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ABSTRACT 

For the past 20 years, Kilindi district has seen increased land use and land cover change 

due to the influx of people and animals emigrating from various parts of the country, 

primarily Arusha, Kilimanjaro, and Manyara leading to high population growth and 

high pressure on land resources. This study was conducted in the wards of Kibirashi 

and Saunyi in the Kilindi district, with the primary objective of understanding the 

impacts of land use/cover change on pasture viability in pastoral communities during 

the period spanning from 2003 to 2023. This study’s specific objectives aimed to 

examine spatial and temporal changes in land use and land cover, to assess the impacts 

of Land Use and Land Cover on pasture viability and to predict the future changes in 

land cover in Saunyi and Kibirashi wards for the next 20 years. This study used 

methods such as document review which included the collection of satellite imageries 

for 2003, 2014, and 2023 from USGS Earth Explorer and analyzed using 

IDRISI/TerrSet, ArcGIS, QGIS, and Microsoft Excel. Through observation, the study 

gathered ground truthing data using GPS and informative photos using cameras. The 

in-depth interviews were conducted to collect qualitative information whereby through 

purposive non-probability sampling a total of 44 people were interviewed in FGDs and 

18 through key informant interviews. Qualitative data were analyzed thematically 

using Atlas.ti   Furthermore, the study utilized the CA Markov model in 

IDRISI/TerrSet to make predictions regarding study area’s future LULCC. The 

findings of this study revealed significant changes in land use and land cover within 

the study area. Notably, the cultivated land area expanded from 14,342 ha 10.8% of 

the total study area land cover in 2003 to 32,020 ha 24.19% of the total study area land 

cover in 2023. The total land cover for traditional pasture in the area such as woodland, 

grassland, and bushland decreased at an annual change of 18,060 ha from a total of 

117,184 ha in 2003 to 99124 ha in 2023 which implies a 18.22 annual percentage 

change. These changes in land use and land cover had multifaceted impacts on 

pastures, including a reduction in pasture size, deterioration in pasture quality, and 

disruption of local pasture management practices. Predicted results suggest that by 

2043, The total land use/cover for cultivation will occupy 29.24%, while woodland 

and bushland areas are expected to decrease to 18.46% and 29.35%, respectively. In 

light of these findings, this study recommends the implementation of effective and 

strategic land use and management plan initiatives to control agricultural and urban 

expansion and to mitigate the adverse effects of rapid land use and land cover changes 

on pastoral communities. Additionally, empowering pastoral communities in Kibirashi 

and Saunyi to engage in alternative income-generating activities is also advised to 

ensure the sustainability of their livelihoods.  
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CHAPTER ONE 

INTRODUCTION 

 

1.1 General Introduction 

The global land area, including inland waters and permanent snow and glaciers, 

amounts to 14.706 billion ha (FAO, 2022). Ever since the global land cover has 

significantly changed due to human activities and natural factors. Human influence on 

the global land cover can be traced as far back as the time when humans started to 

control fire and domesticated plants and animals where they cleared forests to wring 

higher value from the land (Lambin et al., 2003). About half of the ice-free land has 

been converted or substantially modified by human activities over the last 10,000 

years, forests covered about 50% of the earth’s land area 8,000 years ago as opposed 

to 30% in 2003, cropland increased from 300-400 million ha in 1700 to about 1599-

1800 million hectares in the 1990s (Lambin et al., 2003), whereas significant decrease 

in traditional pastures for pastoralists such as steppes, savannas and grasslands (Yanda 

& Mung’ong’o, 2018) from 3200 million ha in 1700 to 1800-2700 ha is witnessed in 

the 1990s. Due to increased population and advancement in technology, there has been 

an alarming decrease in world forests (FAO, 2011).   

 

1.2 Background of the Research Problem 

Study shows that land use activities have been growing in varying degrees over time 

since the inception of the world and become more profound over the last 300 years, 

the start of the Industrial Revolution (Ramankutty et al., 2006). According to FAO, 

artificial surfaces notably urban and paved highways/airports doubled from 30 million 

ha in 2000 to almost 60 million ha in 2019, while tree-covered areas declined from 

4.347 billion ha in 1992 to 4.270 in 2019 and areas under permanent crop increased 

from 1.877 billion ha in 1992 to 1.904 billion in 2019. Shrub land globally increased 

from 1,773 million ha in 1992 to 1,813 million ha in 2019 (FAO, 2022). The report 

also indicates decreases in shrubland from 1.615 billion ha in 1992 to 1.605 billion ha 

in 2019. Those changes in global land cover have significantly reduced pastures 

whereby areas used to graze animals such as grassland and shrub land reduced by 191 

million ha between 2000-2019 from over 3.3 billion ha to 3.1 billion ha in 2019 with 
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cropland expansion being the major driving force of the change. Changes in land cover 

also reduced the biophysical status of grassland where 34 per cent of grassland status 

was reduced due to overgrazing and inadequate livestock mobility causing soil 

compaction and erosion thus affecting soil function, plant growth and hydrological 

services (FAO, 2022). Sub-Saharan Africa is a region observed to be the home of 

pastoralists due to its potential in savanna, shrubs, steppes and woodland kinds of 

vegetables. Nevertheless, pastures in this region are under immersing pressure due to 

LULCC. Areas originally used as pastures are now being subdued by other land use 

activities most notably crop production and settlement activities (Hobbs N. Thompson 

and Reid, 2008). 

 

In East Africa, big portions of former pastureland are now under crop cultivation and 

settlement activities with about 60-70 percent of forest taken for crop farming, and 

about 23% of former grassland is now under crop cultivation. Oxfam International also 

establishes that key pasture areas in East Africa such as dry season grazing lands are a 

target for agricultural use because of their productive potential (Kirkbride, 2008). For 

example, arable farming now takes place in about 56 percent of rangelands (33% of 

woodlands and 23% of grassland) (ibid). Tanzania in particular has witnessed 

significant changes in the land cover with a significant impact on pastures, for 

example, grassland decreased from 5.5 million ha in 1992 to 5.3 million ha in 2020, 

and shrub and tree-covered land decreased from 17.6 million ha in 1992 to 16.7 million 

in 2020 (FAO, 2023).   

 

As observed by Blench, (2001), the growing population and improved transport 

mechanisms are pushing arable farming into more and more marginal areas. This 

expansion of crop farming activities into pastures in semi-arid Africa has made conflict 

between farmers and pastoralists an everyday occurrence (Blench, 2001). In the 

Kilindi district, population increases largely due to immigration have put pastureland 

in danger due to the expansion of crop farming, settlement, and overgrazing.  

 

For many years the problem of pasture viability in terms of availability, quality and 

quantity, and accessibility has been aggravated by several factors such as climate 
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change, expansion of cultivation, increase in protected forestry and game areas, and 

growth of human settlements (Mbwambo et al., 2016; Mwamfupe, 2015).  In the west 

Asia countries and northern Africa countries, rangeland degradation has become a big 

problem. For instance, in countries such as Morocco and Tunisia, rangelands fell by 

10% between the 1970s and 1990s, and in Algeria, rangelands fell by 14% in the same 

period (Mung’ong’o, 2022). In Tanzania for instance, a huge portion of pasture lands 

have been lost to conservation, and for private investments and cultivation (Mbwambo 

et al., 2016; Mwambene et al., 2014).  

 

Despite these climatic hurdles the pastoral communities have for many years been able 

to resist the effects of climate change and seasonal variability of pastures due to their 

mobility nature (Jenet et al., 2016). For example, according to Kirkbride, (2008), 

mobility to many pastoralists is a key factor that has helped them to access pastures 

from distant areas and cope with the effects of climate change by moving their 

livestock according to pasture availability and seasonality. Because of the aridness and 

semi-aridness nature of the areas that are inhabited by many pastoral groups, 

particularly in Tanzania, many pastoralists have relied on a traditional seasonal 

utilization of pastures whereby they have plans for dry and wet seasons pastures 

(Kirkbride, 2008). To access some of those pastures’ pastoralists relied on livestock 

mobility which enabled them to move to different areas seasonally to access pasture 

for their animals (Mwihomeke et al., 1998).   

 

In recent years pasture viability has been immensely challenged by factors associated 

with population growth, conservation activities, economic requirements, and 

cultivation (Mwambene et al., 2014). These factors, for instance, conservation 

activities and cultivation are being empowered by favoring government policies 

(Muhammad et al., 2019). In many African countries and Tanzania in particular, 

pastures have been declining due to the appropriation of pasture land by the 

government and redirected to other activities due to negative government perception 

that pastoralism is an irrational, ecologically destructive, and economically inefficient 

production system (Hesse & MacGregor, 2006). Further, studies indicate that many 

pastures are now inaccessible by pastoralists due to the decline of livestock mobility 
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as the result of conservation activities, and cultivation and settlement expansion (Jenet 

et al., 2016). All these factors have impacted pasture viability and in turn caused a lot 

of hardship to pastoral groups to sustain their livelihoods and at times found 

themselves in conflicts with other land users (Mwamfupe, 2015). 

 

This study therefore, examined the change in land use and land cover activities from 

2003 to 2023 to understand the type and magnitude of land use/cover changes and their 

associated impacts on pasture viability and the trajectory of future LULC activities in 

the pastoral communities of Kibirashi and Saunyi wards.  

 

1.3 Statement of the Research Problem  

For the past 20 years, Kilindi district has seen increased land use and land cover change 

due to the influx of people and animals emigrating from various parts of the country, 

primarily Arusha, Kilimanjaro, and Manyara. The immigrants came to the district for 

a variety of reasons, the most common of which were animal husbandry, crop 

cultivation, and settlement. The population increase in the district due to immigration 

is further adding pressure on the land, particularly on pasture viability. This study 

examined land-use/cover change issues over the last 20 years to understand the impacts 

of land-use/cover change activities on pasture viability in the two wards of Kibirashi 

and Saunyi.   

 

1.4 Research Objective 

This research’s general and specific objectives are explained hereunder 

 

1.3.1 General Objective 

The general objective of this study was to understand the impacts of land use/cover 

changes on pasture viability in pastoral communities. 
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1.3.2 Specific Objectives 

1. To examine spatial and temporal changes in land use and land cover in Kilindi 

district for the past 20 years.  

2. To assess the impacts of Land Use and Land Cover on pasture viability in 

Kilindi district for the period of 2003 – 2023. 

3. To predict the future changes in land cover in Kilindi district for the next 20 

years until 2043.  

 

1.3.3 Research Questions 

1. How changes in land use and land cover (LULC) have occurred in Kilindi 

district from 2003 to 2023? 

2. How did Land Use and Land Cover changes impact pasture viability in the 

Kilindi district? 

3. What are the expected changes in land use and land cover in Kilindi district in 

twenty years? 

 

1.5 Significance of the Study 

Land use and land cover changes are a big problem facing the world today due to 

increased population and economic demands. In Tanzania and Kilindi district in 

particular LULCC is a big challenge to rural pastoral communities to implement their 

economic activities. Therefore, this study saw the need to assess the state of LULC, its 

impacts on pasture viability, and the future of LULC in the Kibirashi and Saunyi 

wards. The findings of this study will equip district government officials with vital 

information on the current and future state of LULC in pastoral areas as well its 

impacts on pasture viability which will help them to make informed decisions. In 

addition, this study's findings will help stakeholders of various professions including 

foresters, farmers, natural resource managers students, pastoralists, conservationists, 

and researchers in their activities in Kilindi.  Lastly, this study being the first study 

conducted on LULCC on pasture viability, its findings will encourage the need for 

further research on LULCC about pastoralism and other community activities.  
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1.6 Scope of the Study  

This study is limited to the Kilindi district in the two wards of Kibirashi and Saunyi 

on the issue of LULCC and pasture viability. The remote sensing data used in this 

study are from 2003, 2014, and 2023 which were used to assess the impacts of LULC 

changes in pastures in the study area for 20 years. This study used 62 in-depth 

interviews held among women, youth, herders, and traditional leaders and 6 villages 

out of 8 villages in the two wards of Kibirashi and Saunyi to draw conclusions and 

recommendations. 

 

1.7 Organization of the Dissertation 

This study is made up of five chapters and every chapter contains subsections. Chapter 

one provides the introduction of the study and its subtopics which includes a general 

introduction, background to the research problem, statement of the problem, objectives 

of the study and research questions, significance of the study, and the scope of the 

study. Chapter two is the literature review which includes a theoretical and conceptual 

literature review, a definition of key concepts, and research gaps. Chapter three 

describes the research methodology which is comprised of the research design, the 

study area, data collection methods, data processing and analysis, data validity and 

reliability, ethical considerations, and limitations of the study. Chapter four consists of 

the results and discussion and chapter five is comprised of the summary, conclusion, 

recommendations, and areas of further research.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter presents a review of various sources of information in the literature 

spectrum that informs the study’s relevance. The chapter includes subtopics such as 

the definition of key terms and concepts, theoretical and empirical literature review, 

development of the conceptual framework and identifies the research gaps.   

 

2.2 Definition of Key Terms and Concepts 

This section defines the keywords used by the research to inform the purpose and intent 

of the study. It also includes definitions of the word that might not be easily understood 

by persons who are unfamiliar with this area of research. They include land use/cover, 

pastures, grassland, rangelands, and pastoralism. 

 

2.2.1 Land Use and Land Cover (LULC) 

According to Nedd et al., (2021), Land-use and land-cover can carry separate 

definitions, where land-use relates to what purpose the land is utilized, for example, 

agricultural or recreational use. In contrast, the land cover states specific landscape 

patterns and characteristics. Further, (Costa et al., 2018) defined land cover as the 

physical and biological cover of the earth’s surface including artificial surfaces, 

agricultural areas, forests, semi-natural areas, wetlands, and water bodies. 

