
support, as well as their perception of climate change using weather parameters such as
perceived changes in rainfall, temperature, drought, and seasonal variations.The study has
recommended that local adaptation strategies and knowledge of climate change should be
integrated and mainstreamed into scientific practice at national, local and sectoral levels such as

disaster risk reduction, and livestock and agriculture for sustainable pastoralism practices.
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CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

Semi-arid ecosystems across the globe are characterized by erratic rainfall patterns and
variability. These ecosystems present great threats and uncertainty for nomadic pastoralism
(Samuels et al., 2021). As such, pastoralists and their livestock must adapt to these changing
climatic conditions (Napogbong et al., 2021). One of the ways nomadic pastoralists usually adapt
is to align their activities with temporal and spatial availability of resources (Samuels et al.,
2021). In drylands where pastoralists continually face risks and uncertainty, herd mobility is used
to manage climate variability and resource availability (Liao et al., 2020; Napogbonget al.,
2021). Mobility is seen as an environmentally rational method to safeguard maximum use of
limited resources (Samuels, 2013; Dong, 2016), a risk prevention strategy, and a strategy that
maximizes digestible nutrient intake during growing seasons (Samuels et al., 2008; Pas, 2018).
Mobility is generally in the form of pastoralists movements in search of better fodder and water
(Samuels et al.,2019) or seasonal transhumant patterns between dry and wet season pastures,
geomorphological zones, from higher to lower elevation during the cold seasons or between

different latitudinal areas (Adriansen, 2008; Samuels et al., 2021).

Although mobile pastoralism is practiced all over the world, it is predominant in environments
with extreme weather conditions where crop and animal husbandry are considered risky and
commonly susceptible to failure (Samuels et al., 2021). Environmental drivers of mobility

among pastoralists include excessive temperature variations, and erratic rainfall regimes. In



mobile pastoral systems, transhumance is also a distinctive feature where livestock are moved
along ecological gradients such as hydrology, altitude, soil moisture and rainfall in search of
fodder with key functional characteristics to sustain growth and reproduction (Rodriguez-Lopez
et al., 2021). These functional characteristics include fodder production, quality, digestibility,
phenology, and salinity (Liao et al., 2020). An additional driver is often seasonal cultivation of
crops that need to be protected from grazing (Samuels et al., 2021). These conditions have led to
the evolution of pastoralists herding practices to comprise the variable availability of fodder and

water at various temporal and spatial scales.

Mobility among pastoralists is by far the most crucial strategy adopted by the majority of
pastoralists globally to survive and thrive in drylands (Liao et al., 2020). Practicing mobility by
pastoralists is an effective way to meet the dietary demands of livestock and guarantees pastoral
food security (Pas, 2018). Pastoral mobility also reduces susceptibility of rangelands, reallocates
grazing pressure, promotes land sharing with wildlife and increases ecosystem resilience
(Samuels, 2013). Due to climate and other environmental conditions, the quantity and quality of
fodder resources in a specific patch of dryland can vary immensely, both intra and inter-annually
(Rodriguez-Lopez et al., 2021). Instead of fixed control of a piece of land, nomadic pastoralists
in drylands normally require flexible access to several grasslands in well distributed and strategic
locations (Tacoli, 2011). As a result, pastoralists must continuously collaborate with their
neighbouring counterparts, non-migratory communities, and government institutions to maintain

access to grasslands at different locations (Samuels, 2013; Liao et al., 2017).



Notwithstanding the vital contributions of pastoralism to the Gross Domestic Product (GDP) of
many developing countries, its sustainability is not advocated in government policies (Schrijver,
2019). Pastoral mobility is currently under pressure from environmental change and land scarcity
because of increases in human population (Samuels, Allsopp & Timm-Hoffman, 2008); and
famine, wars, inadequate supply of infrastructure and breakdown of customary hierarchies have

also led to a decrease in pastoral mobility (Liao et al., 2017; Schrijver, 2019).

