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ABSTRACT 

Wetlands are essential for the natural function of ecosystems, because they regulate floods and 

have many other significant functions. However, land use-land cover (LULC) changes are the 

main drivers of wetland deterioration globally, and Zambia is no exception. This study 

examined LULC changes in the Bangweulu Wetland and surrounding areas using remote 

sensing and GIS techniques, while questionnaires and key informants were used to identify the 

drivers of the observed changes. The general objective of the study was to assess land use /land 

cover (LULC) changes in the Bangweulu Wetland and surrounding areas. To realize this, 

land use was reclassified into five categories, namely, settlements, grassland, cropland, water 

and forest. 

The findings revealed a decrease in forest coverage from 45,298.93 km2 in 1990 to 33,233.52 

km2 in 2020. Similarly, the area of grasslands decreased from 32,557.91 km2 in 1990 to 

26,418.19 km2 in 2020, while the area of water decreased from 2410.72 km2 in 1990 to 2278.31 

km2 in 2020. Conversely, settlement land expanded from 356.69 km2 in 1990 to 2,210.38 km2 

in 2020, while cropland increased from 165.27 km2 in 1990 to 5,108.13 km2 in 2020. The study 

also revealed several significant drivers of LULC change in the Bangweulu Wetland and 

surrounding areas. 

Population growth scored highest, with a mean of 3.76 out of 5, followed by the expansion of 

human settlements (3.66 out of 5), the decline of ecosystem services (3.57 out of 5) and the 

decline of forests (2.64 out of 5). In comparison, minor drivers such as the built environment 

(2.21   out of 5), recreation (1.54 out of 5) and industry (1.34 out of 5) exerted less influence 

on land use changes.  

The factors influencing the perceived causes of LULC included agricultural development 

and energy-related factors, driven by an increase in market demand for charcoal and cash 

crops leading to heightened agricultural activities and the conversion of forest cover. 

Understanding these drivers and local perceptions is crucial for informing effective land 

management strategies and promoting sustainable development. This knowledge can guide 

policies and interventions aimed at addressing the underlying causes of LULC changes and 

conserving the vital ecological functions of the Bangweulu Wetland. 
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CHAPTER 1: INTRODUCTION 

1.1 Background 

The Convention on Biological Diversity (CBD) states that wetlands are essential to 

humanity's future (Secretariat of the Convention on Biological Diversity, 2015). This is 

because wetlands may be conserved and used sustainably to address a number of future 

concerns, including food and water security, human health, hazard risk reduction and climate 

change resistance (FWA-SCARED, 2011; Secretariat of the Convention on Biological 

Diversity, 2015). 

Wetlands are significant natural ecosystems and landscapes that support plant and animal 

life as well as wetland agriculture and other water-related activities (Courouble et al., 2021). 

They are known to control flooding, groundwater recharge, flow regimes and water quality 

(Liu et al., 2004). Wetlands are defined as areas of land that are in close proximity to bodies of 

water, whether permanent or temporary, still or moving, fresh or brackish, or even parts of the 

marine environment (Ramsar Convention Secretariat, 2007). 

The Ramsar Convention aims to encourage the smart use of wetlands for the sake of the 

environment as well as the sustainability of the livelihoods of those who are reliant on them 

(Ramsar Convention Secretariat, 2007). This is because the main causes of the deterioration of 

freshwater, biodiversity and the effects on the flooding regimes of wetlands are global 

climate change and land use change (Nachtergaele et al., 2016). 

Land use change has an impact on the basic resources of land, including soil; it is defined 

as any way in which humans alter the natural landscape from one specific use to another 

(Maitima et al., 2010). With factors such as population growth being a major contributor to 

current land use change in wetlands (Phethi and Gumbo, 2019), accurate assessments of land 

use changes over time are required for the evaluation of wetland ecosystem dynamics and the 

development of comprehensive management policies and land use planning (Jamal and 

Ahmad, 2020). 

1.2 Statement of the Problem 

Despite the significant roles of wetlands, it is estimated that more than 81% of the world’s 

wetlands have disappeared since the 1900s (Ramsar Convention on Wetlands, 2018), which 

implies a decrease in the freshwater supply to billions of people worldwide as well as a 76% 

decrease in biodiversity between 1970 and 2010 (Ramsar Convention Secretariat, 2010; 
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Secretariat of the Convention on Biological Diversity, 2015). The loss is significantly worse in 

Asia. This means that 1 to 2 billion people are losing access to fresh water globally. Moreover, 

traditional wetland livelihoods, flood control and carbon storage are all negatively impacted 

(Wetlands International Secretariat, 2014). 

According to the Convention on Wetlands (2022), the loss of wetlands is associated with 

human activities in and near wetland areas, because significant changes in land use, particularly 

increases in agriculture and grazing, urban infrastructure development, air and water pollution 

(Secretariat of the Convention on Wetlands, 2022) and water diversion, are primary causes of 

wetland degradation worldwide (McLellan et al., 2014). The World Wild Fund's (WWF’s) 

Living Planet Index also indicates that populations of freshwater species continue to decrease; 

hence, this has an impact on biodiversity (Alam et al., 2011). 

The general health of wetlands around the world continues to suffer from a variety 

of detrimental effects as a result of agricultural regions, increased residential and commercial 

land utilization (Alam et al., 2011). Because the Bangweulu Wetland was officially 

identified as a wetland of international significance (Secretariat, 2002), it was chosen as a site 

study because there is little to no information on the effects of human activity in the wetland, 

the extent of wetland changes and its effects on ecosystem services.  

It is crucial to understand specific human activities, quantify wetland loss and degradation, and 

assess ecosystem services, particularly freshwater availability and biodiversity. Addressing 

these knowledge gaps can help develop targeted conservation strategies for the Bangweulu 

Wetland and its surrounding areas. 

1.3 Objectives of the Study 

The general objective of the study was to assess land use /land cover (LULC) changes in 

the Bangweulu Wetland and surrounding areas. This analysis was performed to assess the 

extent and   patterns of LULC changes in the Bangweulu Wetland and its surroundings over a 

specific   period (1990–2020). 

The specific objectives of the study were to: 

i. Assess land use /land cover change between 1990 and 2020 using Landsat 

satellite images;   

ii. identify the perceived drivers of observed changes in the wetland; and 
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iii. determine the factors that influence the perceived causes of LULC change in 

the Bangweulu Wetland and surrounding areas. 

1.4 Research Questions 

The study answered the following research questions: 

i. What land use land cover changes have taken place between 1990 and 2020 in the 

Bangweulu wetlands and its surrounding areas? 

ii. What are the perceived drivers of the observed land use changes from the local 

communities? and 

iii. What factors influence the perceived drivers of change in the Bangweulu Wetland and 

surrounding areas? 

1.5 Significance of the Study 

The research conducted has significantly contributed to enhancing our comprehension of 

the dynamics of land use and land cover changes within the Bangweulu Wetland and 

its surrounding areas. Furthermore, it serves as a foundational reference point for 

subsequent studies in the area. The insights derived from this study offer a valuable tool for 

gauging the present conditions of the Bangweulu Wetland and the overall viability of the land 

use practices employed within its vicinity. 

Given the profound ecological dependence of wetlands, the findings of this study are 

relevant because they offer a means to assess the ecological health of the Bangweulu Wetland 

and its surroundings. By utilizing these findings, it becomes possible to evaluate the degree of 

safety and sustainability associated with existing land use practices. Considering the 

delicate balance that wetlands strike with their ecological framework, this study has also 

proposed recommendations aimed at fostering the adoption of more sustainable approaches 

for conducting various activities in the area. 
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CHAPTER 2: LITERATURE REVIEW 

This chapter presents a review of the literature regarding land use /land cover changes and 

their drivers both globally and in Zambia. 

2.1 Importance and Challenges of wetlands 

Wetlands occupy a crucial position within landscapes, providing assorted advantages to 

both human populations and the varied ecosystems they support (Lahasing et al., 2015). They 

stand as indispensable custodians of the Earth's elaborate climatic equilibrium, acting as 

protectors of the immense diversity that graces our ecosystems (Acreman and Bullock, 2003).  

Their significance encompasses a wide spectrum of benefits, including safeguarding and 

enhancing water quality, while also serving as essential habitats for aquatic and wildlife 

species (Ward et al., 2022). This role they play also extends its embrace to encompass the 

safeguarding of human well-being in an interconnected web of ecological intricacy (Hu et al., 

2017). These distinct attributes of wetlands enable them to perform vital roles, such as 

mitigating floods and maintaining the flow of surface water, especially during periods of 

drought (Bae et al., 2017). However, wetland ecosystems are persistently challenged by a 

number of pressing issues that span geographical boundaries (Ghajarnia et al., 2020). The 

degradation or loss of wetlands has significant and profound consequences. These include 

heightened risks of flooding, potential species extinction and compromised water quality 

(Sarron, 2005). These negative outcomes underscore the fundamental importance of wetlands 

in maintaining ecological equilibrium and the health of local and global environments (Odote, 

2019). Unfortunately, during recent decades, the conversion of wetlands into agricultural 

landscapes, shifting land use changes, deforestation, climate change, the relentless harvesting 

of natural resources and the infiltration of alien species have all converged to pose threats to 

both wetland species and vital services (Zorrilla-miras et al., 2014). 

As we stand at the crossroads of maintaining these irreplaceable ecosystems, it is important 

to recognize the interdependence that binds wetlands with the fate of our planet (Gantioler et 

al., 2009). Nonetheless, there is a viable path to avoid these severe outcomes: by recognizing 

the value of conserving and even restoring compromised or lost wetlands (Alikhani et al., 

2021). Through collaborative efforts in preservation and restoration, the invaluable roles 

that wetlands naturally fulfil can be preserved, ensuring ecosystem stability and the sustainable 

provision of their benefits (Michel, 2016). 
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2.2 Global Studies on the Effects of LULC Changes on Wetlands 

Throughout history, people have altered the land to obtain the things they needed to survive, 

but at a slower rate than it is now (Ellis, 2021). At the local, regional and global levels, the 

recent high rate of exploitation has resulted in previously unheard-of alterations in ecosystems 

and environmental processes (Parveen et al., 2018). 

In their study on the impacts of land management and land-cover change, Luyssaert et al. 

(2014) reported that approximately three-quarters of the Earth’s land surface has been altered 

by humans within the last millennium. Similarly, Winkler et al., (2021) stated that successfully 

tackling global sustainability challenges such as climate change, biodiversity loss and food 

security depends on land use change, since it strongly affects carbon sources and sinks, which 

causes habitat loss and underpins food production (Winkler et al., 2021). 

Other reviewed studies, such as (Liu et al., 2004; Msoffe et al., 2011; Mosnier et al., 

2016; Islam et al., 2018; and Jamal and Ahmad, 2020), have indicated that there is still an 

increase in land use changes, while Hu and others have provided more insights into the shifts 

and alterations occurring in crucial environmental procedures that indicate that a planet is 

heavily influenced by human activities.  They also delve into the secondary impacts of climate 

change on the land surface, particularly in northern ecosystems (Hu et al., 2021). Additionally, 

Munthali et al., (2019) reported a notable decrease in forested areas, farmland, wetlands and 

water bodies, while urban development and unproductive land exhibited substantial 

growth throughout the analysed timeframe. Factors such as gathering firewood, producing 

charcoal, population expansion and economic hardship were identified by local communities 

as significant influences behind the shifts in land use and land cover (LULC) within the 

examined region (Munthali et al., 2019). 

Alterations in land utilization continue to play a significant role in the reduction of 

ecosystem benefits. As highlighted in Zorrilla's study, approximately 70.5% of original natural 

or seminatural land covers have been transformed into intensive agricultural and other single-

purpose applications. This shift has hindered the capacity of ecosystems to carry out 

regulatory functions. Simultaneously, 31% of wetland areas have been subjected to severe 

preservation measures, impacting the cultural and provisioning benefits they provide (Zorrilla-

miras et al., 2014). According to research by Assefa, Eneyew and Wondie, there has been a 

serious reduction in wetlands and water bodies in Bahir Dar city over the past 35 years (1984-

2019), primarily as a result of the growth of built-up areas and cultivated land. The findings 
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also revealed a significant decline in ecosystem service values (ESVs) in the urban and peri-

urban districts of Bahir Dar city (Assefa et al., 2021). 

