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[bookmark: _Toc82599074][bookmark: _Toc213770037]ABSTRACT
Climate change is one of the challenges that Southern Africa has been grappling with in recent times, as it affects crop production. Chilanga district in Zambia has not been spared from the effects of climate change. It is for this reason that this study was conducted to investigate its effects on maize crop production of the beneficiary households of the Food Security Pack programme in the district. The study sampled 341 household heads who benefited from the Food Security Pack programme in the 2023/24 and 2024/25 farming seasons. The study used a mixed-methods design. The primary sources of data were household surveys, interviews and observations.  The study results revealed that most of the programme beneficiaries were aware of climate change, with only a few being unaware. Those who were aware of climate change mentioned drought, an increase in heatwaves, unpredictable farming seasons, and an increase in the occurrence of flash floods as some of the signs of the effect of climate change in Chilanga district. The respondents who were not aware of climate change are those who did not have a formal education. The Food Security Pack programme beneficiaries who were aware of climate change also knew some causes of climate change in the district and mentioned indiscriminate cutting of trees, industrial pollution, indiscriminate clearing of vegetation, and uncontrolled animal grazing. The results also revealed that the 2023/24 farming season witnessed very poor maize yields due to severe effects of climate change, compared to the 2024/25 farming season, which witnessed good yields because of favourable climate in Chilanga district. All the respondents whose maize fields were affected by climate change experienced household food insecurity. However, the food-insecure households devised some coping mechanisms such as participation in food aid programmes as recipients, eating wild foods, temporal migration to areas with livelihood opportunities, purchasing processed food, and adjusting feeding patterns/ meal portions. The study concluded that climate change devastated maize fields in the 2023/24 farming season more than in the 2024/25 season because of dry spells/drought, hotness/heatwaves, heavy rains/flash floods, and an unpredictable growing season. The study recommends the provision of drought-resistant maize seeds, scaling up of climate-smart agriculture, improvement of extension services, and an increase in food aid to affected communities.
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[bookmark: _Toc213770041]INTRODUCTION
[bookmark: _Toc213770042]1.1 Introduction
[bookmark: _Toc481053022][bookmark: _Toc481070366][bookmark: _Toc505236847][bookmark: _Toc505237462]This chapter presents the background to the study on the investigation of the effects of climate change on agricultural food security in Chilanga district of Zambia. It provides the background literature on Zambia and Chilanga district in relation to the topic of the study. The chapter also introduces Zambia’s agricultural food security programmes, namely, the Food Security Pack (FSP), the Farmer Input Support Programme (FISP), and the Food Reserve Agency (FRA) crop purchase programme. The chapter also presents the statement of the problem, purpose of the study, objectives and research questions. In addition, the chapter presents the justification and scope of this study. Thereafter, it defines key operational terms and provides an outline of the structure of the thesis.  The chapter ends with a summary of the chapter.
[bookmark: _Toc184275027][bookmark: _Toc202936562][bookmark: _Toc203203692][bookmark: _Toc213770043]1.2 The background of the study
Food security is a global issue and a concern, especially in third-world countries, like Zambia, with an increasing rate of population growth. The current global food security situation and outlook remain imbalanced amid surplus food production on one hand and the prevalence of hunger on the other hand, due to ecological factors like climate change that mediate food security outcomes. Climate change is a global phenomenon that has adverse effects on various socio-economic sectors, which include, among others, agriculture, forestry, water resources, and the environment. The Intergovernmental Panel on Climate Change (IPCC) recognises that climate change is a global, regional, and local observable calamity that has not spared any socio-economic sector in developed, developing and underdeveloped countries (Intergovernmental Panel on Climate Change [IPCC], 2025). 
The agriculture sector, which is the source of food, is particularly vulnerable to the effects of climate change, as it depends heavily on favourable weather patterns and temperature conditions. The IPCC has alerted that the temperature rise will lead to recurring and terrible droughts, floods, and heat waves, which will increase the risk of crop failure, reduce crop yields and ultimately affect global, continental, national, and community food security (IPCC, 2025). Climate change has become a major challenge for agriculture, particularly in developing countries, where smallholder farmers are often the most vulnerable. According to the United Nations Development Programme (UNDP), climate change is expected to reduce crop yields in Africa by up to 30% by 2050, a situation which will make most African countries food insecure (United Nations Development Programme [UNDP], 2023).  Zambia, like many other developing countries, has not been spared from the adverse effects of climate change. 
[bookmark: _Toc202936563][bookmark: _Toc203203693][bookmark: _Toc213770044]1.2.1 Geographical location of Zambia
Zambia is a landlocked sub-Saharan nation positioned at the crossroads of Central, Southern and East Africa (Global Land Tool Network, 2024). The nation of Zambia is surrounded by eight neighbouring countries, namely, Angola to the west, Namibia to the southwest, Zimbabwe and Botswana to the south, Mozambique to the southeast, Tanzania to the northeast, Malawi to the east, and the Democratic Republic of the Congo to the north-west, as shown in Appendix 1 (Global Land Tool Network, 2024). Zambia is divided into ten provinces. These ten provinces, where agriculture is practised with different types of crops produced with varying crop yield intensity, are Central, Copperbelt, Eastern, Lusaka, North-Western, Southern, Western, Luapula, Muchinga, and Northern provinces, as shown in Appendix 1. Further, with a land area of 752,612 square kilometres, Zambia is divided into 116 districts, which include Chilanga district selected for this study, as shown in Appendix 2 (Chilanga Integrated Development Plan [IDP], 2024). 
[bookmark: _Toc202936564][bookmark: _Toc203203694][bookmark: _Toc213770045]1.2.2 Climate change and its effects on Zambia
Zambia is vulnerable to the adverse effects of climate change because of its geographical location and its low adaptive capacity. Over the last three decades, floods and droughts have cost Zambia more than US$13.8 billion in disaster losses, which is equivalent to a 0.4% loss in annual growth (United Nations Development Programme [UNDP], 2025). This situation, coupled with other economic factors, has led to serious declines in the national Gross Domestic Product (GDP). In the 2023 budget address, the Zambian economic growth rate was projected at 3.2% in 2024, but due to climate challenges, among others, the actual growth rate was recorded to be lower at around 2% (UNDP, 2025). This poor performance of the economy continues to pose serious threats to the country’s food security situation due to the effects of climate on the agriculture sector, which is the second main economic mainstay for the country, copper being the first.
[bookmark: _Toc87600942][bookmark: _Toc202936565][bookmark: _Toc203203695][bookmark: _Toc213770046]1.2.3 Agriculture in Zambia
The agricultural sector, which is predominantly rain-fed, is the largest employer in Zambia. The sector absorbs about 67% of the available total labour force and provides a livelihood to 85% of the rural population (Malesu et al., 2025). This population, which consists mostly of small and medium-scale farmers, is the major contributor to Zambia’s food supply at both national and household levels. In an effort to improve agriculture, Zambia developed the National Agricultural Investment Plan (NAIP) under the Comprehensive Africa Agriculture Development Programme (CAADP), which seeks to identify and prioritise key investment and policy changes that are critical to enhancing the desired agricultural productivity growth (Mwalupaso et al., 2025).
[bookmark: _Toc202936566][bookmark: _Toc203203696][bookmark: _Toc213770047]1.2.4 Climate change versus agricultural production in Zambia
Zambia is one of the countries in sub-Saharan Africa whose agricultural sectors are severely affected by climate change because of the increase in temperatures and changing precipitation patterns, which negatively affect agricultural production (UNDP, 2023). Zambia’s economy is heavily dependent on agriculture, which is the source of both raw and processed foodstuffs and employs close to 70% of the population, with a contribution of about 20% to the country's Gross Domestic Product (GDP) (World Bank, 2025). The agriculture sector, which produces food for domestic consumption and export, is particularly vulnerable to climate change due to its reliance on rain-fed agriculture and low adaptation capacity to Climate-Smart Agriculture (CSA) practices (Food and Agriculture Organisation [FAO], 2024). 
[bookmark: _Toc481053023][bookmark: _Toc481070367]Since the 2019 drought, Zambia has been facing recurrent food insecurity (Farmers Review Africa, 2025). The devastating effects of prolonged dry spells, coupled with the late onset of the rainy season in most parts of Zambia, affect agricultural food crop production, resulting in reduced food availability and access to food, thus contributing to food insecurity across the country (Nanyangwe & Tembo, 2024). For example, the prolonged dry spells between January and March 2023 affected Central, Copperbelt, Eastern, Lusaka, North-Western, Southern, and Western provinces, while only three provinces, namely, Luapula, Muchinga, and Northern provinces, had normal rainfall patterns favourable for crop production (Relief Web, 2024). During this period, the Farmers Review Africa (2025) reported that Zambia suffered a 75% food deficit due to climate change. 
[bookmark: _Toc435005717][bookmark: _Toc87600943][bookmark: _Toc202936567][bookmark: _Toc203203697][bookmark: _Toc213770048]1.2.5 Maize crop, a staple food for Zambia
Zambia is a lower-middle-income country with an estimated 21.9 million inhabitants (World Bank, 2025). Zambia’s national food security depends on several staple food crops, with maize being at the top of the list. The Maize crop is largely produced by small-scale farmers, mostly in rain-fed conditions, leaving households and national food security vulnerable to weather and climate change-related threats, such as rising temperatures, changes in precipitation, and drought (World Bank, 2025). Zambians have mainly perceived their staple food as maize. The introduction of maize in Zambia and its promotion as an inspirational crop by the colonial government resulted in a gradual shift away from the concentration of indigenous crops like millet, sorghum and cassava, to the point that today, these traditional staples are marginalised by maize (Nanyangwe & Tembo, 2024). Dried rain-fed maize crop is only harvested once per year from March to May in Zambia; however, winter maize, which can increase the number of harvests per year, is being promoted, but proves not to be viable and sustainable for the majority of small-scale farmers in Zambia due to high costs of implementation (Nanyangwe & Tembo, 2024).
[bookmark: _Toc87600945][bookmark: _Toc202936568][bookmark: _Toc203203698][bookmark: _Toc213770049]1.2.6 Major agricultural food security programmes in Zambia
The growth of the agriculture sector is fundamental to the attainment of Zambia’s long-term vision of becoming “a prosperous middle-income nation by 2030” (Tembo & Nanyangwe, 2025). This has necessitated the continued inclusion of the agriculture sector’s programmes and interventions in National Development Plans (NDP) by the Zambian government. The current agriculture sector’s target is to have an efficient and sustainable agricultural production that ensures food security, increased income and agricultural productivity, among others, to contribute to national and household food security (Tembo & Nanyangwe, 2025).  In a bid to position agriculture as the engine for development, Zambia has developed agricultural policies and strategies over time that emphasise the realisation of food security, increase farmers’ yields, stimulate sustainable agriculture and augment private sector roles (Tembo & Nanyangwe, 2025). 
Zambia’s National Agriculture Policy (NAP) provides for public assistance and investment in agriculture by establishing a favourable environment, especially for small-scale farmers. Among other objectives of the NAP is to promote productive and sustainable services that guarantee agricultural development (Tembo & Kibuka, 2023). This objective aims to enhance the implementation of agricultural social safety nets, such; the Food Security Pack (FSP), the Farmer Input Support Programme (FISP), and the Food Reserve Agency (FRA) crop purchase programme. 
[bookmark: _Toc202936569][bookmark: _Toc203203699][bookmark: _Toc213770050]1.2.6.1 The food security pack programme
The FSP is an agricultural social safety net, which provides the most underprivileged small-scale farmers, known as the vulnerable but viable small-scale farmers, with free farming inputs in all the 116 districts in Zambia to enhance household food security (Tembo, 2024). The Ministry of Community Development and Social Services (MCDSS) implements this programme with support from line ministries. Among other selection criteria for small-scale farmers to qualify for enrolment on the FSP programme is a requirement that vulnerable households of small-scale farmers must have adequate able-bodied labour to take advantage of the farming inputs packages provided (Ministry of Community Development and Social Services [MCDSS], 2025). The major objectives of the programme are to: (i) increase food and nutritional security at the household level, (ii) increase household crop productivity, and (iii) increase incomes at the household level, mainly through the sale of surplus crops (MCDSS, 2025). 
The objectives outlined above are intended to be fulfilled through the provision of a start-up farming inputs package to the vulnerable but viable small-scale farmers. This farming inputs package, according to (MCDSS, 2025), comprises:
i. One 10-kilogram bag of cereal seed (sorghum, maize, millet or rice);
ii. One 10-kilogram bag of legume seed (sugar beans, cowpeas, soya beans or groundnuts);
iii. One 50-kilogram bag of potato vines (optional);
iv. One (1) bunch consisting of 20 x 1.5-meter cassava cuttings (optional);
v. Two 50-kilogram bags of both basal and top-dressing fertiliser (mandatory); and 
vi. One 50-kilogram bag of lime for areas with acidic soils (optional) 
To achieve the FSP objective (ii) stated above, the farming inputs package given to recipients is intended to cover 0.75 hectares of agricultural land, broken down as “0.25 hectare of cereal seed, 0.25 hectare pulse seed, and 0.25 hectare cassava/sweet potato tubers, as well as fertiliser” (Tembo, 2024). The beneficiary households of the FSP were the subject of this study.
[bookmark: _Toc202936570][bookmark: _Toc203203700][bookmark: _Toc213770051]1.2.6.2 The Farmer Input Support Programme
The FISP is a Zambian government initiative aimed at providing subsidised agricultural inputs to small-scale farmers. It aims to increase agricultural productivity, promote food security, and ultimately alleviate poverty (Nguni & Haabazoka, 2024). The program has been running since 2002 and has evolved, with a shift towards e-vouchers to improve efficiency and farmer choice (Ndhlovu & Muchapondwa, 2025). FISP provides subsidised inputs to help farmers increase their yields and overall agricultural output. The aim of enhancing agricultural productivity is to boost national and household food security (Kuntashula & Mwelwa, 2022).
The target beneficiaries of FISP are small-scale farmers, who receive subsidised essential inputs like fertiliser and seed after paying an affordable minimal fee determined by prevailing economic fundamentals in a given farming season (Nguni & Haabazoka, 2024). Historically, FISP has used direct input supply, where the government procures and distributes inputs. However, there is a gradual shift towards e-vouchers, where farmers receive vouchers to purchase inputs from registered agro-dealers (Ndhlovu & Muchapondwa, 2025).  
[bookmark: _Toc202936571][bookmark: _Toc203203701][bookmark: _Toc213770052]1.2.6.3. The Food Reserve Agency crop purchase programme
[bookmark: _Toc435005718]The FRA is a Zambian government agency responsible for maintaining Zambia’s national strategic food reserve. The purpose of the Reserve is multifaceted, though its main aim is to ensure national food security and to stabilise food prices (Mweene & Mwange, 2024). The FRA buys agricultural produce, primarily maize, at a price higher than typical market rates during a brief window around harvest. In periods of high prices or production shocks, like droughts or floods, the FRA releases its stock to alleviate food shortages, consequently stabilising market prices (Mazhambe & Mukololo, 2023). When determining the quantity of commodities to store, the FRA considers various factors such as consumption needs, industrial and livestock requirements, and climate change forecasts (Mulenga & Chapoto, 2024). The FRA uses two key vehicles to deliver on its mandate, namely the buying and selling of produce. The FRA purchases produce from domestic and foreign markets. In domestic markets, the FRA focuses mainly on rural areas. When selling produce, the FRA does it to meet local shortfalls, food emergencies, and offload excess produce through exports (Mazhambe & Mukololo, 2023). Maize is the main crop purchased by the FRA. Maize accounts for over 96% of FRA’s purchases and for 70% of Zambia’s total agricultural output among primary crops (Mweene & Mwange, 2024). With the implementation of the FRA mandate, there has been a noticeable reduction in household-level post-harvest loss during bumper harvests, because of the readily available market for surplus produce. 
The above-presented agricultural social safety nets aim to ensure sustainable food production, enhance agricultural productivity, and improve small-scale farmers’ incomes to increase and sustain household food security for small-scale farmers (Tembo & Kibuka, 2023). 
[bookmark: _Toc465412616][bookmark: _Toc481053024][bookmark: _Toc481070368][bookmark: _Toc505236849][bookmark: _Toc505237464][bookmark: _Toc184275029][bookmark: _Toc202936572][bookmark: _Toc203203702][bookmark: _Toc213770053]1.3 Statement of the problem
Zambia has experienced food shortages of major food crops such as maize, groundnuts, rice, sorghum, soya beans and millet in recent years. As a result, Zambia’s national food balance for the year 2022/2023 marketing was far less than that of the 2020/2021 agriculture marketing season due to the effects of climate change (Food Reserve Agency [FRA], 2025). The 2023/2024 crop forecast shows that Zambia recorded a national food deficit of 110,528 Metric tons (Mt) during this period because of climate change (Hadunka &Teschemacher, 2024). Further, Hadunka and Teschemacher (2024) report that in the 2022/2023 farming season, Zambia experienced a food shortage due to shocks such as droughts, floods, and pest outbreaks. 
Climate change poses a serious threat to the sustainable growth of the agriculture sector in Zambia. It triggers changes in seasonality, biodiversity, and rainfall patterns, which in turn affect food crop productivity (Mulungu et al., 2025). 
Droughts, which are becoming more frequent and severe due to climate change, pose a serious threat to rainfed agriculture, which is the main agricultural practice in Zambia. The current and the future projected variations in the climate during different seasons make Zambia’s agricultural food crop production extremely vulnerable, especially maize, which is a staple food crop (Alfani et al., 2025). For instance, the Ministry of Agriculture demonstrated that Chilanga district had continued experiencing low maize crop production levels due to continued frequent droughts and pest attacks on crops for the period 2021 to 2023 (Ministry of Agriculture [MoA], 2024). 
Over the past years, especially in the 2022 to 2023 farming season, Zambia experienced the worst drought and an intense rise in temperatures.  These climate hazards have adversely affected the livelihoods of the rural communities, such as food crop production, especially maize, which is a staple food crop of Zambia, resulting in widespread household food insecurity (MoA, 2024). Household food insecurity weakens the economy by incapacitating potential contributors to agricultural development, especially small-scale farmers, through increased mortality, disease and disability (Ngoma et al., 2019). Chibomba and Ng’andu (2025) argue that food insecurity bloats the direct economic costs of coping with the health effects and massive decrease in economic productivity and human ability because of a lack of food and undernourishment. 
In spite of the devastating effects of climate change on household food security, there are few primary studies to understand the phenomenon from the point of view of small-scale farmers who are most affected. It is against this background that this study, targeting vulnerable small-scale farmers benefiting from the FSP, was conducted in Chilanga district of Lusaka Province in Zambia. 
[bookmark: _Toc184275030][bookmark: _Toc202936573][bookmark: _Toc203203703][bookmark: _Toc213770054][bookmark: _Toc465412617]1.4 Purpose of the study
The purpose of the study was to investigate the effects of climate change on the agricultural food security of the beneficiary households of the Food Security Pack programme in Chilanga district of the Lusaka Province in Zambia, to come up with appropriate recommendations.
[bookmark: _Toc202936574][bookmark: _Toc203203704][bookmark: _Toc213770055][bookmark: _Toc481053027][bookmark: _Toc481070371][bookmark: _Toc505236852][bookmark: _Toc505237467][bookmark: _Toc184275031]1.4.1 Research objectives
The research objectives of the study were to:

1. Establish the perceptions of the beneficiary households of the agricultural Food Security Pack programme on the causes of climate change in Chilanga district of Zambia;
2. Investigate the effects of climate change on maize crop production of the beneficiary households of the agricultural Food Security Pack programme in Chilanga district of Zambia;
3. Determine whether there was a statistically significant relationship between the agricultural Food Security Pack beneficiary household heads’ gender (male or female) and their coping mechanisms against food insecurity in Chilanga district of Zambia; 
4. Establish recommendations that could be made to cushion the effects of climate change on maize crop production of the beneficiary households of the Agricultural Food Security Pack programme in Chilanga district of Zambia; and
5. Develop a climate-resilient model for maize production suitable for Chilanga district of Zambia.
[bookmark: _Toc184275032][bookmark: _Toc202936575][bookmark: _Toc203203705]
[bookmark: _Toc213770056]1.4.2 Research questions
The following were the research questions:-

1. What were the perceptions of the beneficiary households of the agricultural Food Security Pack programme on the causes of climate change in Chilanga district of Zambia?
2. What were the effects of climate change on maize crop production of the beneficiary households of the agricultural Food Security Pack programme in Chilanga district of Zambia?
3. Was there a statistically significant relationship between the agricultural Food Security Pack beneficiary household heads’ gender (male or female) and their coping mechanisms against food insecurity in Chilanga district of Zambia?
4. What recommendations could be made by the beneficiary households of the agricultural Food Security Pack programme to cushion the effects of climate change on maize crop production in Chilanga district of Zambia? and
5. Which climate-resilient model for maize production could be developed to suit Chilanga district of Zambia?