1.2 Problem Statement

Mobile pastoralism has been practiced since time immemorial in many parts of the world.
Pastoral mobility in semi-arid ecosystems is a response to spatial and temporal variability in
resources availability. Pastoral mobility allows herds to optimally utilize vegetation, which
varies in quantity and quality from place to place (Stojanowski & Knudson, 2014; Liao et al.,
2020). It also enables pastoralists to access water and other key resources that are crucial for the
survival of livestock during the dry season and helps them to evade disease-stricken areas

(Napogbonget al., 2021).

Historically, mobile pastoral systems have shifted in order to adapt to dynamic socio-ecological
environments (Dong, 2016). The influencing factors of mobility in pastoral systems are intricate,
occur across various scales, and include ecological, social, economic, and political factors
(Samuels et al., 2021). A universal trend has been for mobile pastoral systems to become
progressively spatially restricted and in many parts of the world pastoralists no longer have the
opportunity to move over long distances (Ayantunde et al., 2014; Dong, 2016). For instance, in

the pre-colonial era, collective rangelands were managed by traditional institutions, which



allowed for inter-territorial grazing between tribal boundaries so that animals could access fodder
and water (Tacoli, 2011; Liao et al., 2020). During colonisation, the British established
administrative boundaries that restricted pastoral mobility and, thus, livestock’s access to
resources. After independence, policies led to the privatisation of some communal lands. As a
result, communal rangelands continued to shrink, pastoral mobility became constrained and
increased pressure was exerted on the limited resource, which led to overgrazing (Samuels et al.,

2019).

Currently, pastoral mobility is under severe pressure due to the breakdown of traditional pastoral
resource management systems, impacts of climate change, population growth and expansion of
commercial agricultural activities (Basupi, 2018). In the past, pastoralist were able to fulfil the
demands of their animals by following rainfall trends or specific pasture supplies across space
and time (Oba, 2013; Stringer et al., 2017). Climate change will continue wracking havoc on
pastoral mobility due to increased exposure to high temperatures and restricted access to water
supplies (Anderson, 2019; Khanal et al., 2018). Climate change has led to a severe decrease in
pasture and livestock feed in arid zones through the disruptions in the seasonal cycles (Dupar,

2019).

Livestock production, which includes pastoralism, is regarded as the second-major agricultural
activity in the Wa East District, making a considerable contribution to local incomes, food
production, and provides employment for about 64.25% rural households (WEDA, 2020; GSS,
2021). Despite the tremendous contribution of pastoralism in the district, it faces a number of

threats that reduces its efficiency and sustainability. Pastoralist in the district are already



suffering from the devastating effects of climate change along with shifting land use patterns that
reduces grazing areas, which is anticipated to have a greater impact on the production of
livestock, particularly cattle due to their feeding habits and susceptibility to heat stress (MLDF,

2015; Kimaro et al., 2018; WEDA, 2020).

Geographical differences in precipitation have a decisive role in determining pasture growth and
land use. Rainfall is one of the most important climatic factors for pastoralism since their
activities are largely governed by water availability, which is often confined to a relatively short
season and irregular in time and space within the district. According to Sulieman and Young
(2019), rainfall gradient and variability determines the amount of biomass generated and its

nutritional quality, and rainfall less than 300mm per year affects the growth of forage.

Pastoralist adaptation to climate change have been captured in the literature (Liao et al., 2020;
Samuels et al., 2021; Napogbonget al., 2021). However, little is known about how mobile
pastoralism has changed as a result of socio-ecological constraints imposed on drylands by
climate change. In the Upper West Region of Ghana, studies attempting to understand pastoral
mobility and the drivers of change in a spatially constrained pastoral system where resources
availability still varies in space and time are lacking. This study sought to fill this knowledge gap
by improving understanding of mobility patterns and drivers of change among pastoralists in the
region. The Upper West Region has witnessed severe climate change over the past decades,

which has caused drastic changes in environmental and resource conditions.



This study intends to provide insights into how mobile pastoral systems will be managed in the
future to ameliorate the consequences of climate change. Understanding mobile pastoralism and
drivers of change thereof is important for policy makers and development practitioners making
efforts to support the sustained growth of this dynamic sector by designing targeted programs.
As food systems transform across Africa, the importance of livestock products as an affordable
animal protein and source of economic livelihood is increasingly justified. Thus, the findings of

this study would be relevant to the global food security and climate change discourse.