 

2.2.2 Pastures 

Pastures are the lands used for grazing and it is a most vital material and social resource 

in pastoralist communities (Catley et al., 2013). These are the lands with resources 

vital for livestock feeding such as grassland, shrub land and woodlands. Pastures in 

this study refer to the same meaning provided by Catley et al., (2013). Furthermore, 

the pastures discussed in this study included grasslands, woodlands, and bushlands as 

part of Kibirashi and Saunyi's traditional pastures. 
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2.2.3 Pastures Viability 

As defined by Catley et al., (2013) Pastures are the lands used for grazing while the 

Merriam-Webster dictionary defines viability as the ability to function adequately 

(Merriam-Webster, 2024). Also, viability is defined in the context of supply chains by 

Ivanov, (2022) as the ability of a supply chain (SC) to maintain itself and survive in a 

changing environment, this study derived the meaning of pasture viability from these 

definitions and defined pasture viability as the ability of grazing lands to function 

adequately and survive the changing environment.  

 

2.2.4 Grassland  

Grassland is said to be a term that bridges pastureland and rangeland, it can be a natural 

or imposed ecosystem. In the context of natural vegetation, grassland includes grasses, 

legumes and other forbs and sometimes woody species may be present (Dixon et al., 

2014). According to Prins & Kessler, (2014), grasslands can be divided into three types 

such as natural, herbaceous species (semi-natural) and herbage (domesticated forage). 

In the case of Kibirashi and Saunyi and in the context of this study grasslands means 

open areas characterized mostly by natural grasses.   

 

2.2.5 Rangelands  

Rangelands are defined as the Indigenous vegetation of grasses, forbs or shrubs and 

include native ecosystems (FAO, 2020). They sustain domestic animals and wildlife 

for grazing and browsing and host pastoralists, agro-pastoralists and ranchers as main 

populations (FAO, 2020). Rangeland is a broader term than grasslands, it includes 

regions where woody vegetation is dominant; moreover, it is common in texts 

describing land related to livestock production (Blench, 2001). This study uses that 

definition for rangelands in the study area.  

 

2.2.6 Pastoralism  

Pastoralism is defined by Dong, Kassam, Tourrand, et al., (2016), as a mobile form of 

livestock herding for either subsistence uses or commercial production. There are two 

major forms of pastoralism such as nomadic and transhumant with pastoral 

farming/enclosed ranching as the third form of pastoralism (Dong, Kassam, François, 



9 

 

et al., 2016). The basic pastoralism features as described by (IFAD & FAO, 2016), are 

mobility, adaptation, flexibility, diversification, conservation, and mutual support. 

This study therefore adapts to this definition, by defining pastoralism as a mobile form 

of livestock keeping involving nomads, semi-nomads, transhumants, and agro-

pastoralists. 

 

2.3 Theoretical Literature Review 

Various theories exist that describe the relationship that exists between land activities, 

and livelihood. These theories describe the interconnectedness that exists between 

activities such as pastoralism and the land cover. This study was guided by the System 

and participatory planning theories. While the system theory underscores the 

interrelationship existing between various elements and constituents of the society 

such as their livelihood activities, participatory theory insists on the importance of 

participatory decision-making in society to reach sustainable solutions considering the 

interconnection in the society as described by System Theory.  

 

2.3.1 System Theory  

As described by (Hester Patrick T.and Adams, 2017) systems theory is a broad term 

without a formally agreed-upon definition. The term has been used in different 

disciplines. The central notion of system theory is the concept that a ‘system’ is a 

coherent entity composed of interconnected and interdependent parts. The key founder 

of system theory is Ludwin Von Bertalanffy who founded general system theory in 

1950. Since the 20th century, several systems theories emerged such as General System 

Theory, Living Systems Theory, Mathematical Systems Theory, and Social Systems 

Theory. When describing system theory ((Capra, 1996), emphasized that nature is seen 

as an interconnected web of relationships, in which the identification of specific 

patterns is dependent on the perspective of the human observer. While explaining the 

‘systems’ approach Manning (1967), argued that an interrelationship exists between 

all elements and constituents of society. This implies that the essential factors related 

to public problems, issues, policies, and programs must always be considered and 

evaluated as interdependent components of a whole (Bertalanffy, 1968). In the field of 

land, land use/cover can be regarded as a system where each activity such as livestock 
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keeping, crop cultivation, settlement, and infrastructure are interdependent and 

interrelated. Therefore, when taking a “systems approach, proper land use 

management will be achieved when all land users have sustainable and equitable 

access to land-based resources that support their communities. In the case of 

pastoralists, this means having access to and secure use of sustainable pastures to 

support their culture and economic uses.   

 

2.3.2 Participatory Planning Theory 

Participatory planning theory is a paradigm developed in the field of urban and town 

planning in the early 1960s in the United States. This paradigm is centred on the role 

of public involvement or participation in policy-making (Lagopoulos, 2018). Among 

the proponents and founders of this theory is Paul Davidoff, a US lawyer and planner 

who developed the theory of “Democratic Advocacy/Pluralism Planning”. According 

to Davidoff, (2015), values should be formulated not only by the planner, but clients 

should be involved including the people affected by the plan, with the awareness that 

there can be disagreements between users (Lagopoulos, 2018). Democracy Advocacy 

theory highlights the importance of incorporating the people, or communities which 

are directly linked to policy and decision making. System theory provides an approach 

to bringing users, people and communities into the planning process. Participatory 

planning theory calls for communities’ involvement in policy-making including plans 

for land use. As described in the system theory, the land is a system with its users, their 

respective activities and governing principles which form parts of the whole system in 

an interrelated and interdependent manner. From the perspective of system theory and 

participatory planning theory pastoralists are critical to be involved in land use 

planning to maintain their pastures, culture and economy.   

 

2.4 Empirical Literature Review  

Under this section of the empirical literature review, the literature is described as 

relevant to the study objectives, which include examining land-use/cover change over 

20 years, the impacts of the change on pastures, pastoralists, and the prospects of future 

change in LULC.  
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2.4.1 Land Use and Land Cover Change 

Land cover is dynamic and varies at different spatial and temporal scales (Cihlar, 

2000), and its impacts are fundamental in the structures and functioning of the earth 

systems (Were et al., 2013). LULCC is driven by several factors such as climate 

change, population increase, and expansion of cultivation (Assede et al., 2023). Land 

cover and land use are closely interrelated which helps to improve the understanding 

of key local, regional, and planetary trends. According to FAO statistics from 2000 – 

2020, these trends help to quantify human-driven land dynamics, such as the 

conversion of land to or from agriculture, deforestation, and land degradation (Potapov 

et al., 2022).  

 

Land use and land cover change are far greater now than ever before (Ruddiman, 

2003), driving unprecedented changes in ecosystems and environmental processes at 

local, regional, and global scales. Although LULCC is said to have started when 

humans started to control fire and domesticated plants and animals (Lambin et al., 

2003), the rapid transformation of land cover with measurable impacts on today’s 

landscape started about 300 years ago a period characterized by globalization and the 

dominance of capitalism (Ramankutty et al., 2006). About half of the ice-free land has 

been converted or substantially modified by human activities over the last 10,000 years 

and forests covered about 50% of the earth’s land area 8000 years ago as opposed to 

30% today (Lambin et al., 2003).  

 

According to Lepers, cropland increased from 300-400 million ha in 1700 to about 

1599-1800 million hectares in the 1990s. Also, there was a significant decrease in 

steppes, savannas, and grasslands from 3200 million ha in 1700 to 1800-2700 million 

ha in the 1990s (Lambin et al., 2003).  FAO report 2022 indicates that artificial surfaces 

(urban and paved highways) doubled from 30 million ha in 1992 to 60 million ha in 

2019, tree-covered area decreased from 4.3billion ha in 1992 to 4.2 billion ha in 2019 

(FAO, 2022). A study by Suleiman H. M et al (2013) in El Gedaref state in South 

Sudan, shows the decrease of natural vegetation from 65.28% in 1979 to 9.69% in 

2006 (Sulieman & Elagib, 2012). Changes in LULCC encompass the greatest 

environmental concerns of humanity today (Foley et al., 2005). 
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In the kilindi district, studies show that between 1980 and 1990 there was already high 

pressure on the land caused by the massive expansion of cultivation which already had 

effects on pastoralists (Mwihomeke et al., 1998). According to Mwihomeke et al., 

(1998), pastoralists were fairly evenly distributed in the area in the 1960s, while in the 

1990s they started to concentrate on the dwindling amount of land still unused by 

agriculture. In the case of Kilindi and Kiteto districts climate change has contributed 

to the dwindling of pastures whereas, according to Mung’ong’o, (2022) in Kiteto 

district there was a decreasing trend of grazing lands for all livestock categories, 

whereby cattle pasture area decreased by -1018.7 hectares, and goat pastures decreased 

by -60.86 hectares. In Kilindi, cattle pasture decreased -333.89 hectares however 

goat’s pastures for goats increased positively by 96.7 percent of the observed variance 

for the study period.  

 

2.4.2 Impacts of Land Use and Land Cover Change on Pastures   

Mohammed et al., (2017) carried out a study to analyze the LULC changes and the 

community perceptions of the impact and causes of land cover change in the lowlands 

of Bale rangelands, southeast Ethiopia. The results from the study show that cultivation 

land, bushland, and bare land expanded by 13.8%, 14.3%, 12.6%, and 22.3% 

respectively between 1986 and 2016, whereas woodland, grassland, and shrubby 

grassland declined by 33.82, 24.4 and 3.36% respectively.  

 

Another study by Egeru et al., (2014), shows that the existence of pasture-like 

grasslands that once characterized the Karamoja plains is threatened by rapid 

encroachment of bushland and crop farming. The study indicates that the expansion of 

agricultural land and bare land occurred at the expense of grazing land over many areas 

(Sulieman & Elagib, 2012). One of the notable impacts of LULCC on pastoral 

communities is the loss of pasturelands resulting from the introduction or expansion 

of various activities such as crop farming, ranching, game parks, and urban expansion 

(Fratkin, 2001).  
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Another major aspect of pastures viability is their accessibility by pastoralists and their 

livestock as access to rangeland resources has become highly restricted thus putting 

the pastoral production system under increasing threat (Mekuyie et al., 2018).  

 

According to Oxfam International, the key factor that enables many pastoralists to 

access the seasonal varying and distant pastures has been animal mobility (Kirkbride, 

2008). The increase in population and expansion of other land use activities has 

affected animal mobility, making pastoralists vulnerable to droughts and other shocks 

(Jenet et al., 2016). Moreover, Changes in land use and land cover have contributed 

significantly to the disappearance of dry-season wells and associated grazing lands in 

southern Ethiopia (Catley et al., 2013). On the other hand, LULCC has led to 

environmental and local livelihood impacts such as rangeland degradation, bush 

encroachment, soil degradation, livestock loss, biodiversity loss, and poverty increase 

(Mussa et al., 2017). FAO also maintains that the adaptability and mobility of 

pastoralism have been undermined by climate change and pressure to increase 

agricultural production to feed a rapidly growing population (FAO, 2018). Back in the 

early 2000s in the Handeni district which included the nowadays Kilindi district 

pastures accessibility had started to face the constraints of a growing cultivation and 

farmers inversion of areas formally used by pastoralists the situation that led to 

increased farmer-herder conflicts. In response to this and other land-related conflicts, 

the village land use plan was proposed and implemented in some villages in Handeni 

district including the villages that are now in Kilindi district like Kibirashi village 

(Winnegge, 2005). The project named Handeni Integrated Agroforestry Project 

(HIAP), was conducted by the district government in collaboration with the GTZ.   

 

Pastures have historically faced challenges related to climate such as scant rainfall and 

climatic hazards. Nonetheless, pastoralists in the eastern zone of Tanzania have 

traditionally supplemented pasture shortage during the dry season by supplying pods 

from trees such as Acacia Nilotica, Dichrostachys cinerea, and Acacia tortilis (Kavana 

et al., 2014). This study further established that overgrazing reduces the ability of 

pastures to produce and can lead to changes in botanical composition which in turn 
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reduces the palatable and productive species and replaces them with unpalatable and 

less productive grass species.  

 

Challenges to pasture viability are also explained as the result of the decrease in the 

quality of pastures. according to Kavana et al., (2014), the quality of forage at a 

particular period is assessed by the level of milk production and libido of the bulls. 

This is because when animals graze on good quality forage it increases milk production 

and libido of bulls. The quality of pastures is also indicated by the plant and grass 

species that constitute a certain pasture. In the eastern zone of Tanzania, the most 

valued grass species include Penicum species, Bothriochloa species, Brachiaria 

Deflexa, and Hyparrhenia species (Kavana et al., 2014).  

 

2.4.3 The State of Future Land Use and Land Cover Changes  

To sustainably and efficiently secure future biodiversity an understanding of the likely 

effects and factors that will cause that change is required. Titeux et al., (2016) suggest 

that effective management of biodiversity requires a forward-looking approach based 

on scenarios that explore biodiversity changes under future environmental conditions.  

 

However, for a very long and despite being affected by multiple threats, most studies 

addressing the impacts of future environmental changes on biodiversity focus largely 

on a single threat: ‘climate change’ (Titeux et al., 2016). Nevertheless, direct 

destruction and degradation of habitats through land use and land cover changes are 

the most significant and immediate threats to biodiversity (Titeux et al., 2016).  

 

By applying cellular automata (CA) and Markov modelling techniques, Moradi et al., 

(2020) projected that forestlands and grasslands will decrease by 3.79% and 7.31% in 

2033 respectively in the Izeh-Pyon plain Khuzestan province, Iran. Detecting and 

predicting LULCC in natural resource management and environmental monitoring 

provides communities and decision-makers with useful information (Moradi et al., 

2020). 