[bookmark: _Toc202936576][bookmark: _Toc203203706][bookmark: _Toc213770057]1.5 Justification of the study
For a long time, the Government of the Republic of Zambia has been implementing agricultural programmes that are aimed at enhancing food security in the country. These programmes are intended to improve national and nutritional security as well as ensure strategic food reserves for the country. Despite all the efforts being made to improve the nutritional and food security situation in the country, the government’s efforts have been affected by climate change, which has reduced crop production in recent years. This has raised questions and mixed concerns among policymakers and key stakeholders as to whether these programmes are effective enough to achieve their intended objectives or not. Though it is documented that climate change has reduced crop productivity in recent years in Zambia, much of the information comes from the climate change experts and little from the affected farmers. Therefore, the extent of the information regarding the effects of climate change on crop production seems to be limited and lacking empirical evidence from the vulnerable farmers’ perspective. 
[bookmark: _Toc505236857][bookmark: _Toc505237472][bookmark: _Toc184275034][bookmark: _Toc202936577][bookmark: _Toc203203707][bookmark: _Toc213770058][bookmark: _Toc465412618]1.6 Significance of the study
The study presents insights into the climate change effects on maize crop production of the vulnerable but viable small-scale farmers in Chilanga district, Zambia. The vulnerable but viable small-scale farmers are key contributors to community and household food security, but face challenges. The results are expected to be useful for the government of Zambia because this study allowed for a detailed understanding of the phenomena investigated. The study results can be used as a basis for designing and adopting agricultural technologies aimed at cushioning the effects of climate change on agricultural food crop production for small-scale farmers. The findings also serve as a reservoir of information and contribute to the body of knowledge. In addition, the results provide an opportunity for future studies to explore areas that have not been looked at in detail regarding how climate change affects food security among small-scale farmers, while keeping in mind current debates about development policies. The recommendations from this study can be used in other districts of Zambia that have similar characteristics to Chilanga district. In addition, the recommendations can help the government of Zambia to make decisions on agricultural policies and guide developmental programmes that encourage sustainable farming practices. By doing this, the government can improve crop productivity among the vulnerable small-scale farmers in Chilanga district and Zambia at large. 
[bookmark: _Toc202936578][bookmark: _Toc203203708][bookmark: _Toc213770059][bookmark: _Toc184275035][bookmark: _Toc481053034][bookmark: _Toc481070378][bookmark: _Toc505236858][bookmark: _Toc505237473][bookmark: _Toc184275033]1.7 Scope of the study
This study limited itself to Chilanga district in Lusaka Province, which was purposely selected due to its proximity to the Capital City of Lusaka, which enabled easy accessibility to the district.  More importantly, Chilanga district was chosen as the study area because agriculture, which was at the centre of this study, is the economic mainstay of the district. The study focused on the vulnerable but viable small-scale farmers who participated in the agricultural Food Security Pack programme in Chilanga.  In addition, the study involved the District Community Development Officer (DCDO), District Agricultural Coordinator (DACO) and District Environmental Technician (DET) as Key Interview Informants (KIIs).  
[bookmark: _Toc202936579][bookmark: _Toc203203709][bookmark: _Toc213770060]1.8 Operational definition of terms
The key operational terms in this study are agriculture, climate change, food security, household, small-scale farmers, and vulnerable but viable small-scale farmers. These key terms form the spine of this study, hence making clear their meaning and context in which they are used. 
[bookmark: _Toc202936580][bookmark: _Toc203203710][bookmark: _Toc213770061][bookmark: _Toc184275036]1.8.1 Agriculture
Agriculture connotes an act of land cultivation to grow crops that people can eat or sell. Mwanamwenge and Cook (2024) explain that agriculture is the science of how to grow crops and keep livestock using the earth's natural resources. In this study, the term "agriculture" mainly refers to growing crops for food and selling them to meet other household requirements.
[bookmark: _Toc184275037][bookmark: _Toc202936581][bookmark: _Toc203203711][bookmark: _Toc213770062]1.8.2 Climate change
Climate change is a variation in weather patterns, like temperature, rain, or wind (Atlanta et al., 2024). Changes in the climate can lead to higher or lower temperatures, more droughts, heavy rain, flooding, and other effects. These variations in weather patterns impact crop production and, in turn, food security for households.
[bookmark: _Toc202936582][bookmark: _Toc203203712][bookmark: _Toc213770063][bookmark: _Toc82599098][bookmark: _Toc184275038]1.8.3 Food security
Wen and Elliot (2019) explain 'food security' as having enough food and being able to, regularly, acquire that food through growing it or buying it. So, based on the definition given, this study defines food security as having enough food at the community level and making sure that households in that community can afford to obtain food for themselves by growing it.
[bookmark: _Toc82599099][bookmark: _Toc184275039][bookmark: _Toc202936583][bookmark: _Toc203203713][bookmark: _Toc213770064]1.8.4 Household
Sesmero et al. (2023) define a household as people who eat together, share resources and live under the same roof. This study regards households of the beneficiaries of the Food Security Pack Programme, who are referred to as the vulnerable but viable small-scale farmers, as a unit of study. 
[bookmark: _Toc82599102][bookmark: _Toc184275040][bookmark: _Toc202936584][bookmark: _Toc203203714][bookmark: _Toc213770065]1.8.5 Small-scale farmers
Small-scale farmers are farming households whose food security depends on their ability to produce enough food crops in their fields for their consumption (Davenport et. al 2020). Usually, they cultivate maize and other crops that are dependent on rainfall, use traditional implements such as hoes, oxen-driven ploughs, and scotch carts. Chisanga et al. (2022) explain that small-scale farmers usually cultivate between one-quarter and five hectares of land, depending on agro-climatic conditions. These were the target group for this study. 
[bookmark: _Toc184275041][bookmark: _Toc202936585][bookmark: _Toc203203715][bookmark: _Toc213770066]1.8.6 The vulnerable but viable small-scale farmers
The vulnerable but viable small-scale farmers are subsistence farmers who meet the prescribed vulnerability criteria. Apart from meeting vulnerability criteria, this group of small-scale farmers must have an adequate and able-bodied workforce to take advantage of the agricultural inputs package received from the Ministry of Community Development and Social Services to grow crops (MCDSS, 2025). These were the target group for this study. 
[bookmark: _Toc184275042][bookmark: _Toc202936586][bookmark: _Toc203203716][bookmark: _Toc213770067]1.9 Thesis chapterisation
The following are the six chapters that comprise this thesis: 
Chapter One- introduces the background to the study and the Food Security Pack programme, which was the subject of investigation. It also presents the statement of the problem, purpose of the study, objectives, research questions, justification for the study, scope of the study and defines key operational terms.  
Chapter Two- presents and discusses theoretical literature and debates on climate change and food security. It also presents selected studies on climate change and food security at global, regional and local levels. Further, it introduces the conceptual framework underpinning this study. 
Chapter Three- discusses the research methodology. It presents the research philosophy, study approach, study design, study setting, target population, sample size/ sampling procedure and eligibility criteria. It also discusses data collection methods/tools, data analysis, validity and reliability of data, and ethical considerations. 
Chapter Four- presents the research results along with discussions in relation to existing literature and the views of the researcher.
Chapter Five- presents a summary of the findings and the conclusion of the study, as well as an indication of what the study results confirm. It also presents recommendations on areas that merit interventions and areas for future research.   
[bookmark: _Toc184275043][bookmark: _Toc202936587][bookmark: _Toc203203717][bookmark: _Toc213770068]1.10 Summary of the Chapter
This chapter has explained the background to the study on the investigation of the effects of climate change on the agricultural food security of the beneficiary households in Chilanga district of Zambia. It has discussed the Food Security Pack Programme, which was at the centre of the study. Further, the chapter has explained the statement of the problem, purpose of the study, objectives and research questions. Also, the justification and scope of this study have been discussed. In addition, key operational terms have been defined in line with their usage in this study. The chapter has also clearly outlined the structure of the thesis. 

[bookmark: _Toc203379893][bookmark: _Toc204751769][bookmark: _Toc213770069]CHAPTER TWO
[bookmark: _Toc213770070][bookmark: _Toc481070399][bookmark: _Toc505236878][bookmark: _Toc505237483][bookmark: _Toc505236937][bookmark: _Toc505237500][bookmark: _Toc481053048][bookmark: _Toc481070458]LITERATURE REVIEW
[bookmark: _Toc505236862][bookmark: _Toc505237477][bookmark: _Toc184275046][bookmark: _Toc203222184][bookmark: _Toc203379895][bookmark: _Toc204751771][bookmark: _Toc213770071]2.1 Introduction
The chapter presents theoretical discussions on ‘food security’ and ‘climate change’ concepts. On the ‘food security’ concept, the chapter discusses debates surrounding the concept and its evolution. To understand the concept of ‘food security’ comprehensively, the chapter introduces the ‘food insecurity’ concept and discusses the types, causes and consequences of food insecurity. Also, the chapter discusses the determinants of household food security and insecurity. On the ‘climate change’ concept, the chapter presents debates on the concept and its impact on agriculture and food security, zeroing in on the pillars of food security, namely food availability, food accessibility, food utilisation, and food systems stability. In addition, the chapter discusses agricultural climate adaptation strategies and presents selected empirical studies on climate change and food security, focusing on the global, African continent, Sub-Saharan Africa, and Zambia. Thereafter, the chapter presents the theoretical framework on the effects of climate change on food security adopted for this study and discusses the theories used. Furthermore, the chapter presents and discusses the conceptual framework developed for this study before closing with a summary of the chapter.
[bookmark: _Toc204751772][bookmark: _Toc213770072]2.2 Theoretical review on ‘food security’ and ‘climate change’ concepts
[bookmark: _Toc204751773][bookmark: _Toc213770073]2.2.1 The food security concept
Food security is a fundamental concept in this study and refers to the ability of individuals to access sufficient, safe, and nutritious food to maintain a healthy and active life. According to the Food and Agriculture Organisation (FAO, 2018), food security is achieved when all people, at all times, have access to enough food to meet their nutritional needs. Food security, as a fundamental pillar of sustainable development and community well-being, enables the provision of sufficient, healthy, and accessible food for members of society. In developing countries like Zambia, where a significant portion of the population resides in rural areas and relies heavily on agriculture, food security is not limited to agricultural production but is also influenced by a complex set of factors, including climate change (Yar & Zazia, 2024). 
As one of the most significant challenges of the 21st century, climate change has dramatically altered precipitation patterns, temperatures, and environmental conditions, profoundly affecting food production systems (Yar, 2024). In Zambia, the effects of climate change are particularly evident in rural areas (Alfani et al., 2019). In this study, food security is used as a measure to assess the effects of climate change on household beneficiaries of the Food Security Pack programme in Chilanga district in Zambia. The study aims to demonstrate how changes in rainfall patterns, rising temperatures, and declining water resources threaten the food security of the FSP programme beneficiary households.
[bookmark: _Toc204751774][bookmark: _Toc213770074]2.2.1.1 Evolution of the ‘food security’ concept
The concept of ‘food security’ was first discussed in 1974 at the United Nations Food and Agriculture Organisation World Food Conference (Alpízar et al., 2020). Since its emergence in the 1970s, the concept of ‘food security’ has been widely debated and undergone several iterations in both its substance and scale, aiming to reflect the complex role food plays within societies (Alpízar et al., 2020). For instance, Makombe (2024) argues that ‘food security’ is an ambiguous term with different meanings and that these have changed over time as the debates are framed differently. Makombe (2024) points out that the ‘food security’ concept went through three overlapping paradigm shifts. These paradigm shifts are anchored on discussions of the food security concept from the following:-  
· The global/national level perspective to the household level perspective, which was framed during the 1972-1974 world oil and food crises.  This perspective holds that acknowledging food security at global and national levels is not the same as having it at the household level. At global and national levels, food security entails adequate supplies through production and food imports, but this does not necessarily translate into even distribution across the nations or equal access among households (Baban & Semperovych, 2025). Thus, according to this perspective, the availability of adequate food as well as the ability of the household to have stable access to such food through its production and purchase is what translates to household food security.