1.3 Research Questions

The research questions of the study are classified into general and specific research questions.

1.3.1 General research question
How is mobility patterns of pastoralist influenced by changing climate in Wa East District?
1.3.2 Specific research questions
I.  What are the patterns and trends of climate change and mobile pastoral systems in Wa
East District between 1981 and 2021?
ii.  How is mobile pastoralism influenced by underlying drivers in Wa East District between
1981 and 2021?
iii.  How does climate change and changing mobile pastoralism affect land use and land
cover in Wa East District between 1981 and 20217
iv.  How do smallholder farmers adapt to the effects of climate change and changing mobile
pastoralism on land use and land cover change in Wa East District between 1981 and

20217



1.4 Research Objectives

The objectives of the study have been classified into general and specific research objectives.

1.4.1 General Research Objective
To assess the effects of climate change on mobility patterns of pastoralist in Wa East District.
1.4.2 Specific Research Objectives
i.  To examine the patterns and trends in climate change and mobile pastoral systems in Wa
East District between 1981 and 2021.
ii.  To assess the underlying drivers of climate change and changing mobile pastoralism in
Wa East District between 1981 and 2021.
iii.  To examine the effects of climate change and changing mobile pastoralism on land use
and cover in Wa East District between 1981 and 2021.
Iv.  To explore the adaptation strategies that smallholder farmers use to manage the effects of
climate change and changing mobile pastoralism on land use and cover change in Wa

East District between 1981 and 2021.

1.6 Significance of the Study

The literature has documented pastoralist adaptation to climate change (Liao et al., 2020;
Samuels et al., 2021; Napogbonget al., 2021). However, little is known about how mobile
pastoralism has altered as a result of the socio-ecological restrictions of climate change on arid
lands. This study will contribute to the existing body of knowledge on the patterns, trends and
drivers of mobile pastoralism in the semi-arid agro-ecological zones of Ghana where significant
land degradation and depletion of vital environmental services has occurred. In a broader view,

this study will elucidate our understanding of the effects of changing mobile pastoralism on land
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use that is crucial for household’s livelihood needs. It is anticipated that the findings of this study
will identify the range of strategies employed by smallholder farmers to manage the effects of
changing pastoralism on livelihoods, which could be very useful to government, Non-
Governmental Organizations (NGOs), policy makers and other agencies that are concerned about
sustainable development issues in the drylands of Ghana and Africa as a whole. Due to the ever-
increasing population growth and the demand for food and raw materials to meet the growing
population, especially in less developed countries, understanding the effects of mobile
pastoralism on livelihoods and the adaptation measures thereof is imperative for developing

sustainable landscape governance plans.

As Africa's food systems evolve, the value of livestock products as a cheap animal protein and
source of economic livelihood grows. As a result, the study's conclusions would be significant to
the global food security and climate change debates. This will also help me improve my research
abilities and gain knowledge about climate change and mobile pastoralism challenges, which

will allow me to offer measures for consideration when crafting policy on the subject.

Furthermore, it is anticipated that the findings of this study will help address sustainable
development goals (SDG) 1, 2 and 15 because pastoralism, as a source of economic livelihood,

is a strategy that can improve food security and one that depends largely on land for its survival.



1.7 Scope of the Study

Geographically, the study is focused on Wa East District of the Upper West Region. The district
was chosen for the study because the grassy character of the environment is ideal for grazing.
Furthermore, the Wa East District is heavily dominated by a good number of water resources,
such as Kulkpong River and its tributaries, which provide water throughout the dry season; and
there are veterinary offices involved in tsetse fly and other illness control, which makes most

Fulani herders visit the area each year to feed their livestock.

Contextually, the study investigates the implications of climate change on pastoralist mobility
patterns, patterns, trends, and drivers of mobile pastoralism in Ghana's semi-arid agro-ecological
zones, where severe land degradation and depletion of important environmental services has
occurred. In a larger sense, this study investigates the consequences of altering nomadic
pastoralism on land use, which is critical for household subsistence demands. The study unveils
the tactics used by smallholder farmers in the region to deal with the consequences of nomadic

pastoralism.