Cai and other researchers also revealed that by using more water resources than 

necessary, humans are deciding the fate of wetlands, which could lead to future problems. They 

examined how changing land cover affects the water environment of wetland ecosystems and 

their research revealed that wetland ecology is affected in a specific way by changes in 

land cover (Cai et al., 2022). This study further revealed that climate change and 

rapid agricultural growth have reduced the global area of wetlands in recent years. Hence, 

changes in land use and their spatial consequences for wetland ecosystems are major concerns 

for geographical experts and environmentalists (Cai et al., 2022). Moreover, although wetlands 

are known to be critical to the delivery of ecosystem services, they are among the ecosystems 

experiencing the greatest transformations globally (Kamble et al., 2012). Land use disrupts the 

surface water balance and the partitioning of precipitation into evapotranspiration, runoff and 

groundwater flow. Surface runoff and river discharge generally increase when natural 

vegetation (especially forests) is removed (Foley et al., 2005). In Spain, land-use change for 

intensive agriculture and urbanization is a major driver of biodiversity loss, with 60% of the 

original wetland area converted over the last five decades. According to the Spanish sub global 

ecosystem assessment, 62% of the ecosystem services provided by wetlands have declined over 

the last fifty years (Zorrilla-miras et al., 2014). 

The inaugural Global Wetlands Outlook, published in 2018 by Gardner and 

Finlayson, presented an assessment of the state of the world's wetlands. This comprehensive 

report revealed that despite their vast extent, covering approximately 1.2 billion hectares, 

which is even larger than the land area of Canada, wetlands are facing a rapid and alarming 

decline (Ramsar Convention on Wetlands, 2018). One of the most concerning findings of the 

report was the significant loss of natural wetlands, with a staggering 35% reduction in their 

extent since 1970 (Davidson, 2014). This decline was attributed to a multitude of stressors and 

human activities, including drainage, pollution, invasive species, unsustainable 

exploitation, disruption of natural flow patterns and the overarching influence of climate 

change (Ramsar Convention on Wetlands, 2018). Perhaps the most alarming revelation in the 

report was that wetlands disappeared at a rate three times faster than that of forests (Davidson, 

2014). The primary driver of this catastrophic loss was identified as land-use change, with 

agriculture emerging as the single most substantial contributor to wetland degradation (Rueda 
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and Lambin, 2014). In fact, more than half of the world's most endangered wetlands are 

adversely affected by agricultural activities, according to Gardner and Finlayson's assessment 

(2018). Furthermore, the report highlighted an accelerating trend in wetland loss due to 

the compounding effects of climate change. Factors such as rising sea levels and altered 

hydrology caused wetlands to disappear at an even faster rate than previously anticipated, 

intensifying the global crisis facing these vital ecosystems (Gardner and Finlayson, 2018). The 

2018 Global Wetlands Outlook served as a wake-up call, revealing the critical need 

for immediate and concerted efforts to protect and restore wetlands worldwide. The rapid loss 

of wetlands, their degradation and the increasing influence of climate change on their 

decline underscore the urgency of conserving these invaluable ecosystems for both ecological 

stability and human well-being (Jenny et al., 2020). These findings underscore the 

importance of addressing the various drivers of wetland loss and implementing sustainable 

management practices to safeguard these vital ecosystems for future generations (Jenny et al., 

2020). 

2.3 Zambian Studies on The Effects of LULC Changes on Wetlands  

Wetlands, a vital component of Zambia's diverse landscape, encompass a significant portion 

of the country's total area, constituting approximately 14 to 19% of the country (Ministry of 

Land and Natural Resources, 2018). These unique ecosystems exhibit varying 

hydrological characteristics, ranging from periodically wet and periodically dry to permanently 

flooded with water layers that do not typically exceed several meters. Within this classification, 

three prominent types of wetlands are recognized: permanent swamps, floodplains and 

dambos. 

The importance of wetlands in Zambia has gained international recognition since the 

country's ratification of the Ramsar Convention in 1991. Notably, eight of these wetlands have 

been designated as wetlands of international importance, highlighting their global 

significance (WWF, 2018). These designated wetlands include the Kafue Flats Wetland, 

Bangweulu Swamps, Barotse (Zambezi) Floodplain, Luangwa Floodplain, Busanga Swamps, 

Lukanga Swamps, Lake Mweru-wa-Ntipa and Lake Tanganyika. Each of these wetlands 

harbours unique ecological characteristics, serving as critical habitats for numerous species 

and contributing to the preservation of biodiversity. As Zambia continues to navigate 

the complexities of wetland management, a balance between human utilization and 

ecological preservation has been encouraged by Handavu, Chirwa and Syampungani., (2019), 
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who conducted a study in Zambia's Copperbelt Miombo woodlands, exploring how 

socioeconomic factors influence changes in land- use and land- cover. Local communities were 

found to be heavily reliant on forest resources. Their study emphasized that any strategies to 

counter deforestation should effectively address the social and economic challenges faced by 

these communities to ensure the long-term health and vitality of these invaluable 

ecosystems (Handavu et al., 2019). In another study by Changwe (2020), the degradation of 

the Lukanga Wetland in Zambia was evaluated by analysing shifts in land use and land cover 

over two decades (1997-2017). This study revealed significant and notable alterations in the 

Lukanga Wetland during this time frame. The study attributed these changes to the growing 

need for land for farming and housing due to a rising population. The study also revealed that 

a considerable portion of the landscape was converted into agricultural fields and 

settlements, leading to a decline in forested areas and an expansion of grasslands over the two 

decades. This study highlighted the exponential growth of settlements and cultivated land, as 

well as the decrease in wetland coverage due to the expansion of agriculture and built 

environments (Changwe, 2020). 

Research on land use and land cover changes in Zambia's Solwezi Copper Mining 

District (Takam et al., 2021) revealed significant transformations between 1995 and 2019. The 

study noted simultaneous declines in forested areas and water bodies, along with increases 

in agricultural, barren, built-up and mining areas. The researchers projected further reductions 

in forested areas due to the allure of mining, rapid population growth, increased settlements 

and the demand for agricultural land to meet local needs. Additionally, Banda et al., 

(2023) conducted a study demonstrating a 24.3% annual rate of land use change in the BFP, 

Zambia. They attributed this change to factors such as climate variations, 

infrastructure development, demographics, technological advancements and agricultural 

activities. Land use practices such as road construction, bridge conversion and clay soil mining 

were identified as contributors to this transformation, ultimately posing a threat to the current 

state of the wetland in the Barotse Flood Plain (Banda et al., 2023). 

Studies in Zambia revealed the challenges that threaten the existence and valuable services that 

wetlands provide to both the environment and society. One of the primary threats to wetlands 

in Zambia is the spread of invasive alien species (IAS). A study conducted on invasive species 

systems in Zambia defined IASs as nonnative plants and animals that can rapidly colonize 

wetland ecosystems, outcompete native species and disrupt delicate ecological balances. As 
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these invasive species establish themselves, they can alter hydrological patterns, degrade 

habitat quality, and diminish biodiversity, ultimately undermining wetland functioning 

(Constantine et al., 2022). A similar study conducted by Musonda Mumba on the Kafue flats 

revealed that IAS, such as Mimosa Pigra, are spreading and need to be controlled (Mumba, 

2002). 

Another study by the Ministry of Land of Natural Resources showed that the encroachment 

of shrubs and the expansion of human settlements also pose significant challenges to 

wetland preservation because as human populations expand, wetlands often become targets for 

urban development, agriculture and infrastructure projects. This encroachment not only leads 

to the loss of wetland habitats but also disrupts natural water flow, altering hydrological 

dynamics and potentially exacerbating flooding risks in surrounding areas (Ministry of Land 

and Natural Resources, 2018). The challenges facing wetlands in Zambia are multifaceted and 

interconnected, stemming from human activities, environmental changes and inadequate 

management. Addressing these threats requires a concerted effort involving stakeholders from 

the government, civil society, and local communities. By implementing sustainable land use 

practices, enforcing effective regulations, and promoting awareness and education, Zambia can 

strive to protect and restore its invaluable wetland ecosystems for the benefit of present and 

future generations. 

2.4 Land Use Change 

The degradation of wetlands is accelerating due to a confluence of factors, including 

the increasing density of human settlements, unregulated industrial expansion, rapid 

urbanization, habitat destruction, the indiscriminate discharge of wastewater and heightened 

exposure to natural hazards. This unfortunate trend has led to a significant decline in the 

biodiversity of wetland ecosystems over time, as observed in the research conducted by 

Alikhani, Nummi and Ojala, (2021). 

The transformation in land use patterns has brought about the establishment of towns and 

urban areas to accommodate the burgeoning population and has also brought about an increase 

in agricultural practices (Samuel and Atobatele, 2019). This development, while catering 

to human needs, has had unintended consequences, such as the indiscriminate use of pesticides, 

which has further worsened the problem (Ncheuveu et al., 2021). The resulting environmental 

degradation and broader impacts of climate change have also been implicated as potential 

drivers of decreasing trends in wetland biodiversity (Kapos et al., 2008). To effectively address 
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the pressing issue of dwindling wetland biodiversity, it is imperative for governments and 

relevant authorities to adopt robust and proactive measures. Among these measures, a key 

emphasis should be placed on formulating and enforcing strict land use policies that safeguard 

the delicate balance between human development and ecological integrity (Nachtergaele et al., 

2016). Moreover, there is a crucial need to encourage the expansion of organic agriculture 

practices, which can curtail the harmful effects of pesticides and chemical runoff on wetland 

ecosystems (Sellamuttu et al., 2008).  Mitigating the detrimental effects of industrial activities 

can also be essential in this conservation endeavour. The implementation of bioremediation 

techniques to treat industrial effluents before their release into wetlands can substantially 

mitigate their negative impact on biodiversity. Furthermore, the adoption of comprehensive 

and sustainable environmental laws can serve as a foundational framework for guiding human 

activities in and around wetlands, ensuring long-term ecological health (Chen et al., 1999). 

The urgency of conserving wetland biodiversity demands a comprehensive and multifaceted 

approach. The convergence of urban development, industrial growth, 

environmental degradation and climate change necessitates strategic interventions such as 

informed policy making, ecologically friendly agricultural practices, advanced pollution 

management and a legal framework that prioritizes the preservation of these vital ecosystems 

(Gumbo, 2019). 

2.5 Drivers of Land Use Changes in Wetlands  

Land use change is a complex process influenced by a multitude of interconnected 

variables, each exerting its own influence and often interacting in intricate ways (Verburg et 

al., 2019).  These factors collectively shape the way land is utilized and transformed over time, 

with implications for ecosystems, economies, societies and overall sustainability (Foley et al., 

2005; Ellis, 2021). Understanding the interplay of these variables is essential for effective land 

use planning and management. These factors include biophysical, economic, technical, 

demographic and climate changes (Briassoulis, 2000). 

Biophysical factors, encompassing the physical characteristics of the land, such as 

topography, soil quality and hydrology, play a fundamental role in determining suitable land 

uses (Foley et al., 2005). The availability of fertile soil, water resources and suitable terrain 

significantly influences decisions about agriculture, forestry and infrastructure development. 
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Economic considerations also weigh heavily on land use choices. Market 

demands, profitability and returns on investments guide decisions regarding whether to allocate 

land for agricultural production, industrial activities or urban development (Lambin and 

Meyfroidt, 2011). The economic viability of different land uses often shifts over time, 

influencing patterns of land conversion. 

Technical factors, including advancements in agricultural practices, irrigation methods 

and land management techniques, can shape the feasibility and productivity of various land 

uses (Turner II, Lambin and Reenberg, 2007). Innovations in technology can increase 

agricultural yield, enhance resource efficiency and open up new possibilities for sustainable 

land use practices. 

Demographic factors, driven by population growth and migration, exert significant 

pressure on land resources. Urbanization, for example, leads to the conversion of agricultural 

or natural areas into urban landscapes, altering land use patterns and often contributing to 

habitat fragmentation (Gutu Sakketa, 2023). 

Climate change is a transformative variable that amplifies the complexities of land use 

change.  Changes in temperature, precipitation patterns and extreme weather events directly 

impact land suitability for different activities (Intergovernmental Panel on Climate Change, 

2019). For instance, prolonged droughts or increased rainfall can render certain areas less 

suitable for agriculture or settlement due to water scarcity or flooding risks. 

The effects of climate change also extend to water management. The need for water storage 

and management becomes more critical in the face of altered precipitation patterns, 

with implications for agriculture, drinking water supply and ecosystem health 

(Intergovernmental Panel on Climate Change, 2019). Temperature and humidity variations 

impact agricultural productivity, potentially affecting crop yields and altering the distribution 

of suitable cultivation zones. In the context of wetlands, climate change poses an especially 

potent threat.  Rising temperatures and altered precipitation patterns can disrupt the delicate 

balance of wetland ecosystems, affecting biodiversity, water quality and habitat availability 

(Ramsar Convention on Wetlands, 2021). The Ramsar Convention on Wetlands recognizes 

climate change as a key factor impacting wetland integrity and species survival. 
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The broader global megatrends mentioned above, such as population growth, 

globalization, consumerism and urbanization, are also intertwined with these factors (Artuso 

and Guijt, 2020).  Increased consumption patterns and urban sprawl, driven by globalization 

and consumerism, contribute to changes in land use as the demand for resources and 

infrastructure escalates. 