· A food-first perspective to a livelihood perspective, which was based on the lessons learned from the African famine of 1984-1985 (Chavan, 2025). This perspective classifies households into three categories, in terms of attaining livelihood sufficiency, namely, enduring households, resilient households, and fragile households. This perspective highlights the importance of looking at the causes of temporary food insecurity at the household level and holds household food security status as a key indicator in revealing whether the household is poor or not.
· The objective indicators perspective to subjective indicators perspectives, which holds that food security in conventional approaches based on objective measurements, such as targeting the consumption level through nutritious and adequate indicators, is no longer an effective means of assessing household food security (Modi & Ngidi, 2025). This is because socio-economic factors such as age, sex, health, and work affect the household status (Modi & Ngidi, 2025). Furthermore, quantitative technique measurements fail to account for factors such as food quality, cultural acceptability and human dignity (Modi & Ngidi, 2025).
Of the three overlapping paradigm shifts, the fundamental shift in thinking about food security from the global and national to the household and individual levels is seen as a breakthrough to efforts aimed at eliminating hunger and poverty at lower levels, such as community, household and individual levels (Modi & Ngidi, 2025).
[bookmark: _Toc204751775][bookmark: _Toc213770075]2.2.3 The food insecurity concept
To understand the ‘food security’ concept comprehensively, the concept of ‘food insecurity’ should be explained. Food insecurity is the opposite of food security. Food insecurity is a food shortage at any societal level, and this food shortage is the gap between production and consumption (Food and Agriculture Organisation [FAO], 2024). FAO (2024) defines food insecurity as “a situation where households/individuals at times have limited availability or lack physical access to sufficient, safe and nutritious food that is needed to maintain an active and healthy life”. Food insecurity mostly affects victims of wars and conflicts, the urban poor and low-income households, particularly in developing countries (FAO, 2018). In addition, food insecurity is a major public health issue, and it is significantly considered an index of health and well-being since it is linked to other fundamental factors such as limited social capital, poverty, illness, and poor dietary intake (FAO, 2024).
[bookmark: _Toc204751776][bookmark: _Toc213770076]2.2.3.1 Types of food insecurity
Food insecurity is divided into two main categories, namely, chronic food insecurity and transitory food insecurity (Ilori et al, 2024).
· Chronic food insecurity occurs when the shortage of food lasts for long periods and is a result of poverty, where there is a lack of productive and financial resources (Lungu et al., 2024).
· Transitory food insecurity results from a temporal shortfall of food and lasts for short periods. It is deeply rooted in factors like short-term shocks and limited food availability, attributed to food price fluctuations (Lungu et al., 2024).
The above-mentioned types of food insecurity are interrelated since chronic food insecurity is entrenched in one or more transitory shocks. The coping strategies households employ indicate the relationship between the two food insecurity types. This is revealed in the poverty trap process, where in an attempt to cope with transitory food insecurity, a household is more likely to sell off its assets, thereby sacrificing its ability to produce or obtain food or income sequentially and resulting in chronic household food insecurity (Lungu et al., 2024).
[bookmark: _Toc204751777][bookmark: _Toc213770077]2.2.3.2 Causes of food insecurity
Sukulao (2025) explains that there are many causes for food insecurity at different societal levels, and the major ones are:
· Population growth and urbanisation: can lead to increased demand for food, coupled with finite resources like arable land, which can strain the food supply, especially in regions with limited resources (Sukulao, 2025). Additionally, population growth can exacerbate existing inequalities and contribute to environmental degradation, further impacting food production (Sukulao, 2025). 
· Low agricultural production: can trigger a scarcity of food crops. Food crop scarcity drives up food prices and limits access to nutritious food (Ilori et al., 2024). This can disproportionately affect vulnerable populations who rely on farming for their livelihoods or live in areas with limited market access (Ilori et al., 2024). 
· Poverty: can make households or individuals lack sufficient income to afford adequate and nutritious food, leading to food insecurity (Sukulao, 2025). This can create a cycle where poverty limits access to food, which then further hinders the ability to work and earn income, perpetuating both poverty and food insecurity.
· Income inequality: limits access to affordable and nutritious food for those with lower incomes. When income is unevenly distributed, it concentrates wealth and resources in the hands of a few, while many struggle to meet basic food needs (Sukulao, 2025). 
· Health issues: can create a cyclical problem. Poor health can lead to job loss or reduced income, making it harder to afford food. Conversely, inadequate nutrition can exacerbate existing health problems and lead to new illnesses, further reducing an individual's ability to work and secure food (Modi & Ngidi, 2025).
· Climate change: affects food security through a combination of factors, such as rising temperatures, increased frequency of extreme weather events, and changes in precipitation patterns, all contribute to crop failures, livestock losses, and disruptions to food production systems (Modi & Ngidi, 2025). These effects reduce the availability of food, making it more expensive and harder to access, ultimately leading to increased hunger and malnutrition.
·  High food prices: can lead to food insecurity, particularly for low-income households and individuals, by reducing their access to affordable and nutritious food (Chavan, 2025). This can happen through several mechanisms, such as decreased purchasing power, reduced food consumption, and shifts towards less nutritious food choices (Chavan, 2025). 
· Political instability and poor management: can contribute to food insecurity by disrupting food production, distribution, and access. Conflict, corruption, and weak governance can all undermine agricultural systems, displace populations, and limit access to vital resources like food and water, leading to widespread hunger (Chavan, 2025). 
[bookmark: _Toc204751778][bookmark: _Toc213770078]2.2.3.3 Consequences of food insecurity
There are several consequences of hunger at all societal levels; however, the most direct and noticeable ones are hunger, malnutrition and vulnerability.
Hunger, which is a consequence of food insecurity, is the uncomfortable or painful physical sensation caused by a prolonged lack of food (Chavan, 2025). Hunger specifically refers to the physiological experience of lacking sufficient food or the physical consequence of food insecurity, manifesting as a range of symptoms from mild discomfort to severe illness and weakness due to prolonged lack of food (Chavan, 2025). Hunger can have serious consequences for health, including malnutrition, chronic diseases, and mental health issues like depression and anxiety. It can also affect concentration, energy levels, and overall well-being. 
Malnutrition can manifest in people because of household food insecurity.  It can manifest in people when there is a lack of reliable access to sufficient quantities and affordable, nutritious food. When individuals or households experience food insecurity, they may struggle to obtain enough food to meet their basic nutritional needs, leading to various forms of malnutrition (Modi & Ngidi, 2025). This can manifest as undernutrition, where the body does not receive enough calories or essential nutrients, or as micronutrient deficiencies, where the body lacks specific vitamins and minerals (Modi & Ngidi, 2025). Therefore, food insecurity can lead to reduced food intake, both in terms of quantity and quality, resulting in individuals consuming fewer meals, eating less nutritious foods, or skipping meals altogether (Modi & Ngidi, 2025). 
Vulnerability can be triggered by food insecurity and produce various negative consequences such as poor health, economic hardship, and social instability (Sukulao, 2025). Being vulnerable to food insecurity means being at risk of not having enough food because of various reasons, such as poverty, climate change, and not having the resources you need. Lack of food, especially for children and older people, can cause them not to get the nutrients they need, which can harm their growth and thinking abilities (Sukulao, 2025). Some studies suggest that people who do not have enough food are more likely to get long-term health problems like heart disease and diabetes. Not getting enough food can weaken the immune system, making it more prone to infections.
[bookmark: _Toc204751779][bookmark: _Toc213770079]2.2.4 Determinants of household food security and insecurity
There are several determinants of household food security and insecurity, but the main ones, according to several studies conducted at the household level, are household income, household size, education level, gender and age of the household head. 
Household income
Household income is a crucial determinant of food security and insecurity. Lower income levels are strongly correlated with increased risk of food insecurity, as they limit access to sufficient, safe, and nutritious food (Kolog et al., 2023). Factors like employment status, income instability, and financial emergencies can significantly affect a household's ability to afford adequate food. 
Lower income directly reduces a household's purchasing power, making it harder to afford necessary food items. Income also influences access to other resources that contribute to food security, such as healthcare, education, and safe housing, which can indirectly affect food access (Kolog et al., 2023). 
Household size
Household size is a significant determinant of both food security and food insecurity. Larger households, particularly those with more dependents like young children, tend to be more vulnerable to food insecurity due to increased consumption needs and potential strain on resources (Kolog et al., 2023). Conversely, smaller households may have an advantage in managing food resources and are less likely to experience food insecurity. Larger households naturally require more food to satisfy the nutritional needs of all members, potentially straining household resources and leading to food insecurity if income or other food sources are limited (Kolog et al., 2023). In larger households, especially those with limited resources, members may compete for the available food, potentially leading to reduced meal frequency or compromised dietary quality. 
Large households with many young children or elderly individuals are often at higher risk of food insecurity as these groups are more susceptible to nutritional deficiencies and the negative consequences of inadequate food access (Hanifar et al., 2025). While larger households can face challenges, they may also have more working-age adults who can contribute to household income and alleviate some of the burden of food insecurity (Hanifar et al., 2025). Understanding the relationship between household size and food security is crucial for policymakers to design effective interventions, such as targeted food assistance programs or initiatives, like the Food Security Pack programme, which was at the centre of this study. 
Education level
A household head's education level significantly influences their food security status. Increased education is generally associated with improved food security, while lower education levels are linked to higher food insecurity rates (Kolog et al., 2023). This is because education empowers individuals with knowledge and skills to manage resources effectively, access better employment opportunities, and make informed decisions about household food security. Education enhances a household head's earning potential, leading to increased income and access to more diverse and nutritious food sources (Kolog et al., 2023). Educated individuals are more likely to implement efficient farming practices, manage household budgets effectively, and make informed decisions about food storage and preservation. Education enables access to information about healthcare, nutrition, and agricultural practices, which can improve household health and food production (Kolog et al., 2023). Education can reduce reliance on external aid or limited resources by equipping individuals with the skills to become self-sufficient. In conclusion, education plays a crucial role in determining a household's food security status. Investments in education, particularly for household heads, can lead to significant improvements in food security, nutrition, and overall well-being. 
Gender of the household head
In many contexts, households headed by females are more vulnerable to food insecurity than those headed by males (Sukulao, 2025). This is often linked to gender inequalities in access to resources, income, and decision-making power. However, some studies also highlight that females’ income can play a crucial role in mitigating food insecurity, especially when they have greater control over resources (Sukulao, 2025). Females may face barriers to owning land, livestock, or accessing credit, which can limit their ability to produce or purchase food (Sukulao, 2025). In addition, females often have lower earnings and fewer opportunities for formal employment compared to males, affecting their ability to afford food. In addition, females may shoulder a heavier burden of household and childcare responsibilities, leaving them with less time and energy for income-generating activities or farming (Sukulao, 2025). 
Several studies have shown that traditional gender roles can restrict females’ access to decision-making power within the household and limit their participation in income-generating activities (Michael et al., 2023). However, female-headed households are not a monolithic group. Studies have shown that increased income for females can significantly improve household food security, as they often prioritise household needs like food expenses (Michael et al., 2023). Therefore, empowering women through access to education, resources, and decision-making power can lead to better food security outcomes for the entire household. While female-headed households are often more vulnerable to food insecurity due to gender-based inequalities, their economic empowerment and access to resources can play a vital role in improving food security for the entire household (Michael et al., 2023). To sum up, addressing gender inequalities in access to resources, income, and decision-making is crucial for tackling food insecurity in both female-headed households and male-headed households. 
Age of the household head
The age of a household head can significantly influence a household's food security status. Older household heads may have more experience in farming and access to land, potentially leading to greater food production and stability (Modi & Ngidi, 2025). However, in some contexts, vulnerability to food insecurity may increase with age, particularly in male-headed households with limited income or employment. Older heads of household may have more established access to land, credit, and other resources that support food production and income generation (Modi & Ngidi, 2025). Older individuals are more likely to have experience in farming practices, which can translate to greater efficiency and productivity in food production. The relationship between the age of the household head and food security is complex and multifaceted. While older heads of household may have advantages in terms of experience and resource access, other factors like income, employment, and household size also play crucial roles in determining vulnerability to food insecurity (Modi & Ngidi, 2025). 
[bookmark: _Toc204751780][bookmark: _Toc213770080]2.2.5 The climate change concept
Climate change has become a mega trend that will lead to significant global changes in the future. There is considerable scientific evidence that the impact of climate change on all sectors of economies is recognised (International Panel on Climate Change [IPCC], 2023). Throughout the world, people have become aware of global warming as one of the major causes of climate change, which cannot be avoided due to the continued increase in greenhouse gas emissions and the changes in the climate system (Azzarri & Signorelli, 2020). So far, the global warming issue has focused on the mitigation of greenhouse gases based on international environmental conventions such as the IPCC and Kyoto Protocol (Hertel, 2018). For agriculture, however, the focus has been shifted to adaptation and adaptability based on the assessment of the impacts of climate change and vulnerability to it (Meybeck, Laval et al., 2018). The IPCC emphasises that it is very important for the agricultural sector to adapt to climate change because even if greenhouse gas emissions decrease, global warming will continue for the next several decades due to its previously emitted greenhouse gases (IPCC, 2023). Azzarri and Signorelli (2020) explain that it takes some years to assess the impacts of climate change, but the effects can be assessed within a year. Therefore, Mulenga et al. (2015) argue that, since agriculture is climate-dependent and thus susceptible to climate change, preparations for adaptation measures should be an urgent priority to avoid being food insecure at all societal levels.  Therefore, agriculture is receiving more attention worldwide in terms of adapting to the negative effects of climate change to meet the needs of vulnerable farmers who depend directly on agriculture for food. 
The regions surrounded by the tropics, where Sub-Saharan African countries are located, experience a decreased amount of rainfall, of about 20%, due to a prolonged dry spell (Meybeck et al., 2018). This could result in the loss of arable land, which can be caused by decreased soil moisture, increased aridity, increased salinity and groundwater depletion, thereby affecting agricultural production and productivity (Hertel, 2018).
[bookmark: _Toc204751781][bookmark: _Toc213770081]2.2.6 Climate change impact on agriculture
Agriculture plays a key role in many small-scale farmers’ livelihoods and economic development. Sadly, small-scale farmers’ agricultural production and productivity are highly affected by climate variability, especially in rain-fed farming systems (Azzarri & Signorelli, 2020). Climate variability is evident through the frequency and intensity of prolonged floods, droughts, destructive storms and unpredictable rainy seasons. According to FAO (2018), the most affected communities with these climate variations are small-scale farmers whose primary source of livelihood is agriculture. 
Persistent droughts, diminishing water resources, and changes in growing seasons are among the consequences of climate change that have directly affected agricultural production and productivity. These changes have not only limited rural households' access to food resources but also negatively affected the sustainability of the agricultural economy. In regions where the tools and infrastructure necessary to cope with these changes are insufficient, rural food security is at serious risk (Yar & Zarghani, 2024). 
Apart from affecting agricultural production and productivity, climate change has a wide range of effects on the rural economy, including revenues of the farm household and asset values, and it affects the agricultural infrastructure through the change in water sources available for agriculture (De Pinto et al., 2019). Agriculture, as a major source of food worldwide, is very much exposed to the effects of climate change, such as extreme weather events, which affect the agricultural ecosystem and give rise to diseases and pests (De Pinto et al., 2019). Though rainfall is a key determinant of crop growth and yields in rain-fed agricultural areas, as it is the main source of soil moisture, too much of it usually causes havoc to population centres, making them uninhabitable (Mulenga et al., 2019). When population centres become uninhabitable, they necessitate population movement from hard-hit to safer areas. Usually, the displaced populations will need to be housed, and at least some of the houses are likely to be built on agricultural land, thereby affecting agricultural activities. 
Agricultural production is carried out through the selection of crops suitable for the climate of a specific region and the application of proper farming methods. Therefore, agriculture is a climate-dependent bio-industry with notable regional characteristics (Chakraborty et al., 2022). Regional characteristics refer to the ecosystem characteristics determined by the climate of the region (Chakraborty et al., 2022). Climate change disturbs the agricultural ecosystem, resulting in changes in agricultural climatic elements such as temperature, precipitation, and sunlight, while further influencing the arable land, livestock, and hydrology sectors (Chakraborty et al., 2022). The impacts of climate change on arable land are made known by biological changes, including the change of flowering and harvesting seasons, quality change, and shift of areas suitable for cultivation (Mulenga et al., 2015). 
[bookmark: _Toc204751782][bookmark: _Toc213770082]2.2.7 Climate change impact on food security
Agriculture is important for food security because it produces the food people eat and is a primary source of livelihood for one-third of the world’s total workforce (Chakraborty et al., 2022). In the heavily populated countries of Asia and the Pacific, this share ranges from 40 to 50 percent, and in sub-Saharan Africa, two-thirds of the working population still make their living from agriculture (Chakraborty et al., 2022). If agricultural production in the low-income developing countries of Asia and Africa is adversely affected by climate change, the livelihoods of large numbers of the rural poor will be put at risk, and their vulnerability to food insecurity will increase.
The agriculture sector is sensitive to the climate. The effect of climate change on agriculture is expected to be positive in temperate regions and negative in tropical ones. However, there is still uncertainty about how projected changes will play out at the local level. The adoption of risk management measures and adaptation strategies that strengthen preparedness and resilience may alter potential effects (De Pinto et al., 2019).
The food security implications of changes in agricultural production patterns and performance are of two kinds. Firstly, impacts on the production of food will affect food supply at the global and local levels. Globally, higher yields in temperate regions could offset lower yields in tropical regions (De Pinto et al., 2019). However, in many low-income countries with limited financial capacity to trade and high dependence on their own production to cover food requirements, it may not be possible to offset declines in local supply without increasing reliance on food aid (De Pinto et al., 2019). Secondly, impacts on all forms of agricultural production will affect livelihoods and access to food. Producer groups that are less able to deal with climate change, such as the rural poor in developing countries, risk having their safety and welfare compromised (De Pinto et al., 2019).
[bookmark: _Toc204751783][bookmark: _Toc213770083]2.2.8 Pillars of food security
Food security is essentially built on four pillars, namely: food availability, food accessibility, food utilisation and food stability. The food security pillars, if well harnessed, enable household members to have access to sufficient food of the right dietary mix (quality) at all times to be food secure. Those who never have sufficient quality food are chronically food insecure. These pillars of food security make up a food system, which can be vulnerable to climate change. A food system can be vulnerable when one or more of the four pillars of food security are uncertain and insecure (Descheemaeker et al., 2016). For instance, even if there is plenty of food produced (high availability), if it is too expensive for many to buy (low accessibility), or if it is not nutritious enough to meet dietary needs (poor utilisation), the food system is not truly stable for everyone. Below are explanations of what each of the four pillars of food security entails. 
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Food availability refers to the physical quantities of nutritious and safe food, which are produced, stored, processed, distributed, exchanged and readily available at a specific location and time (Rubin, 2016). According to Rubin (2016), food availability consists of food aid, imports of food and local production of food crops (the focus of the study). Descheemaeker et al. (2016) explain that the term ‘availability’ can refer to food supplies available at both household and regional or national levels, but in this thesis, the term ‘availability’ is used to refer to agricultural food crop production at household levels.  Food availability is the net amount remaining after production, stocks, and imports have been summed and exports deducted for each item included in the food balance sheet. Adequacy is assessed through comparison of availability with the estimated consumption requirement for each food item (Rubin, 2016).
For rural people who produce a substantial part of their own food, climate change affects food production.  Climate change effects on food production may reduce the availability of food to the point that allocation choices have to be made within the household (Rubin, 2016). For instance, a family might reduce the daily amount of food consumed equally among all household members, or allocate food preferentially to certain members, often the able-bodied male adults, who are assumed to need it the most to stay fit and continue working to maintain the family. 
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Food accessibility is a measure of the ability to secure entitlements, which are defined as the set of resources that an individual requires to obtain access to food (Muzerengi et al., 2021). Therefore, food accessibility is defined as when households or individuals have adequate incomes or other resources to purchase, barter or produce appropriate foods needed to maintain consumption of an adequate diet/nutrition level (Muzerengi et al., 2021). Access to food requires that individuals or households have enough resources to obtain or produce food for consumption. Muzerengi et al. (2021) explain that food accessibility at the household level is influenced by the availability of food through food crop production. Dorah et al. (2015) add that the ‘food availability’ and “food accessibility’ pillars are not synonymous with self-sufficiency in food. Self-sufficiency implies the ability either to produce food or purchase food (Dorah et al., 2015). 
Muzerengi et al. (2021) further argue that a household or an individual might go hungry even though the food is available within the country. Dorah et al. (2015) further explain that adequate access can be achieved without a household being self-sufficient in food production, or more importantly, without the household’s ability to generate sufficient income. The mere presence of an adequate supply does not ensure that a person can obtain and consume food; that person must first have access to the food through his/her entitlements. The enjoyment of entitlements that determine people’s access to food depends on allocation mechanisms, affordability, and cultural and personal preferences for particular food products (Muzerengi et al., 2021). However, climate change may make it difficult for people to access enough food as it affects how food is grown, makes it more expensive and limits access to healthy meals. The limitation to access to food is because of frequent droughts, heatwaves and floods, which lead to crop failures and destruction of infrastructure supporting the food system. Therefore, climate change can reduce food access through negative effects on agricultural production and supportive infrastructure. Food shortfalls, due to the negative effects of climate change on crop production and yields, negatively affect household food security (Muzerengi et al., 2021). Increased risk exposure resulting from climate change can reduce people’s access to entitlements and undermine their food security.
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Food utilisation refers to the use of food and how a person can secure essential nutrients from the food consumed. It encompasses the nutritional value of the diet, including its composition and methods of preparation (El Bilali, 2019). Also, the social values of foods (which dictate what kinds of food should be served and eaten at different times of the year and on different occasions) and the quality and safety of the food supply (which can cause loss of nutrients in the food and the spread of food-borne diseases) are part of food utilisation (El Bilali, 2019). Food utilisation entails proper biological use of food, requiring a diet that provides sufficient and essential nutrients (El Bilali, 2018). The efficient and effective utilisation of food mostly relies on a measure of knowledge, food storage and processing techniques, basic principles of nutrition, and illness management within a household (El Bilali, 2019).  Food utilisation is also concerned with intra-household distribution and the right to a nutritious diet for household members, together with access to a wide range of foodstuffs (El Bilali et al., 2018). However, food utilisation can be vulnerable to climate change. 
Climatic conditions may bring both negative and positive changes in dietary patterns and new challenges for food safety, which may affect nutritional status in various ways. Climate variability may change food utilisation by affecting the nutrition status of household members, especially the poor and vulnerable households.  For instance, higher temperatures can favour the development of pathogens, while water scarcity (induced by droughts) affects water quality and hygiene habits, especially in arid and semi-arid areas, which could increase the burden of diseases such as diarrhoea and typhoid. 
In addition, climate change may alter characteristics of the pillars of food security. The changes in the availability of food, access to it, quality of food, and ability to use it have implications for the quality of diet (Muzerengi et al., 2021). The diet may have nutritional implications such as reductions in iron, zinc, protein, vitamin D, and omega-3 fatty acids, among others (Muzerengi et al., 2021).  Climate change also affects food utilisation in other ways, such as a reduction in the nutrient content of staple crops and an increase in the risk of food contamination (El Bilali et al., 2018). El Bilali et al. (2018) highlight the relation between food access and food utilisation dimensions of food security in the context of climate change. They argue that altered conditions for food production may result in altered use of pesticides and affect the main transfer mechanisms through which contaminants move from the environment into food (Dorah et al., 2015). Such altered conditions have implications for food safety and the nutritional content of food (Dorah et al., 2015). 
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Food system stability, in its simplest form, signifies the consistent and reliable functioning of the food supply chain, ensuring dependable availability, accessibility, and utilisation of food for all (Muzerengi et al., 2021). Food system stability can be understood as the consistent and dependable operation of all processes involved in getting food from farm to table (Alpízar et al., 2020). Food stability ensures that people have reliable access to food. When the food network is stable, food flows predictably, and when it becomes unstable, disruptions occur, leading to shortages and insecurity. If any of the food security pillars (availability, accessibility and utilisation) weaken, the entire food system becomes less stable (Alpízar et al., 2020). 
Climate variability and the increasingly frequent and intensive extreme climate events affect the stability of food availability, access and utilisation. This happens through changes in seasonality, fluctuations in ecosystem productivity, increased risks and reduced predictability of food production (FAO, 2018).  The short-term effects of temperature can induce rainfall variability, which affects crop yields and food system stability. Therefore, a robust and coherent national system should be discernible of the effects of climate change on crop productivity to avoid negative consequences on food availability at the household level (El Bilali, 2018). The stability of the whole food systems may be at risk because of climate change, which triggers short-term variability in production (Muzerengi et al., 2021). 
The recognition of the effects of climate change on food availability, access and utilisation and their stability over time implies the need to adopt a sustainable food system approach. To this end, Dorah et al. (2015) point out that efficient response requires the understanding of the full spectrum of potential climate change effects on food availability, accessibility, utilisation and stability, as well as the underlying natural and governance systems.
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Climate change adaptation refers to a response to the changing climate. According to IPCC (2023), it is defined as initiatives and measures to reduce the vulnerability of natural and human systems against actual or expected climate change effects. Agriculture is dynamic, and the sector is constantly under threat from climate change. Therefore, adapting to climate change stressors is inevitable if food security is to be guaranteed at any given societal level. Alpízar et al. (2020) argue that, with the conscious development of resources to build adaptive capacity, agriculture can adapt to and meet the challenges presented by climate change. For this reason, agricultural climate change adaptation entails altering the traditional way and systems of farming to respond to climate change vulnerabilities. Alpízar et al. (2020) explain that the goals of climate change adaptation are to reduce risk and vulnerability to climate change, strengthen resilience, enhance well-being and the capacity to anticipate and respond ills of climate change. 
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Adaptation strategies consist of a set of actions and policies aimed at reducing the vulnerability of rural communities and enhancing their resilience to climatic changes (Sheikh & Pervez, 2025). Farmers used different adaptation choices against climate change in order to reduce the effects of climate change on crop production. Sheikh and Pervez (2025) explain that in recent years, smallholder-farming communities have been testing and implementing a range of agricultural adaptation strategies to respond to the changing environment, being it be variability in climate and/or weather conditions. Accordingly, most of the suggested agriculture climate adaptation strategies in the recent literature are not new; nevertheless, they have evolved from traditional practices (Sheikh & Pervez, 2025). The literature records a wide array of farming practices that smallholder farmers adopt to adapt to climate change. These farming practices fall under the following broad categories: adjustments to farm and crop management, soil and water conservation, and planting trees/shrubs in crops.