This study covers a 40 year period to identify possible changes in the trends and patterns of
mobile pastoralism and climate change as well as the impact these changes have on land use and

land cover changes within the same period.



1.8 Organization of the Thesis

The thesis is organized into nine chapters. Figure 1.1 illustrate the general arrangement of the

thesis.

Chapter one

Presents the general background, problem statement, research aims and

questions as well as the significance of the study.

Chapter Two

Review of relevant
terminology. It
considers operational
meanings and relevant
theories.

Examines literature on
semi-arid pastoralist
movement under
changing climate. This
chapter identifies
knowledge gaps and
areas where this study
may contribute.

Chapter Four

Presents the research
area's smallholder
households'
socioeconomic
characteristics. As well
as the results and
discussions on the
nature of climate change

=

Chapter Five

Examines mobile
pastoralism trends and
patterns. And the
underlying drivers of
change

Chapter Three

Discusses research
methods and study
areas.

Chapter Six

Effects of climate
change and changing
mobile pastoralism on

land use and land cover.
And adaptation
strategies use

Chapter Seven

summarizes important results, conclusions,

and recommendations.

Figure 1.1: Structure of thesis

Source: Authors' Construct, 2020.
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CHAPTER TWO
LITERATURE REVIEW AND THEORETICAL PERSPECTIVES

2.1 Introduction

This chapter reviews relevant literature on mobile pastoralism, its implication on livelihoods,
land use and household adaptation strategies. Other themes reviewed in the literature include
mobility patterns of pastoralists under changing climate in the semi-arid zone of Ghana, global
changing patterns of mobile pastoral systems, changing patterns of mobile systems in Africa and
its effects on land and livelihood issues and other related themes that gives significant highlights
on the different aspects of mobile pastoralism. The literature reviewed under this chapter is with
the objective of identifying gaps and defining zones for the contribution of this research to
existing knowledge. This chapter maps out clearly what is not fully discussed in existing
literature to form the bases for this study. The study takes a critical look at how pastoral systems,
as a source of livelihood and as an environmental rational method for many nomadic across the

globe, have been affected by climate change.

Important notions on the subject under study, its relationship with climate change in semi-arid
zones, the mobility patterns of pastoral systems over time and space, key drivers of change,
constrains, spatial scales in relation to resources and human settlement and the effects of pastoral
mobility on land use and food security and mobility, which is seen as an environmental rational
method to safeguard maximum use of limited resources, are discussed form general views to

specific meanings and focus.
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The chapter also deals with the review of some key concepts related to topic under study. It takes
into account the operational meanings and also considered theories useful to the understanding of
the subject matter, and for explaining the study’s findings to support the adaption of a conceptual
framework, which forms a core part of this chapter. Issues of food security, incomes,
vulnerability and violence among young people as an on-going development agenda in most
developing nations is relevant to the discourse under consideration. A critical review of key

concepts and theories will provide a proper framework for the study.

2.2 Conceptual Overview

2.2.1 Pastoral mobility

Pastoral mobility, livestock mobility, herd mobility, livestock movement are used
interchangeably as a term increasingly used across different set of platforms such as pastoral
studies, rangeland ecology, social dimensions of climate change as well as conservation (Turner
et al., 2019). Pastoral mobility and allied concepts remain increasingly popular not only in

scholarly literature but also in broad literature on pastoralism and also dryland development.

Defining mobility is faced with difficulties due to the huge diversity of the systems and the
difficulties of explaining the term. For clarity’s sake, pastoral mobility refers to the systems in
which livestock mobility is a major management approach, particularly linked to the use of
common property and private owners (Davies et al., 2010). Pastoral mobility also refers to the
movement of people and their livestock from one environment to another environment (Box &

Perry, 1971; Mapiye et al., 2009). Pastoral mobility indicates that pastoralists can migrate to
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other areas where there is adequate pasture for their livestock. This is regarded as the most

effective approach to make use of regularly shifting resources.