Land use change is a dynamic process shaped by a web of variables, including 

biophysical, economic, technical, demographic, climatic and broader societal factors (Foley et 

al., 2005; Turner II, Lambin and Reenberg, 2007). The intricate interactions between these 

variables underscore the complexity of managing and planning for sustainable land use in a 

changing world. As the effects of climate change and other global trends continue to unfold, 

a comprehensive understanding of these interconnections becomes even more critical 

for responsible land management and the preservation of ecosystems. 

2.6 Climate Change 

Climate change has become a major threat to sustainable development in Zambia. The 

country is already experiencing climate-induced hazards, which include drought and dry 

spells, seasonal and flash floods and extreme temperatures (Simatele, 2016). Some of these 

hazards, especially droughts and floods, have increased in frequency and intensity over the past 

few decades and have adversely impacted food and water security, water quality, energy 

and livelihoods, especially in rural communities (CIAT and World Bank, 2017). The 

overarching threat of climate change also looms large over wetlands in Zambia. Altered 

precipitation patterns, increased temperatures and extreme weather events can disrupt 

the delicate balance of wetland ecosystems. These changes can affect water availability, 

habitat suitability and the distribution of wetland-dependent species (Kalantary, 2010). The 

future trends in the country are towards a higher average temperature, a possible decrease in 

total rainfall and some indication of heavy rainfall events (Ministry of Tourism Environment 

and Natural Resources, 2010). An assessment of potential climate impacts shows that they will 

seriously undermine the efforts to improve the livelihoods of Zambians if left unaddressed. 

This assessment further analysed the negative impacts of climate change on key economic 

sectors, including water. In this way, climate change impacts may threaten the survival of 

wetlands (Ministry of Land and Natural Resources, 2018). 
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2.7 Consequences of Land Use Changes on the Earth’s Terrain 

Over countless millennia, human interactions with the Earth's terrain have had a transformative 

influence on its environmental dynamics. The complicated interplay of biodiversity, 

ecosystems, landscapes and climatic conditions across the globe has been significantly 

reshaped by the increasingly intensive manipulation of land by humans (Endfield, 2009). This 

manipulation, spanning from early practices such as hunting to the advent of agriculture and 

even industrial farming, has left imprints on the planet's ecology (Ellis, 2021). The imperative 

to cater to the needs of an ever-expanding global population, surpassing six billion individuals, 

is propelling extensive alterations across forests, agricultural expanses, water bodies and 

atmospheric conditions. Recently, substantial expansions in croplands, pastures, plantations 

and urban areas have occurred on a global scale (Doering and Sorensen, 2018). This growth, 

while serving to accommodate growing human requirements, has been accompanied by marked 

escalations in energy consumption, water utilization and fertilizer application, leading to the 

simultaneous and considerable loss of biodiversity (Foley et al., 2005). Such shifts in land 

utilization patterns have ushered humanity into a realm where access to a progressively larger 

fraction of the planet's resources has become unattainable. However, this burgeoning access is 

weighed against potential threats to ecosystems' capacities to sustain vital functions (Ghajarnia 

et al., 2020). These functions include facilitating food production, freshwater and forest 

reserves, regulating climate and air quality, and preventing contagious diseases. Navigating 

this complex terrain necessitates a delicate equilibrium between the fulfilment of immediate 

human needs and the safeguarding of the biosphere's intrinsic capability to continue delivering 

essential products and services over the long term (Foley et al., 2005). 

2.8 Hydrological Consequences of Land Use Changes 

Deforestation, agriculturalization, urbanization, wetland draining and other types of land 

use change have all intensified as human populations have grown (Eshleman, 2004). Nearly 50 

years, hydrologists have understood that changes in land use can have a significant impact 

on   hydrological processes at all scales. For, from small study plots to hillslopes to entire 

experimental catchments (Lorentz et al., 2004). Around the turn of the century, research is 

increasingly being combined with multiscale assessments intended to address both scientific 

and management challenges at landscape, river basin and regional scales (Steel et al., 2010). 

Such endeavours are aided by major technological advancements in the collection, 

interpretation and modelling of hydrological data, as well as new capacities for observing and 

quantifying land use and land cover changes using remote sensors (Eshleman, 2004). Land-use 
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changes have significant global impacts on wetland ecosystems, leading to a decline in 

waterfowl and plant species, and disrupting the delicate balance that supports their biodiversity 

(Dixon et al., 2016).  Variation in wetland water levels has resulted from these changes, which 

negatively impact wetland species' ability to adapt to changing conditions and affect their 

reproductive success and overall survival (Li, 2015). Additionally, land-use changes have led 

to increased flooding peak flows and runoff, inundating wetland habitats and threatening 

species adapted to specific water levels (Liu et al., 2004). These consequences have significant 

implications for wetland biodiversity and the survival of important wetland species, which 

provide essential services such as habitat, water purification, and climate regulation. 

Understanding the consequences of land-use changes on wetlands is crucial for conservation 

efforts and sustainable land management practices. Mitigating these impacts should involve 

habitat restoration, land-use planning, and policies that prioritize the preservation of wetland 

ecosystems (Liu et al., 2004). 

2.9 Gap Analysis 

The academic gap in land-use and land-cover changes in the Bangweulu Wetland 

and surrounding areas is the lack of a comprehensive, integrated assessment that considers 

the interplay between different factors driving these changes. This research aims to contribute 

to a holistic understanding of the dynamics at play, by analysing spatial and temporal patterns 

of land use changes to identify hotspots of change. This study will explore the role of local 

communities in land-use decisions, evaluating the implications of land-use changes on 

ecosystem services.  By addressing these gaps, this study provides a more comprehensive 

picture of the challenges and opportunities related to land-use changes in wetlands in particular 

and in Zambia in general, which can be crucial for developing effective strategies and policies 

to promote sustainable land management and conservation in the country. 
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CHAPTER 3: DESCRIPTION OF THE STUDY AREA 

This chapter describes the physical and socioeconomic characteristics of the study area. The 

figure also shows the location of the Bangweulu Wetland and surrounding areas in the Luapula, 

Northern and Central provinces. 

3.1 Location of the Study Area  

The research was carried out in the Bangweulu Wetland and its surrounding areas. 

The Bangweulu Wetland covers approximately 30,000 km2 and the surrounding areas, cover 

35,158.143 km2 (Kamweneshe, 2000). With over 11,900 km2 of seasonally flooded plains and 

permanent swamps, it has one of the largest and most diverse systems in southern Africa.  It is 

similar in size and complexity to the Okavango and Zambezi deltas in Mozambique (Hughes 

and Hughes, 1992). The study area was defined using a high-resolution (90 meters) Digital 

Elevation Model (DEM) obtained from DIVA GIS (Hijmans et al 2001). The boundaries were 

determined based on the location of water flow points around the basin. The study area 

encompasses parts of Zambia's Luapula and Northern provinces, between 08°S to 18°S and 

22° E to 34° E (Figure 1), and its southernmost extremity spans a small portion of the Central 

Province (Hughes and Hughes, 1992). 
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Figure 1: Map showing the location of the Bangweulu Wetland and surrounding areas, 

Zambia (Lehner, 2020). 

3.2 Physical Characteristics 

The physical characteristics of the study area include the climate (temperature and rainfall) 

and hydrology, soils, topography and drainage, vegetation, land use, economic activities and 

population. 

3.2.1 Climate and Hydrology 

Three distinct seasons, a cool dry season from April to August, a hot dry season from August to 

October and a warm wet season from November to April, make up the climate of the 

Bangweulu Wetland and the surrounding areas. In the Bangweulu Region, the highest 

and lowest recorded temperatures vary from 19 to 36 °C in October and from 6 to 21 °C in 

July (Mccann, 2017)) (Figure 2). 
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Figure 2: Annual maximum and minimum temperatures of the Bangweulu Wetland and 

surrounding areas of Zambia (Sparks, 2018). MAX = Maximum temperature; MIN 

= Minimum temperature. 

Over the wetland area, the average annual rainfall is between 800 mm and 1,500 mm with 

significant year-to-year variation (Kaizen Consulting, 2020) (Figure 3). More than 2,100 mm 

of water evaporates on average each year.  

 

Figure 3: Historical rainfall trends of the Bangweulu Wetland and surrounding areas of 

Zambia (Sparks, 2018). 
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The predominant feature of the Bangweulu Wetland is the seasonal flooding regime, which 

influences every aspect of the local environment and economy. By January each year, vast 

areas of the Bangweulu Wetland are inundated from local rainfall and runoff. Peak water levels 

occur in March when the inflow from the Chambeshi and other rivers draining the surrounding 

catchment spills across the seasonally flooded plains (6,800 km2) and into the permanent 

deepwater swamps (5,000 km2). Waters recede slowly during the dry season, reaching their 

lowest level in October/November, leaving only the central basin permanently under water. 

The mean annual outflow to the Luapula River is approximately 440 m3/s. The extent of 

floodwater inundation and the rate with which it rises and recedes varies from year to year 

(Mccann, 2017). 

3.2.2 Soil 

The Bangweulu Wetland is mostly covered by Arenosols, which are mucky, poorly 

formed, coarse-textured soils with loam-sand topsoil (Figure 4). These soils are moderately 

acidic, leach heavily, have a low capacity to retain nutrients and are highly saturable in 

aluminium. Although certain areas feature Gleysols, which are characterized by mucky, poorly 

draining, extremely acidic, heavily leached clay soils, they exhibit a moderate to high capacity 

for retaining nutrients. These soils are moderately to highly saturated with aluminum (Mccann, 

2017). 

Other parts have Histosols, which are loam topsoils with a high organic matter content that 

are more than 20 cm thick but less than 40 cm thick in some large, poorly drained dambos and 

on lake edges. 
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Figure 4: The soil type of the Bangweulu Wetland and surrounding areas of Zambia (Lehner, 

2020). 

3.2.3 Topography and Drainage 

The land elevation across the study area ranges from 1,875 m to 1003 m (Figure 5). The 

waters   of Bangweulu, which fluctuate during the rainy season, cover a triangular area of 

approximately 9,800 km2.  The lake, at the northwest corner of the triangle, is 72 km long and 

38 km wide (Mccann, 2017). 
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Figure 5: Elevation (m) in the Bangweulu Wetland and surrounding areas of Zambia (Lehner, 

2020). 

3.2.4 Vegetation 

The Bangweulu Wetland is home to a diverse range of vegetation types, with each community 

influenced by soils and flooding regimes (Kaizen Consulting, 2020). The wetland can be 

classified into five main vegetation zones: upper mainland, fringing open woodlands, termitaria 

and fringing grasslands, seasonal floodplains and water meadows/permanent swamp. The 

upper mainland woodlands are dominated by woody species (Figure 6). A termite zone is found 

between open woodlands and seasonal floodplains, where termite mounds are created. Within 

this zone, seasonal floodplains, water meadows, permanent swamps and open water lakes cover 

the low-lying plain. Emerging vegetation zones occur along the shoreline with grasses and 

sedges dominating the deepwater floodplain areas (Mccann, 2017). 
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Figure 6: Vegetation in the Bangweulu Wetland and surrounding areas of Zambia (Lehner, 

2020). 

3.2.5 Economic Activities in the Study Area 

The major economic activity in the majority of the sampled areas is fishing and farming, and 

the area has little industrial activity (Kolding, Ticheler and Chanda, 1996). In terms of 

agricultural practices, cassava is the most frequently grown crop, (93%), followed by 

groundnuts, (62%). Finger millet is grown under the Chitemene system in woodlands. Maize 

has also gained importance, at 78%, especially west of the lake (Chidumayo, 1987). In addition, 

sweet potatoes, beans, sugarcane and fruits such as citrus and bananas are farmed. However, 

some households keep goats, sheep, cattle and chickens. Rice, a relatively new crop, is also 

farmed as of income. Matongo, Bwalya Mponda, Kasoma-Lunga and Kalima Nkonde are 

known to be the main producing areas in the Samfya District (Central Statistical Office, 1990). 

3.2.6 Population 

The population of Zambia more than quadrupled from 4,056,955 in 1969 to 19,610,769 in 

2022 (Figure 7). 
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Figure 7: Trends in population size, Zambia 1969-2022 ( Central Statistical Office, 2022).  