Adjusting to farm and crop management
Major agricultural practices that fall under this category, which farmers practice to mitigate the effects of climate change, are: crop diversification, inter-planting (mixed cropping), varying crop planting dates, planting early maturing crops, and planting drought/disease-resistant crops (Sheikh & Pervez, 2025).
Soil and water conservation
Under this category, also known as conservation farming, farmers adopt the following agricultural practices to respond to the effects of climate change on crop production: use of organic manure, use of inorganic fertiliser, use of shading and mulching, changing irrigation systems, rainwater harvesting, minimum to zero tillage, and planting cover crops (Shrivas et al., 2025). According to Shrivas et al. (2025), soil and water conservation strategies increase soil water content and maintain humidity during dry spells by improving soil structure. Also, when a farmer applies mineral fertiliser, the farm yields increase, thus building up financial and food reserves for the household (Shrivas et al., 2025).
Planting/retaining trees and shrubs in agricultural crop fields
The above-captioned adaptation strategy is widely used by farmers and is very helpful because trees or shrubs may serve as a source of food (Sheikh & Pervez, 2025). More importantly, trees or shrubs protect crops from wind and scorching sun. Trees or shrubs also provide shade, biomass and an additional source of income (Sheikh & Pervez, 2025). In addition, they maintain or increase soil fertility and moisture retention by generating soil organic matter and function as live fences along with various ecological functions (Sheikh & Pervez, 2025).
To sum up, several studies have shown that the adoption of climate change adaptation strategies and technologies by farmers limits the impact of climate change on agricultural production and productivity, improves livelihoods and food security among smallholder farming households, especially in rural areas. 
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Food security and climate change are recognised as two critical and interconnected domains in the study of sustainable development and the environment. In recent years, numerous studies have examined the impacts of climate change on food security, as climatic shifts directly affect agricultural production and access to food across different regions of the world. This section reviews and analyses a few selected studies on climate change and food security at the global, continental, regional, and local levels. 
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Climate change poses a fundamental threat to global food security and well-being as it affects agricultural systems, food production, and access to nutritious food worldwide (Muluneh, 2021). The global food security faces unprecedented challenges. Achieving and maintaining global food security is a fundamental goal of sustainable development, as it underpins human health, social stability, and economic prosperity (Muluneh, 2021). Changes in temperature and precipitation patterns have disrupted agricultural systems, leading to yield losses, crop failures, and reduced food availability worldwide (Godde et al., 2021). Furthermore, climate-related events such as droughts, floods, and storms have exacerbated food insecurity by destroying crops, livestock, and infrastructure, and disrupting food supply chains (Godde et al., 2021). 
Over time, the understanding of agricultural production challenges in light of climate change has deepened, calling for solutions. Early warnings about the vulnerability of global food systems to changing climate patterns, including temperature rise, altered precipitation, and increased frequency of extreme weather events, have been evident globally (Smith et al., 2020). Smith et al. 2020) explain that limited understanding and awareness of the complex interactions between climate change and food systems and a lack of coordinated global action to address climate change and its implications for food security have called for more research. 
With the call for more research on the global effects of climate change on food security, several studies have been conducted, taking different dimensions but with similar results. For instance, Adekunle et al. (2024) conducted a review study, whose objectives were to examine the multifaceted impacts of climate change on global food security, identify the challenges it presents, and explore potential solutions to mitigate its adverse effects. By synthesising current research, case studies, and policy analyses, the review study revealed that climate change presents formidable obstacles to food security worldwide. Further, the results showed that climate change disrupts agricultural productivity and exacerbates food shortages through shifts in temperature and precipitation patterns, coupled with the increasing frequency of extreme weather events, which threaten crop yields and food distribution networks globally (Adekunle et al., 2024). The review concluded that the challenges posed by climate change to global food security are immense, but not insurmountable (Adekunle et al., 2024). As such, the review recommended collective action, investing in sustainable solutions, and equitable food systems that can withstand the test of time to foster food security for present and future generations (Adekunle et al., 2024). 
Similarly, Mokhtar et al. (2019) reviewed literature to examine the climate change status to establish the possible impact of the projected global climate change on agriculture and global food security. The results indicated that climate change would negatively affect food security at the global level in the long term. Further, the results revealed that at the global scale, climate change would reduce crop yields and land suitable for agricultural activities, with the greatest impacts being in tropical regions where the greatest food security issues persist (Mokhtar et al., 2019). The review concluded that adaptations of food systems through interventions in availability, access, utilisation and stability are possible to cope with climate change at different scales, although their feedback to the planet system has yet to be fully assessed (Mokhtar et al., 2019). The review study recommended that the development and implementation of food security strategies that must include procedures for handling threats, product tampering, and product storage and distribution plans, along with a monitoring procedure, are necessary (Mokhtar et al., 2019). 
[bookmark: _Toc202615090][bookmark: _Toc204751792][bookmark: _Toc213770092]2.3.2 African continent studies on climate change and food security 
Africa has a weak ability to withstand natural disasters brought about by climate change (Bedeke, Vanhove, Wordofa, Natarajan, & Van Damme, 2020). The IPCC report defines Africa as one of the most vulnerable continents to climate variability and change because of multiple stresses and low adaptive capacity (IPCC, 2023). Studies have shown that climate change has already posed a serious threat to food security in Africa. Climate change has a huge impact on agriculture and food security in Africa, which is in a natural economy (Bedeke, 2023). In recent years, due to the influence of abnormal climatic conditions, large-scale famines have occurred in various regions of Africa several times, which has aroused widespread concern in the international community (Bell & Masys, 2020). Due to the special geographical location of Africa, spanning north and south of the equator, with an area of 30.2 million square kilometres and a population of 1.5 billion, climate change has had serious impacts on agriculture and food security in Africa (Anderson et al., 2021). If the climate continues to deteriorate, it will further aggravate food shortages and even trigger political, economic and social chain reactions. Anderson et al. (2021) explain that there is ongoing research on the effects of climate change on food security in Africa and that more efforts to investigate this phenomenon should be doubled to find solutions to the scourge. 
In a bid to find solutions to the effects of climate change on food security, several studies focusing on Africa have been carried out using different approaches. For example, focusing on the political, economic, geopolitical, poverty, education and health aspects in Africa, Hu (2023) analysed the past and current situation of climate change impact on food security in Africa through the literature research method to draw the attention of the international community to climate change and food security in Africa.  The aim of drawing the attention of the international community was to help Africa develop measures to cope with climate change, increase food production, ensure food security and better maintain continental food security and stability (Hu, 2023). The study showed that the impact of climate change on food security in Africa was becoming more and more intense and had a tendency to continue to deteriorate, becoming a major factor of political, economic and social instability in Africa (Hu, 2023). The study concluded that climate change and food security are inseparable, widespread and complex phenomena that require holistic adaptation and mitigation strategies to cushion their impact on political, economic, geopolitical, poverty, education and health aspects in Africa (Hu, 2023). 
Likewise, Yeboah (2024) synthesised existing literature and consolidated evidence from academic databases and grey literature sources to provide insights into the intricate interplay between climate change and food security in Africa to offer fresh insights and guiding future research and policy initiatives in the realm of climate change adaptation and food security in Africa. The synthesised findings underscored the complex and multifaceted nature of climate change impacts on food security in Africa. From alterations in precipitation patterns to rising temperatures and increasing frequency of extreme weather events, the study established that the African continent faces a myriad of challenges that threaten agricultural productivity, food availability, and livelihoods (Yeboah, 2024). Further, the study revealed that socio-economic disparities exacerbate vulnerabilities, particularly among marginalised populations such as smallholder farmers, women, children, and indigenous communities (Yeboah, 2024). The study recommended that addressing the challenges posed by climate change to food security in Africa requires holistic and multi-sectoral policy interventions (Yeboah, 2024). Additionally, the study recommended that governments, in collaboration with international organisations and other stakeholders, should prioritise the development and implementation of climate-resilient agricultural practices and infrastructure (Yeboah, 2024). 
[bookmark: _Toc204751793][bookmark: _Toc213770093]2.3.3 Studies on climate change and food security in Southern Africa
The Southern African region that contributes less to global emissions is known for being highly vulnerable to climate change-related weather events (Abegunde et al., 2019). In recent years, this region has experienced an increase in climate change-related events, including cyclonic activity, floods, droughts, and a reduction in rainfall (Bryan et al., 2018). The above-mentioned extreme weather events have been decreasing agricultural productivity and threatening regional food security. Abegunde et al. (2019) explain that over the past years, Southern Africa has experienced extreme weather events, which have subjected more than 50 million people to food insecurity due to their exposure or vulnerability to this problem. The frequency of rain has decreased, droughts have persisted for long periods, and water resources have become scarcer while agricultural productivity, which is highly dependent on rain, has declined (El Bilali, 2019). With the decline in agricultural production, many people in the region are unable to access food, even when it is available in the market due to high prices (El Bilali, 2019). Several studies aimed at coming up with strategies to reduce vulnerability against climate change, which poses a threat to food security in Southern Africa, have been conducted. 
As an example, Evanilde (2024) conducted a study using documentary and bibliographical techniques to understand what Southern African countries were doing at the regional level to mitigate the effects of climate change on food security. The study established that Southern African countries were aware of the threat of climate change to their national food security, and have been putting together efforts to find solutions to this common threat, for example, by participating in international conferences, such as the UN Framework Convention on Climate Change and the Paris Agreement, aimed at developing sustainable strategies to cushion the effects of climate change on food security (Evanilde, 2024). Further, the study revealed that efforts had been exerted to adapt and reduce the negative impacts of climate change on the region (Evanilde, 2024). For example, the Maputo Declaration on regional cooperation for disaster relief had been adopted; SADC has had a Food, Agriculture and Natural Resources (FANR) Directorate and many more entities that are being created to reduce the region’s vulnerability to climate change and food insecurity by increasing its adaptability and resilience against this phenomenon (Evanilde, 2024).
Using a systematic review of existing literature, Mafongoya et al. (2022) conducted a study whose objective was to summarise the current state of knowledge and the impacts of climate change on food security and nutrition for smallholder farmers in Southern Africa. The outcome of the review showed that the four pillars of food security (availability, access, utilisation and stability) are affected by climate change (Mafongoya et al., 2022). Food access and stability are affected by the disruption of market prices, infrastructure, transport, manufacturers and retail, as well as direct and indirect changes in income and food-purchasing power of low-income consumers (Mafongoya et al., 2022). Equally, food utilisation is directly affected by climate change due to an increase in mycotoxins in food and feed (Mafongoya et al., 2022). The study also indicated that climate change was transforming the dynamics of pests and diseases of both livestock and crops, e.g., in some countries of Southern Africa, new pests like fall armyworms have negatively affected the productivity of maize and tomato crops (Mafongoya et al., 2022). Also, extreme weather events, such as droughts, floods and cyclones, which have been on the increase in Southern Africa recently, would affect the stability of food supply directly through disruption of transport and markets (Mafongoya et al., 2022). The study concluded that, although climate adaptation, mitigation and resilient building would take many years, in the meantime, humanitarian food assistance was vital to address the impacts of climate change on food and nutritional security in the short term (Mafongoya et al., 2022).
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Climate change has negatively affected agricultural productivity in Zambia through the increased frequency and more extreme nature of climatic events like droughts and floods that directly affect agricultural production and ultimately food security (Alfani et al., 2019). Climate change and variability have led to crop failure, livelihood losses, and increased incidents of food insecurity in Zambia (Mulenga et al., 2019). Smallholder farmers dominate the agricultural sector in Zambia, and they largely produce maize, which is a staple food (Mulungu et al., 2019). The production of food crops by smallholder farmers in Zambia is highly dependent on rainfall. This dependence on a rain-fed agricultural production system has left the country, particularly rural smallholders, vulnerable to climate variability and change (mostly droughts) as has been seen in the last few agricultural seasons (Mulenga et al., 2019). 
Climate change and variability lead to higher uncertainty in predicting weather events such as floods and dry spells, and shifts in the onset and offset of rains. Because of this uncertainty, it is difficult for farmers to plan their agricultural production activities, especially in rainfed farming systems (De Pinto et al., 2019). For example, smallholder farmers faced difficulties during the 2022/2023 farming season in planning for their agricultural activities because of the uncertainty of climate change, which led to maize crop failure in the western and southern parts of Zambia, resulting in food insecurity and high maize meal prices due to supply shortfalls (De Pinto et al., 2019).
Some studies have been conducted to establish the effects of climate change on food security to provide solutions to curb the dilemma, though not enough. For instance, using a case study of the Mantapala settlement in Nchelenge District of Zambia, which marks the boundary to the Democratic Republic of Congo, Stadtbäumer et al. (2022) conducted research employing a mathematical optimisation approach. This study used a farm-planning model to establish the optimal reallocation of land and labour factors in response to climate change, as well as to investigate how the household’s cultivation pattern was affected by climate change (Stadtbäumer et al., 2022). The study results revealed that climate change negatively affects livelihoods at the study site and that a dry climate decreased farmers’ wealth by around 30% and a wet climate by nearly 20% (Stadtbäumer et al., 2022). However, simulations showed that households would be able to sustain their livelihood through adaptation processes at the farm level (Stadtbäumer et al., 2022). In addition, the results established that without changing land and labour inputs, a dry and a wet climate significantly reduced farmers’ income. Nonetheless, altering the cropping mix was a meaningful instrument to respond to climate change at the study site (Stadtbäumer et al., 2022). 
The study concluded that climate change had a serious impact on farm yields and required land and labour adjustments to prevent losses in wealth (Stadtbäumer et al., 2022). In addition, altering the cropping mix, reallocating planting times or changing farming techniques were found to be meaningful instruments to respond to climate change at the study site. Stadtbäumer et al. (2022) recommended policy interventions such as agricultural intensification through improved seeds, technological tools, but also additional labour inputs, such as oxen. In addition, the study recommended that policy should focus on the use of alternate seed and crop types, alternative planting/farming techniques or crop diversification, weather forecasting and education about the effects of climate change (Stadtbäumer et al., 2022). 
Ngoma et al. (2021) also used data from global circulation models (GCMs) that were based on 398 climate scenarios for the level one stabilisation (L1S) and 421 scenarios for the unconstrained emissions (UCE) to research the effects of climate change on food security in Zambia. This study combined biophysical assessments with an economy-wide modelling framework that allowed for a more nuanced analysis at national, sub-national or regional levels of the socio-economic impacts of climate change on poverty, agricultural productivity, and household welfare (Ngoma et al., 2021). The objective of this study was to assess the potential impacts of climate change on agricultural crop production at national and sub-national levels. 
The results revealed that the Western and Southern regions of the country would be the worst affected by climate change (Ngoma et al., 2021). Also, climate change was projected to reduce maize yield and production much more than any other crop considered in the analysis, and these reductions would be highest in the Southern and Western regions (Ngoma et al., 2021). In terms of the economic impacts, climate change was projected to reduce GDP, especially in the fourth decade covered by the study between 2041 and 2050, and these negative impacts would be progressive, as would be the uncertainty of these impacts (Ngoma et al., 2021). 
The study concluded that, if mitigation efforts within the agricultural sector and at the global level were not scaled up, the Gross Domestic Product and agriculture contributions to the nation of Zambia would continue to decline (Ngoma et al., 2021). This would have dire consequences for the country, as many people depend on the agricultural sector for their livelihoods and nutrition outcomes. Therefore, Ngoma et al. (2021) recommended: (i) transformation of the agricultural sector by investing in climate-smart technologies such as irrigation, and drought-tolerant crop varieties; (ii) diversification of production away from maize and identify suitable alternative farm enterprises for the most vulnerable regions in the Southern and Western parts of Zambia; and (iii) and build on existing evidence showing that mitigation lessens the negative impacts of climate change to garner political will for climate action (Ngoma et al., 2021).
[bookmark: _Toc204751795][bookmark: _Toc213770095]2.3.4.1 Literature Gap
Notwithstanding the usefulness of the results of the studies presented above, most of the studies faced a few limitations. Firstly, some studies lacked primary data and mainly depended on desk reviews of documents and reports (secondary data). This hindered the researchers from conducting an in-depth analysis and exploring major factors affecting the food security situation in Zambia using primary data. Secondly, some studies did not attempt to look into any attributions on factors affecting the food security situation; hence, some of the analyses were based on assumptions. Although some studies gave very useful information and a satisfactory assessment of the effect of climate change on food security, they had limitations, in that they relied mainly on secondary data analysis and completely left out primary data collection and utilisation. This made the findings weak and calls for primary research.
[bookmark: _Toc204751796][bookmark: _Toc213770096]2.4 Theoretical framework
The study used the Theoretical Framework on the Effects of Climate Change, shown in Figure 2.1 below, adapted from the Food and Agriculture Organisation publication of 2016 on Climate Change and Food Security Risks and Response. This framework provided the ‘lens’ which helped to develop the themes, extrapolate patterns and interpret the data in this study. The framework helped to introduce and describe the concepts embraced in the theories used and the conceptual framework, which was developed for this study in line with the research problem and objectives.
The theoretical framework in Figure 2.1 below explains the causal relationship between climate change and food security, highlighting interplaying factors. 
[image: ]

[bookmark: _Toc527994698][bookmark: _Toc6238065][bookmark: _Toc27735078][bookmark: _Toc27735433][bookmark: _Toc75501755][bookmark: _Toc136189209][bookmark: _Toc183528511][bookmark: _Toc204751804][bookmark: _Toc213770178]Figure 2.1: Theoretical Framework on the Effects of Climate Change on Food Security
Source: Adapted from FAO (2016)
[bookmark: _Toc204751797]The framework helped to understand the factors influencing climate variability and food security. It illustrates that climate change, which manifests in extreme weather events through changes in temperature and precipitation, causes land degradation and affects the agroecosystem. Land degradation, extreme weather events and affected agro ecosystems give rise to pest infestation and associated diseases that affect cultivated plants, livestock, forests, grazing land and the productive capital of farmers. 
The framework shows that the attacks by pests and diseases on cultivated plants and livestock affect agricultural production and productivity, which in turn affect the quantity, quality and agricultural commodity prices. These, in turn, affect household food security and nutrition as the availability, accessibility, utilisation and system stability of food get affected. When the above-mentioned pillars of food security are affected, the resultant effect is food insecurity, which cripples household members with malnutrition, stunted growth, and human diseases.
[bookmark: _Toc213770097]2.4.1 Vulnerability, adaptation, and resilience theories
A theory is a well-established principle that explains some aspect of the natural world. Lee (2025) explain that theories arise from repeated observation and testing and incorporate facts, laws, predictions, and tested hypotheses that are widely accepted. In addition, Lee (2025) states that theories explain, predict challenges and expand current information. The study combines vulnerability theory, adaptation theory, and resilience theory to provide a comprehensive analysis of the effects of climate change on food security in Chilanga district of Zambia. The theoretical framework shown in Figure 2.1 above supports the theories used in this study. A combination of the above-mentioned theories helps to understand the multifaceted effects of climate change on agricultural production, livelihoods and offers adaptive solutions to mitigate climate change challenges. These theories and the framework shown in Figure 2.1 above helped to design research questions, select relevant data, interpret the data, and explain the underlying causes or influences of observed phenomena in line with the research objectives. 
[bookmark: _Toc204751798][bookmark: _Toc213770098]2.4.1.1 Vulnerability theory
Vulnerability theory explains the degree to which a system or community, or household, is susceptible to external risks and shocks, such as climate change (Turner & Zhou, 2023). According to Turner and Zhou (2023), the vulnerability theory holds that the more vulnerable a system or community or household is, the more severe the negative impacts of climate change will be. In this study, vulnerability theory is used to analyse the effects of climate change on the agricultural food security of the small-scale farmers in Chilanga district in Zambia. The theory was also used to establish factors that weakened food security in the face of climate change, which include a lack of resilient infrastructure, weaknesses in agricultural policies, and poverty. 
[bookmark: _Toc204751799][bookmark: _Toc213770099]2.4.1.2 Adaptation theory
Adaptation theory, as one of the key theories in climate change studies, embraces a set of actions and strategies adopted by a system or community or household to cope with the effects of climate change. The primary goal of adaptation, according to this theory, is to reduce vulnerability to the adverse effects of climate change and increase resilience and capacity to deal with these changes (Lee, 2025). This study used the adaptation theory primarily to establish and analyse different adaptation strategies the small-scale farmers adopted in Chilanga district to adapt or mitigate the effects of climate change on agricultural production and household food security. The adaptation theory helped to establish agricultural practices, water resource management, and the use of modern technologies that some small-scale farmers adopted to address the negative consequences of climate change to foster household food security. Since adaptation theory also emphasises local community participation in formulating government policies, the theory helped in soliciting recommendations from small-scale farming households for designing and implementing effective adaptation strategies. 
[bookmark: _Toc204751800][bookmark: _Toc213770100]2.4.1.3 Resilience theory
Resilience theory holds that systems, communities or households have the capacity to recover from crises and maintain their essential functions and structures (Matsepe & Maluleke, 2024). According to the resilience theory, social and environmental systems must be able to adapt to climate change while maintaining their sustainability (Matsepe & Maluleke, 2024). In this study, resilience refers to the ability of rural communities and small-scale farming households in Chilanga district to maintain food security in the face of climatic shocks such as droughts, floods, or temperature fluctuations. Previous research has shown that rural resilience depends on various factors such as access to natural resources, local infrastructure, and social capacity to cope with crises (Matsepe & Maluleke, 2024). Therefore, this study examined the factors that enhanced the resilience of Chilanga rural communities and small-scale farming households in light of climate change. 
[bookmark: _Toc204751801][bookmark: _Toc213770101]2.5 Conceptual framework
This study adopted and modified the Climate Change and Food Security Conceptual Framework, adapted from the FAO (2024) publication on the Analysis of Climate Change and Food Security Conceptual Frameworks. The illustration in the conceptual framework shown in Figure 2.2 below shows the interplay of factors on the causal and resultant effects of climate change and food security. This conceptual framework is grounded in the vulnerability theory, adaptation theory, and resilience theory presented and discussed above. The framework, in general, shows how climate change affects food security outcomes in the four pillars of food security, namely, food availability, food accessibility, food utilisation and food system stability in various direct and indirect ways.
The Climate Change and Food Security Conceptual Framework shown in Figure 2.2 below illustrates the interplay of climate-related factors that lead to poor agricultural production, which ultimately affects household food insecurity. The conceptual framework shows that there are some human activities, such as indiscriminate clearing of vegetation (for agricultural purposes), charcoal burning (for income), timber harvesting (for income), and uncontrolled animal grazing (feeding animals), whose effects contribute to climate change.
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[bookmark: _Toc204751805][bookmark: _Toc213770179]Figure 2.2: The Climate Change and Food Security Conceptual Framework
Source: Adapted from FAO, 2024, and modified by the Author
The framework shows that climate change, which manifests in various forms like an increase in mean temperature, changes in precipitation, an increase in frequency and intensity of extreme weather, and greater weather variability, leads to poor agricultural production. When agricultural production is affected negatively, household food security in affected communities is also affected, and this triggers changes in the four pillars of food security, namely, food availability, food accessibility, food utilisation, and food system stability of food, as shown in Figure 2.2 above. 
Changes in the aforementioned pillars of food security lead to changes in human health, which manifest in the form of malnourishment, stunted growth and human diseases. When these manifest, households resort to engaging in adaptive responses by way of engaging in climate change-inducing activities, such as charcoal burning, et cetera, to cushion household food insecurity. These climate change-inducing activities feed back into human activities that trigger climate change, as shown in Figure 2.2 above. 
Linking the climate change and food security conceptual framework presented above to this study, it was established that, in Chilanga district, some food security pack programme beneficiaries engaged in some human activities such as allowing uncontrolled animal grazing, charcoal burning, indiscriminate clearing of vegetation, and timber harvesting. These human activities were conducted either for income generation or to take care of their livestock. However, their effects contributed to climate change, which negatively affected their maize crop production, triggering household food insecurity. Household food insecurity among the Food Security Pack programme beneficiaries, which was a result of poor agricultural production in Chilanga district, led to some households adjusting their food consumption patterns by way of skipping some meals, eating small meals or unbalanced diets due to scarcity or food inadequacy. 
The scarcity or food inadequacy led to changes in the health of household members, which in some instances were seen in the form of malnourishment, stunted growth and susceptibility to diseases. When these manifested, affected household members resorted to engaging in other income-generating activities such as charcoal burning and timber harvesting to earn income to cushion the deficiencies. Various studies reveal that although farmers’ food security is highly dependent on the intensity and severity of the shocks and stresses, a key driving factor is their vulnerability and adaptive capacity to deal with disturbances (FAO, 2024). Further, FAO (2024) states that, in response to the various shocks, stresses and trends any community faces, a dialectical process occurs, resulting in a unique household strategies portfolio (FAO, 2024). In this study, some income-generating activities that households resorted to had the potential to feed back into human activities that trigger climate change, as shown in Figure 2.2 above.
[bookmark: _Toc202615100][bookmark: _Toc204751802][bookmark: _Toc213770102]2.6 Summary of the Chapter
In this chapter, an extensive theoretical discussions on ‘food security’ and ‘climate change’ concepts are presented. The chapter has presented debates on food security and climate change, as well as the concept of  ‘food insecurity’. Also, the chapter discussed the determinants of household food security and insecurity and introduced the ‘climate change’ concept and debates surrounding it. Further, the chapter has discussed the agricultural climate adaptation strategies and presented selected empirical studies on climate change and food security at global, continental, regional, and local levels. The theoretical framework on the effects of climate change on food security adopted for this study and the theories used have been discussed. Lastly, the chapter has presented and discussed the conceptual framework developed for this study. 