Pastoral mobility entails the physical movement of humans and cattle across landscapes in search
of water and pasture, as well as crossing boundaries and exchanging knowledge and information
about locations (Moss, 2014; Straight et al., 2015). Hundra (2010) defined the phrase as the
distance travelled by pastoralists in quest of water and grazing on other territory. Mobility allows
pastoralists to use available resources in a rotating fashion. Msuya's (2009) mobility is described
as the seasonal and temporal movement of pastoralists in order to obtain livestock needs in an
ever-changing environment, and it is a useful instrument that serves numerous elements of

livestock demands.

According to Annemick (2019), mobility is a method used by pastoralists to improve spatial
utilization of natural resources like as water and pasture under a complicated land tenure
structure. Historically, herders have employed mobility to manage uncertainty and risk in arid
and semi-arid locations across Africa where rainfall patterns are so unpredictable that it affects
pastoralism, particularly in dry seasons owing to limited availability of pasture and water
(Msuya, 2009). Pastoralist movement patterns create social network links across landscapes,
settlements, and camping places (Turner, 2011). Furthermore, Niamir-Fuller (2000) defines
mobility as an opportunistic use of resources that involves the seasonal migration of cattle in arid

and semi-arid ecosystems in a spatiotemporal way.
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Mobility helps pastoralists to get access to resources, and this access is dependent on social
relationships that have developed across geographies. Because arid land resources fluctuate and
are uncertain owing to climatic instability, the relationship ensures vital resources for
pastoralists. Mobility over larger distances necessitates stronger and wider social network ties for
herders to communicate information on pasture and water sites. Mobility over larger distances
necessitates stronger and wider social network ties for herders to communicate information on
pasture and water sites (Turner, 2011; Galaty, 2013). Mobility is a distinguishing feature in
pastoralism. It enables herders to adapt to, and even profit from, environmental fluctuation
(Gillin, 2021). Although mobility is a key aspect of pastoralist across the world, it is mostly
seasonal in nature. Many various types of movements are performed depending on local
conditions and the type of cattle kept. These moves by pastoralist are usually not illogical but
rather purposeful, based on local information gathered and risk assessments made by these

herders (Gillin, 2021).

Pastoral mobility from its definition can be linked to the mobility of all or a section of some
people managing and depending on mobile livestock as well as the cumulative measure of the
movements of livestock for a given time period across open rangelands (Turner &Schlect, 2019;
Adriansen, 2008). The mobile nature of pastoralists has been argued to be one of the factors why
some pastoralists fare quite well during excessive climatic events while others fare poorly,
because mobility works by exploiting the spatial and temporal structure of resource failure by

shifting from scarcity to abundance (Navchaa et al., 2021).
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Pastoralists manage rangelands in a complex common and individual rights where right holders
are to comply with the rules governing them. In regions where pastoralists land has been
degraded it is mostly the culmination of a weakening of the customary management institutions
as well as the loss of important resources that constitute the pastoral system (McGahey et al.,

2008).

Globally, pastoralism is practiced differently ranging from a highly technologically improved
systems in Europe to near subsistence systems in some parts of Africa. Similarly, the extent of
social and political support for pastoralism also differs across geographical boundaries in the
sense that while some African governments are strongly opposing pastoralism, European
countries have their governments strongly investing in mobile pastoralism to be able to manage
and conserve biological diversity (Davies et al., 2010). There are different forms of pastoral
mobility, which differ by environmental conditions. Mobility can be seasonal, regular, near
random or following erratic rain clouds. This movement can be due to trade, conflict or to

engage a new political alliance (Davies et al., 2010).

2.2.2 Nomadic pastoralism

According to the Encyclopedia Britannica, nomadic pastoralism is one of the three general types
of nomadism, which is a way of life of people who do not live continuously in the same place but
move cyclically or periodically. Hence, pastoral nomads who rely on domesticated livestock,
migrate in an established territory to find pasture for their animals. The term nomadic
pastoralism is used for instances borrowed from literature, although the definition of nomadic

pastoralism differs from country to country (Davies et al., 2010). In literature, nomadic
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pastoralism is synonymous to pastoral mobility, hence it somehow replaces the term
transhumance, while sometimes it can refer to the absence of permanent home by nomads.
Nomads are defined synonymously as mobile pastoralists who compliment their livelihoods

primarily through livestock management (Pedersen & Benjaminsen, 2008).