According to the CSO projections, the total population of Luapula Province is 1,514,011, 

whereas that of Central Province is 2,252,483 and that of Northern Province is 1,618,412. At 

the district level, of the eight sampled districts (Figure 8), Mansa recorded the highest 

(327,063), followed by Serenje (158,192), Samfya (147,189), Chilubi (144,011), Chifunabuli 

(116,326), Mwense (112,605) and Chitambo (100,603), while Chembe recorded the lowest 

population (51,532 people) (Appendix 1) (Central Statistical Office, 2022) 

 

Figure 8: Population density (2010 and 2022) in the Bangweulu Wetland and surrounding 

areas of Zambia ( Central Statistical Office, 2022). 
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The national population has seen continuous growth in the last decade. Between 2010 and 

2022, the population experienced an average annual increase of 3.4%, marking a rise from the 

2.8% growth rate observed in the 2000-2010 period. In particular, the rural population 

exhibited a similar growth rate of 3.4% during the 2010-2022 period, surpassing the 2.1% rate 

recorded in the preceding period. Conversely, urban areas experienced a decrease in their 

growth rate, declining from 4.2% in 2000-2010 to 3.5% between 2010 and 2022. Notably, some 

of the sampled areas highlighted within the red square also displayed the highest average 

annual growth rate (Figure 9) (Central Statistical Office, 2022). 

  

Figure 9: Average annual population growth rate by district, Zambia 2010-2022 (Central 

Statistical Office, 2022).   
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CHAPTER 4: METHODOLOGY 

This chapter presents the methods used in carrying out this research. It outlines the research 

approach, sources of data, sampling procedure and analysis.  

4.1 Research Approach  

This research used household questionnaires, complemented by field observations, 

remote   sensing imagery, key informant interviews, supportive data such as GPS records and 

related literature (Figure 10).  

  

Figure 10: Research and analysis tools used in the study of land use change in the Bangweulu 

Wetland and surrounding areas. QGIS = quantum geographic information system. 

4.2 Primary Data 

To understand the dynamics of land use change in the Bangweulu Wetland and surrounding 

areas, a unique blend of satellite imagery, household questionnaires, targeted interviews with 

key stakeholders and field observations were utilized (Figure 10 above). The methods of data 

collection helped to determine how much change has taken place and helped to identify drivers 

of land use change.  

4.2.1 Household Questionnaires  

A total of 300 household surveys were administered to the heads of households in the 

Bangweulu Wetlands. A household, in this context, refers to a group of people who share meals 
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and living quarters. The head of the household, typically the primary decision-maker, was 

responsible for completing the questionnaire (Tanzania National Bureau of Statistics, 2011). 

This survey instrument aimed to gather data on several key aspects: the history of the 

Bangweulu Wetland, the current residents, their economic activities and the overall condition 

of the wetland's resources. Additionally, the questionnaire explored the factors driving changes 

in land use within the wetland (Appendix 2). 

The survey covered a broad range of topics, including demographics, occupation, household 

composition, income sources, land-use and land-cover changes, population changes over the 

past 25 years, primary economic activities in the community and residents' perceptions of the 

causes behind land-use and land-cover changes. This comprehensive data provided valuable 

insights into local communities' experiences and understanding of the ongoing changes within 

the Bangweulu Wetland 

4.2.2 Key Informant Interviews  

The Interviews of the 9 informants were conducted with key stakeholder groups with extensive 

knowledge of the wetland's history, land-use changes and current conditions. The interviews 

were conducted with governing body representatives such as district commissioners, 

agriculture and fisheries officials, traditional leaders and Water Resources Management 

Authority (WARMA) officials (Appendix 3) to gain a better understanding of the 

history, factors influencing LULC change and conditions of the Bangweulu Wetland and 

surrounding areas.  

4.2.3 Field Observations  

Field observations were conducted through transect walks and field visits. This revealed that 

major land use activities, such as agriculture, urban development and industrial activities, are 

dominant in the area. This visual record aids in immediate analysis and serves as a valuable 

resource for future research (Herrero et al., 2017; Banda et al., 2023). Detailed records were 

maintained to catalogue the extent and nature of these land use patterns, contributing to a 

holistic view of the landscape's transformation over time. GPS technology was employed to 

record ground control points, allowing precise pinpointing and mapping of observed features 

within the larger landscape. 
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4.2.4 Sampling Procedure  

The Raosoft Random Sample Calculator (www.raosoft.com) was used to determine the 

sample size. A margin of error of 6% was applied at a confidence level of 94%, with a 

distribution of 50% of the respondents. Using a 6% margin of error with a 94% confidence 

level allowed for a slightly smaller sample size compared to what would have been necessary 

for a 5% error margin with a 95% confidence level. This optimization was important because 

the research methodology involved not only household surveys but also analysis of satellite 

imagery. Given that the total number of households in the 8 sampled districts was 1,137,521 

households (Central Statistical Office, 2022), the calculated population size was 300. A 

calculation, greater than 30 (Chakrapani, 2023), indicates a reasonable sample size. As the 

obtained results can be extrapolated to the entire population of the Bangweulu Wetland and its 

surrounding areas. 

4.2.5 Methods of Sampling and Frequency 

The selection of sampling sites considered two key factors. First, proximity to the lake and 

wetland was prioritized to ensure the sites were directly relevant to the study of these areas. 

Second, village size was taken into account. Villages with greater physical separation resulted 

in fewer samples being collected from those areas. A total of 300 household questionnaires 

were purposively distributed in eight districts: Mwense (10), Serenje (37), Chilubi (50), 

Chifunabuli (51), Chembe (27), Mansa (42), Chitambo (21) and Samfya (62) (Table 1). In 

addition, nine key informant interviews were conducted in the Mansa, Samfya, Chembe, 

Chilubi and Serenje districts (Table 2). The household questionnaires were analysed using the 

Statistical Package for the Social Sciences (SPSS). 
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Table 1: Sampled districts in the Bangweulu Wetland and surrounding areas, Zambia.  

S/N  District Number of Sampled  ouseholds Per District 

1. Seren e 37 

2. Samfya 62 

3. Mansa 42 

4. Mwense 10 

5. Chifunabuli 51 

6. Chilubi 50 

7. Chembe 27 

8. Chitambo 21 

 T T L 300 

 

Table 2:  ey informant interviews conducted in the Bangweulu Wetland and surrounding 

areas of Zambia.  

S/N District  ey informants 

1 Chembe District  griculture Coordinator 

2 Chilubi District  griculture Coordinator 

3 Mansa District  griculture Coordinator, Forestry Coordinator, 

Land husbandry coordinator, Department of Water 

 esources Development (DW D) 

4 Samfya District  griculture Coordinator, Forestry Coordinator 

5 Seren e District  griculture Coordinator 

 

4.3 Secondary Data 

Secondary data were obtained mainly from archival sources (published and unpublished). An 

extensive review of the literature; both published and unpublished, on the drivers of land 

use change in wetlands, land use change and its effects on ecosystem services. 

4.3.1 Remote Sensing and GIS 

250 ground control points consisting of different land use /land cover features   and their 

location points were recorded using a global positioning system (GPS) instrument. Landsat 

images from 1990, 2000, 2010 and 2020 were freely downloaded from Climate Engines 
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(https://app.climateengine.com/climateEngine), the information obtained was utilized to 

identify different types of land use /land cover changes in the Bangweulu Wetland 

and   surrounding areas.  

4.4 Data Analysis: Imagery Data 

 This section explores the tools and methods that were used in the analysis in this study. 

4.4.1 Acquisition of Satellite Data 

Landsat 5 TM (Thematic Mapper) and Landsat 8 OLI-TIRS (Operational Land Imager 

Thermal Infrared Sensor) images were obtained from Climate Engine 

via  https://app.climateengine.com/climateEngine. Climate Engine (ClimateEngine.org) is a 

web-based application that overcomes many computational barriers users face by employing 

 oogle’s parallel cloud computing platform,  oogle Earth Engine, to process, visualize, 

download and share climate and remote sensing datasets in real-time (Huntington et al., 2017). 

The shapefile of the study area was overlaid with imagery data downloaded from a climate 

engine. By overlaying the imagery data with the shapefile, it was possible to create a visual 

representation of the imagery data for the study area 

4.4.2 Detection of LULC Changes using the Maximum Likelihood Algorithm  

Classification was performed in QGIS 3.28.0 using the Maximum Likelihood Classification 

algorithm. Maximum likelihood classification assumes that the statistics for each class in each 

band are normally distributed and calculates the probability that a given pixel belongs to a 

specific class (Soheili et al., 2012). The classification of the areas was performed based on 

training data for each class. The bands selected for analysis were 4, 3 and 2, and the training 

areas for each class were processed for the years 1990, 2000, 2010 and 2020. Five distinct 

classes were used in the classification: Forest, Cropland, Grassland, Settlements and Water 

(Phiri et al., 2023). These selected classes allowed for a detailed analysis of how human 

activities like agriculture and infrastructure development might be impacting the wetland area. 

The following is a description of each class, along with relevant information about the 

associated vegetation: 

i. Forests: These landscapes primarily consist of mature natural or planted trees and there 

are no evident indications of significant disruption to ecological processes; 

ii. Cropland: This class represents areas occupied by cultivated crops, fruits and 

vegetables; 

https://app.climateengine.com/climateEngine
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iii. Grassland: These areas are covered by woody vegetation dominated by young trees and 

shrubs. They do not undergo cultivation and typically have less than 10% coverage of 

shrubs and trees; 

iv. Settlement: This class includes areas that comprise human settlements, transportation 

infrastructure, industrial zones and commercial facilities; and 

v. Water: This class encompasses water surfaces such as rivers, ponds, floodplains, wells 

or lakes. 

4.4.3 Accuracy Assessment using the Confusion Matrix with Ground Truthing Data 

The accuracy assessment of land use /land cover maps was conducted using the 

Confusion Matrix, a widely recognized technique for assessing the performance of land 

cover classification models (Fonte et al., 2020). A total of 750 ground truthing points were 

generated to serve as reference data against which the classification results could be compared. 

The confusion matrix was generated using QGIS 3.28.0 software, enabling the calculation of 

various accuracy metrics that shed light on the quality of the classification model. The accuracy 

metrics obtained from the confusion matrix were diverse and comprehensive, allowing for 

a thorough evaluation of the classification results. The overall accuracy metric measures the 

proportion of correctly classified pixels in the entire dataset, providing a high-level overview 

of the model's performance in accurately classifying land cover types across the entire study 

area. The producer's accuracy quantified the proportion of correctly classified pixels for each 

individual land cover class, providing insights into the model's strengths and weaknesses for 

different classes. The user's accuracy assessed the proportion of correctly classified pixels for 

each land cover class relative to the total number of pixels classified as that specific class, 

helping evaluate the reliability of the model's predictions for each class. The accuracy metrics 

obtained from the confusion matric are mathematically expressed as  

Overall Accuracy =(
Number of Correct Classifications

Total Number of Samples
) ∗  100% 

Producer's Accuracy = (
Number of Features of Specific Class Correctly Classified

Row Total
) ∗  100% 

User's Accuracy = (
Number of Features of Specific Class Correctly Classified)

Column Total
) ∗  100% 

The combination of these accuracy metrics offered a comprehensive evaluation of the 

land cover classification model, ensuring the credibility and utility of the generated maps 

for subsequent analyses and decision-making processes (Foody, 2002). The accuracy of land 



30 
 

cover categorization was evaluated using a confusion matrix and Kappa Index (KI) based on 

the ground truthing data. The kappa coefficient (k) is expressed mathematically as 

𝑘 =
𝑁 ∑ 𝑚𝑖,𝑖

𝑛

𝑖=1
−∑ (𝐺𝑖𝐺𝑖)

𝑛

𝑖=1

𝑁2−∑ (𝐺1𝐺𝑖)
𝑛

𝑖=1

                                                                           

Where i = Class number; N = Total number of classified pixels; mi,i = Number of pixels in 

ground truth class i correctly classified as i; G1 = Total number of pixels classified as i; 

Gi =Total number of pixels in ground truth class i (Munthali et al., 2019). 

4.4.4. Quantitative Data Analysis  

In this study, the quantitative data collected from the field were analysed using SPSS software 

(Pallant, 2016). Descriptive statistics, such as frequencies and percentages, were employed to 

provide a comprehensive description of the data (Glewwe and Levin, 2005). These statistics 

allowed for a clear understanding of the distribution and patterns of the drivers of land use 

change, as well as the observed land use change patterns.  