 

2.5 Research Gap 
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The literature review revealed a bigger picture of land use and land cover change on 

pastoral lands and its subsequent impacts on the communities that depend on such 

activity for living. Studies such as (Assede et al., 2023; Hesse & MacGregor, 2006), 

indicated to be a significant expansion of cultivation at the expense of grazing lands 

and forestry. In Kilindi district for instance, in the late 1990s, (Mwihomeke et al., 

1998) exposed that cultivation was already expanding into areas formally used as 

pastures therefore leading to conflicts between pastoralists and crop farmers. 

Mwihomeke’s study discussed the Handeni Integrated Agroforestry Project (HIAP) 

conducted in the Handeni district which included the Kilindi district then between the 

1990s and early 2000s aimed to reduce the degradation of natural resources and 

increase agricultural productivity in Handeni district  (Klingebiel, 2000). That study 

foresaw the dire situation posed by competition over land resources which led to 

conflicts between farmers and pastoralists, and tensions with newcomers. The study 

also identified population growth driving force for resource competition (Klingebiel, 

2000). In response to those challenges, HIAP adopted a project of land use planning 

where villagers drew maps demarcating different land uses in their villages in a 

participatory manner. Via this project, several villages including Kibirashi produced 

village land use plans that highlighted areas for cultivation, grazing, settlement, and 

forest reserves.  

 

Based on the findings by (Klingebiel, 2000) and (Mwihomeke et al., 1998), HIAP did 

not perform land use/cover detection to assess the extent of cultivation into pasture 

lands nor did it try to conduct prediction for future land use and land cover in the 

Handeni district which then included Kilindi. Also, until now, there has been no study 

conducted in Kilindi district aimed at assessing the impacts of changes in LULC on 

pasture viability and pastoralism. This study therefore aimed to fill this gap to assess 

the land use and land cover change in the wards of Kibirashi and Saunyi by performing 

periodic land change detection and conclude on the impacts of those changes on 

pasture viability. 

 

 

2.6 Conceptual Framework 
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The notion of a conceptual framework has been defined by different people offering 

different perspectives. The most recent definition of the concept is provided by Ravitch 

& Riggan, (2016), they define conceptual framework as an argument about why the 

topic one wishes to study matters, and why the means proposed to study it are 

appropriate and rigorous. Another relevant definition is offered by  Miles, (2014), 

which states that a conceptual framework “explains either graphically or in narrative 

form, the main things to be studied, the key factors, concepts, or variables and the 

presumed relationships among them”. These two definitions though may differ but 

they together provide a significant understanding of the concept. The conceptual 

framework is a worthwhile blueprint for the study to be undertaken. Just as Huberman's 

definition points out that conceptual framework can be presented in graphic or 

narrative form, this study will apply graphical representation following the 

Stufflebeam CIPP evaluation model (Stufflebeam, 2000). The System theory 

presented in the theoretical literature review section identifies the land as a system with 

many interrelated and interdependent components. This implies that public 

participation in the process of forming sustainable land policies, land use plans, and 

laws is critical for the sustainable utilization of land resources.  Participation planning 

theory is also critical for the sustainable utilization of land resources and for 

sustainable land conflict management among competing groups including farmers and 

pastoralists.  

 

The conceptual framework in Figure 2.1, presents the graphical analysis of the LULC 

change process and its impacts on pasture viability. The context is (1), is expressed in 

this study as drivers of LULCC. The empirical literature review in this study exposed 

some drivers of LULCC such as expansion of cultivation, climate change, population 

increase, and overgrazing.  

 

The Input (2), is described by the Land governance which includes the country's land 

policies and laws, local and traditional practices that people use to govern the 

utilization of land resources particularly pastures, and land use and management plans. 

The literature provided information that substantiates some changes in land use and 
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land cover are empowered by the country's laws and policies which to a certain degree 

are unfriendly to pastoralism's way of living.  

 

 The process (3), is described as the impacts of land use and land cover on the viability 

of pastures. The viability of pastures as discussed in the empirical literature review of 

this study includes the availability of enough pastures, accessibility and reachability 

of pastures ordinarily by livestock mobility and seasonal utilization of unevenly 

distributed pastures. another aspect of pasture viability is the quality of pastures which 

is described by the composition of pastures, milk production, value of livestock and 

the libido of bulls.  

 

The output element (4), is described in this study as the viable pastures. This aspect is 

described as the end result when factors such as LULCC, and land governance are 

improved in a way favourable to pastures and pastoralism. Vible pastures are described 

as pastures that are available, accessible and of good quality.  

 

This conceptual framework also details the interrelationship that exists between 

several factors in the circle of LULC change and its impacts on pasture viability as 

described in the System theory. The attainment of viable pastures, therefore, requires 

a participatory engagement and decision-making of different stakeholders and land 

users including pastoralists as indicated in the participatory planning theory. 
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Figure 2.1: LULC Change Process and its Impacts on Pasture Viability 

Source: Modified from  Stufflebeam’s Evaluation Model, (2000) 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Introduction 

This section includes a description of the study area, instruments used, data collection 

methods and tools, data analysis and presentation techniques. It emphasizes the 

techniques that were used to carry out the research study. 

 

3.2 Research Design and Approach 

This study used a case study design mixed method research design. According to Yin, 

(2009) the case study research design is more appropriate if the study requires an 

extensive and in-depth description of some social phenomena. The design is mostly 

guided by the ‘how’ or ‘why’ questions with the desire to understand complex social 

phenomena. This study questions sought answers on how the changes over LULC have 

occurred in 20 years period and how these changes impacted pasture viability in 

pastoral communities in Kilindi district.  Further, the study used the mixed-method 

research approach. The mixed method approach dates back a long time but its 

popularity grew much in its recent past around the late 1980s and early 1990s based 

on work from individuals in diverse fields such as evaluation, education, management, 

sociology, and health sciences.  

 

According to Creswell & Creswell, (2017), mixed methods research is an approach to 

inquiry involving collecting both quantitative and qualitative data, integrating those 

two forms of data, and using distinct designs that may involve assumptions and 

theoretical frameworks. This study had both quantitative and qualitative data. The 

study used quantitative data including remote sensing imageries that enabled this study 

to draw statistical conclusions on LULCC. Qualitative data included data collected 

from community groups such as women, youth, herders, and traditional leaders using 

in-depth interviews. The mixed research method was appropriate to this study due to 

the presence of both qualitative and quantitative data. Therefore, a method that would 

synergize the strength of the two data types was needed and mixed method design as 

(SAGE, 2006) calls it was meticulous in doing this. Mixed research design has been 

favoured by different researchers due to its ability to tap into the strength of the two 
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approaches and address the challenges around them in a more effective way than using 

a single method (Creswell & Creswell , 2018). 

 

3.3 Description of the Study Area 

This section describes the study area which includes its geographical location, 

administrative units, Topography, soils, and climate/weather characteristics and 

presents the justification for its selection.  

 

3.3.1 Geographical Location of the Study Area 

This study was conducted in the Kilindi district, Tanzania, specifically in the wards of 

Kibirashi and Saunyi. The two wards have the majority of livestock and pastoralists in 

the district. Geographically, the study area is located in the northeastern part of 

Tanzania in the Tanga region. It lies between 5° 33′ 54.72″ S, and 37° 33′ 12.6″ E 

south of the equator. The two wards border the Kiteto district in the Manyara region 

in the west and Simanjiro district in Manyara as well in the north, and in the east, it 

borders the Kisangasa ward in the Kilindi district while in the south the study area 

shares borders with Mvungwe ward. The study area covers an area of 1,323.87 square 

kilometres. The area serves as home to the majority of pastoralists in Kilindi district.  
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Figure 3.1: Study Area Map 

Source: Modified from Tanzania Administrative Map, (2012) 

 

3.3.2 Administrative Units 

Kilindi district is made up of a total of 21 wards and 101 villages. The district’s total 

population based on 2022 census is 398,391 (URT, 2022). Kibirashi and Saunyi wards 

in particular comprise a total of 8 villages with a total population of 38,796 (URT, 

2022). Six villages; four from Kibirashi ward and two from Saunyi wards were 

selected to collect data that were used to make up the research findings, conclusions 

and recommendations. The six villages included Elerai, Kibirashi, Gitu, and 

Kwamaligwa from the Kibirashi ward, and Saunyi and Ngobole villages from Saunyi 

ward. 
  



22 

 

3.3.3 Topography, Climate/Weather, and Soil Characteristics 

Kilindi district is located at an altitude ranging from 100m and 1600m above sea level. 

The highest altitude is characterized by the North Nguu mountains. While the lowest 

altitudes are characterized in the northeastern part of the districts, areas that are 

traditionally occupied by Maasai pastoralists (Mwihomeke et al., 1998). According to 

HIAP project information (2000), the study area’s climate is defined by small to mid-

range rains ranging from 600mm to 1000mm.   

 

3.3.4 Economic Activities of the Study Area 

The economic activities of the communities in the study area depend largely on the 

traditions of the various groups and on how and how far the land can be used 

(Mwihomeke et al., 1998). According to the Handeni Integrated Agroforestry Project 

(HIAP) which conducted an extensive project in the study area between the 1990s and 

2000s, the major economic activities carried out by different groups in the Kilindi 

district are sedentary cultivation, pastoralism and small mining activities. As stated 

earlier, economic activities are majorly conducted on a traditional basis, whereas 

pastoral activities are majorly performed by the Maasai semi-nomads, and cultivation 

is conducted mostly by the Wanguu and Wazigua communities. In the Kibirashi ward 

majority of people from the Nguu tribe are mostly crop farmers with a small number 

of them engaging in agro-pastoral activities, while the minority Maasai groups are 

mostly semi-nomads and agro-pastoralists. In Saunyi the majority of people are 

pastoralists, however some people are engaging in cultivation for subsistence.  

  

3.3.5 Justification for the Selection of the Study Area 

The study area was specifically chosen for its relevance to the topic. The first reason 

is the density of pastoralism in the two wards. Kibirashi and Saunyi are the district's 

first and second most populous wards in terms of cattle, goats, and sheep, respectively. 

In addition, the two wards have seen massive immigration of other land users mostly 

crop farmers, which is putting additional pressure and changing the landscape as well 

as land conflicts that happened in early 2022 between pastoralists and crop farmers in 

Kibirashi and Elerai villages. Also, Kilindi district is a target of the ongoing process 

of moving pastoralists from Ngorongoro.  
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3.3.6 Targeted Population  

According to Tuckman & Harper, (2012), target population (target group) is the group 

about which the researcher wants to gain information and draw conclusions. While the 

impacts of LULCC are relevant to all villages in the study area, this study focused on 

the pastoralists and agro-pastoralists of Kibirashi and Saunyi wards, as they are the 

groups directly connected to pastoral land use where the impacts of land use change 

are most felt.   

 

3.4 Sampling Design 

Sampling is defined as an act, process, or technique of selecting a suitable sample, or 

a representative population for the purpose of determining parameters or 

characteristics (Mugo Fridah, 2002). This section describes the sampling procedures, 

sample frame, and sampling techniques that were followed to effectively carry on the 

study. This section includes a description of the sample frame, sample size, and 

sampling techniques.   

 

3.4.1Sample Frame 

According to Shearer & Webster, (1985) and Mugo Fridah, (2002), a sample is a finite 

part of a statistical population whose properties are studied to gain information about 

the whole. Taherdoost, (2016), elaborated a sampling frame as a list of all cases from 

which the sample will be drawn. He further went on to say that the sampling frame 

must be representative of the population. As identified in the target population of the 

study area are the pastoralists and agropastoral groups in the study area with enough 

experience in land use/cover of the study area and a good understanding of pastures. 

The sample frame used in this study is elders who have lived in the area for over 20 

years, youth, herders and traditional leaders. To better drive conclusions on the first 

objective from the community perspective, information from people who lived in the 

area for 20 years as also informed in the period of the selected satellite imageries 

between 2003 and 2023 was needed. Objective two required an assessment of the 

impacts of LULCC on pasture viability and therefore required diverse information 

from different groups of the community such as elders for experience, herders and 
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youth for firsthand and contemporary information and traditional leaders were also 

required for issues regarding community governance and informed decisions regarding 

LULCC. This study also used satellite imageries from 2003, 2014, and 2023 taken 

between January and May, a wet season period for clear classification of the land 

use/cover of the study area. This is because being a semi-arid region, trees shade off 

their leaves and grass dries up during the dry season from July – November which 

makes it difficult to classify land use/cover as the whole land cover will have nearly 

similar characteristics. The satellite imageries were analyzed to conclude Objective 

Two and Objective Three.  

 

3.4.2 Sample Size   

This study gathered information from a sample population of 62 people for FGD and 

KIIs interviews. The sample population was selected from a purposive sampling of 

different groups from the community with a diverse understanding of pastures in the 

study area. For FGDs, the sample involved 16 youth, 16 elders, and 12 herders totaling 

44 people. While the sample for Key Informant Interviews consisted of two elders 

(male and female), from each of the selected villages and 1 traditional leader from each 

of the selected 6 study villages totaling 18 individuals.  

 

The two wards comprised 8 villages, but the study was conducted in 6 villages. The 

selected villages were Gitu, Kibirashi, Elerai, and Kwamaligwa in the Kibirashi ward 

and Ngobore and Saunyi villages in the Saunyi ward. Those villages were selected due 

to the number of pastoralists in the village. The selection of the villages was made in 

consultation with the ward government. According to the government of the respective 

wards in this study, the selected villages are home to the majority of pastoralists and 

livestock in their wards. For satellite images, the study used satellite imagery from 

2003, 2014, and 2023. These images were chosen to measure change over 2 time 

periods not less than 5-year intervals. The selection of the satellite images used in this 

study was also enforced by the cloud cover, whereby a criterion of a maximum of 10% 

cloud cover was set to get a good and interpretable image.   