[bookmark: _Toc213770103]CHAPTER THREE
[bookmark: _Toc213770104]RESEARCH METHODOLOGY
[bookmark: _Toc505236938][bookmark: _Toc505237501][bookmark: _Toc184275070][bookmark: _Toc208557836][bookmark: _Toc213770105]3.1 Introduction
[bookmark: _Toc465412629][bookmark: _Toc481053049][bookmark: _Toc481070459][bookmark: _Toc505236939][bookmark: _Toc505237502]The chapter presents research philosophies and the adopted critical realism philosophy used in this study, with its epistemological and ontological underpinnings. The chapter also discusses the study approach and research design premised on the adopted research philosophy. It also introduces the study area and the population of study, spelling out the eligibility criteria (inclusion and exclusion criteria). In addition, the chapter presents the sample size and the non-probability and probability sampling strategies used to select research participants. Further, the chapter discusses the data collection methods/instruments, data analysis and data presentation. Thereafter, the chapter discusses the validity and reliability of data collection methods, ethical considerations, limitations of the study, and closes with a summary of the chapter.	
[bookmark: _Toc208557837][bookmark: _Toc213770106][bookmark: _Toc184275071]3.2 Research philosophy
Research philosophy is the basic ideas and beliefs that guide researchers in how they conduct their studies (Scotland, 2012). It is an essential part of research that influences how researchers do their work and understand their results. According to Scotland (2012), research philosophy includes what the researcher thinks about reality (ontology), how knowledge is gained (epistemology), and the importance of values in research (axiology). These ideas about philosophy help the researcher decide how to study and influence their overall plan for the research. Gannon, Taheri, and Azer (2022) believe that knowing about research philosophy is important. It helps create clear research plans, choose the right research methods, and critically assess the strengths and weaknesses of different methods.
Gannon et al. (2022) argue that there are four main kinds of research philosophy that are commonly accepted in social science research.  According to Gannon et al. (2022), the four main types of research philosophy are: 
1. Positivism: Focuses on facts that can be seen and measured, using numbers and statistics. 
2. Interpretivism: Emphasises personal experiences and understanding how people see the world. 
3. Pragmatism: Concentrates on real-world results and solving problems. 
4. Critical Realism: Accepts that there is a reality we can all agree on but recognises that our view of it is influenced by social and historical contexts (Gannon, Taheri & Azer, 2022).  
Each of these philosophical approaches gives a different view on what reality is and how knowledge can be gained.  Gannon, Taheri, and Azer (2022) say that the way researchers choose to think about research can greatly affect how they plan their research.  This includes how researchers collect data and what methods they use to analyse it.  Based on the different types of research philosophy presented above, this study chose to use critical realism.
[bookmark: _Toc208557838][bookmark: _Toc213770107]3.4.1 Critical realism philosophy
Critical realism is a research philosophy that tries to bridge the gap between positivism and interpretivism (Ryan, 2018).  Critical realism philosophy accepts that there is a real world out there, but it also realises that how researchers see that world is influenced by our society and history (Ryan, 2018).  Saunders (2023) says that critical realist researchers think there are different layers of reality.  These layers include the empirical (things we can see), the actual (events that happen), and the real (the underlying reasons for those events).  This research philosophy often uses both statistics and personal observations to look at visible events and the underlying factors that affect them (Saunders, 2023).  Critical realism was helpful for this research aimed at understanding complex social systems and the relationship between climate change and food security. 
[bookmark: _Toc208557839][bookmark: _Toc213770108]3.4.1.1 Epistemology and ontology of critical realism philosophy
The epistemological underpinning of critical realism is about understanding knowledge, specifically what makes knowledge valid and how it can be gained (Mukhles, 2020).  This influenced the researcher's decision to employ different methods for collecting information in this study.  Mukhles (2020) argues that critical realist epistemology holds that things people can see provide reliable information and facts. Because of this understanding, this study used an observation method.  On the other hand, the Ontological underpinning behind critical realism is about understanding what reality is like and what we can learn about it.  It focuses on beliefs about the social world and how it works (Mukhles, 2020).  This led the researcher to create both closed and open-ended questions for the participants because ontology holds that reality exists on its own, separate from how people see it (Mukhles, 2020).  

In general, the researcher chose critical realism as a research philosophy because it fitted well with the objectives and research questions of this study. The researcher sought to gather both numeric (quantitative data) and detailed opinions (qualitative data) from participants to respond to the research problem while considering both facts and personal views.  Donnell et al. (2013) argue that critical realism is a research philosophy that uses both statistics and personal experiences.  It believes there is an actual reality out there, but also understands that people see it in different ways.
[bookmark: _Toc465412631][bookmark: _Toc481053051][bookmark: _Toc481070461][bookmark: _Toc505236941][bookmark: _Toc505237504][bookmark: _Toc208557840][bookmark: _Toc213770109][bookmark: _Toc184275072]3.3 Study approach
A research approach is the procedure selected by the researcher to collect, analyse, and interpret data. Among the three research approaches available in research, namely, quantitative, qualitative, and mixed-methods, this study used the latter. Mixed methods' is a research approach whereby researchers collect and analyse both quantitative and qualitative data within the same study. In the mixed-methods approach, the researcher used quantitative approach to gather information on aspects of questions that sought answers on "how many," "how much," or "how often" in this study, whereas qualitative approach was used to gather information on aspects of questions that sought answers on the "why," "how," or "what" aspects of questions. 
The quantitative aspect in the adopted mixed-methods approach sees reality as objective, simple and fixed, while the qualitative approach perceives reality as subjective, constructed, multiple and diverse (Bryman, 2012).  The mixed-methods approach, which combined quantitative and qualitative approaches, helped the researcher to balance out the limitations of each method. It provided stronger evidence and more confidence in the findings of this study and delivered more solid results than could have been the case if an individual approach had been used. The mixed-methods approach enabled the researcher to solicit both numerical and descriptive data from the participants to achieve objectivity. The researcher opted for the use of this approach because it allowed for a more thorough exploration of complex issues and triangulation of data sources (Creswell & Plano, 2012). 
[bookmark: _Toc208557841][bookmark: _Toc213770110]3.4 Research design
A research design is an objective and accurate procedural plan which researchers adopt to answer research questions in a valid way (Creswell & Plano, 2012). A research design determines the type of data collection methods and analysis to be employed by a researcher to get the desired results. Among the many available research designs, this study used the explanatory case study, which Creswell and Plano (2012) say aims to explain the cause-and-effect relationships of a particular issue phenomenon. The explanatory case study offered unique opportunities for understanding and discovering the causes of climate change and its effect on the agricultural food security of the vulnerable but viable small-scale farmers supported under the Food Security Pack (FSP) programme in Chilanga district of Zambia. The study used an explanatory case study design because it is valuable for in-depth investigation and understanding of complex phenomena within real-life contexts by allowing the use of data collection methods such as surveys, interviews, and observations (Bryman, 2012). With these data collection methods, the researcher obtained comprehensive data, which generated insights specific to Chilanga district. 
[bookmark: _Toc208557842][bookmark: _Toc213770111]3.5 Study setting
[bookmark: _Toc465412630][bookmark: _Toc481053050][bookmark: _Toc481070460][bookmark: _Toc505236940][bookmark: _Toc505237503]The study was conducted in Chilanga district, located in Lusaka Province of the Republic of Zambia. The district borders Lusaka in the eastern part, Kafue in the south, Shibuyunji in the western and Chibombo in the northern part, as shown in Appendix 2. The coverage area of the district is about 1,354 square kilometres, with a projected population of about 227,844 people in 2025 (Chilanga Town Council, 2024).   
Agriculture and manufacturing are the two major economic cornerstones of Chilanga district, though the former dominates. Out of the approximated land coverage area of 1354 square kilometres, about 955 square kilometres is agricultural land (Chilanga Town Council, 2024). The district has three (3) Agricultural Blocks, namely: Mwembeshi, Chilanga, and Lusaka West Blocks. The Agricultural blocks are further divided into 19 Agricultural Camps as indicated in Table 3.1 below. Collectively, the Agricultural Blocks and Camps have approximately 27,571 registered farmers, broken down as 4,000 emergent farmers, 45 commercial farmers, and 23,526 small-scale farmers (Chilanga Town Council, 2024). Out of the 23,526 small-scale farmers, 2,275 are vulnerable but viable small-scale farmers supported under the Food Security Pack programme, as shown in Table 3.1 below and Appendix 6 with detailed information (Chilanga Town Council, 2024).
[bookmark: _Toc136107215][bookmark: _Toc206362783][bookmark: _Toc213770187]Table 3.1: Number of agricultural blocks, camps, registered farmers, and FSP beneficiaries
	Agric. Blocks Names
	No. 
Agric. Camps 

	No. of Reg. 
Farmers
	No. of Commercial Farmers
	No. of Emergent Framers
	No. of Small-Scale Farmers
	No. of FSP Programme Beneficiaries
 