Tables and graphs were also created to enhance the presentation and visualization of the data 

where necessary. These graphical representations facilitated a more comprehensive and 

accessible interpretation of the findings (Prybutok and Ott, 1989). They provided a visual 

summary of the key trends and relationships within the data, aiding in the identification of 

significant patterns and insights. Furthermore, this study utilized the Pearson correlation 

analysis to assess the strength of the association between the identified drivers of land use 

change and the observed land use change patterns. Pearson's ‘r’ is a widely used correlation 

measure that assesses the linear association between two variables (Schober and Schwarte, 

2018). This statistical measure allowed for a quantitative assessment of the relationships 

between these variables, providing valuable insights into the extent to which the identified 

drivers influenced the observed land use changes (Pallant, 2016). 

Overall, the use of SPSS, descriptive statistics, graphical representations and the Pearson 

correlation coefficient provided a robust framework for analysing and interpreting 

the quantitative data, enabling a comprehensive understanding of the drivers of land use 

change and their relationships with the observed land use change patterns in the study area. 

4.4.5 Logistic Regression 

Logistic regression analysis was also performed to investigate the variables that contributed to 

changes in land use and land cover change (LULCC) at the household level in the Bangweulu 
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Wetland and surrounding areas. Logistic regression is a statistical approach for estimating the 

chance of an event occurring based on a number of independent factors. In this case, the 

research aimed to determine how respondents' socioeconomic characteristics (independent 

factors) affected their assessments of the driving reasons underlying LULCC (dependent 

variables) (Park, 2013). The logistic regression table presents the coefficients (B), standard 

errors (S.E.), Wald statistics, degrees of freedom (df), significance levels (Sig.), odds ratios 

(Exp (B)) and 95% confidence intervals (CIs.) for the odds ratios. 

The coefficient (B) represents the estimated effect of each variable on the outcome. A negative 

coefficient suggests a negative association with the outcome, while a positive coefficient 

suggests a positive association. The standard error (S.E.) provides information about the 

precision of the coefficient estimate (Bewick et al., 2005). The Wald Statistic is used to assess 

the significance of each variable. The degrees of freedom (df) represent the number of 

independent pieces of information available for estimating the parameter. The significance 

level (Sig.) indicates the probability of observing a Wald Statistic as extreme as the one 

calculated, assuming the null hypothesis that the coefficient is zero (Bewick, Cheek and Ball, 

2005). 

The odds ratio (Exp (B)) represents the change in odds for the outcome associated with a one-

unit increase in the predictor variable. A value greater than 1 suggests a positive effect on the 

odds, while a value less than 1 suggests a negative effect. The 95% confidence intervals (CIs) 

provide a range within which the true odds ratio is likely to decrease (Sedgwick and Marston, 

2010). 

The logistic model is specified as: 

logit (Y) = ln (
𝜋

1 −  π
) =  𝛽0 +  𝛽1𝑋1𝑖 +  𝛽2𝑋2𝑖+. . + 𝛽𝑘𝑋𝑘𝑖 

Where β0 is the intercept and β1, β2,…………., βk are the coefficients of the independent variables 

X1, X2 … Xk. 

4.5 Ethical Considerations 

The study was conducted within the set local ethical guidelines 

4.5.1 Ethical Approvals from Relevant Ethics Boards 

To ensure ethical conduct, this study received approval from the Natural and Applied Sciences 

Research Ethics Committee (NASREC) (Appendix 5). Prior to participating in interviews, all 
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participants were fully informed about the study's objectives and procedures. Their informed 

consent was obtained to safeguard their rights and privacy. 

4.6 Limitations of the Study 

This research encountered several limitations that should be considered when interpreting the 

findings:  

1. Weather Conditions: Unpredictable weather conditions such as heavy rainfall and 

extreme heat affected participant availability. To mitigate this, efforts were made to 

reschedule meetings when necessary; 

2. Low Literacy Rates: Some participants found it extremely hard to understand what 

the study was about hence failed to participate in the survey. To address this, 

researchers provided thorough explanations with the assistance of village headmen; 

3. Limited Access to Updated Secondary Data: Accessibility to the most recent 

secondary data from relevant stakeholders was a challenge due to inadequate systems. 

As a mitigation strategy, the study relied on the available data; and 

4. Challenges in Assessing Certain Study Sites: The inability to fully assess specific 

study sites was a limitation because certain sites could only be assessed using boats. 

Researchers addressed this by utilizing boats to access these sites. 
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CHAPTER 5: RESULTS  

This chapter is based on the study's findings according to the objectives of the study.  

5.1 Overall Trend Analysis of LULC (1990–2020)  

The analysed imagery data in Figure 11 show the extent or area covered by different land cover 

categories (water, forest, grassland, settlement and cropland) for four specific years: 1990, 

2000, 2010 and 2020. The proportionate coverage area of each of the five classes extracted in 

the Bangweulu Wetland and surrounding areas from 1990 to 2020 of LULC trends is 

summarized in Appendix 4. Over the past 30 years, grassland, forests and water cover 

decreased due to deforestation, urbanization and other land-use changes, while cropland and 

settlement areas expanded (Figure 12). These findings offer valuable insights into the change 

trends of different LULC classes within the study area. 



34 
 

 

Figure 11: LULC maps for 1990, 2000, 2010 and 2020 in the Bangweulu Wetland and surrounding areas of Zambia.



35 
 

 

 

 

Figure 12: Trends of land use changes in the Bangweulu Wetland and surrounding areas 

between 1990 and 2020 of Zambia. 

The results show that over the years, the water area decreased from 2410.72km2 in 1990 to 

2278.31 km2 in 2020. On the other hand, the forest area consistently decreased from 45298.93 

km2 in 1990 to 33233.52 km2 in 2020, indicating significant deforestation and land-use 

changes.  

The grassland area also showed a consistent decline, from 32557.91 km2 in 1990 to 26418.23 

km2 in 2020, suggesting conversion to other land uses. In contrast, the settlement area has 

continuously increased, expanding from 356.69 km2 in 1990 to 2210.38 km2 in 2020, indicating 

rapid urbanization. Additionally, the cropland area has experienced a substantial increase, 

growing from 165.27 km2 in 1990 to 5108.13 km2 in 2020, likely to meet agricultural demands.  

5.1.1 Accuracy Assessment of Land Use Land Cover Change (1990 - 2020)  

The classified images have an overall accuracy of more than 86%, resulting in a reliable LULC 

classification above 80% (cf. Ruppert, Hussain and Müller, 2016). Furthermore, the overall 

Kappa Coefficient for all the classified images ranged between 0.87 and 0.94, which when 

compared to Landis and Koch, (1977) ratings shows that the classification carried out for the 

study has strong agreement with the ground-truthing reference data. 

The Kappa Coefficient is a measurement of the precision or agreement between data from 

classified imageries and data from ground reference locations (Foody, 2020). Although there 
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were small differences in producer accuracy (PA) and user accuracy (UA) of specific LULC 

categories, the classifications exhibited high overall accuracy (Table 3). These accuracy 

assessment results provided the basis for subsequent examination of LULC changes. 

 

Table 3: Accuracy assessment results for (1990 - 2020) LULC maps in the Bangweulu Wetland 

and surrounding areas, Zambia. PA = producer accuracy; UA = user accuracy.  

  2020 
 

2010 
 

2000 
 

1  0 
 

Class P  U  P  U  P  U  P  U  

Water 0. 7 1.00 1.00 1.00 0. 7 1.00 1.00 1.00 

Forest 0.81 0. 7 0.86 1.00 0. 1 0. 7 0.88 0. 7 

 rass land 0.88 0. 7 0.78 0. 3 0. 1 1.00 0.81 1.00 

Settlement 0. 6 0.80 1.00 0. 0 1.00 0. 1 1.00 0.83 

Crop land 1.00 0.83 0. 1 0.67 1.00 0. 2 1.00 0.83 

 verall 

 ccuracy 

0. 1 
 

0. 0 
 

0. 5 
 

0. 3 
 

 appa 0.8    0.87   0. 4   0. 0   

 

5.2 Perceived Drivers of LULC change in the Bangweulu Wetland and surrounding 

areas 

As previously indicated, 300 local communities were surveyed to identify the main drivers   of 

land use and land cover change in the Bangweulu Wetland and surrounding areas. Participants 

were asked to rank the factors they believed were contributing to these changes on   a scale of 

1 to 5, with 1 being the least significant and 5 being the most significant. The factors 

highlighted in red (population growth, agricultural activities, settlements and the ecosystem 

services decline) (Figure 13) are emphasized as the primary causes of the observed LULC 

changes in the Bangweulu Wetland and surrounding areas. This ranking   helped to identify the 

relative importance of each driver and provided valuable insights into the   human activities 

that are directly transforming the land cover in this region. 
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Figure 13: Perceived drivers of land use change in the Bangweulu Wetland and surrounding 

areas of Zambia. 

5.2.1 Population Growth 

The findings revealed population growth as a leading driver, with the highest average score 

of 3.76 out of 5. A substantial score indicates that the growing number of people living in 

and around the wetland has a profound impact on the alteration of land use patterns.  

The demographic data collected from the surveys also revealed a high rate of in-migration, with 

56% of respondents reporting that they had migrated to the Bangweulu Wetland from other 

regions of Zambia (Table 4). The Central Statistical Office (2022) reported that the population 

of Luapula in 2022 will increase to 1,514,011, showing a growth of over 52.6% from 991,927 

in 2010, hence supporting population growth as a driver of change in the study area. The 

reasons stated by participants are listed in Table 4, accompanied by their respective frequencies 

and percentages, illustrating the frequency of mention for each reason. 
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Table 4:  espondents’ reasons for migrating to the Bangweulu Wetland and surrounding 

areas of Zambia. 

  Frequency Percent 

Marriage 2   .7 

Farming 30 10 

Employment 60 20 

Fishing 18 6 

Just for change of place 64 21.3 

Born here    33 

Total 300 100 

 

5.2.2 Settlements 

The settlements had a mean score of 3.66 from 5, indicating that the establishment and 

expansion of human settlements in wetland areas play a significant role in driving land use 

change. The presence of settlements has been observed to result in the alteration of land use 

patterns within the Bangweulu Wetland.  

5.2.3 Ecosystem Services Decline 

The ecosystem services (ES) decline had a mean score of 3.57 from 5, indicating that it is 

recognized as a significant factor influencing land use land cover change in the Bangweulu 

Wetland and surrounding areas.  

5.2.4 Agriculture 

Agricultural practices were also identified as a major driver of land use change with a mean 

score of 3.43 out of 5 from participants indicating its significance. The expansion of farming 

and livestock grazing has significantly impacted land cover and land use within the Bangweulu 

Wetland, leading to the loss of natural vegetation and disruptions in hydrological patterns.  

5.2.5 Forest Decline 

Forest decline had a score of 2.64 from 5, indicating that the reduction in forest cover is also 

recognized as a factor influencing land use change. Forests provide essential ecosystem 

services and play a significant role in regulating the hydrological cycle, maintaining 

biodiversity and providing habitats for various species.  
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At the other end of the spectrum, the drivers of land use change with mean scores below 2.5 

were the built environment, recreation and industry. The built environment, with a mean score 

of 2.21, refers to the construction of infrastructure including roads, buildings and other human-

made structures. Although this driver has a moderate impact, it is comparatively less significant 

than others in terms of altering land use within the wetland. A mean recreation score of 1.45, 

indicates that activities such as tourism and leisure activities have a relatively low influence on 

land use change in the Bangweulu Wetland. Similarly, industry, with a mean score of 1.34, 

suggests that industrial activities have a minimal impact on altering land use patterns within 

the wetland. 

To reveal a significant relationship between land use change and various factors, Pearson 

correlation analysis was performed. The results presented in Table 5, reveal a statistically 

significant difference (p < 0.05). Specifically, the significance coefficients were as follows: 

0.000 for forests; 0.000 for settlements; 0.000 for ecosystem decline; 0.000 for population; and 

0.041 for agriculture. These coefficients demonstrate that there is a statistical association 

between the occurrence of land use change in the wetland and forest decline, settlements, 

ecosystem services decline, population growth and agricultural activities, as all the values were 

below 0.05. 

 Table 5: Pearson Correlations between Land Use Change and Drivers in Bangweulu 

Wetland and surrounding, Zambia. Correlations are significant at the 0.05 level (2-tailed); N 

= number of participants. 