3.4.3 Sampling Techniques 
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This study used non-probability purposive sampling techniques to obtain the sample 

population. According to Taherdoost, (2016), purposive non-probability sampling is 

mostly used when particular persons or events are selected deliberately to provide 

important information that cannot be obtained from other choices. Therefore, the 

sample population for this study was chosen based on a few pre-determined factors 

vital to the attainment of research objectives such as their experience and 

understanding of LULC of the study area for at least 10 years, and understanding of 

pastures and pastoralism in general which are vital information to assess the impact of 

LULCC on pastures viability.  

 

This study, therefore, aimed at elders who have lived in the area for over 20 years with 

enough understanding of pastures to acquire data to examine the dynamics of LULCC 

and it impacts on pasture viability in their areas. The study also aimed at youth and 

herders to gather contemporary information. Further, the study also aimed at 

traditional leaders who have provided detailed local governance information regarding 

the utilization of pasture resources and impacts of LULCC from their perspective. The 

sample population was selected by consulting the elders in the respective villages who 

have helped to identify people with a deeper understanding of the state of pastures in 

their areas. Gender balance was considered in the selection of the samples whereby 

each group except the herders and traditional leader’s groups was comprised of men 

and women in equal representation. The sample from the group of traditional leaders 

was selected according to who was in the function at the time the study was conducted. 

For the case of the herder group, the sample group was comprised of young men 

between 15 – 25 years. It is the tradition of the majority of pastoral communities, that 

herders’ activities are mostly the men’s responsibility (Yanda & Mung’ong’o, 2018), 

so was the case in Kibirashi and Saunyi wards. The selection of the herders was done 

with the help of elders and village leaders.  

 

 

 

3.5 Data Types and Sources 
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This study utilized data from both primary and secondary sources. Primary data was 

collected directly from the fieldwork through in-depth interviews and observation. 

Secondary data sources were also utilized to the greater benefit of the study. Secondary 

data was collected from existing documents in the literature such as the Kibirashi 

Village Land Use Plan and satellite images that were collected from online repositories 

provided by the USGS and GloVis.  

 

3.6 Methods of Data Collection  

According to Tuckman & Harper, (2012) data collection means a systematic process 

of gathering specific information with the goal of providing or refuting some facts. In 

that perspective, the nature of the data and the intended objectives determine the data 

collection methods. The following methods were applied to collect data for this study. 

 

3.6.1 Documents Review 

Document review is defined as the collection of data from documents, records, or other 

archival sources (Harrell & Bradley, 2009). The study perused documents and other 

archival data relevant to the study topic available at both online archives like the 

Handeni Integrated Agroforestry Project (HIAP) which conducted land use planning 

in some villages in the study area, and data in the Ministries of Land, and ministry of 

livestock and fisheries websites. Other data included Tanzania level three 

administrative maps 2012 collected from the National Bureau of Statistics (NBS) 

website. The information from these archives helped the study in making references 

and understanding the historical dynamics of LULCC in Kilindi and Tanzania as far 

as pasture viability is concerned.  

 

3.6.2 In-Depth Interviews 

This study employed two methods for data collection: in-depth interviews, including 

Key Informant Interviews, and Focus Group Discussions. These data were used to 

assess the impacts of land use/cover change on pasture viability in the Kibirashi and 

Saunyi wards. Data from key informants were collected from traditional leaders and 

elders, while data from focus group discussions were collected from various groups 

such as Elders, Herders, and Youth. Key informant interviews were collected from a 
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total of 18 people described as two elders (male and female) and one traditional leader 

from each of the 6 selected villages. Focus Group Discussions were conducted on three 

groups such as elders, youth, and herders. The FGDs were conducted in six separate 

sessions due to the geographical distance between the wards. FGD data were collected 

from a total of 44 people. where the elders’ group consisted of 16 people, 8 people per 

session, 16 participants from youth groups 8 per session, and 12 participants from 

herders’ group 6 members per each FGD session.   

 

The selection of participants for Key Informant Interviews (KIIs) and Focus Group 

Discussions (FGDs) was conducted using purposive sampling methods. Assistance 

from local community leaders and key informants was sought to identify individuals 

with deep knowledge of the subject matter within the community. Each participant 

was carefully chosen based on their expertise and understanding of the study topic. In 

collaboration with village leaders and elders, all interviewees for KIIs and FGDs were 

identified. The interviews and discussions were facilitated by the researcher, with the 

support of an assistant researcher who was responsible for taking detailed notes.  

 

The insights gathered from the focus group discussions (FGDs) and key informant 

interviews (KIIs) provided valuable information based on experience and knowledge. 

The elders recalled historical land use practices and highlighted significant changes 

over the decades, attributing them to the expansion of settlements and agricultural 

activities. Furthermore, the youth demonstrated a blend of traditional knowledge and 

modern understanding of pasture issues, while the herders offered real-time 

observations on pasture conditions and reported challenges related to land use/cover 

change (LULCC) in relation to animal grazing.  

 

3.6.3 Observation 

Observation was another primary source of data for this study. Part of the observation 

included the identification of ground truthing points using the hand-held GPS at a 5m 

maximum precision. Those data were used as inferences during land classification on 

satellite imageries. These data were observed from different distinct land covers such 

as water, farms, settlements, bushland, forests, grassland, and woodland. Another 
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observation method photography which included making photos of useful data like 

some plant species used by pastoralists as pastures that were described as in danger 

species due to LULCC. 

 

3.6.4 Remote Sensing 

Remote sensing was another secondary data source used in this study to collect the 

data crucial for assessing objectives 1 and 3. Spatial data included Landsat images, 

maps, and coordinates of the study area. Remote sensing data included satellite images 

such as Landsat images collected from USGs and GLOVIS online archives.  The 

satellite images downloaded were from the years 2003, 2014, and 2023 with 

consideration of seasonal and phenological consideration (Kashaigili et al., 2006). The 

images downloaded had cloud cover of less than 10% taken between January and April 

each year. This is because, January to May months are the wet season months in the 

region which is a time when one can make proper and clear distinctions between 

different land covers, while the weather in the rest of the months is dry and trees shade 

off the leaves, and grass and crops dry up making the land cover almost similar and 

therefore pose challenges to identify different land use/covers over the land.  

 

Table 3. 1: Characteristics of Collected Satellite Images 

Satellite Sensor Path/Row 
Acquisition 

Date 
Season  

Cloud 

cover 

Landsat 7 ETM+ 167/064 2003/02/06 Wet  7.0% 

Landsat 8 OLI 167/064 2014/01/11 Wet  2.93% 

Landsat 8/9 OLI/TIR 167/064 2023/02/05 Wet  3.93% 

Source: USGS Earth Explorer, (2023) 
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3.7 Data Processing and Analysis  

The data collected for this study were taken through a data analysis process which 

involved inspecting, cleaning, transforming, and modelling data to find useful 

information, draw conclusions, and support decision-making (Punch, 2016). The data 

in this study were analysed with tools such as QGIS, ArcGIS, IDRISI, and Atlas.ti. 

For spatial analysis, the first three were used, whereas for qualitative analysis, Atlas.ti 

was used. The data analysis was conducted regarding the data collected and objective 

requirements as further described in the following paragraphs. 

 

3.7.1 Analysis and Processing of Land Use/Cover Change Data 

To analyse spatial and temporal land use and land cover change in Kibirashi and 

Saunyi wards from 2003-2023 two analytical techniques were applied which were 

change detection and cross-tabulation which also included initial stages of pre-

processing the data and collection of training samples. 

 

3.7.1.1 Exploration of Satellite Images and Pre-processing   

Upon downloading the images from the USGS and GLOVIS, they were subsequently 

imported into the IDRISI Selva software utilizing the import window, thereby 

facilitating their transformation into a format compatible with IDRISI/TerrSet. 

Subsequently, the window module in the IDRISI/TerrSet software was employed to 

clip the satellite images to align with the study area, streamlining the analysis process 

by eliminating extraneous image components. Furthermore, disparate data formats, 

such as study area shapefiles, underwent conversion into vector formats harmonious 

with IDRISI/TerrSet. 

 

Initially, the digital counts of the mages were loaded into IDRISI/TerrSet. However, 

to improve image visibility and reflectance, they underwent atmospheric correction. 

This involved converting satellite-generated digital counts (DCs) to ground 

reflectance, specifically absolute surface reflectance (Chavez & others, 1996). The 

ATMOC module in IDRISI was used to conduct atmospheric corrections using 

Chavez’s COST method, as outlined by Warner et al. (2021). Chavez’s cost method 

requires the correction of each band individually using the data from the images and 
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the image metadata. The identifier tool was used to identify areas of high haze values 

in a composite image for each band. Other data for atmospheric correction using 

Chavez’s cost method were collected from the image metadata, including sun 

elevation, date and hours of acquisition in a specific year, Radiance Multiband Band 

to calculate the gains, and Radiance Add Band to calculate the Bias (Warner, 

Campagna, & Sangermano, 2020). The sun elevation angle during acquisition is used 

by the module to calculate the sun zenith angle (Chavez & others, 1996). Chavez’s 

cost method uses a specific formula to convert digital counts into ground reflectance. 

 

Where; 

REF is Spectral reflectance of the surface, Lhaze is Upwelling atmospheric spectral 

radiance scattered in the direction of and at the sensor entrance pupil and within the 

sensor’s field of view, TAUv is atmospheric transmittance along the path from the 

ground surface to the sensor Eo is Solar spectral irradiance on a surface perpendicular 

to the sun’s rays outside the atmosphere. Eo contains the Earth-sun distance term 

(D*D) embedded and is in astronomical units (AUs are a function of time of year and 

range from about 0.983 to 1.017), TZ is the Angle of incidence of the direct solar flux 

onto the Earth’s surface (solar zenith angle, Thetaz), TAUz Atmospheric transmittance 

along the path from the sun to the ground surface Edown Downwelling spectral 

irradiance at the surface due to scattered solar flux in the atmosphere 

 

To enable easy identification and analysis of different land use/cover categories on 

Landsat images, layer stacking of different bands in RGB colour format was performed 

to create a false colour composite image. For example, a combination of bands (4, 3, 

2) on Landsat 8 OLI and (3,2,1) on Landsat7 provided a natural colour expression of 

land use/cover of the area which was useful to identify cultivation and bare lands a lot 

easily. Other band combinations such as (5 6 4) on Landsat 8 OLI and (4 5 3) on 

Landsat 7 were used to express a false color for easier identification of water bodies 

from the land. The combination of bands (5 4 3) on Landsat 8 OLI and (4 3 2) on 

Landsat 7 were used to identify vegetation cover whereas areas with thick red color 

indicated the strong vegetation cover which were categorized as forest. Further, Linear 
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contrast stretching of 1.0 per cent was applied from the lowest to the highest values to 

enhance image interpretation. All the satellite images and spatial data used in this study 

were registered under the Universal Transverse Mercator (UTM) coordinate system in 

zone 37 South, Datum Arc 1960.  

 

3.7.1.2 Identification and Characterization of Training Samples 

With the help of ground truthing points collected by the researcher from the field and 

the researcher’s familiarity with study area training sites were collected by inspecting 

the satellite composite images and assigning each known land cover with an integer 

identifier. This was done by digitizing several polygons of each land cover with 

homogeneous pixel characteristics (Warner et al., 2021). Digitizing several helped in 

ensuring that each training site attained a number of pixels not less than the ten times 

total number of bands used. In this study, a total of 6 bands were used which set a 

demand for a number of pixels not less than 60 for each land cover for each signature 

(Warner et al., 2021). A high-resolution satellite images such as Google Earth were 

used to complement the identification of areas to collect training samples. The study 

identified training samples of 8 initial land covers such as water, woodland, bushland, 

bare land farms, settlement, planted farms, grassland, and forest.  

 

3.7.1.3 Assessment of Signature Files 

The training samples were used to create signature files for different land covers, 

including water, woodland, bushland, bare land farms, settlements, planted farms, 

grassland, and forest. The spectral characteristics of each signature file were analyzed 

using a histogram to identify similar land covers. It was found that settlements, bare 

land farms, and active farms had overlapping spectral characteristics. As a result, these 

land covers were combined into a single signature file, resulting in a final set of six 

land cover signature files: water, cultivation, forest, woodland, bushland, and 

grassland. These signature files were grouped into a collection of a signature group 

and used for maximum likelihood classification in the IDRISI/TerrSet MAXLIKE 

classifier.  

 

3.7.1.4 Image Classification  



32 

 

Subsequent to the completion of the image pre-processing procedures, the images 

underwent a supervised classification process to delineate land use/cover classes. This 

classification was executed through a maximum likelihood classifier (MAXLIKE) 

under Tertset/IDRIS software image processing hard classifiers. The tool is regarded 

by Warner et al., (2021) as a powerful classification technique as it draws on 

differences between the class means, as well as differences between the covariance 

matrices. In short, according to Warner et al., (2021), the maximum likelihood 

classifier is based on Bayes’ Theorem of conditional probability whereby the pixel of 

the image during classification is assigned to the class of highest probability. Using 

the signature group file developed in earlier stages, the MAXLIKE classifier under the 

IDRISI/TerrSet hard classifiers was run to produce the major six land use/cover classes 

such as Water, Cultivation, Forest, Woodland, Bushland, and Grassland. These classes 

also corroborate with FAO, (2002) and (NCMC, 2017), the classification of Tanzania’s 

land cover. Table 2 shows the description of the six major land classes produced in the 

MAXLIKE classifier which represents the land cover of the study area for the years 

2003, 2014, and 2023 as similar classification techniques and procedures were used to 

classify both satellite images of 2003, 2014, and 2023.   
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Table 3.2: Description of Final Land Use/Cover Classification 

S/N Land Use type Description 

1 Water These are the areas covered with water which include 

natural ponds, artificial dams and streams 

2 Cultivation This type of land cover comprises all bare land such 

as land for village nucleated and local scattered 

settlements, farmland and sandy soils  

3 Forest Medium to high altitude trees. Therefore, it includes 

the montane and lowland forest 

4 Woodland This is the land covered mostly by trees. It includes 

closed to open woodland which is famously regarded 

as savanna woodland. This class is a merger of open 

woodland, bushed woodland, and Thickets.   