According to FAO (2019), the term nomadic pastoralism is a practice that includes racing
animals from one site to another in search of forage. They said that the practice began as a result
of the neolithic revolution, often known as the first agricultural revolution. Because man has only
just learned to domesticate certain animals and wander about with them in quest of grazing. The
term "nomad" comes from the Greek word nemo, which means "to pasture™ and is commonly
used to characterize both movement and a pastoral subsistence source. Thus, nomadic
pastoralism is used to refer to any community that is not established in permanent houses,

implying a pastoral subsistence foundation etymologically (Marius, 2013).

Heading communities are often considered nomadic. Where individuals live in moveable tents or
temporary shelters and travel long distances from pasture-to-pasture based on ecological
conditions and the demand of the beats. Nomadicism is a technical adaptation to sparse and
transitory pasturage that has significant ramifications for cultural fundamental traits that are
missing when animals are maintained from a constant home base, such as in European dairying
or Mexican/Anglo-America ranching. Spatial mobility is one common key survival strategy in
nomadic pastoralism. Instead of bringing feed to the cattle, as commonly practiced in the
advance countries, traditional non-Western subsistence pastoralist, relocate the animals to where

greener fodder can be gotten (Little, 2015).
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Studies by Pedersen and Bnejaminsen (2008) in the Northern Sahel revealed that largely rainfall
determines whether or not the forage will be good or bad within the year. That not withstanding,
even in good years, nomads are on the move to places they can find water and grass at all times.
By this, nomads look out for alternative means of spreading risk especially considering the
difficulty of carrying both food and animal feed while on the move, as such they move with
larger herds of livestock they need in the period of dryness in the year and sometimes sell or

trade some of these animals for grain from farmers (Benjaminsen & Berge, 2004).

2.2.3 Pastoral systems

This is an economic activity involving the care of herds of domesticated livestock. In its
traditional forms, it is either practiced as the main mode of subsistence combined with
agriculture. Pastoralism functions as cultural system with a characteristic ecology. Traditionally
pastoral grazing systems across the world are increasingly becoming fragmented, smaller and
spatially restricted as a result of environmental, socio-economic and political factors (Turner et
al., 2005; Makpe, 2006; Behnke, 2008; Flintan, 2011). Many pastoral systems are focused on the
production of several goods and services like milk, hair, meat, blood, manure, and food storage,
and hedge against inflation, drought and other associated risks (Davies et al., 2010). The goods
and services produced through the pastoral system differ across geographical areas with greater
focus on fibre production in the pastoral systems of Central Asia or Southern America while in
Sub-Saharan Africa and Southern Asia, the focus of the pastoral system is on dairy products

(Davies et al., 2010).
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Pastoral production systems are mostly found in climatic zones as different as deserts, dry plains,
savannahs, steppes, tundra, and high-altitude mountain ranges, but all have in common the
exploitation of ephemeral concentrations of resources (Behnke et al., 2011). In pastoral systems,
the herders are mobile with the livestock to target the unreliable availability of resources, while
other household members might be sedentary for part or most of the year. Herders target areas of
prime pasture with species combinations they know to be beneficial to their animals (Ursula &
Flintan, 2019). Normally, mobility is key to pastoral systems, which involves the tracking and
use of grazing and water across a given landscape to enhance production by keeping the
livestock on a diet that is higher in nutritional value than the average value of the range (African

Union, 2010).

Livestock mobility have been established to be vulnerable to notions that it is an ancient cultural
characteristic due to the fact that given the current competing land-use concerns, it requires
actions of government to secure goods of forage, water and movement corridors (Turner et al.,
2019). Thus, this had led to a change of livelihood or decreased mobility of livestock in the
pastoral system. Although there is evidence of a decrease in the viability of pastoral livelihood as
well as erosion of livestock mobility systems (Fernandez-Gimenez &LeFebre, 2006; Niamir-
Fuller 2000; Hobbs et al., 2008), studies have also shown of extensive livestock production
systems that have persisted with insignificant growth in modern western systems and on national

economies of African nations that are dominated by dryland environments.
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2.4.4 Climate change

Climate change is now regarded as one of the world's greatest challenges, with overwhelming
compelling data in the literature indicating that it is occurring at an unprecedented rate (IPCC,
2013; Adhikari et al., 2015; Huag et al., 2016). Climate change is predicted to have a greater
impact on arid and semi-arid settings, which are home to the world's pastoralists who rely on

natural resources for existence (IPCC, 2015; Kimaro et al., 2018).