	Chilanga
	5
	7,409
	15
	1,112
	6,061
	742

	Lusaka West
	8
	11,685
	19
	1,572
	10,337
	1,076

	Mwembeshi
	6
	8,477
	11
	1,316
	7,128
	457

	Total
	19
	27,571
	45
	4,000
	23,526
	
2,275




Source: Chilanga Town Council, 2024: modified by the Researcher

Chilanga district is in an area that has good soil for farming. The main crops in the district are maize (75%), soybeans, groundnuts, and sorghum (25%). In the district, maize is the most widely grown crop compared to others.
[bookmark: _Toc465412632][bookmark: _Toc481053052][bookmark: _Toc481070462][bookmark: _Toc505236942][bookmark: _Toc505237505][bookmark: _Toc208557843][bookmark: _Toc213770112][bookmark: _Toc184275073]3.6 Target population 
[bookmark: _Toc465412634][bookmark: _Toc481070464][bookmark: _Toc505236944]The target population was the entire population, or group, that a researcher was interested in researching and analysing, from which a sampling frame was drawn. This was the entire population, or set, which was considered qualified for data collection and analysis.  This study targeted the vulnerable but viable small-scale farming households in Chilanga district. The other research participants were the key interview informants (KIIs).  
[bookmark: _Toc208557844][bookmark: _Toc213770113][bookmark: _Toc198895806][bookmark: _Toc201141691]3.6.1 Eligibility criteria
Eligibility criteria are intentionally established boundaries that explain what is to be studied and not in research (Arslan, 2025). These were requirements that were set to be met for vulnerable but viable small-scale farming households, and the Key Interview Informants to be included in this study. The eligibility criteria also considered other factors that informed the study. These requirements helped to ensure that participants in this study had similar characteristics in terms of specific factors. Eligibility criteria, in this study, consisted of both inclusion criteria and exclusion criteria. 
[bookmark: _Toc198895807][bookmark: _Toc201141692][bookmark: _Toc208557845][bookmark: _Toc213770114]3.6.1.1 Inclusion criteria
Inclusion criteria were about the requirements that vulnerable but viable small-scale farming households needed to possess for them to participate in this study.  The following were the inclusion attributes, which the study targeted and focused on:
· The study targeted the vulnerable but viable small-scale farming household heads that benefited from the Food Security Pack programme in the 2023/2024 and 2024/2025 farming seasons, aged between 18 years and 65 years. This category of the Food Security Pack programme was targeted because household heads falling under this age group are considered adults, in the Zambian context, with a sound mind to make independent decisions.  
· The study focused on the Food Security Pack programme, among other Zambian agricultural food security programmes, because this is the Zambian government-funded agricultural programme where the government provides farming inputs to the vulnerable but viable small-scale farmers gratis to boost their capacities to produce food crops to enhance household food security. 
· Under the Food Security Pack programme, the study focused on maize crop among other crops supported under the programme because it is a staple food crop for Chilanga district and Zambia at large.
· The study targeted Key Interview Informants in the implementing institutions with expertise and experience in areas of food security and climate change at international, national and local levels to help with sharing their experiences on the topic of study. 
[bookmark: _Toc198895808][bookmark: _Toc201141693][bookmark: _Toc208557846][bookmark: _Toc213770115]3.6.1.2 Exclusion criteria
Exclusion criteria were requirements that disqualified vulnerable but viable small-scale farming households from participating in this study.  The following were the exclusion attributes of vulnerable but viable small-scale farming households under the Food Security Pack programme:-
· The study excluded households headed by vulnerable but viable small-scale farmers below the age of 18 years. These were excluded because, in Zambia, they are classified as children who can hardly make independent decisions.  
· The study excluded households headed by vulnerable but viable small-scale farmers who were above 65 years old. These were excluded because they were elderly persons, more likely, with diminishing memory to make independent decisions.  
[bookmark: _Toc208557847][bookmark: _Toc213770116][bookmark: _Toc184275074]3.7 Sample size/ Sampling strategy
[bookmark: _Toc208557848][bookmark: _Toc213770117]3.7.1 Respondents
The sample size for the questionnaire respondents in this study was 341.  The researcher applied Slovin's formula with a 5% acceptable margin of error (Glen 2020).  Slovin’s formula helps to calculate the sample size (n) based on the total population size (N) and the determined level of acceptable error margin (e) (Glen 2020).  To get the sample size (n), the values of 'N' and 'e' are plugged into the formula: n = N ÷ (1 + Ne^²).  The final value of (n) is equal to the sample size (Glen 2020).  
Thus,
· The sample size was arrived at as follows:
· Total number of registered vulnerable but viable small-scale farmers (N) = 2,275, 
· Acceptable margin error value (e) = 5% expressed in decimal value = (0.05)
· Sample size (n) =? 
Then, n = N ÷ (1+ Ne^2): when the above values are fitted in the formula:
n = 2,275 ÷ (1 + (2,275 x (0.05) ^2)
	n = 341, correct proportional sample size
Using an Excel spreadsheet, the researcher randomly picked 341 questionnaire respondents from a sampling frame of 2,275 registered household heads of vulnerable but viable small-scale farmers. The random sampling method used made it possible for all the registered vulnerable but viable small-scale farmers participating in the Food Security Pack programme in Chilanga district to have an equal chance of being picked. Giving all the registered vulnerable but viable small-scale farmers an equal chance to be chosen in random sampling allowed the generalisation of the findings within Chilanga district.  Phelan (2011) states that most social researchers use probability sampling because it is very reliable and produces results that can be generalised. 
[bookmark: _Toc208557849][bookmark: _Toc213770118]3.7.2 Key interview informants
Three (3) key informants were chosen for interviews. These were the District Agriculture Coordinator, District Community Development Officer, and District Environmental Technician. The non-probability sampling, employing a purposive technique, was used to select key informants. The key informants were purposely chosen because they took part in the implementation of the Food Security Pack programme and worked to help with climate change solutions. Using a purposive sampling method was a good choice for picking the key informants because they had expert knowledge and information about the topic studied. Creswell (2017) says that in non-probability sampling, samples are picked for a specific reason.
[bookmark: _Toc465412638][bookmark: _Toc481070468][bookmark: _Toc505236948][bookmark: _Toc184275078][bookmark: _Toc208557850][bookmark: _Toc213770119]3.8 Data collection methods/instruments
[bookmark: _Toc465412639][bookmark: _Toc481070469][bookmark: _Toc505236949][bookmark: _Toc505237508]Questionnaires, interviews and observation guides were used to collect data in this study, as presented and explained below. 
[bookmark: _Toc465412640][bookmark: _Toc481070470][bookmark: _Toc505236950][bookmark: _Toc505237509][bookmark: _Toc184275079][bookmark: _Toc208557851][bookmark: _Toc213770120]3.8.1 Questionnaires 
[bookmark: _Toc465412641][bookmark: _Toc481053055][bookmark: _Toc481070471][bookmark: _Toc505236951][bookmark: _Toc505237510]The researcher used questionnaires to collect information directly from respondents. The researcher used a written list of questions, as shown in Appendix 3, to collect answers from respondents. The researcher administered the questionnaires personally due to the high illiteracy levels in Chilanga district, which make many individuals disadvantaged and unable to read or write well (Chilanga Town Council, 2024). The questionnaires were semi-structured, meaning they had a mix of open-ended and closed questions, as shown in Appendix 3. Creswell (2017) argues that semi-structured questionnaires have some set questions and guidelines, which makes them similar to both qualitative and quantitative methods. However, they are often more attracted to the quantitative approach. Based on this explanation, these questionnaires were suitable for this study because they were designed to gather both qualitative and quantitative data from the 341 vulnerable but viable small-scale farming household heads participating in the Food Security Pack programme in Chilanga district. 
[bookmark: _Toc465412642][bookmark: _Toc481053056][bookmark: _Toc481070472][bookmark: _Toc505236952][bookmark: _Toc505237511][bookmark: _Toc184275080][bookmark: _Toc208557852][bookmark: _Toc213770121]3.8.2 Interview guide
[bookmark: _Toc465412643][bookmark: _Toc481053057][bookmark: _Toc481070473][bookmark: _Toc505236953][bookmark: _Toc505237512]The interview guide was used to help with detailed conversations in the interviews.  The researcher conducted semi-structured interviews with the District Community Development Officer, District Agricultural Coordinator, and District Environmental Technician, as key informants.  The interview guide was helpful because it allowed different questions and let key informants answer in their own way.  Appendix 4 contains the questions for the interviews.  Lury (2018) states that semi-structured interviews are helpful because they are flexible and have very few strict rules.  Instead of rules, they usually provide guidance.  Lury (2018) also says that they can change the order of the questions, how they word them, and how much time they spend on different topics.  This method was important because using open-ended questions helped the researcher talk more freely with key informants.  The method was suitable for the key informants because it did not call for standardised questions, but acted as a simple guide (Schwandt, 2015).
[bookmark: _Toc184275081][bookmark: _Toc208557853][bookmark: _Toc213770122]3.8.3 Observation method
The observation method was another way used to collect information in this study. Observation is a way of noting down what happens around us, like conditions, events, and activities, without asking questions or getting involved too much (Alam & Kashif, 2021). In this study, observations could show whether what respondents had done or how things looked was different from what they said or meant. The observations were done passively and quietly, while visiting respondents for questionnaire administration using a guide shown in Appendix 5. Observation as a way to collect data meant that a specific set of categories was created ahead of time to guide the observation. The researcher wrote down what was seen in a notebook and took photos.
The study used several different sources of information. The study reduced distortions of data by using several sources of information from the research participants. Haynes (2019) explains that using a mixed-methods approach allows researchers to gather information in different ways. This helps researchers to avoid mistakes or distortions and fix any problems in their data. Using different sources allowed for several analyses, which resulted in different findings for the same outcome by dealing with missing data in a few instances.
[bookmark: _Toc184275082][bookmark: _Toc208557854][bookmark: _Toc213770123]3.9 Data analysis
[bookmark: _Toc505236960][bookmark: _Toc505237517][bookmark: _Toc31049521]In this study, the data collected from research participants were analysed and presented quantitatively and qualitatively. 
[bookmark: _Toc184275083][bookmark: _Toc208557855][bookmark: _Toc213770124]3.9.1 Quantitative data analysis and presentation 
[bookmark: _Toc31049522]The data that were captured from closed-ended questions were analysed quantitatively.  The use of quantitative analysis was based on Creswell and Plano’s (2012) explanation that, in quantitative analysis, the researcher assigns codes to each likely answer and specifies how other responses are to be handled. For entering and analysing data, the researcher used the Statistical Package for Social Sciences (SPSS) version 20 software. 
Quantitative data is presented in charts and tables. Tables showing statistics like frequency distributions, percentages, arithmetic mean, standard deviations, and standard error mean for selected variables/thematic areas are presented. A table showing some statistics from the paired samples t-test is also presented and explained. The data is shown visually using bar and pie charts made in Microsoft Excel.  These charts are based on data from SPSS to help people understand and visualise the statistics better. 
[bookmark: _Toc184275084][bookmark: _Toc208557856][bookmark: _Toc213770125]3.9.2 Qualitative data analysis and presentation
[bookmark: _Toc465412648][bookmark: _Toc481070478][bookmark: _Toc505236954][bookmark: _Toc505237513][bookmark: _Toc31049515]The qualitative analysis method was used to gather information from open-ended questions in the questionnaires.  The answers from the open-ended questions were classified for analysis.  Creswell (2017) explains that, although qualitative data, such as the views of respondents, are not always computable by arithmetic relations, basic figures can be computed after categorising common responses into various classes called categorical variables.  SPSS was used to analyse the categories.  This allowed the researcher to review the data in a way parallel to that of quantitative analysis (Flick 2014). With this attribute, figures were generated in line with common responses that were used to create simple tables for visual summaries. 
For qualitative data captured from the interviews, the study used a thematic analysis method to analyse data collected using a voice recorder. This was done by using NVivo version 14 software. Using NVivo software, digital data was metamorphosed into verbatim, which was repeatedly read for familiarisation. Thereafter, thematic analysis was executed to generate codes through the guidance of research questions. The researcher searched for themes among the generated codes by looking at the scripts of the interview guides and identifying common responses to generate themes. Themes were repeatedly reviewed to ensure that key themes were labelled and described for easy understanding. A codebook was generated depicting descriptions of all the themes and their importance. The codebook guided the production of a report in line with the research objectives and questions. 
Qualitative data is presented in matrices and quotes. Matrices enable the visualisation of summarised data. In this study, matrices contain summarised descriptive data integrated around central themes. Data is also presented in direct and indirect quotes. 
[bookmark: _Toc208557857][bookmark: _Toc213770126]3.10 Validity and reliability of the study results
Validity and reliability of the research results make the study findings credible and trustworthy. Validity refers to whether a test measures what it aims to measure and how well the results among the study participants represent true findings among similar individuals outside the study. It denotes suitable and accurate measurements. On the other hand, reliability refers to whether research methods can reproduce the same results multiple times. It describes how reproducible or replicable a study is. In brief, if a study can be repeated and the same results are found, the study is considered reliable.
To ensure that the results of this study were valid and reliable, the following were undertaken:-
· The researcher compared the results of this study with findings from earlier studies done around the world, on different continents, regions, and local areas about a similar topic.  The comparison study helped the researcher learn more about the topic by looking at how the results and conclusions of this study matched up or differed from other studies.
· The researcher conducted a pilot test of data collection methods/tools, where the questionnaire and interview guide were subjected to a test on a small sample. This helped the researcher establish technical issues in the data collection tools that could affect the accuracy and trustworthiness of the study results. Feedback from the pilot testing showed that, in some cases, the questions needed to be changed and rearranged. Based on the changes made to some questions in the data collection tools, validity and reliability were guaranteed. Saunder (2023) argues that pilot testing in research is important because it helps establish potential issues before starting the main study and ensures that the data is valid and reliable.
· The researcher used a mixed-methods study approach, triangulated sources of data. Triangulation increases the credibility and validity of research findings as it involves the use of multiple research tools to study the same phenomenon (Mesyitahsyare & Hermina, 2025). This study combined the use of questionnaires, interviews and observation to collect both qualitative and quantitative data.
The main goal of making sure the research results were valid and reliable in this study was to help others repeat the study.  To make sure other researchers can repeat the study, it is important to ensure that the results are accurate and trustworthy.  Validity and reliability help to produce the same results repeatedly over time and ensure that those results are dependable.  The goal of making sure research is valid and reliable is to confirm that the data is trustworthy and can be repeated, and that the results are correct (McLaughlin et al., 2025).  Proof that a measurement tool is valid and reliable is necessary to ensure the trustworthiness and quality of the data it collects. Valid and reliable data also enhances confidence among stakeholders, collaborators and reviewers, which adds support for research. Further, policy formulation and practice confidence are enhanced by valid and reliable results of the study, which help in gaining confidence in research recommendations. 
[bookmark: _Toc184275085][bookmark: _Toc208557858][bookmark: _Toc213770127]3.11 Ethical consideration
Ethical consideration is a process followed in research to win support from the targeted institutions and research participants. Aguilera et al. (2025) explain that ethical consideration refers to a process of thoughtfully taking into account moral issues of institutions and research participants before a full-fledged interaction with them. It involves identifying and addressing the potential morals that need to be considered in research. The goal of ethical consideration is to ensure that decisions and actions taken by researchers align with research moral principles, values, and standards. This study, therefore, considered administrative arrangement and researcher-participant engagement to adhere to the moral principles, values and standards as explained below.
[bookmark: _Toc465412645][bookmark: _Toc481053059][bookmark: _Toc481070475][bookmark: _Toc505236955][bookmark: _Toc505237514][bookmark: _Toc31049516]Administrative arrangements
The researcher obtained ethical clearance from the Atlantic International University (AIT) Research Ethics Committee, which was an acknowledgement that the research study met ethical standards and guidelines. The ethical clearance ensured that the rights, dignity, and well-being of research participants were protected. In addition, permission to research the Food Security Pack programme beneficiaries was sought from Chilanga District Commissioner and the District Community Development Officer. This permission allowed the researcher access to the respondents.
Researcher-participants engagement
The researcher explained to all the participants that the study was for the fulfilment of the requirements of a Doctoral degree in Sustainable Development and that its findings would be used for academic purposes. The participants were also assured of their privacy, confidentiality and anonymity during and after the questionnaire administration and interviews. Through this assurance, participants’ identities and personal information shared during the interviews were kept private, confidential, and anonymised. The participants were informed that participation in the study was voluntary and that they had the right to withdraw from the study at any stage of the research process. 
The participants were requested to sign a consent form upon agreeing to participate in the study. With the adequate information provided, all the participants selected as questionnaire respondents and interviewees consented to participate, and none of them withdrew from the study. The administering of questionnaires and key informant interviews was conducted at the convenience of the participants. This enabled the participants to provide the required information in their own time, a situation that provided calmness and an enabling environment. The researcher sought permission from the interviewees to use a voice recorder during interviews. Voice recording helped the researcher to concentrate on asking questions from the interview guide, carefully listening to answers, asking follow-up questions, and taking notes (Flick, 2014). 
The above-explained ethical issues ensured that participants fully understood what their involvement meant before consenting to participate in the study. By adhering to these ethical principles and procedures, the researcher prioritised the well-being and rights of participants while ensuring the integrity and reliability of the research process and outcomes (Haynes, 2019).
[bookmark: _Toc184275086][bookmark: _Toc208557859][bookmark: _Toc213770128]3.12 Limitations of the study
[bookmark: _Toc505236956][bookmark: _Toc31049517]The study faced some methodological limitations, which are explained as matters and circumstances that come up in a study that the researchers have little or no control over, but can find a way to mitigate them (Alam & Kashif, 2021). Below are the limitations that the study encountered and the corresponding mitigatory and remedial measures taken:- 
a) The pre-structured and standardised questions used in the questionnaire for the respondents limited the researcher from probing into critical matters of great interest. This limitation confirms the concern of social scientists on the disadvantages of using a questionnaire, which, among others, includes the restrictive closed-ended questions that do not allow probing and prompting of questions (Alam & Kashif, 2021). Nevertheless, the researcher used interviews with the key informants to probe matters of interest that could not be clarified by the respondents due to the restrictive nature of the questions in the questionnaire.
b) High illiteracy levels in the rural areas of Chilanga district prompted the researcher to administer the questionnaires to the illiterate respondents. This helped in translating some questions from English to a local language that the respondents could understand. Translating English into the local language had some problems because some English words could not be translated exactly.  This made it hard to keep the original meanings of the questions and answers clear.  To address the expected misunderstandings, the researcher tried hard to observe the body language and facial expressions of the people being questioned to resolve any confusion.  The researcher listened carefully to the answers and asked for more details when needed.
c) Chilanga district was purposely selected as the study site. However, with the purposive sampling used, the researcher acknowledged that the research findings could not be generalised beyond Chilanga district. Nonetheless, generalisation within Chilanga district was guaranteed because the selected Food Security Pack programme beneficiary household heads were selected using a simple random sampling method, which ensured representativeness of the total targeted population of the programme beneficiaries. 
[bookmark: _Toc31049524][bookmark: _Toc184275087][bookmark: _Toc208557860][bookmark: _Toc213770129]3.13 Summary of the chapter
The chapter has presented the options of research philosophies and the critical realism philosophy selected for this study. The chapter has also discussed the study approach and research design based on the critical realism philosophy used in this study. In addition, the chapter has introduced the study setting and the study population with highlights on the inclusion and exclusion criteria of the people in the study population. Additionally, the chapter has presented the sample size and the non-probability and probability sampling strategies used to select research participants. Further, the chapter has discussed the data collection methods/instruments, data analysis and data presentation. Thereafter, the chapter has discussed the validity and reliability of data collection methods, ethical considerations and concluded with the limitations of the study. 





[bookmark: _Toc213770130][bookmark: _Toc505236963][bookmark: _Toc505237520]CHAPTER FOUR
[bookmark: _Toc213770131]RESULTS AND DISCUSSIONS
[bookmark: _Toc209268436][bookmark: _Toc213770132][bookmark: _Toc505236964][bookmark: _Toc505237521][bookmark: _Toc184275090]4.1 Introduction 
[bookmark: OLE_LINK1]This study investigated the effects of climate change on the agricultural food security of the beneficiary households of the Food Security Pack programme in Chilanga district in Zambia to come up with appropriate recommendations. Therefore, this chapter presents the results and discussions of the study outcomes in line with the research objectives. The chapter begins by presenting and discussing the biographic data of respondents. The chapter also presents and discusses the perceptions of respondents of the causes of climate change. Thereafter, the chapter presents and discusses the effects of climate change on agricultural production, zeroing in on maize crop production and productivity for the 2023/2024 and 2024/2025 farming seasons. In addition, the chapter presents and discusses the findings on the common coping mechanisms against food insecurity adopted by respondents in light of the effects of climate change. Further, the chapter presents and discusses respondents’ recommendations to cushion the effects of climate change on maize crop cultivation. In addition, the chapter presents the researcher’s analytical deduction and development of a model suitable for maize resilience in Chilanga district. The chapter closes with a summary. 
[bookmark: _Toc209268437][bookmark: _Toc213770133]4.2 Presentation of results and discussions
[bookmark: _Toc209268438][bookmark: _Toc213770134]Biographic data of respondents
Fifty-seven percent (57%), representing 195 respondents of the sampled vulnerable-but viable small-scale farming households were females, while 43% representing 146 respondents were males, as shown in Figure 4.1 below. The above-presented findings were supported by the interview outcomes with key informants who comprised three key informants. The majority of the two out of the three key informants interviewed explained that there were more female-headed households than male-headed households on the Food Security Pack programme in Chilanga.
Therefore, the study established that there were more female-headed household heads (57%) than male-headed (43%) who participated in this study in Chilanga district. This confirms the Zambia Statistics Agency (2022) Census of Population and Housing Preliminary Report, which indicates that the female population of Chilanga district is higher than that of their male counterparts. This entails that there were more female-headed households in Chilanga than male ones under the agricultural Food Security Pack programme, which had implications on the coping mechanism adopted by the respondents against food insecurity in light of the effects of climate change.


[bookmark: _Toc209268477][bookmark: _Toc213770180]Figure 4.1: Sex of the respondents 
Source: Survey results by the researcher, 2025
[bookmark: _Toc213770135][bookmark: _Toc209268443]4.2.1 Causes of climate change 
Before establishing respondents’ perceptions on the causes of climate change in Chilanga district, the study sought to ascertain their awareness of climate change and whether they were able to recognise signs of climate change.
[bookmark: _Toc213770136]4.2.1.1 Respondents’ awareness of climate change 
The study established that 62% representing 210 respondents, were aware of climate change, while 38% representing 131 respondents, were unaware, as shown in Table 4.1 below.
[bookmark: _Toc209268485][bookmark: _Toc213770188]Table 4.1: Respondents’ awareness of climate change
	
	Climate Change Awareness
	No. of Respondents
	Percent
	Cumulative Percent

	Valid
	 Aware
	210
	62
	62

	
	 Not aware
	131
	38
	100

	
	Total
	341
	100
	


Source: Survey results by the researcher, 2025
Therefore, most of the respondents in this study were aware of climate change in Chilanga district.  This confirms Azzarri and Signorelli's (2020) argument that worldwide, people have become more aware than before of the fact that climate change is a real phenomenon which requires concerted efforts to tackle and learn its dynamics to come up with sustainable food security mitigation and adaptation strategies. Being aware of climate change and willingness to learn more about it can attract climate-smart agriculture capacity-building opportunities from the government of Zambia and its cooperating partners, which can enhance crop productivity in light of climate change. 
Although the majority (62%) of the respondents were aware of climate change, the percentage of the minority (32%) is too big to ignore, if mitigation and adaptation measures are among the solutions to the effects of climate change in crop farming.  
A cross-tabulation of the variables, age range of the respondents and respondents’ awareness of climate change, shown in Table 4.2 below, exposes potential areas of intervention.  A cross-tabulation of the age range variable with climate change awareness was computed because age range was one of the factors that distinguished household characteristics and contributed to understanding the participation dominance of age categories in the Food Security Pack programme in Chilanga district. 
[bookmark: _Toc209268486][bookmark: _Toc213770189]   Table 4.2: Cross-tabulation: Age range of the respondents versus awareness of climate 
	Age Range of Respondents
	Respondents’ Awareness of Climate Change

	
	Aware
	Not aware
	Total

	
	n
	%
	n
	%
	n
	%

	Valid
	18 to 34 years
	59
	17
	34 
	10
	93
	27

	
	35 to 49 years
	110
	33
	23 
	7
	133
	40

	
	50 to 64 years
	41
	12
	55 
	16
	96
	28

	
	65 years and above
	0
	0
	19 
	5
	19
	5

	
	Total
	210
	62
	131
	38
	341
	100


n = number of respondents		% = percent
Source: Survey results by the researcher, 2025
The cross-tabulation in Table 4.2 above reveals that the majority of the respondents, 55 representing 16% of the 131 respondents who were not aware of climate change, fell in the age group of 50 to 64 years, followed by 34 respondents representing 10%. Those who fell in the age groups 35 to 49 years and 65 years and above were at 7% and 5%, respectively, as shown in Table 4.2 above. The cumulative percentage of the age group (38%) of the 341 total respondents who were not aware of climate change or who did not have a deep understanding of climate change is too big a percentage to be left unattended because lack of awareness of climate change among smallholder farmers has clear measurable consequences for the environment and for the resilience of farming systems. 
Empirical studies from Southern African countries show that when farmers are not aware of long-term shifts in rainfall, temperature, or seasonality as climate change, they are less likely to adopt sustainable land-management and climate-smart practices (e.g., crop rotations and soil conservation). This gap in awareness both reduces uptake of practices that protect soil, water, and biodiversity and increases reliance on short-term coping strategies that can degrade natural capital (Makate, Makate, & Mango, 2017). 
Mechanistically, limited climate literacy steers decision-making toward familiar immediate responses, such as expanding cultivated area, shortening fallow periods, selling livestock in drought years, or shifting planting dates; rather than toward preventive and landscape-level measures. These coping actions can accelerate soil erosion, reduce soil organic matter, and prompt conversion of marginal lands or woodlands into cropland, amplifying land degradation and loss of on-farm biodiversity (Shilomboleni, Epstein, & Mansingh, 2024). Field research from country case studies reinforces these patterns. Representative household surveys and qualitative fieldwork in sites across Southern Africa find strong associations between perception/awareness and uptake of sustainable agricultural practices. Farmers who report noticing climatic trends are significantly more likely to adopt rotations, manure use, and conservation measures that protect soil fertility and reduce runoff (Maziya, Mvelase, & Dlamini, 2024). Conversely, communities with lower awareness or limited access to reliable climate information often rely on coping strategies that undermine long-term resource health, e.g., intensified tillage, burning, or hillside cultivation that produce cumulative environmental damage and reduce future productivity (Maziya, Mvelase, & Dlamini, 2024). 
Local studies in Zambia and neighbouring areas illustrate downstream effects on landscapes and livelihoods. In Monze District (Zambia), researchers documented how erratic rains and limited institutional support push households toward practices that erode soils and reduce agricultural biodiversity, which in turn worsens food insecurity and dependence on external aid (Mafwela & Mafwela, 2025). Similar semi-arid analyses (e.g., Dodoma, Tanzania) show that limited farmer awareness of long-term climatic trends constrains the adoption of water-saving and soil-conserving techniques, sustaining a cycle of vulnerability that manifests as reduced groundcover, lower water retention, and increased susceptibility to extreme events (Mramba, 2025). These environmental changes are not only local but can cascade across catchments, worsening sedimentation and altering hydrological regimes. 
Policy and practice implications from the empirical literature are consistent and actionable. Studies recommend prioritising climate literacy and co-created extension services that combine local knowledge with scientifically grounded climate information, accessible early-warning systems, and practical demonstrations of conservation agriculture, agroforestry, and soil-water management. When awareness is raised and supports are locally tailored, rather than delivered as one-size-fits-all technical packages, farmers are more likely to adopt practices that both sustain production and protect environmental assets, producing measurable improvements in household food security and landscape resilience (Mramba, 2025).
In sum, empirical evidence across Southern Africa links low awareness of climate change among smallholder farmers to lower uptake of sustainable practices and to environmental outcomes that include soil degradation, biodiversity loss, and altered watershed functioning. Strengthening climate education, extension, and locally co-developed interventions is therefore essential—not only to improve farm productivity, but to halt and reverse environmentally harmful practices that deepen vulnerability across rural landscapes.
[bookmark: _Toc209268444][bookmark: _Toc213770137]4.2.1.2 Views of the respondents on recognition of signs of climate change 
To ascertain the submission of the majority of 210 respondents representing 62% of the total 341 respondents handled, who said they were aware of climate, as shown in Table 4.3 above, the study sought to establish their perceptions of signs of climate change.  The majority 38% representing 131 respondents of the 341 respondents handled, were not sure of the signs of climate change. However, 23% representing 78 respondents, and 21% representing 73 respondents, cited dry spells/drought and the increase in hot days/heatwaves occurrence, respectively, as signs of climate change, as shown in Table 4.3 below.
[bookmark: _Toc209268487][bookmark: _Toc213770190]Table 4.3: Respondents’ understanding of on signs of climate change
	