5 Bushland This is the land cover characterized by bushes. It 

includes open wood and grazing lands characterized 

by bushes. 

6 Grassland These are the areas dominated by natural herbaceous 

plants such as grasslands, prairies, steppes and 

savannahs. 

Source: Author, 2024 

 

3.7.1.5 Classification Accuracy Assessment 

The final accuracy of image classification was evaluated using the ErrMat tool in 

IDRISI, which assesses the Kappa Agreement and Accuracy percentage. ErrMAT 

compares two images: the interpreted land cover map and an image containing the 

ground truthing result. It generates an error matrix showing the agreement between the 

land use image from classification and the ground-truthing image. In this study, a total 

of 300 random sample test points were created using the sample module in 

IDRISI/TerrSet. The ground truthing of these 300-point locations for each year was 

carried out by inspecting an enhanced image composite of the particular year. 
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In accordance with Warner et al. (2021), a minimum of 100 sample points is 

recommended for accuracy assessment, with a preference for a number closer to 300. 

The true land cover classes were documented in a text file by noting the digital value 

of each class in the IDRISI/TerrSet edit module. The point raster of the ground truthing 

for each year was subjected to ErrMAT analysis against the final land cover 

classification map. The ErrMAT accuracy assessment yielded the Kappa Index of 

Agreement (KIA) and the Overall Kappa, as well as column and row marginal totals, 

errors of omission and commission, an overall error measure, and confidence intervals. 

The overall Kappa seeks to adjust accuracy for the expected chance agreement. 

Accuracy can also be quantified by computing the percentage accuracy based on the 

number of points that matched their respective classes. The maps exhibited strong 

agreement with the real world, as indicated by the respective overall classification 

accuracies of 87.7%, 86.4%, and 87.6% for 2003, 2014, and 2023, along with their 

corresponding Kappa indexes of 0.82, 0.81, and 0.83. The detailed results of the 

ErrMat assessment are presented in Appendix 2.  

 

3.7.1.6  Change Detection Analysis  

Change analysis was conducted between the 2003 and 2023 satellite images using the 

land change modeller under the IDRISI software. This analysis assisted in assessing 

the changes in the land use/cover of Kibirashi and Sunyi areas by analyzing the gains 

and losses of each land cover over the course of 20 years, the net change and 

contribution to net change from each class and exchange among the land cover classes 

over time. This analysis was successfully conducted by analyzing graphs and change 

maps produced by the module. 

 

3.7.1.7 Cross-Tabulation Analysis  

Cross-tabulation analysis was conducted to compare land use/cover between different 

time periods (2003 - 2014, 2014 - 2023, and 2003 - 2023) using the CROSSTAB 

module in IDRISI software. This analysis involved comparing satellite images from 

distinct periods to identify differences. The module generated image and table outputs, 

which were then analyzed to determine differences between the two images. The pixel 
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tabulation table results were used to calculate the changes in land classes between the 

2003 and 2014 images in hectares. 

 

Also in this study, cross-tabulation was performed to analyze land cover images from 

2014 and 2023, as well as from 2003 and 2023. The computation of each land class in 

hectares involved the calculation of a single pixel's area, measuring 30m by 30m, 

which equals 900 square meters. This value was then multiplied by the total number 

of pixels in each land category and divided by 10,000 to quantify the area coverage of 

each land use/cover category in hectares, as well as the amount of land lost to other 

categories. The utilization of crosstabulation data facilitated the calculation of the 

annual rate of change for the land covers, providing a lucid interpretation of the 

change. The subsequent formulas were utilized to calculate the annual change (in 

hectares) and the annual rate change in percentage. 

 

 

 

3.7.2 Analysis of the Impacts of LULCC on Pasture Viability 

In the assessment of the impacts of Land Use and Land Cover Change (LULCC) on 

pasture viability in the Kibirashi and Saunyi wards, qualitative information was 

collected from elders, youth, traditional leaders, and herders through in-depth 

interviews. The interviews were conducted in Swahili, a language widely understood 

in the study area, and the data was subsequently transcribed into English and uploaded 

into the Atlas.ti software. 

 

Upon uploading the data into Atlas.ti, codes were generated to represent significant 

concepts, themes, or patterns that emerged from the qualitative information. The 

coding process facilitated the identification of similar characteristics and recurring 

patterns within the responses, and these coded quotes were then grouped accordingly. 

These groupings were instrumental in identifying overarching themes that explained 

the collective results regarding the impact of LULCC on pastures.  
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The themes formed the foundation for drawing meaningful conclusions and informing 

the broader study, ensuring a systematic examination of the impacts of LULCC on 

pastures and providing a robust framework for the study's conclusions and insights. 

This methodological approach not only ensured a systematic examination of the 

impacts of LULCC on pastures but also provided a robust framework for drawing 

meaningful conclusions and informing the broader study. 

 

3.8 Predicting Future Land Use/Cover 

Projection of land use/cover for the next 20 years was conducted using the 

CA_Markov tool. This was done by using the 2023 land classified image as the base 

map and the transition area files and suitability maps created by the Markov module. 

According to Takada et al., (2010), Markov is a statistical tool used to analyze a pair 

of land cover images and predict the situation of these land cover types in the future. 

In the process, Markov analysis produces a transition probability matrix, a transition 

areas matrix, and a set of conditional probability images (Takada et al., 2010). The 

conditional probability images depict the probability that each land cover type would 

be found at each pixel after a specified number of time units if the change rate remains 

constant. Transitional suitability images of road distance and settlements were grouped 

through Multi-criteria Evaluation (MCE). Markov technology uses the following 

formula 

 

  

Where,  is a 1-by-n row vector that gives the proportion of each category at the 

initial time , where ‘n’ is the number of categories in the land use classification. , is 

the number of years between the initial year  and the subsequent year of observation 

and  is an n-by-n matrix in which each element d  is the conditional probability that 

a pixel transition to category  by time  given that it is category  at time   
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3.9 Data Presentation 

For better presentation of the findings, this study applied different techniques such as 

maps, graphs, and tables. Maps, graphs, and tables are mainly used to present the 

findings of quantitative data mostly ascribed to objective one and objective three. The 

findings for objective two were done in narrative way presented in themes as the data 

relied mostly on qualitative information gathered from FGDS and KIIs.   

 

 

Figure 3.2: Data Presentation Methods 

Source: Author, 2024 

 

3.10 Ethical Consideration 

Ethical consideration in research is a critical aspect of research as studies sometimes 

infringe on the rights of individuals with some degree of risk. The risks may range 

from minor discomfort or embarrassment to much more severe effects on participants' 

physical and emotional wellbeing (Marczyk et al., 2010). To make sure that this study 

is conducted openly and formally a researcher sought a data collection permit from the 

university governance and later followed the procedures to collect permits in the 

offices of RAS, and DAS and carried introductory letters to ward and village offices. 

Participants of FGDs and KIIs were identified in codes and positions respectively, 

Appendices 3-5. The researcher also observed a high degree of respect for people’s 

way of life and adhered to their traditions to make the data collection process a smooth 

and successful undertaking. 

 

Data Presentation 

Objective 1 Objective 2 Objective 3 

Maps, Graphs, 

and Tables 

Narratives, 

Quotes 
Map, and 

tables 

Objectives 

Presentati

on 

methods 
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3.11 Validity and Reliability  

The tools used to gather information were all tested to ensure their efficiency before 

being applied directly in the field. Also, the assistant researcher was trained on the 

tools and research ethics to make sure that there is accuracy and validity of the data 

collected.  For quantitative data such as image classification and land change detection 

classification accuracy assessments were conducted and its accuracy and kappa index 

were produced and examined to measure the levels of accuracy and agreement of the 

data respectively.  
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Table 3. 3: Research Methodology Summary 

S/N 
Specific 

Objective 

Data 

Collected 

Data 

Sources 
Analysis Tool 

Analysis 

Conducted 

1 

To examine 

spatial and 

temporal 

changes in 

land use and 

land cover in 

Saunyi and 

Kibirashi 

wards for the 

past 20 years 

-Landsat 

images for 

2003, 2014, 

and 2023 

 

Google 

Earth high-

resolution 

images 

 

Ground 

truthing 

points 

-USGS earth 

explorer 

 

-GLOVIS 

 

-Google 

Earth 

 

-Hand held 

GPS 

 

-Digital 

Camera 

ArcGIS to 

create maps 

land use/cover 

maps 

 

IDRISI/TerrSet 

for image 

classification 

and change 

detection  

 

QGIS for 

creation of 

study area map 

-LULCC 

classification 

 

-Change 

Detection 

 

Classification 

accuracy 

Assessment 

2 

To assess the 

impacts of 

Land Use 

and Land 

Cover on 

pasture 

viability in 

Saunyi and 

Kibirashi 

wards for the 

period of 

2003 – 2023 

-Qualitative 

data 

through In-

depth 

Interviews 

 

Observation 

of the 

situation of 

pastures 

 

Key 

informant 

interviews 

on 

Traditional 

leaders and 

Elders 

 

FGDs on 

Youth, 

Elders and 

Herders 

Atlas.ti 

 

Microsoft 

Excel 

-Thematic 

Analysis 

3 

To predict 

the future 

changes in 

land cover in 

Saunyi and 

Kibirashi 

wards for the 

next 20 years 

until 2043. 

A classified 

2023 image 

map 

 

Transition 

probability 

maps 

 

Suitability 

Maps 

2023 image 

classification 

 

Markov 

module 

outputs 

IDRISI/TerrSet 

Prediction of 

future land 

use/cover of 

Kibirashi and 

Saunyi wards 

in 20 years 

Source: Author, (2024)  
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CHAPTER FOUR  

RESULTS AND DISCUSSION 

4.1 Introduction 

In this pivotal section, the study embarks on an exploration of the culmination of the 

extensive study. The Results and Findings chapter stands as a testament to the 

diligence and dedication invested in the study endeavours. Here, the study presents the 

empirical outcomes, analyses, and interpretations that shed light on the research 

questions and objectives. 

 

4.2 Spatial and Temporal Changes in LULC in the Study Area 

Changes in the land cover happen at a certain place and time. This study assessed the 

spatial and temporal change in the Kibirashi and Saunyi ward’s land use/cover by 

classifying satellite images taken in three distinct periods: 2003, 2014, and 2023. To 

put the changes in quantitative perspective the study employed cross-tabulation and 

change detection of those images.  

 

4.2.1 Land Use/Cover Assessment 

The land use/cover in the wards of Kibirashi and Saunyi demonstrated significant 

change over time. The changes were assessed by classifying the land use/covers of 

Landsat images from 2003, 2014, and 2023. The maps of the classified images as 

indicated in Figures 4.1 – 4.3 shows qualitative changing aspects of the land use and 

land cover in the study area. Further, table 4.1 quantified the size of each land 

use/cover in hectares and percentage at each given year. The study also examined the 

spatial trend of change in the land use/cover classes and emphatically on land covered 

by pastures. The direction of change in each land use/cover in the study area was 

examined using the graphical and tabular presentation of the land use/cover of the 

study area. Figure 4.4 shows the direction of change in each land category between 

2003 and 2023, while Table 4.5 the direction of change in percentage. Whereas, Land 

categories in the later year that have increased percentage from the earlier year 

indicated a positive direction, while those that indicated a decrease from the earlier 

year have indicated a negative direction 
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Figure 4.1: Classified Land Use and Land Cover of 2003 

Source: Author from Classification of 2003 Landsat Image, 2024 
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Figure 4. 2: Classified Land Use and Land Cover of 2014 

Source: Author from Classification of 2014 Landsat Image, 2024 
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Figure 4. 3: Classified Land Use and Land Cover of 2023 

Source: Author from the Classification of 2023 Landsat Image, 2024 

 

A visual analysis of the study area maps of the classified satellite images, shows that 

bushland cover is the biggest land cover in the study area followed by woodland and 

cultivation. Bushland characterized largely the northern parts of the study area, while 

woodland and cultivation have occupied largely the southern and middle parts of the 

study area. The classified land use and land cover maps of 2003, 2014, and 2023, the 

study area have demonstrated a lot of changes in different parts of the map. Cultivation 

land cover indicated a steady increase extending largely into woodland areas. The 2014 
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land cover showed an increase of woodland in the middle area and northern parts of 

the study area mainly in Saunyi wards. Looking at the grassland cover, it shows a 

significant increase in 2023 where grassland emerged in the central part of the study 

area north of Kibirashi ward along cultivation area.  

 

Quantitative change of the land cover portrays information that complements the 

qualitative interpretation of the maps. The data shows that bushland continued to be 

the dominant land cover in the study area where it covered 48,113 ha in 2003, 48,583 

ha in 2014 and 41,798 ha in 2023 which is a 36.34%, 36.7%, and 31.37% of land 

covered by bushland in 2003, 2014, and 2023 respectively. The land covered by 

woodland was the second largest land cover in the study area in 2003 and 2014 

covering 44,328 ha and 46,046 ha respectively, however, it dropped to the third largest 

land cover in 2023 where it covered only 29,400 ha equals 22.21% of total study area 

land. Grassland covered 24,743 ha (18.69%) in 2003 but decreased in 2014 to 13,846 

ha (10.46%), however, it increased in 2023 to 27,926ha which is 21.09% of land 

covered by grassland in 2023. Table 4.1 shows the area size of each land class in 

hectares (ha) and percentage (%) in 2003, 2014, and 2023.  