Climate change refers to the direct or indirect actions of humans resulting in change in global
weather conditions in a prolonged period. Climate change vulnerability refers to the to the
uncertainties in the average weather conditions occurring annually as well as statistics of extreme
weather conditions including storms and rise in temperature particularly during the hot seasons
(ISDR, 2008). The little changes in the average weather conditions over a period and which can
have great impact on extremes including droughts or floods is referred to as climate extremes

(Selvarajn et al., 2006).

According to Asante et al. (2015), when the patterns and timing of occurrences of weather events
have altered dramatically over time from how they used to occur, it is said that the climate has
changed. The term is frequently used to denote any type of climate change, whether it is caused

by human activity or not (IPCC, 2015).

A greater proportion of Ghanaians particularly the rural dwellers livelihoods are tied to
agriculture and as such engage in all kinds of agricultural activities including crop farming and

animal rearing (ISSER, 2014). Despite the contributions of agriculture to the socio-economic
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development of rural dwellers and the nation at large, the sector is greatly challenged with
increasing climate change conditions including drought and increase in temperature. Ghana, just
like other Saharan African countries, greatly depends on the rains for agricultural activities.
Hence, a decrease in precipitation or a substantial delay in the rainfall pattern can result
negatively on livelihoods and agricultural activities of peasant farmers (Wringley-Asante et al.,

2017).

Concerning the recent phenomenon on climate change, scholars have noted that farmers across
gender have either devised means or are devising alternative coping mechanisms to adapt to the
negative effects of drought on their source’s livelihoods (Arku, 2013; Cudjoe & Owusu, 2011).
The Upper West Region is among the five northern regions located within the guinea savanna
belt and produces foodstuffs in large quantities and transported to other parts of the country.
Notwithstanding the substantial amount of contribution in terms of foodstuffs from this region,
the three northern regions are severely exposed to the climate change phenomenon, which
invariably would affect food security in general. Studies in the guinea savanna belt have revealed
that the belt has one rainy season, which usually commences from April-June to September-
October. That notwithstanding, the erratic rainfall pattern as well as the delays in rainfall has dire

consequences on crop cultivation in the area (Owusu &Weylen, 2013).

2.2.5 Climate variability
Climate variability refers to the climatic parameter of a region varying from its long-term mean.
For every in a particular time period, the climate of a location varies. While some years’

experience low rainfall below average, some experience average or above average rainfall
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(IPCC, 2001). The change in grasslands globally as a result of climatic variability has made it
more complex for pastoralist to cope (Ash & Stafford, 2003; Hunt, 2003). Extreme events are
happening coupled with heightened frequency and prolonged duration of dry grasslands
worldwide (Galvin, 2019). For instance, events of severe rainfall in East Africa for close to eight
months was described as the strongest predictor of East African climate variability (Schreck &
Semazii, 2004). The rains took pastoralists unaware and extremely affected those pastoralists

who could not move their livestock (Galvin et al., 2001, Little et al., 2001b, Luseno et al., 2003).

Increasing climate variability results in floods and drought to the rangelands such as East Africa
leaving pastoralists a very slim chance of relocation most especially under increasing
fragmentation (Galvin, 2009). Confirming the impacts of climate variability on pastoralists in
Africa, Ojima and Chuluun (2008) revealed that climatic events paradoxically compelled
pastoralists to leave their reliance on the state and transform their livelihoods into an extensive
market-driven economy. Benefits derived have been altered considerably due to both climatic
and socioeconomic changes. Considering the increasing temperature, change in the patterns of
precipitation as well as the increasing frequency of droughts, it has resulted in a decrease in
water resources (Tugjamba et al., 2021). Consequently, decrease in the availability of water is

anticipated to be the major climate change impacts on pastoralists’ livelihood.

Pastoralists are in