Correlations 

 Observed 

land use 

change 

Forest 

decline 

Settleme

nts 

Ecosystem 

services 

decline  

Population 

growth 

Agricultural 

activities 

Sig. (2-

tailed)  

 0.000 0.000 0.000 0.000 0.041 

Correlation 

 

1 -0.313** -0.301** -0.282** -0.240** -0.118* 

N 300 300 300 300 300 300 
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5.3 Logistic Regression Analysis of Perceived Variables of Drivers of LULC change 

The data presented in Table 6 provides the results of a logistic regression analysis, where the 

variables indicate that the length of residence in the wetland had a substantial influence on 

perceptions of the local community. The amount of time an individual had lived in the 

neighbourhood, in particular, was found to have a statistically significant (p < 0.05) effect on 

views of population increase and agricultural expansion as drivers of LULC change. The longer 

people stayed in the region, the more likely they were to see population increase and 

agricultural development as major drivers of LULC change. Furthermore, among the key 

socioeconomic drivers, people whose primary economic activity was farming, were likely to 

experience significant effects of LULC change and its drivers in the community. 

Table 6: Results of logistic regression analysis in the Bangweulu Wetland and surrounding 

areas of Zambia. B = Coefficients; S.E. = Standard errors; Wald statistics; df = degrees of 

freedom; Sig. = significance levels; odds ratios (Exp (B)) and 95% confidence intervals (CIs) 

for the odds ratios. 

  B S.E. Wald Df Sig. Exp(B)  5% C. .for 

EXP(B) 

              Lower Upper 

 ow long have you 

lived in the 

community  

2. 11 0.775 14.107 1 0.000 18.37 4.022 83.8 8 

Farming as main 

economic activity 

1.55  0.752 4.3 1 0.038 4.756 1.08  20.76  

Constant 1.01  0.31  10.176 1 0.001 2.771     

The results in Table 7 show the outcomes of binary regression analysis between the response 

of LULC on the Bangweulu wetland and perceived drivers. The analysis also revealed LULC 

was significantly influenced by population increase, ecosystem services decline, forest decline, 

agricultural activities and settlements (based on p-values < 0.05). While, built environment, 

recreation and industry don't have statistically significant relationships with LULC change 

(based on p-values > 0.05). 
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Table 7: Binary regression analysis between the response of LULC on the Bangweulu wetland 

and LULC drivers.  
 

B S.E. Wald Df Sig. Exp (B) 

Population  rowth 0.5  0.205 8.252 1 0.004 1.804 

Bulit Environment  0.44  0.237  3.60   1 0.057  0.638 

 ecreation  0.085  0.302 0.08 1 0.777 1.08  

 gricultural  ctivities  0.428 0.17  5.7 1 0.017 0.652 

 ndustry 0.0 1  0.182 0.251 1 0.616 1.0 6 

Settlements  0.706 0.283 6.225 1 0.013 0.4 3 

Ecosystem Services Decline  0.47  0.234 4.181 1 0.041 0.61  

Forest Decline  0.424 0.156 7.441 1 0.006 0.654 

Constant 8.14  1.321 38.02  1 0.000 3460.53  

 

5.4 Socioeconomic Determinants of Perceived Drivers 

Based on the provided information, the socioeconomic determinants of the perceived drivers 

of land use change in the Bangweulu Wetland and surrounding areas are described here. 

5.4.1 Socioeconomic Status and Livelihood Strategies  

According to the data acquired from the analysed findings, population increase is a 

significant driver of land use /land cover change in the study area, with a high rate of in 

migration identified as one of the reasons for population growth in the examined areas. 

Migrations were due to education, outsourcing, fishing and farming, implying that 

socioeconomic issues play a significant role in influencing people's decisions to migrate to 

wetlands and engage in certain livelihood practices. 

The research revealed that the establishment of fishing camps by mobile fishermen 

also   emerged as a key determinant of land use change in the wetland because it involves the 

relocation   of fishermen together with their families from their permanent residences to 

temporary   campsites near the water, often leading to the construction of small dwellings to 

accommodate   increased populations. This shift has resulted in a significant growth of 

approximately 50,000   people residing within the wetland area (cf. African Parks, 2008). 

Economic possibilities and the need for improved living conditions all contribute to an increase 

in settlement and agricultural activity, which leads to changes in land use patterns. The results 

in Figure 14 shows the participants' reactions to the probable causes of population growth. The 

results indicate that 56% of the participants attributed that a significant proportion of the 

population increase was due to individuals and families relocating to the wetlands from other 
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areas. Furthermore, 34% of the participants identified a high birth rate as a cause of population 

growth. This further indicated that a substantial portion of the population increase can be 

attributed to natural population growth resulting from a greater number of births.  n the other 

hand, 7% of the participants were unsure about the causes of population growth and 3% 

indicated that there had been no change in the population.  

 

 

 

Figure 14: Participants' response to potential causes of change in the Bangweulu Wetland and 

surrounding areas of Zambia. 

To validate that the high birth rate was a cause of population growth, Figure 15 reveals that 

more than 51% of the 300 interviewed households were responsible for providing food for five 

or more people. Some households were reported to have more than 15 dependents, further 

suggesting that the wetland area experienced significant population growth due to a high 

number of births. Furthermore, Table 8 highlights that approximately 46% of the respondents 

had lived in the area for less than 25 years.  ence, supporting the response of people moving 

to the area as a ma or contributor to population growth (as indicated by 56% of participants). 

The relatively large percentage of respondents who recently migrated to the area suggests that 
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migration plays a significant role in driving population growth in the Bangweulu Wetland and 

surrounding areas. 

 

Figure 15: The participants' household sizes in the Bangweulu Wetland and surrounding areas 

of Zambia. 

 

Table 8:  ow long the participants have lived in the Bangweulu Wetland and surrounding 

areas of Zambia. 

  Frequency Percent 

Below 5yrs 62 20.7 

Between 5yrs and 25yrs 78 26 

25yrs and above 65 21.7 

Born here  5 31.7 

Total 300 100 

The responses obtained from the participants regarding the reasons for people moving to the 

Bangweulu Wetland are presented in Table 9. This information offers valuable insights into 

the factors that attract individuals or families to relocate to the region. The table includes a list 

14%

35%

51%

Below 2 Between 2 and 5 Above 5



44 
 

of reasons along with corresponding frequencies and percentages indicating how frequently 

each reason was mentioned by the participants. 

Table  :  espondents’ reasons for migrating to the Bangweulu Wetland and surrounding 

areas of Zambia. 

  Frequency Percent 

Marriage 2   .7 

Farming 30 10 

Employment 60 20 

Fishing 18 6 

Just for change of place 64 21.3 

Born here    33 

Total 300 100 

  

5.4.2 Agricultural Development and Market Demands 

The expansion of farming practices and livestock grazing were strongly associated with the 

increase in market demand for cash crops such as rice, cassava, groundnuts and maize due to 

agricultural development initiatives and advancements in agrotechnology. The responses 

obtained from participants regarding the main economic activities in the sampled districts are 

detailed in Table 10. The findings illustrate the percentage distribution of respondents' answers, 

highlighting the predominant economic activities in these districts. 

Table 10: The main economic activities in the sampled districts in the Bangweulu Wetland 

and surrounding areas of Zambia. 

  Frequency Percent 

Farmer 148 4 .3 

Business 48 16 

Craft Wor  15 5 

Construction 2 0.7 

Fishing 41 13.7 

Formal Employment 40 13.3 

Domestic Wor  6 2 

Total 300 100 
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According to Table 9 above, farming emerged as the economic activity, with the highest score, 

accounting for 49.3% of the responses. This result underscores the significance of agriculture 

as a primary economic driver in the surveyed districts. This finding suggests that a substantial 

portion of the population is engaged in farming activities, highlighting the importance of the 

agricultural sector in generating livelihoods and contributing to local economies. Fishing, with 

a score of 16%, was identified as another significant economic activity in the surveyed districts. 

The importance of fishing as a source of income and sustenance for communities residing near 

water bodies such as Lake Bangweulu for fishing plays a crucial role in supporting local food 

security, trade and employment opportunities. 

The "business" category received a score of 15%, indicating the prevalence of entrepreneurial 

activities in the surveyed districts. A range of businesses, including small-scale enterprises 

(kiosks), shops, services and trading activities, contribute to local economic growth and 

employment generation. Formal employment, scoring 14%, suggests that a portion of the 

population is engaged in wage -based employment in various sectors, such as the government, 

private companies or formal institutions.  ccasional  obs, with a score of 6.5%, refers to 

temporary or part time employment opportunities in which individuals engage in 

intermittently. These  obs include casual labour, seasonal wor , or short term contracts. The 

category of domestic workers, scoring 2.5%, suggests that a small percentage of respondents 

are engaged in domestic service or work as household help for other families.  Construction, 

was scored as 1%, indicating that a minimal percentage of respondents identified construction-

related activities as a significant economic driver.  

5.4.3 NGO Projects and Development Programmes 

Nongovernmental organizations (NGOs) and other stakeholders play essential roles in 

promoting agricultural development not only in Luapula Province but also in Zambia as a 

whole. Various projects aimed at enhancing the capacity and capabilities of farmers have 

contributed to increased engagement in farming activities. These development programmes 

and projects align with socioeconomic goals of improving livelihoods, income and food 

security, which, in turn, influence land use patterns within the wetland. 

The findings from the interviews with the nine key informants revealed an increase in market 

demand for cash crops, specifically rice, cassava, groundnuts and maize in Luapula Province. 

This increase in demand was attributed to the advancement of programmes that support 

agrotechnology and encourage more people to engage in farming activities. These initiatives 
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have been instrumental in promoting agricultural development and improving the productivity 

of farmers in the region. 

During an interview with the Samfya District Agricultural Coordinator, it was reported that the 

increased engagement in farming is attributed to various projects initiated by nongovernmental 

organizations (NGOs). These projects have played a crucial role in enhancing the capacity and 

capabilities of farmers in Luapula Province. As a result, Chembe District has achieved self-

sufficiency in rice production, which is a significant milestone for local agricultural 

development. 

A comprehensive list of the programmes and projects implemented in the district is provided 

in Table 11. The implementation of these programmes and projects highlights the collaborative 

efforts of various stakeholders, including nongovernmental organizations and local authorities, 

to advance agricultural development across Zambia. 

Table 11: Some of the programmes that have been undertaken in the Bangweulu Wetland and 

surrounding areas of Zambia. 

S/N P     MME 

1. Farmer input and response support intensive 

2. Promote sustainability agriculture, soil conservation and water conservation 

(200  to 2011) 

3. Conservation agriculture scaling up (2012 to 2016) 

4. Programme for Luapula agriculture and rural development (200  to 2015) 

5.  ice development programme under J C  (2016 to 2018)  

6. Small holder productivity promotion programme (2012 to 2018) 

7. Transforming landscapes for resilience of development (2018 to date) 

 

5.4.4 Energy Sources and Charcoal Burning 

The decline in forest cover, a critical environmental concern widely acknowledged for its 

role in shaping land use patterns, has been attributed to the widespread practice of charcoal 

burning.  Charcoal burning was a dominant determinant in influencing this practice for 

approximately half of the 300 sample households who lacked access to electricity (Figure 16). 

This socioeconomic factor sheds light on the relationship between energy sources and land use 

dynamics, specifically highlighting how the heavy reliance on charcoal for cooking purposes 

is fundamentally rooted in the absence of viable energy alternatives. The repercussions of this 
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dependence on charcoal reverberation through the landscape, significantly impact the delicate 

ecosystem of wetlands and their associated forest resources. 

 

Figure 16: Respondents response to whether they are involved in charcoal burning in the 

Bangweulu Wetland and surrounding areas of Zambia. 

In summary, socioeconomic determinants such as livelihood strategies, agricultural 

development, NGO projects and energy sources influence the perceived drivers of land use 

change in the Bangweulu Wetland and surrounding areas. These factors highlight the 

interactions between human activities, economic considerations and environmental changes 

that shape land use patterns in the region 

 

  

142 144 146 148 150 152 154 156

Yes

No

Number of Respondents
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CHAPTER 6: DISCUSSIONS 

 This section discusses all the results generated according to the objectives of the study.  

6.1 LULC Change between 1990 and 2020 using Landsat Satellite Images 

The current study had an overall accuracy (over 86%) and Kappa coefficient values (between 

0.87 and 0.94). Roy et al., (2015) achieved similar levels of accuracy in their land cover and 

land use classification, with most classes exceeding 90% accuracy. Muche et al., (2023) in 

northeastern highlands Ethiopia also reported similar accuracies for 1984, 1991, 2001 and 

2021, and the overall categorization accuracies ranged from 87% to 91%, revealing a very 

strong agreement between the categorized images and the ground truth data. 

Satellite imagery analysis showed changes in land cover (water, forest, grassland, settlements, 

and cropland) in the Bangweulu Wetland and surrounding areas from 1990 to 2020.These 

findings are similar to those of Nkolokosa et al., (2023) in Malawi, who observed substantial 

changes in land cover and land use over a 30-year period. Built-up areas expanded by 209%, 

while bare land and cropland increased by 10%. In contrast, forest cover, herbaceous 

vegetation, water bodies and shrubland declined by 30%, 4%, 20% and 20%, respectively. 