 

Table 4.1: The Distribution of LULC in 2003, 2014, and 2023 in Hectares 

and Percentage 

Year 2003 2014 2023 

Category Ha (%) Ha (%) Ha (%) 

Water 20 0.02 343 0.26 11 0.01 

Cultivation 14,342 10.8 21,594 16.31 32,020 24.19 

Forest 842 0.64 1,976 1.49 1,233 0.93 

Woodland 44,328 33.48 46,046 34.78 29,400 22.21 

Bushland 48,113 36.34 48,583 36.7 41,798 31.37 

Grassland 24,743 18.69 13,846 10.46 27,926 21.09 

Source: Author’s Tabulation from Classified Maps, 2024 
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4.2.2 Change Detection of LULC in the Study Area 

The statistical representation of the changes in land use/cover in the study area is 

indicated in tables 4.2-4.4. the tables indicate the rate of change in each land use/cover 

category in hectares and percentages. The rate of change is significant to understanding 

the magnitude that each land use/cover has changed and facilitated the identification 

of land covers that are in danger of decline over the years.  

 

Table 4. 2: LULC Annual Change and Annual Rate of Change 2003-2014 

 2003 area (ha) 2014 size (ha) Annual 

Change (ha) 

Annual Change  

Rate (%) 

Water 20 343 323 1,615 

Cultivation 14,342 21,594 7,252 50.56 

Forest 842 1,976 1,134 134.69 

Woodland 44,328 46,046 1,718 3.87 

Bushland 48,113 48,583 470 0.98 

Grassland 24,743 13,846 -10,897 -44.04 

Source: Author’s Tabulation from Classified Maps, 2024 

 

Table 4. 3: LULC Annual Change and Annual Rate of Change 2014-2023 

 2014 area (ha) 2023 size (ha) Annual 

Change (ha) 

Annual Change  

Rate (%) 

Water 343 11 -332 -96.79 

Cultivation 21,594 32,020 10,426 48.28 

Forest 1,976 1,233 -743 -37.6 

Woodland 46,046 29,400 -16,646 -36.15 

Bushland 48,583 41,798 -6,785 -13.97 

Grassland 13,846 27,926 14,080 101.69 

Source: Author’s Tabulation from Classified Maps, 2024 
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Table 4. 4:  LULC Annual Change and Annual Rate of Change 2003-2023 

 2003 area (ha) 2023 area (ha) Annual 

Change (ha) 

Annual Change  

Rate (%) 

WA 20 11 -9 -0.01 

CU 14,342 32,020 17,678 123.26 

FO 842 1,233 391 46.44 

WO 44,328 29,400 -14,928 -33.68 

BU 48,113 41,798 -6,315 -13.13 

GR 24,743 27,926 3,183 12.86 

Source: Author’s Tabulation from Classified Maps, 2024 

 

The result indicates that the area under cultivation increased at a percentage change of 

50.46 between 2003 and 2014 Table 4.2. This is indicated by the increase of cultivation 

by an annual change of 7,252 ha from 14,342 ha of the total study area land in 2003 to 

21,594 ha in 2014 Table 4.2. The percentage rate of change in cultivation as indicated 

in Table 4.3, further increased between 2014 and 2023 at an annual change rate of 

48.28% from 21,594 ha (16.31% of the total study area) in 2014 to 32,020 ha (21.18% 

of the total study area) in 2023.  

 

The area under woodland cover increased a little bit in 2014 at an annual change of 

1,718 ha, (3.85% annual rate change) from 44,328 ha in 2003 to 46,046 ha in 2014. 

however, the woodland cover decreased at an annual change rate of -36.15% between 

2014 and 2023 from 46,046 ha in 2014 to 29,400 ha in 2023 which is an expression of 

-16,646 annual change. In the span of 20 years (2003-2023), woodland and bushlands 

decreased at an annual change rate of -33.68% and -13.13% respectively as shown in 

Table 4.4. Between 2003 and 2023 cultivation land cover increased significantly from 

14,342 ha (10.8% of total area size) to 32,020 ha (24.19% of total area size) 

respectively Table 4.4 which marks a 123.06% percentage of change.  

 

The total area covered by forest increased from 842 ha (0.64%) in 2003 to 1,976 ha 

(1.49%) in 2014 which marks 132.84 annual percentage of change in Table 4.2, 
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however, it shrunk at an annual percentage of -37.6% between 2014 and 2023 whereby 

the area under forest occupied 1,233 ha (0.93%) in 2023 Table 4.3. This however still 

higher compared to the total area covered by forest in 2003 at an annual change of 391 

between 2003 and 2023 Table 4.4.  

 

The areas under bushland cover had a slight increase at an annual rate change of 0.98 

% between 2003 and 2014 from 48,113 ha (36.34% of total the study area) to 48,583 

ha (36.70% of the total study area) respectively which is an annual change of 470 ha 

table 4.2. Between 2014 and 2023 bushland land cover declined to 41,798 ha (31.57% 

of total land cover) in 2023 a -13.98% percentage decrease table 4.4. Areas under 

grassland indicated a significant decrease between 2003 and 2014 from 24,743 ha 

(18.68%) to 13,846 (10.46%) ha respectively table 4.2, however, it later increased 

Between 2014 and 2023, where the area under grassland cover increased to 27,926 ha 

table 4.4 to occupying 21.09% of the total study area in 2023.  

 

4.2.3 The Dynamics of Pasture Lands Against Cultivation Land Use/Cover 

The areas that are regarded as traditional grazing land such as woodland, bushland and 

grassland (Yanda & Mung’ong’o, 2018), demonstrated significant dynamic change 

over the time of 20 years from 2003 to 2023. The changes have been assessed through 

annual change and annual rate of change in Table 4.2 – 4.4 as well by assessing the 

loss and gains, net change, and contribution of each of these pasture land classes to 

cultivation which is the leading land class to net change.  

 

Figure 4. 4:  LULC Gains and Losses 2003 - 2014 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 
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Figure 4.5: LULC Net Change 2003 – 2014 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 

 

 

Figure 4.6:  LULC Gains and Losses 2014 - 2023 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 

 

Figure 4.7: LULC Net Change 2014 – 2023 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 
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The traditional pasture lands decreased from a total of 117,184 hectares, covering 

88.52% of the total land area in 2003, to a total of 108,475 hectares in 2014, which 

accounted for 81.93% of the total study area in 2014. However, the net change in Land 

Use and Land Cover (LULC) in 2014 indicates a slight positive change in woodland 

and bushland pastures, as shown in Figure 4.8. In 2014, only grassland in the 

traditional pastures land use/cover class decreased as can be seen in the gains and 

losses graph in Figure 4.6.  In 2023 traditional pasture lands further decreased to 

74.87% of the total area. Big changes occurred in woodland and bushland as indicated 

in the gains and losses and their respective net change values in Figures 4.8 – 4.9.   

 

In the span of 20 years from 2003 to 2023, the area under cultivation has over doubled 

from 14,342 ha (10.84% of the total area size) in 2003 to 32,020 ha (24.18% of the 

total area size) in 2023 which was marked by the annual percentage change of 123.26% 

Table 4.4. The increase in cultivation has occurred at the expense of traditional pasture 

lands. For example, in 2023 cultivation land has the highest net change value in the 

positive direction as indicated in Figure 4.10 and the biggest contributors to that 

change are the pasture lands such as woodland, bushland, and grassland which 

contributed 13,547 ha, 5,106 ha, and 4,074 ha each respectively. The graph in Figure 

4.10 illustrates the contribution of pasture lands to cultivation in 2023. A huge shift in 

pasture lands to cultivation occurred in Kibirashi ward Figure 4.11, where big portions 

of woodland, bushland, and grassland transitioned to cultivation in 2003 - 2023. 

 

Figure 4. 8:LULC Net Change 2003 – 2024 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 
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Figure 4. 9:  Contribution to Net Change in Cultivation 2023 in Hectares 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 

 

Despite a decrease in the total pasture land use/cover in 2023, the changes were not 

universal across all pasture land covers because grassland increased at an annual rate 

change of 12.86% in 2023 from 24,743ha in 2003 to 27,926ha in 2023. The increase 

however occurred in former woodland areas also turned into cultivation. While 

grassland has increased between 2003 and 2023, its accessibility by pastoralists has 

become restricted to a minimum due to the increase in private plots, such as unprepared 

farms, to which pastoralists have no access. The distant areas in the north of the map 

formally covered by grassland are overtaken by bushland and woodland making them 

attractive to farmers. Figure 4.13, shows the exchange between bushland and grassland 

in the years 2003 and 2023. As shown in Figure 4.13, the bushland has been converted 

into grassland in the lower sections of the map, which are surrounded by farms. Figure 

4.10 is a graphical presentation of a percentage change in pasture lands against 

cultivation.  
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Figure 4.10: A Percentage Change of Pasture Lands Against Cultivation in 

2003, 2014, and 2023 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 
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Figure 4.11:  Pasturelands Transition to Cultivation, 2003 – 2023 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 

 

4.2.4 The Spatial Trend and Distribution of Changes in LULC  

The LULC change in Kibirashi and Saunyi wards occurred across the landscape. Some 

areas experienced more significant changes than others and some changes have 

occurred in some areas more or less than the other. Figure 4.11 shows the LULC gains 

and losses between 2003 - 2023. The trend and intensity of LULC change are indicated 

in the transition and cubic trend maps in Figures 4.11 and 4.14 respectively. Traditional 

pastures such as woodland, Bushland, and Grassland have indicated significant spatial 

trends and directions of change in both directions between 2003, 2014, and 2023, 

however, the overall difference between 2003 and 2023 indicates that woodland and 

bushland decreased while grassland indicated slight increase. On the contrary, the area 

under cultivation increased successively between 2003 and 2023 
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Figure 4. 12:  LULC Gains and Losses 2003-2023 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 

 

The changes in the Kibirashi and Saunyi wards land use/cover for a period of 20 years 

(2003-2023), happened in different directions each land cover gaining and losing from 

and to other land categories. The results, as illustrated in Figure 4.11, indicate that 

between 2003 and 2023, a significant amount of woodland in Kibirashi has been lost 

to cultivation, while both bushland and woodland in the Saunyi ward have been 

affected. Additionally, grassland has experienced a substantial loss to bushland in the 

Saunyi ward, as shown in Figures 4.12 and 4.13. The gains and losses in LULC 

between 2003 - 2014, 2014 – 2023, and 2003 – 2023 are further presented in Tables 

4.5 – 4.7. The net change information indicates that cultivation is the greatest driver of 

net change in the study area.  
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The spatial trend of change between 2003 and 2023 as shown in Figure 4.14 indicates 

that a major transition to cultivation land occurred in the middle toward the bottom of 

the map which are areas formerly covered by woodlands. Figure 4.14 shows the trend 

of change from all land categories to cultivation in 2003 - 2023 which further 

highlights that a huge transition to agriculture occurred mostly in the southern part of 

the study area mostly in Kibirashi ward, an area earlier covered mostly by woodland. 

Another problem with pasture land is the transition of grassland to bushland which is 

an important pasture land for cattle. These changes can be seen in Figure 4.13 which 

shows an exchange between grassland and bushland in 2003 – 2023.  

 

Figure 4. 13: Exchange Between Grassland and Bushland, 2003-2023 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 
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Figure 4.14:  Transition of all LULC to Cultivation, 2003 - 2023 

Source: Author Based on Land Change Modeler 2003-2023 Results, 2024 

 

4.2.5 Cross-Tabulation 

As stated by Momeni Amirand Pincus, (2018), cross-tabulation is a powerful statistical 

technique that can help conclude the distribution of data, association of events with 

each other or their correlation with each other. This study used cross-tabulation to 

tabulate the amount of change between periodic satellite images such as 2003-2014, 

2014-2023, and 2003 – 2023. Tables 4.5 – 4.7 are the results of the cross-tabulation of 

these images. The data in the tables highlights the changes in each land use/cover in 

hectares and the amount that each land category maintained between two distinct 

periods.  

 

In the sub-headers rows in Tables 4.5 - 4.7, WA stands for Water, CU for cultivation, 

FO for forest, WO for woodland, BU for bushland and GR for grassland and the values 

in bracket represent the amount of hectares of LULC in a particular category that 

remained unchanged in a particular time frame.  



56 

 

 

Table 4. 5:  Cross-Tabulation Between 2003 and 2014 (Areas in Hectares) 

Year 2003 

 

LULC 

class 

WA CU FO WO BU GR Total 

2
0
1
4
 

Water (0) 38 4 123 79 99 343 

Cultivation 5 (9,567) 6 6,394 2,734 2,888 21,594 

Forest 0 77 (659) 1,078 39 123 1,976 

Woodland 7 1,403 167 (23,076) 15,647 5,746 46,046 

Bushland 6 1,836 3 10,772 (24,731) 11,235 48,583 

Grassland 2 1,421 3 2,885 4,883 (4,652) 13,846 

Total 20 14,342 842 44,328 48,113 24,743 132,398 

Source: Author’s Tabulation of Satellite Images, 2023 

 

Table 4. 6: Cross-Tabulation Between 2014 and 2023 (Areas in Hectares) 

Year 2014 

 Land class WA CU FO WO BU GR Total 

2
0
2
3

 

Water (0) 6 0 3 1 1 11 

Cultivation 100 (14,552) 206 7,641 6,133 3,388 32,020 

Forest 6 17 (765) 420 13 12 1,233 

Woodland 73 1,066 899 (17,801) 8,682 879 29,400 

Bushland 40 855 23 14,258 (23,495) 3,127 41,798 

Grassland 124 5,098 83 5,923 10,258 (6,440) 27,926 

Total 343 21,594 1,976 46,046 48,582 13,847 132,398 

Source: Author’s Tabulation of Satellite Images, 2023 

 

Table 4. 7:  Cross-Tabulation Between 2003 and 2023 (Areas in Hectares) 

Year 2003 

 

Land 

classes 

WA CU FO WO BU GR Total 

2
0
2
3
 

Water (7) 1 0 0 0 2 11 

Cultivation 4 (9236) 54 13,547 5,106 4,074 32,020 

Forest 0 86 (605) 453 4 86 1,233 

Woodland 0 1,061 157 (16823) 8,239 3,120 29,400 

Bushland 6 1,009 1 6,216 (25161) 9,405 41,798 

Grassland 3 2,950 25 7,290 9,604 (8056) 27,926 

Total 20 14,342 842 44,328 48,113 24,743 132,398 

Source: Author’s Tabulation of Satellite Images, 2023 
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The cross-tabulation data presented in Tables 4.5 – 4.7 were also used in the earlier 

sections of this chapter to show the changes and magnitude of change for one land 

class to another and to itself in different periods and to complement the results of the 

change detection on the study area. Nonetheless, these tables further presented 

important information regarding the dynamics of each land use/cover in particular the 

role of pasture land use/cover categories such as grassland, woodland, and bushland 

(Yanda & Mung'ong'o, 2016) to the expansion of cultivation. For instance, the data 

expressed a huge transition of traditional pasture land into cultivation, between 2003 

and 2014, traditional pasture land use/cover contributed a total of 12,016 ha to 

cultivation. In the 2014 – 2023 period, pasture lands contributed a total of 17,162ha to 

cultivation.  