	How to Recognise Climate Change
	No. of Respondents
	Percent
	Cumulative Percent

	Valid
	Hotness and heatwaves 
	73
	21
	21

	
	Dry spells and drought
	78
	23
	44

	
	Heavy rains and flash floods        
	22
	7
	51

	
	Unpredictable seasons 
	37
	11
	62

	
	Not sure  
	131
	38
	100

	
	Total
	341
	100
	


Source: Survey results by the researcher, 2025
Others, 11% representing 37 respondents, cited unpredictable farming seasons as one of the signs of climate change, and the minority, 7% representing 22 respondents, mentioned an increase in the occurrence of heavy rains/flash floods, respectively, as signs of climate change. Accordingly, the study reaffirmed the cumulative submission of the majority of the respondents (62%) who were aware of climate change by citing the signs of climate change. 
The increase in the frequency of intensity of dry spells and drought cited by the majority of the respondents in Chilanga district affects agricultural crop productivity in Zambia as well as in the Southern Africa region, leading to crop failure and ultimately household food insecurity among most small-scale farmers. This confirms Meybeck et al.'s (2018) explanation that the areas surrounded by the tropics in the Sub-Saharan African countries experience decreased amounts of rainfall, of about 20%, due to a prolonged dry spell and drought. In addition, Hertel (2018) explains that increased dry spells and drought result in the loss of arable land because of decreased soil moisture, increased aridity, increased salinity and groundwater depletion, thereby affecting agricultural production and productivity. Further, El Bilali (2019) argues that in Southern Africa, the frequency of rain has decreased, droughts have persisted for long periods, and water resources have become scarcer, while agricultural productivity highly dependent on rain, has declined. 
The submission by the respondents that the increase in hot days and heatwave occurrences is one of the signs of climate change is supported by Adekunle et al.'s (2024) review study, whose objectives, among others, were to examine the effects of climate change on food security.  Their results showed that climate change disrupts agricultural productivity and exacerbates food shortages through shifts in temperature and precipitation patterns, coupled with the increasing frequency of extreme weather events, which threaten crop yields and food distribution networks globally (Adekunle et al., 2024).  
With the above findings and arguments, it can be argued that climate change leads to higher uncertainty in predicting weather events such as floods and dry spells and shifts in the onset and offset of rains. Although there is considerable scientific evidence that the effects of climate change in the agriculture sector are known, it is difficult for vulnerable small-scale farmers to plan their agricultural production activities, especially in rainfed farming systems (IPCC, 2023).
A cross-tabulation of the variables ‘educational levels’ and ‘recognition of signs of climate change’ was computed as shown in Table 4.4 below.  
[bookmark: _Toc209268488][bookmark: _Toc213770191]Table 4.4: Cross-tabulation: Education levels versus recognition of signs of climate change
	

Educational
levels
	Recognition of signs of Climate Change
	

Total

	
	Hotness and heatwaves
	Dry spells and drought
	Heavy rains/ flash floods
	Unpredictable seasons
	Not sure
	

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	Valid
	Informal
	0
	0
	0
	0
	0
	0
	0
	0
	61
	18
	61
	18

	
	Primary
	5
	2
	3
	1
	6
	2
	4
	1
	45
	13
	63
	19

	
	Secondary
	15
	4
	9
	3
	23
	6
	11
	3
	25
	7
	83
	24

	
	Tertiary
	58
	17
	10
	4
	44
	13
	22
	7
	0
	0
	134
	39

	
	Total
	78
	23
	22
	7
	73
	21
	37
	11
	131
	38
	341
	100


Note: n = number of respondents		% = percent
The Cross-tabulation results show that 134 respondents representing 39% of the 341 total respondents who were able to cite signs of climate change attained tertiary education level, followed by 83 (24%) and 63 (19%) who reached secondary and primary levels, respectively.  The results also reveal that 61, representing 18% of the 131 respondents who were not sure of the signs of climate change, did not have a formal education. The results show that the respondents’ unsure responses on the signs of climate change decrease with advancement in the educational levels (i.e., 18% informal, 13% primary, 7% secondary, and 0% tertiary), as shown in Table 4.4 above.
A cross-tabulation of the variables ‘educational levels’ and ‘recognition of signs of climate change’, shown in Table 4.4 above, revealed that education is key to understanding climate change and its effects on the environment, which supports agriculture. With little or no formal education, small-scale farmers can hardly comprehend environmental matters like climate change, thereby reducing their ability to mitigate and adapt to their effects on crop cultivation (Tembo, 2024). The aforementioned argument is supported by a study that was conducted to examine the effect of climate change on food crops in rural South Africa, which concluded that the higher the education level of a household head, the more food-secure the household was because of the utilisation of mitigatory and adaptive knowledge (De Cock et al., 2013). This conclusion is in line with the findings of a study conducted in Tanzania that used food consumption as an indicator of food security to establish factors influencing household food security. The research found that households with family heads with higher education levels had a better household food security status than those with lower education levels (Mason et al., 2015). This information shows that education levels have an effect on our understanding of the environment that affects agricultural productivity and ultimately food security.
[bookmark: _Toc209268445][bookmark: _Toc213770138]4.2.1.3 Respondents’ perceptions of causes of climate change
Since most of the respondents said that they were aware of climate change and were able to recognise the signs of climate change, as indicated in Tables 4.1 and 4.3 above, the study further sought to establish their understanding of the causes of climate change, as shown in Table 4.5 below. 
[bookmark: _Toc209268489][bookmark: _Toc213770192][bookmark: _Toc183528344]Table 4.5: Respondents’ views on common causes of climate change 
	
	Causes of Climate Change
	No. of Respondents
	Percent
	Cumulative Percent

	Valid
	Industrial pollution
	44
	13
	13

	
	Clearing of vegetation indiscriminately
	81 
	24
	37

	
	Indiscriminate cutting of trees
	71
	21
	58

	
	Uncontrolled animal grazing
	14 
	4
	62

	
	 Not sure
	131
	38
	100

	
	Total
	341
	100
	


Source: Survey results by the researcher, 2025
Table 4.5 above shows that the majority of the respondents (131) representing 38% of the 341 total respondents handled were not sure of the causes of climate change, followed by 24% and 21% who submitted that climate change was caused by indiscriminate clearing of vegetation and cutting of trees, respectively, in Chilanga district. 
The minority, 13% and 4% cited industrial pollution and uncontrolled animal grazing as causes of climate change in the district, as shown in Table 4.5 above. The indiscriminate cutting of trees, for various purposes, as one of the causes of climate change in Chilanga district, also came out strongly during the interviews with the key informants.  All three key informants explained that the cutting of trees indiscriminately for timber and charcoal burning was mostly undertaken by Chilanga residents. It was also established during interviews that timber harvesting and charcoal burning were sources of income for purchasing food and other necessities by families affected by the adverse effects of climate change. One of the interviewees, whose statement summarised what came out from key informants, mentioned that the issues of cutting trees for timber and charcoal for income exacerbated the effects of climate change in Chilanga district. The interviewee said: 
The major cause of climate change, among others, is the cutting of trees for timber and charcoal, which has affected the ecosystem in the Chilanga district, causing the climate change we complain about. This has put pressure on the government of Zambia because it has negatively affected the rain pattern, leading to poor crop harvests. Poor crop harvests force the government to provide food aid yearly to the affected communities.
Therefore, the study established that industrial pollution, clearing of vegetation unnecessarily, indiscriminate cutting of trees, and uncontrolled animal grazing were the major causes of climate change in Chilanga district.
Industrial pollution, large-scale clearing of vegetation, indiscriminate tree cutting and uncontrolled grazing operate together to degrade the natural resource base on which smallholder farmers depend. First, the removal of woody vegetation and conversion of woodlands to cropland reduces soil organic matter and weakens soil structure, accelerating water-driven erosion and lowering soil fertility (Slayi, M. (2024). The loss of topsoil and organic carbon reduces crop water-holding capacity and nutrient availability, causing sustained yield declines for rain-fed smallholder systems. 
Second, unchecked grazing and removal of ground cover compact soils, reduce ground-level vegetation diversity and shorten the grazing season, which together lower pasture productivity and increase susceptibility to drought (Adeniyi et al., 2017). Overgrazing also contributes to sheet and gully erosion that removes productive land from cultivation or forces farmers to migrate to marginal lands, further perpetuating degradation (Adeniyi et al., 2017). These processes have been associated with falling household crop and livestock productivity in empirical studies across the region. 
Third, industrial emissions and local air pollution directly and indirectly reduce agricultural productivity. Empirical investigations in Southern African contexts show that particulate and gaseous pollutants can impair photosynthesis, reduce leaf area, and lower yields of staple crops such as maize, compounding the impact of degraded soils and erratic rainfall on food security for smallholders who lack irrigation or capital to adapt (Makate et al., 2017). Air pollution also poses health risks for farming households, increasing labour loss and treatment costs (Makate et al., 2017).
Fourth, landscape changes from deforestation and vegetation clearing alter local hydrology and microclimate, reducing infiltration, increasing surface runoff and flashiness of streamflow, and lowering dry-season base flows (Sharma, Mina & Kumar, 2022). For smallholder farmers dependent on rain-fed cropping and local water sources, these hydrological shifts mean higher crop failure risk during dry spells and lower access to water for livestock and household use (Sharma, Mina & Kumar, 2022). Empirical land-conversion studies in Zambia and neighbouring areas document these linkages between woodland loss, declining soil moisture, and reduced farm resilience (Sharma, Mina & Kumar, 2022). 
Finally, the combined environmental effects translate into reduced incomes, increased food insecurity, and greater vulnerability to climate extremes for smallholder households. Gusha et al. (2024) argue that empirical household surveys and field assessments across Southern Africa report that farmers facing degraded soils, poorer pastures, polluted air and reduced water availability adopt short-term coping strategies (e.g., selling livestock, cutting fallow periods), which often undermine long-term productivity. Restoration and sustainable land management (e.g., conservation agriculture, controlled grazing, reforestation) are repeatedly recommended by the evidence as necessary to reverse losses and build smallholder resilience. 
In summary, industrial pollution, vegetation clearance, tree cutting and uncontrolled grazing each stress the same environmental stocks (soil, water, biodiversity). In Southern Africa, these stresses have been empirically linked to lower soil fertility, greater erosion, poorer water availability, and reduced crop and livestock productivity, which directly undermine the food security and livelihoods of smallholder households. Policies that combine pollution control, secure tenure and community rangeland/forest management, plus farmer-level adoption of soil-conserving practices (agroforestry, conservation agriculture, controlled grazing), are supported by the empirical literature as the most effective pathway to protect smallholder livelihoods while slowing the regional drivers of climate change (Gusha et al., 2024). 
[bookmark: _Toc209268446][bookmark: _Toc213770139]4.2.2 Effects of climate change on maize crop cultivation 
The study focused on soliciting the views of the respondents on the maize crop. The focus on maize crop was necessary because it is a staple food crop in Chilanga district, and Zambia in general. Therefore, this subsection presents and discusses respondents’ views on whether or not climate change affected household maize production. It also presents and discusses the effects of climate change on maize crop fields and livelihood during the 2023/24 and 2024/25 farming seasons.  Further, the subsection presents and discusses maize crop productivity during the 2023/24 and 2024/25 farming seasons. 
[bookmark: _Toc209268447][bookmark: _Toc213770140]4.2.2.1 Determining if climate change had effects on household maize production
As regards whether or not climate change affected maize production of the respondents during the 2023/24 and 2024/5 farming seasons, 66% of the 341 respondents had their maize crop production affected by climate change in the 2023/24 farming season, compared to 10% who indicated the same for the 2024/25 farming season, as shown in Figure 4.2 below.

[bookmark: _Toc209268479][bookmark: _Toc213770181]Figure 4.2: Whether climate change affected maize crop production or not
Source: Survey results by the researcher, 2025
Conversely, 82% of the 341 respondents mentioned that their maize crops were not affected by climate change in the 2024/25 farming season compared to 1% who said the same for the 2023/24 farming season, as shown in Figure 4.2 above. Therefore, the study established that the majority of the respondents had their maize crops affected by climate change in the 2023/24 farming season, whereas in the 2024/25 farming season, only very few were affected, implying that the majority of their maize crops were not affected by climate change in the 2024/25 farming season.
The above results were confirmed during interviews with technocrats, whose majority two of the three key informants said the 2024/25 farming season received good rainfall, favourable for maize crop cultivation, hence, bumper maize crop harvests in Chilanga district. 
[bookmark: _Toc209268448][bookmark: _Toc213770141]4.2.2.2 How climate change affected maize crop fields during the 2023/24 farming season 
The majority (38%) of the 341 respondents said climate change triggered maize crop pests that affected maize plants' growth, while 27% of the respondents, which was the second topmost, said climate change led to stunted growth of maize crops in Chilanga district, as shown in Figure 4.3 below. Others (19%) mentioned that climate change made maize plants dry, while 14% cited maize crop diseases as major effects of climate change on maize fields. The minority (2%) remained mute, as shown in Figure 4.3 below. Therefore, most of the respondents viewed maize crop pests, triggered by climate change, as a major menace in their maize fields during the 2023/34 farming season in Chilanga district. 

[bookmark: _Toc25851878][bookmark: _Toc27735088][bookmark: _Toc27735442][bookmark: _Toc75501759][bookmark: _Toc213770182]Figure 4.3: How climate change affected maize fields
Source: Survey results by the researcher, 2025
The finding of this study on maize crop pests being a major menace to maize crop production, as indicated by the majority of the respondents, is supported by De Pinto et al. (2019). De Pinto et al. (2019) explain that maize production is highly affected by abnormal climate events such as heat waves and droughts that accelerate the growth of maize pests that mercilessly feast on maize crops, thereby potentially reducing crop productivity. Similarly, Mafongoya et al. (2022) conducted a study using a systematic review of existing literature aimed to summarise the effects of climate change on food security for smallholder farmers in Southern Africa, whose outcome supports the findings of this study. The outcome of the study by Mafongoya et al. (2022) indicated that climate change was transforming the dynamics of pests and diseases of both crops and livestock, e.g., in some countries of Southern Africa, new pests like fall armyworms have negatively affected the productivity of maize and tomato crops. Adhikari et al. (2015) also support the outcome of this study and further mention that other negative effects of global warming are blights and harmful insects on crops that reduce crop productivity. 
In summary, maize crop, as a major staple food in Zambia, is exposed to the effects of climate change that favour the growth and multiplication of maize pests, giving rise to stubborn and destructive maize crop diseases such as goss’s wilt, gray leaf spot, northern corn leaf blight, and southern corn leaf blight (De Pinto et al., 2019). Furthermore, climate-related events such as droughts, floods, and storms affected maize crop production in Chilanga district, especially during the 2023/24 farming season, by destroying crops through crop pests and disease attacks on maize crops, thereby disrupting household food security. 
[bookmark: _Toc209268449][bookmark: _Toc213770142]4.2.2.3 How climate change affected households: 2023/24 and 2024/25 farming seasons 
When further asked as to how climate change affected respondents’ livelihoods of those who said they were affected or somehow affected by climate change, as indicated in Figure 4.2 above,  a number of ways were submitted. However, the above inquiry did not apply to 82% of the 341 respondents because their maize fields were not affected during the 2024/25 farming season, as indicated in Figure 4.2 above and Figure 4.4 below. Nevertheless, 6% of the respondents complained of poor yields in the 2024/5 farming season, compared to 33% who did the same for the 2023/24 farming season. 

[bookmark: _Toc209268480][bookmark: _Toc213770183]Figure 4.4: Direct and indirect effects of climate change on livelihood 
Source: Survey results by the researcher, 2025
Other respondents (21%) complained of instability of maize supplies on the market during the 2023/24 farming season, compared to 3% who did the same during the 2024/25 farming season, as shown in Figure 4.4 above. Therefore, the study established that the major way in which climate change affected the agricultural livelihood of respondents was the resultant poor maize yields, which had a bearing on income loss, instability of maize supplies, high maize prices and reduced number of meals mentioned by respondents, especially during the 2023/34 farming season. 
On the income loss cited in Figure 4.4 above, some study results in Southern Africa agree with the finding. For instance, a study by Stadtbäumer et al. (2022) to investigate how households’ cultivation patterns were affected by climate change in Mantapala settlement in Nchelenge District of Zambia established that without changing land and labour inputs, a dry and a wet climate significantly reduced farmers’ income. They concluded that climate change had a serious impact on farm yields, which affected farmers’ income. Also, De Pinto et al. (2019) argue that, apart from affecting agricultural production and productivity, climate change has a wide range of effects on the rural economy, including loss of income of farm households. 
Regarding poor maize yields that led to instability of maize supplies on open markets and high maize prices, Ilori et al. (2024) support the findings. They state that poor agricultural yields trigger scarcity of food crops and drive up food prices, thereby limiting families’ access to adequate and nutritious food (Ilori et al., 2024). In addition, Muzerengi et al. (2021) explain that climate change may make it difficult for people to access enough food as it affects how food is grown, makes it more expensive and limits access to healthy meals. Further, high food crop prices can lead to food insecurity, particularly for low-income households, by reducing their access to affordable and nutritious food. This can happen through several mechanisms, such as decreased purchasing power, reduced food consumption, and shifts towards less nutritious food choices.  Access limitation to adequate food crops because of poor yields, high crop prices and instability of supplies cited above can disproportionately affect vulnerable populations who rely on farming for their livelihoods or live in areas with limited market access. 
[bookmark: _Toc209268450][bookmark: _Toc213770143]4.2.2.4 Maize crop productivity in 2023/24 and 2024/25 farming seasons
Figure 4.5 below shows that 73% of the 341 respondents produced more 20  50kg bags of maize grain on average per 0.25 hectares of land in 2024/25 farming season than in 2023/24 season, where 8% of the same number of respondents produced the same number of bags of maize grain on the same size of the piece of land in Chilanga district. Most of the respondents (49%) produced less than 5 50kg bags of maize grain, on average, per 0.25 hectare of land in 2023/24 farming season compared to 7% of them who produced the same amount of bags of maize grain on the same size of a piece of land in 2024/25 farming season as shown in Figure 4.5 below. Therefore, the study results revealed very low maize crop productivity by the respondents in the 2023/24 farming season in Chilanga district, implying that severe climate change significantly contributed to low maize crop productivity. 