Similarly, Muche et al., (2023) noted an increasing trend in the proportion of cultivated land, 

built-up area and barren land, which make up approximately 78.9% of the northeastern 

highlands of Ethiopia. Similarly, the other three LULC types (forestland, grassland and water 

bodies) decreased during the study periods, together comprising 21.1% of the total. 

Furthermore, Mariye et al., (2022) reported similar findings in their study, revealing a 

significant decrease in forest cover and a notable increase in cultivated land over a period of 

approximately 45 years in south-central Ethiopia. The changes in land use and land cover 

(LULC) perceptions reported by the participants aligned with the outcomes observed through 

remote sensing analysis, which revealed a decrease in forest area and an increase in built-up 

area (Mariye et al., 2022). 

Forest cover, water bodies and grasslands diminishing in Ethiopia is concerning reported 

Negese, (2021). Their study revealed a decrease in water bodies (10.34%) and natural 

vegetation (17.21%) for over two decades. A similar trend of diminishing natural habitats was 

observed in Ghana by Tuffour-mills, Antwi-agyei and Addo-fordjour, (2020) where analysis 

of Landsat imagery revealed forest cover loss and conversion to agriculture and settlements. 
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The current study revealed that the expansion of built-up areas and cultivated lands reflects 

population growth and agricultural demands. This aligns with Tsegaye, (2019) who studied 

land-use change in Ethiopia's Afar Region and attributed forest loss (2.4% per decade) to 

population pressure and agricultural expansion. 

6.2 Perceived Drivers of Observed Changes in the Wetland  

This study also reaffirmed the drivers of observed changes in the Bangweulu Wetland and the 

surrounding areas. The findings in the current study align with previous research conducted in 

the Barotse Floodplain, Zambia. Banda et al. (2023) reported a similar trend: cropland 

expansion occurring at the expense of forestland. This study identified climate variability, 

population growth, settlement establishment, urbanization, farmland expansion and fuelwood 

collection as the major drivers of land-use and land-cover (LULC) changes in the floodplain. 

This finding aligns with the findings of the current study, where factors population growth, 

agricultural activities, settlements and the ecosystem services decline are highlighted as the 

primary causes of the observed LULC changes in the Bangweulu Wetland and surrounding 

areas. 

The current study revealed population growth as a leading driver matching with Phethi 

and Gumbo, (2019) who also reported that population growth was a key driver of land use 

change in   Makhitha village, South Africa. Their research revealed that as the population grew, 

there was   increased demand for land for food and housing, leading to more intensive 

agricultural   practices and the expansion of cultivated areas. Similarly, Odote, (2019), in a 

study focusing on   the Nyando Basin in Kenya, attributed the increased wetland degradation 

to a combination of   factors, including rapid population growth and demand for agricultural 

land and resources. In their investigation of wetland loss on the Iranian Plateau, Ghajarnia et 

al. (2020) also identified population growth along with agricultural expansion and water 

resource   management, as the principal causes. 

Mainuri, (2018) conducted a study in Kenya and reported similar results, suggesting that human 

settlement and economic development are major factors driving land-use decisions in the 

middle River Njoro Watershed. Similarly, Bae et al., (2017) examined the influence of land-

use changes on flood risks in South Korea and identified the conversion of wetlands to 

residential and commercial areas as a key factor contributing to increased flood hazards. 

Alikhani et al., (2021) in their study on freshwater wetlands in Finland, attributed 

fragmentation and habitat loss to increased settlements. These developments lead to changes 
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in lifestyle, consumption patterns and production methods, all of which have an impact on land 

use. As communities establish settlements, they require land for housing, infrastructure 

development and other human activities. This demand for land often leads to the conversion of 

natural habitats, such as wetlands, forests and agricultural areas into residential zones. 

Muche et al., (2023) also reported that the expansion of settlements and cultivated land into 

natural ecosystems, such as forests, water bodies and grasslands, has led to a significant decline 

in ecosystem services (ESs) in the northeastern highlands of Ethiopia. Similarly, Assefa et al., 

(2021) in their study on the impacts of land-use and land-cover changes on wetland ecosystem 

service values in peri-urban and urban area of Bahir Dar city in northwestern Ethiopia, 

observed that the unique ecological characteristics of wetland ecosystems, including their 

diverse biodiversity, water resources and hydrological functions, make wetlands valuable 

hence attracting human activities, which in turn influences land use patterns. Zorrilla-Miras et 

al., (2014) in their study of the Iberian Peninsula identified various drivers of LULC changes 

in wetlands, including water diversion, pollution and agricultural intensification. They 

highlighted how these changes negatively impact ecosystem services such as water 

purification, carbon sequestration and biodiversity. This aligns with the observation in this 

study, where a decrease in ecosystem services emerged as one of the drivers of LULC change 

in the Bangweulu Wetland. 

The current study further revealed that expansion of farming and livestock grazing has 

significantly impacted land cover and land use within the Bangweulu Wetland, Similar findings 

have been reported by the United Nations Convention to Combat Desertification (UNCCD, 

(2017) Global Land Outlook, which highlighted that modern crop and livestock management 

practices often result in soil erosion, declining biodiversity, and reduced water filtration and 

availability. Chilufya, (2011) in his study on sustainable agriculture practices as a remedy for 

the negative effects of climate change on food security in Zambia, emphasized the need for 

sustainable agricultural practices, such as agroforestry, conservation agriculture and 

appropriate land management techniques, to mitigate the negative environmental impacts of 

agriculture while ensuring food security and preserving the ecological integrity of wetlands. 

William and Turner II, (2014)  explored LULC changes in China and showed how agricultural 

expansion was a major driver of deforestation and the conversion of natural lands to 

farmland, including wetlands. 
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Handavu et al., (2019) reported that forest decline was a driver of LULC change with 79% of 

the participants in the Miombo woodlands of the Copperbelt Province in Zambia, indicated that 

they had cleared forestland within the past decade. The primary reasons cited for 

this   deforestation were also related to the desire to increase agricultural production. Similarly, 

Ardiansah, Rijal and Barkey (2021), in the Bonehau Watershed, also revealed that the decline 

in forest was greatest in primary forests. This is consistent with the observations made in this 

study, which showed that forests serve as a reliable source of income for many people and 

that   charcoal burning is a common practice among households, resulting in forest cover loss. 

6.3 Factors that Influence the Perceived Causes of LULC change 

The socioeconomic determinants of perceived drivers revealed in this current study agrees with 

research conducted by Handavu et al. (2019) and Munthali et al. (2019), who showed that 

migration was a significant determinant affecting household land use patterns and population 

growth in the Miombo woodlands of the Copperbelt Province in Zambia and Dedza District, 

Central Malawi Region. Ghosh et al. (2015), in their study on the Sundarbans mangrove forest 

in India and Bangladesh, emphasized the role of migration and population pressure in 

contributing to the degradation of this complex wetland ecosystem. They highlighted the need 

to address underlying socioeconomic issues alongside conservation efforts.  

The combination of people moving to the area and a high number of births within the 

existing population helps explain the increasing population size in the Bangweulu Wetland and 

surrounding areas. The findings observed in this study align with the findings of Munthali et 

al., (2019) in Malawi, who attributed this phenomenon to high fertility rates, early marriages, 

high birth rates, declining mortality rates, polygamy, immigration and illiteracy. Similarly, 

Ebanyat et al., (2010), in Eastern Uganda, identified several factors that influence land use 

decisions, including market   demand for agricultural products, soil quality, household 

education level, farming experience and proximity to markets. These socioeconomic factors 

drive farmers to increase agricultural activities, leading to land use changes as natural habitats 

are converted for agricultural purposes. 

Similarly, Mei erin  and  oza, (1 71) and Musumali et al., (200 )  stated that the distribution 

of economic activities as presented above demonstrates the dominant role of farming, fishing 

and business in driving local economies in rural and urban poverty in a  frica, Latin  merica, 

East  sia and Zambia respectively. The Food Crop and Seed Project documented by 

Manintveld, Mulila-Mitti and Almekinders, (2004) in Zambia reported on a similar range of 
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initiatives focusing on crop improvement, conservation farming, natural resource management, 

social development, the generation of economic opportunities and the development of effective 

marketing strategies that have helped improve the agricultural industry. The socioeconomic 

factors also shed light on the relationship between energy sources and land use dynamics, with 

Chidumayo and Savanna, (2018) finding similar results on a study on tropical ecosystems 

around the world, which reported a significant link between wood fuel use and deforestation. 
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CHAPTER 7: CONCLUSION AND RECOMMENDATIONS 

This chapter presents the conclusions and recommendations of the study. 

7.1 Conclusion 

Analysis of remote sensing data revealed a significant decrease in forest coverage and a 

considerable increase in cropland within the study area over the past 30 yrs. The observed 

changes in land use align with the findings obtained through remote sensing image analysis. 

This study identified five LULC categories, in which notable changes occurred between 1990, 

2000, 2010 and 2020. Forestland decreased from 45,298.93 km2 in 1990 to 33,233.52 km2 in 

2020, with an estimated total forest loss of 12,065.42 km2 during this period. Similarly, 

grasslands decreased from 32,557.91 km2 in 1990 to 26,418.19 km2 in 2020. Conversely, the 

area of settled land expanded from 356.69 km2 to 2,210.38 km2 during the study period. The 

findings from the imageries indicate that croplands have become the dominant LUC type, 

increasing from 165.27 km2 in 1990 to 5,108.13 km2 in 2020. Throughout the study period, 

there was a consistent trend of increasing cropland and settlement areas at the expense of other 

land use categories. This highlights the need for effective conservation measures by 

governmental and nongovernmental organizations in the study area.  

This study also examined the drivers of land use and land cover change in the Bangweulu 

Wetland and its surrounding areas. Population growth was identified as a significant driver, 

with a high average score of 3.76 out of 5. The establishment and expansion of human 

settlements had an average score of 3.66 out of 5, while the decline of ecosystem services had 

a mean score of 3.57 out of 5. This is because the unique ecological characteristics of the 

wetland make it an attractive resource for human activities, contributing to land use changes 

resulting in the loss of natural vegetation and changes in hydrological patterns. The decline in 

forest cover, which was driven by factors such as logging and agricultural expansion had a 

mean score of 2.64 out of 5.  

Minor drivers such as the built environment, recreation and industry had comparatively lower 

mean scores of 2.21, 1.54 and 1.34 respectively, suggesting a lesser impact on land use changes 

in the Bangweulu Wetland and surrounding areas. The results of the logistic regression analysis 

on perceptions of land use and land cover change indicated that the length of time an individual 

lived in the residence yielded a p-value of 0.000 concerning their views on population increase 

and agricultural expansion as drivers of land use and land cover (LULC) change. This suggests 

that there were more individuals who had been in the area for a longer duration. 
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This is likely because to view population growth and agricultural development are noteworthy 

factors influencing LULC change. Additionally, farming had a p-value of 0.038, indicating that 

individuals whose main economic activity was farming were likely to recognize the significant 

effects of LULC change and its drivers in the community.  

The socioeconomic determinants of land use change in the Bangweulu Wetland and 

its surrounding areas are interconnected, and the results revealed that agricultural development 

and market demands have led to increased farming activities in the region, with cash crops such 

as rice, cassava, groundnuts and maize becoming the dominant economic activity. 

Nongovernmental organization (NGO) projects have played a significant role in promoting 

agricultural development in Luapula Province, enhancing farmers' capabilities and increasing 

their engagement in farming activities. 

Energy sources and charcoal burning, primarily for cooking purposes, have contributed to 

the decline in forest cover and have far-reaching environmental consequences for 

wetland ecosystems and associated forest resources, with 51% of the participants saying that 

they use charcoal and wood for cooking purposes. These socioeconomic determinants highlight 

the relationships among human activities, economic considerations and environmental changes 

in shaping land use patterns in the Bangweulu Wetland and its surroundings. 

Comprehensive consideration of these factors is essential when addressing land use planning 

and conservation efforts to ensure sustainable development and the preservation of valuable 

natural resources. 

The demands of agricultural development programmes, energy sources and markets 

collaboratively determine the difficult variety of land use in a region, ultimately contributing 

to its current transformation. If this trend continues, it will have significant environmental and 

economic consequences, negatively impacting local livelihoods. 

To ensure sustainable rural livelihoods, it is crucial to implement appropriate land 

resource management policies and population strategies based on community-level 

considerations to mitigate the rapid rates of LUC conversion. 
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7.2 Recommendations 

Based on the findings of this study, the following recommendations are made for both public 

and nongovernmental agencies and researchers. 