 

4.3 Impacts of LULCC on Pasture Viability 

The impacts of Land Use and Land Cover Change (LULCC) on the viability of 

pastures in Kibirashi and Saunyi wards were examined by collecting qualitative 

information from focus groups and key informants. The collected data was then 

analyzed thematically using ATLAS.ti software, revealing three major themes: Pasture 

Availability, Pasture Accessibility, and Pasture Quality.  

 

4.3.1 Pasture Availability 

The data indicated that LULCC has led to a shortage of pastures for pastoralists 

animals resulting from expansion of agriculture, population increase, increased 

numbers of livestock and lack of rains. The discussion with the group of elders 

emphasized that cultivation is a major factor leading to the decrease in pastures in 

Kibirashi and Saunyi. They stated that cultivation has encroached upon traditional 

pasturelands, resulting in the loss of significant pasture lands. The youth and herder 

groups also identified agriculture as a key factor contributing to the shortage of 

pastures for pastoralists in the two wards. One young man from Elerai village said: 

 

“As far as I can see, the farms have overtaken the pastoral land. And 

people cutting forests leads to lack of grazing areas for livestock and 

there is also an increase in settlement” 
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 These findings concur with the findings by Catley et al., (2013) which indicated that 

the expansion of cultivation impacted pastoralists' mobility to access pastures. 

The data also indicated that another activity impacting the availability of pastures is 

the expansion of settlements. The study found that the growth of human settlements 

and urbanization encroached into traditional grazing areas. One elder Kibirashi village 

noted that,  

 

"Currently, there is an increase in population and buildings compared 

to the past twenty years, something that is shrinking the availability of 

pastures." 

 

As land is converted for residential, and commercial purposes, livestock lose their 

traditional pasture lands. This factor was also found to be impacting the availability of 

pasture in the Gode district, in Ethiopia in research done by Worku et al., (2018) which 

asserted that the decline of pastureland is the result of human pressure on the land for 

settlement and cultivation.  

 

Third, an increase in livestock numbers. However, many of the interviewed individuals 

and groups signified crop cultivation as a major reason for reduced pastures in 

Kibirashi and Saunyi, but the findings also indicated that the rise in livestock 

populations exacerbated the pressure on available grazing lands. A youth from 

Ngobore village ascertained that;  

 

“The increase in livestock has also affected the grazing areas, because 

now the livestock are using the same area frequently to get pasture and 

thus affecting the ability of grasses to grow to maturity”.  

 

An argument complemented by the finding of Gebeyehu et al., (2023), which 

identified the increase of livestock as a reason for overgrazing hence the demise of 

pastures. The elderly group further stressed that, with more livestock to feed, the 

demand for pastures intensifies, leading to overgrazing and degradation of the existing 

grazing areas. The findings further align with a report on rangelands by Oxfam 

International (Kirkbride, 2008), which showed that the expansion of farms into 

rangelands has significantly contributed to the decline of pastures. The data also 
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revealed that the shortage of rains has impacted the growth process of grasses hence 

reducing the satiety of livestock. While responding to a question regarding the impacts 

of the changes in climate and weather patterns associated with LULCC, an elder from 

Gitu village stated: 

 

“The change in land use/cover have led to increased dry seasons and 

thus leads to the death of many cows for hunger, due to insufficient 

grass a situation that made many people to experience stress and 

sometimes commit suicide when they see many cows die”  

 

The data results also indicated that charcoal burning, timbering, and sand extraction 

activities are also contributing to the shortage of pastures in Kibirashi and Saunyi 

wards. Moreover, the elders emphasized that due to insufficient traditional pastures, 

they have started purchasing farm residuals as supplementary food to sustain their 

livestock, especially during dry seasons.  

 

4.3.2 Quality of Pastures 

Another theme that emerged from the data findings is the impact of LULCC on the 

quality of pastures. The elders believe that high-quality pastures provide palatable, 

nutritious feed that enhances milk production, livestock health, and market value. The 

elders believed that palatable feed is the one with proper botanical composition. This 

description of the quality of pastures is also seen in the findings of Kavana et al., (2014) 

who in addition described the libido of bulls as another aspect that can be used to 

determine the quality of pastures. The findings indicated that there has been a decline 

in the quality of pastures. For example, an elder argued that: 

 

“The quality of the grass has deteriorated. To a large extent, the grass 

now and in the past is different. Currently, in many areas where there 

was grass, small plants are growing that are not productive fodder for 

our livestock and some are inedible to livestock at all”.  

 

The elders' account aligns with Kavana et al.'s (2014) findings, which showed that 

confining pastoralists to small areas has led to overgrazing. This has caused a shift 

from productive to unproductive feed. The research also identified factors linked to 

Land Use and Land Cover Change (LULCC) affecting pasture quality. These include 
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the disappearance of controlled grass burning, tree and grass species, and an increase 

in insects, pests, and associated diseases. Several studies, such as those by Angassa & 

Oba (2008) and McCarthy et al. (2001), discuss the decline in pasture quality due to 

the disappearance of controlled burning and the replacement of grasslands with woody 

vegetation.  

 

The loss of vegetation diversity due to land use/cover change, particularly the 

conversion of natural pasturelands for agriculture or settlement purposes, resulted in 

the loss of diverse plant species. Discussions with elders indicated that some grasses 

and vegetation species, like the acacia tortilis, and acacia nilotica trees shown in Figure 

4.15, play a crucial role in providing nutritious fodder for livestock, especially during 

dry seasons when other sources of forage are scarce. Kavana et al., (2014) defines 

these trees as multipurpose trees due to their demand for pastoralists for pasture and 

demand for other groups for charcoal activities. are disappearing due to agriculture 

expansion, charcoal burning, and bloc burning activities.   

 

The data also identified other palatable species that provide productive feed for 

livestock, especially during the dry season. These species include wandering jaw 

(scientifically known as Tradescantia fluminensis) and salt marsh grass. The data 

indicated that these species are disappearing in many areas in Kibirashi and Saunyi 

wards. According to the elders, these species store a good amount of water and have 

high nutrients that help to strengthen the livestock's health during dry and hot seasons. 

The elders argued that the disappearance of palatable feed has reduced the quality of 

pastures in their lands, making the livestock incapable of sustaining increasingly 

prolonged droughts.  
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Figure 4.15: The Acacia Tortilis Tree, a Dry Season Source of Pastures 

Source: Author from Field Observation, (2023) 

 

Moreover, the findings revealed that climate change had had adverse effects on pasture 

quality. The information gathered from key informants and focus groups indicated that 

the decrease in rainfall which is associated to deforestation for cultivation has led to 

the deterioration of grasslands. Many elders stressed that in many areas grass has been 

overtaken by some alien plant species that are inedible to the livestock or have small 

nutrients, therefore affecting the health and productivity of the animals. This argument 

is also backed by the findings by Mbwambo et al., (2016) in who indicated that climate 

change and expansion of crop cultivation have aggravated the problem of pasture and 

feed resources in terms of quantity and quality.  

 

The third factor that led to the decline in pasture quality is the overuse and degradation 

of pastures. Overusing existing pastures is a critical factor linked to land use and land 

cover change (LULCC), which contributes to the decline in pasture quality. 

Information from the FGD and KII respondents shows that LULCC has reduced 

pastoral lands, causing large animal herds to concentrate in small areas. This 
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overgrazing leads to pastures not having enough time to recover and regenerate, as 

they lack adequate rest periods. An elder from Kwamaligwa village mentioned,  

 

"The health of the grass and other pastures has decreased significantly 

due to frequent trampling by livestock."  

 

According to them, overgrazing leads to the degradation of pastures, causing a 

decrease in their nutritional content and overall quality. These findings are in line with 

the findings by (Kavana et al., 2014). The elders stressed categorically that the 

overutilization of pastures is the result of land use/cover change where many 

pasturelands have been overtaken by other activities particularly crop cultivation and 

settlements leaving the small patches where all animals flock into daily without resting 

time.   

 

The fourth factor is the absence of controlled burning. Controlled burning is a 

traditional practice used by pastoralists to manage grasslands and stimulate new 

growth. The elders explained that in the past 20 years, there was an abundance of 

pasture lands, allowing for surplus grasses to be strategically burned to ensure the 

regeneration of new and quality grass. However, changes in land use have reduced 

many pasturelands, while those that remain are overutilized and face prolonged 

droughts, limiting the surplus grasses available for burning and affecting grass quality 

management. The findings show that controlled burning helped the community 

eradicate the growth of invasive plant species and promote the growth of nutritious 

grasses. Conversely, grasses are being replaced by alien species, including bushes and 

inedible new species. These findings are supported by research at Nyangatom 

agropastoral in southwest Ethiopia (Gebeyehu et al., 2023). The discussion further 

indicated that the deterioration in the quality of grass and other pastures is also 

weakening the health of the animals.  

 

The fifth factor identified is an increase in insect populations and livestock diseases. 

The discussions revealed that the changes in land use/cover exacerbated the increase 

of insect populations in the grass therefore leading to deadly diseases. The elders were 

concerned that, the loss of controlled burning, vegetation diversity, and the increasing 
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degradation of pastures create an environment conducive to an increase in insect 

populations like ticks and tsetse fly. It's worth noting that the observation of the 

increase in insects and diseases is not just limited to the knowledge of the elderly, but 

was also noticed by the younger generation, as one of them mentioned:  

 

“When we were growing up there were not many diseases, but now 

diseases have increased due to the increase of insects in the grass. 

Probably because they are not burned these days as there is no grass 

left”.  

 

The interviewed groups believed that burning the grass was helping pastoralists to 

remove infectious insects such as ticks and tsetse flies from the land and grasses hence 

reducing livestock diseases. The data indicated that insects such as Tsetse fly spread 

diseases such as trypanosomiasis, which, according to the elders, kills many of their 

animals and weakens many more. The role that insects such as tsetse flies play as 

vectors for various livestock diseases is also discussed by Bett et al., (2017), however 

in terms of climate change. Thus, a decrease in pasture quality weakens the immune 

systems of animals, putting them at risk for disease. 

 

In discussions about pasture quality, people raised concerns about livestock 

productivity. Women noted that the livestock were not producing as much milk as they 

did 20 years ago, attributing this decline to the lower quality of grass. This is supported 

by the findings of Kavana et al., (2014), who emphasized that the level of milk 

production and libido of bulls can be used to assess the quality of forage. Additionally, 

elderly men highlighted the decrease in livestock market value as another indicator of 

declining pasture quality. They linked the loss of weight in livestock to insufficient 

and poor-quality pastures. The findings indicated that factors such as reduced rainfall, 

limited access to traditional grazing lands, and the decline of pasture quality due to the 

disappearance of certain grass and plant species have contributed to the decline in 

animal productivity. One elder from Saunyi village noted that: 

 

“Changes in land use have affected pastures in many ways such as 

water depletion, livestock thinning, lack of milk, decline in livestock 

prices, traveling long distances to find pastures and interaction with 
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agriculture leading to many court cases and conflicts between 

herdsmen and farmers”. 

 

The traditional leaders noted that the decline in animal productivity has driven many 

families to poverty. A contention that is backed up by the FAO’s work on rangelands 

and pastoralism in its twenty-seven session, 28th September – 2nd October, (2020), 

which explained that prolonged and recurring droughts cause animal prices fall due to 

body weight loss, while staple food prices increase, resulting in chronic poverty and 

hunger.   

 

4.3.3 Pasture Accessibility 

The data results also indicated that changes in land use/cover have disrupted pastures 

accessibility. The findings indicated several factors related to pasture accessibility that 

are impacted by LULCC including the disruption of traditional pasture utilization 

mechanisms, and limited animal mobility.  

 

4.3.3.1 Disruption of Traditional Plans of Pasture Use  

Wet and dry season pastures: like many traditional Pastoral communities living in 

savanna and semi-arid climates (Russell et al., 2018), the pastoralists in Kibirashi and 

Saunyi, used to rely on seasonal livestock movement to access wet and dry season 

pastures. The findings revealed that during the wet season when there is abundant rainy 

water in the natural ponds, animals are moved to distant pastures and in the dry season, 

livestock are brought back to settled areas and rely on water dug from underground 

sources. The pastoralists’ seasonal utilization of pastures is of pastures has a matter of 

discussion for many scholars such as (Kirkbride, 2008; Muhammad et al., 2019). One 

member in a herders group discussion said; 

 

“We separate our pastures according to the periods of the year such as 

the rainy season and the dry season, so we have pastures for the 

summer season and pastures for the rainy season” 

 

The research findings also revealed that the expansion of agriculture and settlements 

into pasturelands has disrupted traditional methods of using some pastures. These areas 

have been converted to crop farming or turned into private property, making them 
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inaccessible to pastoralists. The study shows that wet season pastures are at greater 

risk of becoming inaccessible due to invasion by crop farmers and other pastoralists 

from distant places when livestock are moved back home during the dry season for 

easier access to water from permanent sources such as underground wells and artificial 

dams. A herder from Saunyi ward said:  

 

“Once we move our animals from their distant pastures to home during 

dry season, the farmers invade the places and open new farms and 

when the rains start our livestock lack good areas to migrate to get 

enough pastures”  

 

In regard to settlement expansion, traditional leaders explained that human settlements 

also encroached into traditional dry season pastures, making them inaccessible and 

domicile. Those findings corroborated with findings by Lambin et al., (2003), which 

indicated that the expansion of settlements has reduced the accessibility of pastures by 

the pastoralists. The traditional leaders also explained that the accessibility of some 

pastures is restricted by the rapidly growing population which also led to divisions of 

the lands into private plots.  

 

“Also, people are starting to divide the remaining areas and take 

possession of the slew, which is increasingly reducing the free areas 

available for feeding the livestock” 

 

That argument from traditional leaders is supported by research by Morara et al., 

(2014) in Kajiado Kenya, which showed that the selling of land to private owners 

flocking from urban sites led to LULCC and pasture decline in the area. 

 

4.3.3.2 Livestock Mobility 

The discussions with the elders and youth groups indicated that the expansions of 

agriculture and permanent settlements, have overtaken these lands and blocked the 

trails that are used by pastoralists to access these pastures according to seasons of the 

year. The situation is believed to be restricting livestock mobility to access some of 

the pastures. One youth from Elerai village noted that: 
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 “At the moment, agriculture is blocking the paths used by livestock to 

go to the pastures and water, something that is leading quarrels with 

farm owners” 

 

These findings are in consistent with the findings by Kimiti et al., (2018) in Amboseli 

Kenya which indicated that the expansion of settlements, agriculture and population 

increase is restricting livestock mobility which is a key strategy used by pastoralists to 

exploit resources in environments that are highly variable in space and time. The 

significance of livestock mobility in pastoralism is also highlighted by Oxfam 

International, in its 116 Oxfam briefing paper which stressed that pastoralists rely on 

freedom of movement to be able to manage the rangelands effectively, whereby 

inability to move affects the pastoralists' sustainable production of their livestock 

(Kirkbride, 2008) and (Mwambene et al., 2014).  

 

The overall consequence of the inability of pastoralists to access some pastures as 

explained by elders, youth, and herders are frequent conflicts with crop farmers, lack 

of freedom among animal herders while on duty and pastoralist's difficulties in 

maintaining their health and productivity of their livestock, leading to potential 

economic and social hardships and overgrazing over the remained pastures. An 

argument consistent to  Tessema et al., (2014) findings that if mobility is constrained 

it may lead to overgrazing and thus to a lack of pasture sustainability.  

 

“Currently there is a big problem on the trails used to go to the water 

due to the increase of farm fields along those animal trails, a situation 

that leads to the lack of freedom of the herders and frequent conflicts 

with farmers”. 

 

Generally, the study found out that the impacts of LULCC on pastures viability is also 

exacerbated by the lack of effective land use and management policies viable to 

pastoralists. To mitigate the risks of pasture insufficiency, unavailability, and 

accessibility of traditional pastures, pastoralists have adopted some mechanisms to 

sustain their livestock. From the discussions with the elders, and key informants in 

Kibirashi and Saunyi, they explained that in these days, pastoralists are relying on farm 

residuals and maize bran as alternative pastures for their livestock during dry season. 
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The elders also indicated that some pastoralists started to reduce the size of their herds 

to small manageable numbers. 

 

4.4 Prediction of Future LULCC in the Study Area 

Prediction of the future land use and land cover of the study area indicated a 

foreseeable situation of further decline in pasture lands. Figures 4.16 and 4.17, are the 

projected map of land use/cover in Kibirashi and Saunyi wards in 20 years and 

conditional probability maps. The map in Figure 4.16, provides a qualitative 

expression of the spatial changes of the land use/cover in 20 years. The conditional 

probability maps in Figure 4.17, explain the probability that each pixel will belong to 

a particular class in 2043 should the rate of change remain constant. Table 4.8, shows 

the size of each projected land category in hectares.  

 
Figure 4.16: The Predicted LULC Map of Kibirashi and Saunyi in 2043 
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Source: Author, From Satellite Image Analyis, 2024 

 
Figure 4.17: Markovian Conditional Probability Maps 

Source: Author, From Satellite Image Analysis, 2024 

 

Figure 4.17, shows a Conditional probability of being water (A), Conditional 

probability of being cultivation (b), Conditional probability of becoming forest (c), 

Conditional probability map of becoming woodland (d), Conditional probability of 

becoming bushland € and Conditional probability of becoming grassland (f). The maps 

were used for prediction of LULCC in the study area for future 20 years.  
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Table 4.8, demonstrates the projected of land use/cover of Kibirashi and saunyi wards 

by year 2043 if the rate of change remains the same as it happened in the past 20 years.  

The results in the table indicate that the area will be dominated by bushland by 38,852 

ha which is 29.35% of the total area, followed by cultivation which occupies 38,718 

ha which is 29.24% of the total area. Woodland is expected to demonstrate significant 

decrease to 24,437 ha, which is 18.46% of the total land use/cover. Grassland is 

expected also to increase and occupy 28,953 ha, 21.87% of the total area.   

 

Table 4.8: Projection of LULC of Kibirashi and Saunyi in 2043 

Land Category Area coverage (ha) in 2043 Area coverage (%) in 2043 

Water 7 0.005 

Cultivation 38,718 29.24 

Forest 1,423 1.07 

Woodland 24,437 18.46 

Bushland 38,854 29.35 

Grassland 28,953 21.87 

Source: Author’s Tabulation of Satellite Images, 2023 

 

As shown in the projected map (Figure 4.16), grassland is likely to occupy the middle 

parts of the area along with cultivation. This indicates that the accessibility of the 

grasses by pastoralists will be limited.  

 

Generally, the predicted results indicate that the total traditional pasture lands in 

Kibirashi and Saunyi such as Woodland, Grassland, and Bushland will further 

decrease at a total percentage decrease of -6.94%, from 99,124 ha (74.87%) in 2023 to 

92244 ha (69.68%) in 2043. However, the area could be further diminished as the grass 

that grows beside the farm fields will be inaccessible to local pastoralists. Moreover, 

the areas under woodland cover are likely to be dominated by established farms 

especially in the down part of the map which is Kibirashi ward.  

 

CHAPTER FIVE 
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SUMMARY, CONCLUSION AND RECOMMENDATIONS 

 

5.1 Introduction  

This section of the study presents the summary, conclusion, and recommendations of 

the study 

 

5.2 Summary 

This study was conducted in two wards in Kilindi district namely Kibirashi, and Saunyi 

known to be the most populous wards as far as pastoralism is concerned. The study 

was conducted with the overall objective to understand the impacts of land use/cover 

change on pastures viability in pastoral communities. 

  

This study has approached the overall goal by the use of the three specific objectives. 

First, to assess the spatial and temporal land use/cover change in the study area. 

Secondly, to assess the impacts of land use/cover change on pasture viability, and. 

Thirdly the study aimed to predict the state of land use/cover in the study area for 20 

years later.  

 

The design of the study was a mixed method design whereby the study relied on 

quantitative and qualitative information. Quantitative information was collected from 

open-source archives such as Landsat images from USGS and GLOVIS online 

depositories and analysed through GIS software such as IDRIS, ArcMap, and 

Quantum GIS. Qualitative data were collected from elders, youth, traditional leaders, 

and herders from the two wards, then analysed thematically using an online software 

namely Atlas.ti.  The data results of the qualitative data analysis were presented in 

quotes, themes, maps, graphs and tables.  

 

The study has indicated that significant changes in land use/cover in Kibirashi and 

Saunyi wards have occurred with significant impacts to pastures viability. The study 

revealed that the areas regarded as traditional pasture lands such as woodland, 

grassland, and bushland has reduced significantly from a total of 117,184 ha in 2003 

to 99,124 ha in 2023 a 15.4% decrease. The prediction analysis for the next 20 years 
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indicated that the area under traditional pastures will continue to decrease from 99,124 

ha (74.87%) of the total study area land in 2023 to 92,244 ha (69.68%) in 2043. In 

contrast, the area under cultivation that increased from 14,342 ha in 2003 to 32,020 ha 

in 2023 a 123.2% increase is projected to a further 20.91% increase between 2023 and 

2043 from 32,020 ha to 38,718 ha.  

 

The results also indicate that the changes in land use/cover impacted the pasture's 

viability in several ways such decrease in pastureland area size, reduced quality of 

pastures, and inaccessibility and poor management of pastures. The study further 

revealed factors leading to rapid decrease of pastures associated to changes in land 

use/cover as well as consequences to pastoralists which include expansion of 

cultivation and settlements, charcoal and bloc burning, climate change, and timbering 

activities. The study concludes by offering recommendations to assist in rescuing 

pastures from further deterioration.   

 

5.3 Conclusion 

The study concludes that the land use/cover in the Kibirashi and Saunyi wards changed 

significantly between 2003 and 2023. The study also concludes that changes in land 

use/cover have significantly altered the quality and size of pastures in the study area. 

Among the impacts, the study revealed that there has been a deterioration of pasture 

qualities and the disappearance of some grass and tree species that are critical for 

pastoralism and the well-being of livestock. In this perspective, the study found that 

the deterioration of pasture qualities, the decrease in the size of pastures, as well as the 

disruption of local pasture management mechanisms, have led to significant negative 

impacts on pastoral communities which include communities, sliding into poverty, 

frequent clashes with crop farmers, and the increase in pests and diseases. 

 

 

 

 

5.4 Recommendations 
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Following the findings of the study, several actions and factors are recommended to 

mitigate the impacts of land use/cover change and serve pastures and pastoral 

communities from the brink of total collapse.  

1. The government of Kilindi district should initiate and implement effective land 

use plans and management policies that will lower the rate of LULC changes. 

2. The study also recommends that the district government as well as ward and 

village government to formulate and implement policies that aim to mitigate 

the impacts of LULCC by stopping deforestation of any nature to save their 

areas from desertification and other chronic climate hazards, that are impactful 

to pasture viability. 

3. The study also recommends to the national government to put measures in 

place that strategically aim to manage future LULCC.  

4. The study also recommends that the government to adopt land policies that will 

secure and defend pastures and give pastoralism a formal recognition so that 

the communities that rely on it for survival can prosper and meet the basic 

needs of their families going into the future.   

 

5.5 Areas of Further Study 

As the study uncovered a serious impacts of land use/cover on pastures viability, the 

study suggests for further studies to focus on the economic and cultural challenges 

facing the pastoral communities as the result of land use/cover change. The study also 

suggests further studies to assess the laws and policies in the livestock sector if they 

are friendly to pastoralism and pastoral communities.  
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APPENDICES 

 

Appendix 1: Research questions  

The following were the guiding questions for key informants and the FGDs 

TOPIC ONE: GENERAL CHANGES 

1. Can you describe any noticeable changes in the land use and land cover in 

this area over the past 20 years? (For youth as far as they remember)? 

2. What specific activities or developments have contributed to changes in the 

landscape? 

TOPIC TWO: IMPACTS OF LAND USE/COVER ON PASTURE VIABILITY 
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Pasture Quality 

3. Have you observed changes in the quality of the pastures where you graze 

your animals due to LULCC? 

4. How do these changes impact the nutritional value of the available forage? 

Availability of Pasture 

5. Have there been alterations in the availability of pastureland for your animals 

due to LULCC? 

6. How have these changes affected the size and accessibility of grazing areas? 

Climate and Weather Patterns 

7. Have you noticed any shifts in climate or weather patterns that have affected 

the pastures as a result of LULCC? 

8. How have these changes influenced the growth and regrowth of vegetation in 

the pastures? 

Biodiversity and Ecosystem Health 

9. In your experience, how has the biodiversity of the pasture ecosystem 

changed over time as a result of LULCC? 

10. What are the implications of these changes for the overall health of the 

pasture ecosystem? 

Impacts on Livestock Health 

11. Have you observed any effects on the health of your livestock due to changes 

in pasture conditions as a result of LULCC? 

12. How have you adapted your animal husbandry practices to address these 

health concerns? 

TOPIC THREE: ADAPTATION STRATEGIES 

13. What strategies have you employed to cope with the changing land usd/cover 

and pasture conditions? 

14. Are there traditional or innovative methods that have proven effective in 

mitigating the impacts of LULCC? 

TOPIC FOUR: LONG-TERM CONCERNS 

15. Looking ahead, what are your long-term concerns regarding the sustainability 

of pasture resources in relation to LULCC? 
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16. What measures do you think could help in sustaining viable pastures for 

future generations? 
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Appendix 2: Classification Accuracies (%) 

YEAR 2003 2014 2023 
L

A
N

D
 U

S
E

/C
O

V
E

R
 

Accuracy UA PA UA PA UA PA 

Water 0 0 100 100 0.0 0 

Cultivation 71.46 58.18 95.87 95.87 86.78 77.78 

Forest 100 79.72 100 100 66.21 100 

Woodland 91.40 86.43 92.30 86.95 89.09 84.48 

Bushland 76.12 92.28 0.840 85.39 88.78 84.06 

Grassland 79.23 76.35 85.4 93.60 70.23 92.18 

Overall Accuracy 87.7 87.5 87.6 

O. Kappa Index 0.82 0.899 0.84 

UA = User’s Accuracy, PA = Producer’s Accuracy 
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Appendix 3: University reference letter to Tanga Regional Administrative 

Secretary 
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Appendix 4: Regional clearance letter  
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Appendix 5: District Clearance Letter 

 

 