7.2.1. Community Sensitization to Proper Fertilizer Usage  

The community has to be sensitized on how fertilizer usage is crucial for sustainable 

agriculture, as it educates farmers about the benefits of judicious fertilizer use, such as 

increased crop yields and improved soil fertility. It is also important to convey the drawbacks 

of overusing or misusing fertilizers, such as soil degradation, water pollution and health 

hazards. Comprehensive community sensitization programmes can be designed by the 

Government and other academic researchers, focusing on the correct application of fertilizers 

and promoting organic and natural alternatives to synthetic fertilizers.  

7.2.2. More Detailed Studies on Human-Environment Relations for Sustainability 

More in-depth studies by the Government, NGOs and academic researchers on human-

environment relations must to be carried out to achieve long-term sustainability, especially in 

catchment areas. These studies should consider social, economic and ecological dimensions, 

and assess the impact of agriculture on ecosystems, water quality and biodiversity.  

7.2.3. Usage of Sustainable Agricultural Practices 

Sustainable agricultural practices, such as crop rotation, organic farming, agroforestry and 

integrated pest management should be encouraged because they are crucial for environmental 

preservation and long-term food security. Governments, NGOs and agricultural officials can 

play a crucial role in providing education and resources to encourage these shifts. In summary, 

by promoting community sensitization to proper fertilizer usage, conducting more detailed 

studies on human-environment relations and advocating for sustainable agricultural practices, 

we can pave the way for more sustainable and harmonious coexistence with our environment. 

These efforts not only enhance agricultural productivity but also safeguard our natural 

resources and the well-being of our communities, contributing to a brighter and more 

sustainable future for all.  
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APPENDICES 

Appendix 1: Historical Rainfall trends of Bangweulu Wetland and surrounding areas, 

Zambia. 

District Female Male 

Total 

(2010) Female Male 

Total 

(2022)  Female Male 

Average 

rate 

(2010-

2022) 

Serenje   58,319 59,561 117,880 79,075 79,117 158,192 2.6 2.4 2.5 

Chembe   11,463 11,931 23,394 26,153 25,379 51,532 7.1 6.5 6.8 

Chifunabuli   40,856 42,481 83,337 56,856 59,470 116,326 2.8 3 2.8 

Mansa         100,873 104,125 204,998 160,174 166,889 327,063 3.9 4 4 

Mwense    42,503 44,773 87,276 59,770 62,835 122,605 2.9 2.9 2.9 

Samfya    44,841 46,728 91,569 71,267 75,922 147,189 3.9 4.1 4.1 

Chitambo 24810 24,051 48,861 51,210 49,393 100,603 6.2 6.2 6.2 

Chilubi   39,792 41,456 81,248 55,617 58,394 114,011 2.8 2.9 2.9 

 

Appendix 2: Household questionnaire conducted in Bangweulu Wetland and surrounding 

areas, Zambia. 

Investigator: Chisanga Lyoba                                   Questionnaire No: . . . . . . . . . . . . . . . . . . .  

Date of Interview:  . . . . . . . . . . . . . . . . . . . . . . . . . . District: . . . . . . . . . . . . . . . . . . . .  

District Code 

Seren e 1 

Samfya 2 

Chilubi 3 

Chifunabuli 4 

Chembe 5 

Mwense 6 

Mansa 7 

Chitambo 8 
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1. Identification 

Instructions: please put a    tick in the box next to the answer of your choice  

(a) Age of respondent 

Age Code 

Under 18 0 

18-25 1 

25-45 2 

45 or more 3 

(b) Sex of respondent 

  Code 

Male 1 

Female 0 

(c) Marital status  

  Code 

Married 1 

Single 2 

(d) What is the highest level of your education? 

  No formal education Primary Secondary Tertiary 

Code 0 1 2 3 
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2. Occupation 

What is your occupation? (choose only one that applies) 

  Code 

Farmer   0 

Business 1 

Craft work 2 

Construction 3 

Fisherman 4 

Formal Employment 5 

Domestic work 6 

3. Demography  

(a) What is the size of your household?  

Size Code 

≤2 1 

2 – 5 2 

>5 3 

(b) How long have you lived in this Community? 

  Code 

<5 years 1 

5-25 years 2 

25-45 years 3 

Born Here 4 
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(c) What was the reason for migration? 

  Code 

Marriage 0 

Farming 1 

Employment 2 

Fishing 3 

Just for change of 

place 4 

Born here 5 

4. What is your household’s main sources of income?  

Source Code 

Farming (crop and animals) 0 

Full-time private/government Employment 1 

Selling of forest produce (e.g. charcoal, firewood, 

timber, poles) 2 

 Occasional jobs 3 

Self-employed (business, trade, handicraft) 4 

Fishing 5 

Land-use and land-cover changes 

5. Have you observed any land use change in the wetland? 

  Code 

No 0 

Yes 1 

Population vs. land-use and land-cover changes  

6 (a). Do you think the population of your community has increased over the past 25 years? 

  Code 

No 0 

Yes 1 

No idea 2 
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 (b) What do you think have caused the population increase? 

  Code 

High birth rate 0 

Human migration 1 

No idea 2 

No increase 3 

Activities vs. land-use and land-cover changes  

7. (a) what are the major economic activities done in your community  

(i) Charcoal Burning (Yes 1, No 2)               (ii) Farming (Yes 1, No 2) 

(iii) Fishing (Yes 1, No 2)                             (iv) Business (Yes 1, No 2) 

(v) Keeping livestock (Yes 1, No 2) 

(b) Have these activities declined or increased over the past 25 years in your community? 

  Code 

Declined 0 

Increased 1 

Stayed the same 2 

No idea 3 
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8. What do you think are the causes of land-use and land-cover changes in your area (rank 

on a scale of 1 to 5; 1= least contribution and 5 = extreme contribution). 

RANK 

CAUSE   1 2 3 4 5 

Population growth           

Built environment           

Agriculture activities           

Industry            

Forest decline           

Recreation            

Settlements           

Ecosystem services 

decline           

  

 
Code 

Least contribution 1 

Minimum contribution  2 

 verage contribution  3 

Maximum contribution  4 

Extreme contribution  5 

 

Appendix 3: Key informant interviews in Bangweulu Wetland and surrounding areas, 

Zambia. 

1. Tell me about your involvement in the community? 

● What types of activities have you been involved in? 

2. From your knowledge and experience in the community, what are some of the land 

use changes you’ve noticed in wetland? 

● What do you think have been the reason for these changes? 

● What do you think have been the greatest challenges with the coming up of 

these changes?  

● Why do you feel that way? 
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● What suggestions do you have in terms of how we might meet these 

challenges? 

● What do you think are the keys to reducing the effects of land use on the 

Wetland? 

● Why do you feel that way? 

3. Do you have any thoughts or ideas on activities that you think would be particularly affect 

the wetland? 

4. Is there anyone else in the community that I should speak with about this issue, who may 

have some ideas land use changes in the Bangweulu wetland 

5. Do you have any corporate contacts that could help us find out more on the land use 

changes on the wetland? 

Appendix 4: Estimates of LULC area from 1990 to 2020 in Bangweulu Wetland and 

surrounding areas, Zambia. 

  1990 2000 2010 2020 

Water 2410.72 2377.55 2278.48 2278.31 

Forest 45298.9 43971.70 39147.70 33233.50 

Grass land 32557.90 30645.50 28710 26418.20 

Settlement 356.69 446.84 841.712 2210.38 

Crop land 165.27 1184.87 2714.14 5108.13 
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APPROVAL OF STUDY   

   

IORG No. 0005376   

NASREC IRB No. 00006465  

   

19th September, 2022  

     

REF NO. NASREC-2019-JUL-016  

     

Chisanga Lyoba  

The University of Zambia     

School of Mines  

P.O. Box 32379     

LUSAKA     

   

Dear Ms. Chisanga Lyoba,  

   

RE: “LAND-USE CHANGES AND ITS DRIVERS IN THE BANGWEULU 

WETLAND”     

      

Reference is made to your submission of the protocol captioned above. The NASREC 

resolved to approve this study and your participation as Principal Investigator for a period of 

one year.     

     

REVIEW TYPE     ORDINARY REVIEW     APPROVAL NO.     

NASREC-2022-JUL-016  

 pproval and Expiry Date       pproval Date:         

1 th September, 2023    

Expiry Date:     

18th September, 2023  

Protocol Version and Date     Version   Nil.       18th September, 2023  

 nformation Sheet,      

Consent Forms and Dates     

    English.     To be provided     

Consent form  D and Date     Version   Nil      To be provided     

 ecruitment Materials         Nil     Nil      

 ther Study Documents       uestionnaire.          

Number of Participants 

 pproved for Study     

          

  

Specific conditions will apply to this approval.  As Principal Investigator it is your 
responsibility to ensure that the contents of this letter are adhered to.  If these are not adhered 
to, the approval may be suspended.  Should the study be suspended, study sponsors and other 
regulatory authorities will be informed.      
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CONDITIONS OF APPROVAL     

  

• No participant may be involved in any study procedure prior to the study 
approval or    after the expiration date.     

     

• All unanticipated or Serious Adverse Events (SAEs) must be reported to 
NASREC    within 5 days.     

     

• All protocol modifications must be approved by NASREC prior to 
implementation    unless they are intended to reduce risk (but must still be 
reported for approval).     Modifications will include any change of investigator/s 
or site address.       

     

• All protocol deviations must be reported to NASREC within 5 working days.     

     

• All recruitment materials must be approved by NASREC prior to being used.     

     

• Principal investigators are responsible for initiating Continuing Review 
proceedings.    HSSREC will only approve a study for a period of 12 months.      

     

• It is the responsibility of the PI to renew his/her ethics approval through a 
renewal    application to NASREC.     

     

• Where the PI desires to extend the study after expiry of the study period, 
documents    for study extension must be received by NASREC at least 30 days 
before the expiry    date.  This is for the purpose of facilitating the review 
process. Documents received    within 30 days after expiry will be labelled “late 
submissions” and will incur a     penalty fee of  500.00. No study shall be 
renewed whose documents are submitted    for renewal 30 days after expiry of 
the certificate.      

     

• Every 6 (six) months a progress report form supplied by The University of 
Zambia Natural and Applied Sciences Research Ethics Committee as an IRB 
must be filled    in and submitted to us. There is a penalty of K500.00 for failure 
to submit the report.     

     

• When closing a project, the PI is responsible for notifying, in writing or using 
the                

Research Ethics and Management Online (REMO), both NASREC and the 

National    Health Research Authority (NHRA) when ethics certification is no 

longer required    for a project.     

   

• In order to close an approved study, a Closing Report must be submitted in 
writing or    through the REMO system. A Closing Report should be filed when 
data collection    has ended and the study team will no longer be using human 
participants or animals    or secondary data or have any direct or indirect contact 
with the research participants    or animals for the study.     
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• Filing a closing report (rather than just letting your approval lapse) is important 
as it    assists NASREC in efficiently tracking and reporting on projects. Note 
that some    funding agencies and sponsors require a notice of closure from the 
IRB which had    approved the study and can only be generated after the Closing 
Report has been filed.     

     

• A reprint of this letter shall be done at a fee.      

     

• All protocol modifications must be approved by NASREC by way of an 
application    for an amendment prior to implementation unless they are intended 
to reduce risk (but    must still be reported for approval). Modifications will 
include any change of     investigator/s or site address or methodology and 
methods. Many modifications entail    minimal risk adjustments to a protocol 
and/or consent form and can be made on an Expedited basis (via the IRB Chair). 
Some examples are: format changes, correcting spelling errors, adding key 
personnel, minor changes to questionnaires, recruiting and changes, and so 
forth. Other, more substantive changes, especially those that may alter the risk-
benefit ratio, may require Full Board review. In all cases, except where noted 
above regarding subject safety, any changes to any protocol document or 
procedure must first be approved by NASREC before they can be implemented.     

   

Should you have any questions regarding anything indicated in this letter, please do not 

hesitate to get in touch with us at the above indicated address.      

     

On behalf of NASREC, we would like to wish you all the success as you carry out your 

study.     

     

Yours faithfully,     

     

     

Dr.E. M. Mwanaumo    

DR. E. M. MWANAUMO  

     

CHAIRPERSON    THE UNIVERSITY OF ZAMBIA NATURAL AND APPLIED 

SCIENCES RESEARCH ETHICS COMMITTEE - IRB     

    cc:    Director, Directorate of Research 

and Graduate Studies     

Assistant Director (Research), Directorate of Research and Graduate Studies    

Assistant Registrar (Research), Directorate of Research and Graduate Studies     

     

  