[bookmark: _Toc209268481][bookmark: _Toc213770184]Figure 4.5: 50 kg bags of maize grain produced in 2023/24 and 2024/25 farming seasons 
Source: Survey results by the researcher, 2025
Responses from the key interview informants (KIIs) were in agreement with the above results. The KIIs explained that maize crop productivity in the 2023/24 farming season was disastrous compared to the 2024/25 farming season, which recorded bumper maize crop harvests in Chilanga district due to favourable weather conditions. One technocrat said:
The year 2023/24 farming season will go into the annals of history due to very poor maize harvests in Chilanga district, due to severe climate change presented in the form of drought and heatwaves, which severely affected crop production in general. To the contrary, this year (2025), God has rescued farmers by providing good rains to have bumper maize harvests.
Through documented records and observations, the researcher confirmed the submissions by both the respondents and key interview informants, as depicted in Figures 4.6 and 4.7 below.
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Pictures of stunted maize growth in the 2023 farming season at Kacheta agriculture camp in Chilanga district
[bookmark: _Toc209268482][bookmark: _Toc213770185]Figure 4.6: Stunted maize growth in 2023 in Kacheta agricultural camp in Chilanga district
Source: Zambia Disaster Management & Mitigation Unit, 2023
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Surplus sale of maize at the FRA     			Maize storage for food security at a farmhouse
[bookmark: _Toc209268483][bookmark: _Toc213770186]Figure 4.7: Bumper maize harvests in 2025 in Lusaka-West agricultural block in Chilanga district 
Source: Survey results by the researcher, 2025
To confirm the findings from the key interview informants and observations, a paired samples t-test was performed on the respondents’ maize crop productivity for the 2024/25 and 2023/24 farming seasons, as shown in Table 4.6 below. This was done to compare the means of maize productivity of the said farming seasons to determine if there was a significant difference in productivity because of climate Change. 
[bookmark: _Toc209268490][bookmark: _Toc213770193]Table 4.6: Paired samples on maize productivity in 2023/24 and 2024/25 farming seasons 
	Variables of Analysis
	Mean
	n
	Std. Deviation
	Std. Error Mean

	Pair 1
	
Maize crop productivity during the 2024/2025 farming season
Maize crop productivity during the 2023/2024 farming season 


	
4.38


2.09

	
341


341
	
1.203


1.309


	
.065


.071





n = number of respondents		Std. = Standard
Source: Survey results by the researcher, 2025
The results of a paired samples t-test shown in Table 4.6 above revealed that the maize crop productivity in the 2024/25 farming season (N = 341) had a higher mean (M = 4.38) than the maize crop productivity in the 2023/24 farming season (M = 2.09). The mean difference was (M1 - M2) = 2.29. The variation of the standard deviation (SD) in the data was wider for the maize crop productivity in the 2023/24 farming season (SD = 1.31) than the maize crop productivity in the 2024/25 farming season (SD = 1.20), as shown in Table 4.6 above. 
The maize crop productivity mean in the 2023/24 farming season was statistically significantly lower than the maize crop productivity mean in the 2024/25 farming season, signifying that the Food Security Pack programme beneficiaries produced fewer maize crops in the 2023/24 farming season than in the 2024/25. Therefore, the results suggest that climate change affected the maize crop productivity of the Food Security Pack programme beneficiaries in the 2023/24 farming season more than in the 2024/25 farming season in Chilanga district. However, to determine the effect size of climate change on maize crop productivity of the Food Security Pack programme beneficiaries in the 2023/24 farming season, Cohen’s d was calculated using the formula: 
     Cohen’s d  	= (M1 - M2) ÷ SDPooled
= (4.38 – 2.09) ÷ 1.25
= 1.8
Cohen’s d was projected at 1.8. Therefore, Cohen’s d indicated a large effect based on Cohen’s (1992) rule of thumb, which interprets the effect size as follows: 0.2 = small effect, 0.5 = moderate effect, 0.8 large effect (Liu, 2023). In this regard, there was very solid proof that a statistically significant difference in maize crop productivity in 2023/24 and 2024/25 farming seasons existed, with the former having lower maize crop productivity than the latter due to the severe effects of climate. 
The above statistical proof that the 2023/24 farming season had less maize crop productivity than the 2024/25 season is supported by Mugiyo et al. (2023), who argue that the 2023/24 and 2024/25 farming seasons in Southern Africa showed contrasting but connected impacts of climate change on smallholder maize production. Mugiyo et al. (2023) explain that the 2023/24 season was dominated by an El Niño‑related drought that produced widespread yield losses, acute food insecurity, and multiple national disaster declarations, while the 2024/25 season exhibited a mixed picture of localised recovery where rains returned and resilient varieties or targeted support were deployed, alongside ongoing vulnerabilities caused by depleted soils, high input costs, and reduced subsidy coverage.
Empirical assessments identify the 2023/24 season as strongly affected by El Niño, with below‑average rainfall and above‑average temperatures across much of the region (FAO, 2024). FAO’s GIEWS Special Alert and regional humanitarian analyses reported below‑average cereal harvests and widespread crop wilting; several countries (Malawi, Zambia, Zimbabwe, Lesotho, and Namibia) declared national disasters and registered sharp maize shortfalls (FAO, 2024). Country estimates and contemporaneous studies documented dramatic maize reductions (e.g., Zimbabwe and Zambia experienced large percentage declines and increased import needs), amplifying food insecurity for smallholders who depend on rainfed maize (FAO, 2024). 
By the 2024/25 farming season, some areas showed partial recovery where seasonal rains improved and targeted interventions (seed distribution, social protection, seed systems) were implemented (ACAPS, 2024). Breeding programmes released drought‑tolerant and stress‑resilient maize hybrids in late 2024, and pilot climate‑information and anticipatory action initiatives helped some smallholders adjust planting dates or diversify crops (CIMMYT, 2024). However, recovery was uneven due to constrained access to fertiliser and inputs, weakened household purchasing power, and residual soil moisture deficits and limited yield rebounds for many smallholders (ACAPS, 2024). 
Empirical evidence from the two farming seasons suggests that short‑term climate shocks (like El Niño) can cause rapid, large yield losses, while recovery depends on pre‑existing resilience, timely policies, and the scale of adaptation uptake. Strengthening seed systems, improving fertiliser access, expanding climate services, and maintaining social protection are necessary to reduce variability and protect smallholder livelihoods.
[bookmark: _Toc209268451][bookmark: _Toc213770144]4.2.3 Household food insecurity coping mechanisms	
Since climate change sparks off household food insecurity because of its effect on maize crop production and productivity, which results in poor yields, instability in maize supplies, and high maize prices, among others, as presented in Figure 4.5 above, the study sought to establish respondents’ coping mechanisms against food insecurity in association with gender, as shown in Table 4.7 below.
[bookmark: _Toc31049630][bookmark: _Toc75501740][bookmark: _Toc213770194]Table 4.7: The association between coping strategies against food insecurity and gender
	

Respondents'
Gender
	Adopted Coping Mechanisms Against Food Insecurity
	

Total

	
	Temporal migration
	Purchasing processed foods
	Consuming wild fruits
	Reducing number of meals
	Food aid
	

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	Valid
	Male
	56
	17
	58
	17
	10
	3
	10
	3
	13
	4
	146
	43

	
	Female
	7
	2
	15
	4
	31
	9
	39
	11
	102
	30
	195
	57

	
	Total
	63
	19
	73
	21
	41
	12
	49
	14
	115
	34
	341
	100


Source: Survey results by the researcher, 2025
The observed frequency patterns in Table 4.7 above show that male respondents resorted to temporal migration (56 out of 341 respondents) and purchasing processed foods (58) compared to females (7 and 15, respectively). Conversely, a higher proportion of female respondents resorted to consuming wild fruits (31), reducing the number of meals (39), and depending on food aid (102) compared to their male counterparts (10, 10, and 13, respectively). This pattern suggests that gender plays a crucial role in determining the choice of coping strategies, with women being more reliant on consumption-based and aid-related strategies, while men tend toward mobility and market-based coping mechanisms.
Temporal (seasonal or short-term) migration, which the majority of male respondents resorted to as a coping strategy, is an increasingly common coping strategy among Southern African smallholder households facing climate shocks (failed rains, drought, and cyclones). While temporal migration can provide income diversification through remittances and reduce immediate pressure on depleted farms, empirical studies show important environmental feedbacks that affect remaining smallholders and local ecosystems. First, out-migration of working adults often shifts labour burdens to the elderly and children, reducing capacity for timely land management (weeding, fallow rotation, fuelwood management) and accelerating land degradation and bush encroachment around homesteads (Hoffmann et al., 2022). Second, seasonal influxes of migrants into marginal grazing or peri-urban areas concentrate pressure on scarce water and pasture resources, increasing overgrazing, soil compaction and local vegetation loss (Borderon et al., 2019). Third, when migration is driven by repeated slow-onset events (progressive drought, declining groundwater), land-use change, abandonment of fields, expanded informal charcoal production, or conversion to short-term rental plots can reduce soil fertility and ecosystem services that smallholders depend on (Hoffmann et al., 2022). These environmental consequences create a feedback loop, such as degraded local resources and lower agricultural productivity for those who remain, which in turn increases future migration pressure and vulnerability. Policymakers should therefore integrate migration-aware land-management, support remittance-linked investments in sustainable practices, and strengthen local natural-resource governance to break the degradation–migration cycle. (Mpandeli, 2020).
A Pearson’s Chi-Square test of independence was conducted to examine the association between respondents’ gender and the coping strategies adopted against food insecurity in Chilanga District. The results revealed a statistically significant association between gender and the type of coping strategy used, χ²(4, N = 341) = 156.74, p < .001, as shown in Table 4.8 below. 
[bookmark: _Toc75501741][bookmark: _Toc213770195]   Table 4.8: Chi-Square test of association between gender and coping strategies against food insecurity
	
	Variable
	N
	χ²
	df
	p-value
	Interpretation

	
	Gender × Coping strategies against food insecurity
	341
	156.74
	4
	< .001
	Significant association

	
	
	
	
	
	
	


Note. N = number of respondents; χ² = Chi-Square statistic; df = degrees of freedom; p < .001 indicates statistical significance at α = 0.05; Rule of Thumb = If p < 0.05 (there is a statistically significant association), If p ≥ 0.05 (there is no statistically significant association)  
These findings suggest that gender plays a substantial role in determining the adaptive measures households use in response to food insecurity in light of climate change, as confirmed by the Pearson Chi-Square test in Table 4.8 above. Therefore, understanding these gendered patterns is vital for designing targeted interventions and policies that address the distinct needs and capacities of men and women in improving household food security and resilience in the wake of climate change. Such gender-sensitive interventions in food security programming align with the Food and Agriculture Organisation’s (FAO, 2021) call for incorporating gender dimensions in resilience and food security initiatives, as well as the World Bank’s (2020) emphasis on empowering women to enhance household food stability in rural communities in light of climate change.
The majority of female respondents aligned themselves more with food aid than with any other coping strategies. Food aid programmes administered by the government of Zambia and its cooperating partners help to ensure the enhancement of some levels of household food security. Provisions of food aid help households to secure access to available food supplies to ensure that all household members have physical access to basic, nutritious food at all times (Savari & Zhoolideh, 2022). Agreeing with the discussion above is the outcome of the study by Mafongoya et al. (2022), who used a systematic review of existing literature to summarise the current state of knowledge on climate change and its effect on food security for smallholder farmers in Southern Africa. The outcome of the review study concluded that, although climate adaptation, mitigation and resilient building are necessary, they take some years to yield desired results; in the meantime, humanitarian food assistance was vital to address the effects of climate change on food and nutritional security in the short term (Mafongoya et al., 2022).
Summation of the above discussions on food aid shows that some commitments by the government of Zambia and its cooperating partners to provide food aid to communities that are hard-hit by food insecurity due to climate change demonstrate the fundamental paradigm shift in thinking about food security from the national to the household and individual levels. This paradigm shift in thinking of food security from the national to the household levels is a breakthrough in efforts aimed at eliminating hunger and poverty at lower levels (Alpízar et al., 2020). However, Savari and Zhoolideh (2022) explain that humanitarian food aid is important for emergencies as interim relief because it is not sustainable for prolonged periods of anguish. 
[bookmark: _Toc209268452][bookmark: _Toc213770145]4.2.4 Respondents’ recommendations to cushion the effects of climate change on maize cultivation
The majority, 45% of the 341 respondents, submitted that there was a need for the provision of drought-resistant maize crop seed varieties from the government of Zambia and its cooperating partners in Chilanga district, followed by 22% of the respondents who recommended the introduction and scaling up of climate-smart agriculture. Seventeen percent (17%) of the respondents submitted that there was a need for the government of Zambia and its cooperating partners to rejuvenate and improve the agricultural extension services, while 9% recommended an increase in food aid to the affected communities, as shown in Table 4.9 below.
[bookmark: _Toc209268493][bookmark: _Toc213770196]Table 4.9: Respondents’ recommendations to mitigate effects of climate change 
	
	Respondents’ Recommendations
	No. of Respondents
	Percent
	Cumulative Percent

	Valid
	Increase food aid  
	32
	9
	9

	
	Provide drought-resistant maize seeds
	154
	45
	54

	
	Intensify climate-smart agriculture
	72
	22
	76

	
	Improve extension services
	58
	17
	93

	
	Promote water harvesting
	25
	7
	100

	
	Total
	341
	100
	


Source: Survey results by the researcher, 2025
The minority, 7% of the 341 respondents, recommended promotion of water harvesting in times of good rain seasons, as shown in Table 4.9 above. Therefore, the study established that all the respondents had proposals on how to cushion the effects of climate change on household food security in Chilanga, with the provision of drought-resistant crop seed varieties being the most suggested. 
The key informants supported all the recommendations from the respondents, apart from the one on increasing food aid. The recommendation on the need for the government of Zambia and its cooperating partners to increase food aid to affected communities in Chilanga district to cushion the effects of climate change was disputed during interviews with the three key informants. Two of the three key informants argued that food aid was not sustainable for prolonged periods of hunger. In response to the question asked, one technocrat said: 
The effects of climate change are felt for a long period, if not the whole year, making food aid unsustainable. The best way to go is to enhance mitigation and adaptation measures, such as intensifying the implementation of climate-smart agriculture, providing drought-resistant seeds, and strengthening extension services, among other measures. 
In as much as all the respondents’ recommendations shown in Table 4.12 above are cardinal to curb the effects of climate change on maize crop production in Chilanga district, the discussion focuses on the two topmost recommendations, i.e., provision of drought-resistant crop seeds and full-scale implementation of climate-smart agriculture.  Agriculture is receiving more attention worldwide in terms of adapting to the negative effects of climate change to meet the needs of vulnerable farmers who depend directly on it for food. The Southern African countries, including Zambia, are aware of the threat of climate change to national and household food security. Countries with recurrent climate change occurrences in Southern Africa have been putting together efforts to find solutions, such as providing drought-resistant crop seeds and implementing climate-smart agriculture, as submitted by most of the respondents to counter threats of climate change on agricultural production and productivity (Evanilde, 2024). However, the pace of implementing solutions has been slow, and climate change experts are few because it is a relatively new phenomenon (Evanilde, 2024).
Because of the IPCC (2023) Report’s emphasis on the importance of the agricultural sector to adapt to climate change due to greenhouse gas emissions that will see global warming continue for the next several decades, provisions of drought-resistant crop seeds to the vulnerable small-scale farmers are inevitable. Mulenga et al. (2015), who argue that agriculture is climate-dependent and susceptible to climate change, support the argument given above. Therefore, preparations for adaptation measures, such as providing drought-resistant crop seeds, should be an urgent priority to avoid crop failure. FAO (2020) also adds its voice and suggests that the agricultural sector, as a major source of food, must be at the centre stage in the global efforts aimed at adapting to climate change through policies and actions that promote research in drought-resistant crop seeds. 
As regards the recommendation on climate-smart agriculture implementation submitted by the second majority of the respondents, researchers have conducted several studies whose results support the submission. For instance, using data from global circulation models and unconstrained emissions, Ngoma et al. (2021) researched the effects of climate change on food security in Zambia. The study, whose objective was to assess the potential impacts of climate change on agricultural crop production at national and sub-national levels, recommended the transformation of the agriculture sector by investing in climate-smart technologies such as irrigation and drought-tolerant crop varieties, among others (Ngoma et al., 2021).
To sum up, the implementation of all the above recommendations to curb the effects of climate change on agricultural production and productivity requires collective support and commitment from the government of Zambia, cooperating partners, and vulnerable farmers. Collective action in investing in sustainable solutions and equitable food systems that can withstand the test of time to foster food security for the present and future generations is necessary for fostering the household food security of vulnerable farmers. 
[bookmark: _Toc209002732][bookmark: _Toc209268474][bookmark: _Toc213770146]4.2.4.1 Researcher’s analytical deduction on climate change effects on maize in Chilanga 
Climate change is increasingly reshaping the environment in Chilanga district, affecting maize growth. Maize, which is largely rain-fed and grown by smallholder and peri-urban farmers in Chilanga district, is experiencing greater yield variability and more frequent crop failures because of increased drought frequency and intensity, more erratic rainfall timing, higher temperatures, and associated increases in pests, diseases and post-harvest losses. Farmers report shorter rainy seasons, late onsets and more frequent dry spells during critical growth stages (germination, tasselling and grain fill). These changes cause poor crop establishment and large yield reductions in marginal seasons. National El Niño/drought events recently destroyed large maize areas and illustrate how Chilanga’s rain-dependence translates climatic shocks directly into production shocks (Chilanga Town Council, 2024). Rising mean and peak temperatures increase crop water demand, while heat stress during flowering reduces pollination and kernel set, lowering yields even when rainfall is adequate. Temperature rises also worsen storage and drying conditions after harvest.  Further, warmer conditions and altered humidity patterns favour pests (e.g., stem borers, fall armyworm outbreaks regionally) and storage pests/fungi. Some studies in Zambia show climate-linked increases in post-harvest loss risks. Even small temperature increases can substantially raise grain losses in storage. This reduces the amount of maize that reaches markets or household consumption. 
How climate variability hit maize production in Chilanga
Unreliable start of the rainy season forces late planting or re-planting; if a dry spell hits at tasselling/flowering, it causes pollination failure and sharply lower grain set. Smallholder farmers who depend on a single season are especially exposed.  Heat stress and intermittent drought reduce average yields and make harvests highly variable year-to-year, undermining household food security. National assessments show droughts have destroyed large maize areas during recent severe events, which led to the declaration of a national drought emergency in the 2023/2024 farming season after very large maize losses. Also, more intense rains interspersed with dry spells increase runoff and erosion on exposed fields, stripping topsoil and nutrients and reducing fertility, a challenge already noted in Chilanga’s planning documents (Chilanga Town Council, 2024). Poor soils make maize less able to tolerate climate stress. Further, warmer conditions and altered humidity can expand the incidence and timing of maize crop pests (stem borers and fall armyworm and maize crop diseases. Nevertheless, there are available climate resilience models which offer options for maize production for smallholder farmers, and these include: switch to drought-adaptive maize seed varieties, conservation agriculture, and Index-based maize crop insurance, among others. However, for Chilanga district, rather than relying on a single model, the most resilient strategy is a model that combines two or more models/approaches to yield better results. This model that combines two or more models/approaches is called a model portfolio or portfolio approach for maize resilience.
[bookmark: _Toc213770147]4.2.5. Development of a suitable model portfolio for maize resilience for Chilanga district
Arising from the above-presented analytical deduction, the researcher recommends an approach called a model portfolio (portfolio approach) for maize resilience, which can work well for Chilanga district. A model portfolio is a strategy that combines multiple adaptation options or models, rather than relying on a single intervention to reduce climate risks and enhance maize productivity and stability under uncertain future climatic conditions (CIMMYT, 2020). Therefore, the suggested model portfolio approach for maize resilience in Chilanga district should be one with a design of a combination of technologies/practices that have been tested to predict performance under various climate scenarios. Below is a list of approaches that the recommended model portfolio should include: 
i. Drought-tolerant variety of maize seeds;
ii. Conservation farming in maize production; and 
iii. Index-based maize crop insurance.

i. Drought-tolerant or stress-resilient maize seeds
Drought-tolerant maize, also known as climate-smart maize or DT maize, refers to maize varieties bred through conventional breeding or biotechnology to withstand periods of limited water availability without major yield losses. Zambia’s maize production is highly rain-fed and vulnerable to increasing drought frequency and intensity due to climate change. Therefore, in combination with the two other climate adaptation approaches stated above, adoption of drought-tolerant maize seeds can work well to cushion the effects of climate change on maize production in Chilanga district and Zambia, in general. Drought-tolerant maize seeds can be suitable for Chilanga district because plants have deeper and more extensive root systems that access moisture deeper in the soil, improved leaf retention, delayed wilting during dry spells, and shorter maturity periods (they can complete their life cycle before drought stress intensifies),  among others (CIMMYT, 2020). Examples of drought-tolerant maize seeds include: Drought TEGO hybrids (commercially used in sub-Saharan Africa), and Zea mays L. DT hybrids developed under the Water Efficient Maize for Africa (WEMA) project (CIMMYT, 2020). 
Benefits of using drought-tolerant maize seeds
There are several benefits accrued from the adoption of drought-tolerant maize seeds by farmers, especially smallholder farmers. Drought-tolerant maize seeds improve yield stability, for instance, DT maize yields 20–30% more than conventional varieties under moderate drought conditions. They also reduced risk and vulnerability by helping smallholder farmers maintain maize production, thereby enhancing food security and income during erratic rainfall seasons. Further, drought-tolerant maize seeds ensure stable harvests, leading to better household income and reduced reliance on food aid. Last but not least, drought-tolerant maize seeds help to reduce pressure on water resources and can work well across different agro-ecological zones in Zambia. 
ii. Conservation farming in maize production
Conservation farming in maize production refers to a set of agricultural practices designed to improve soil health, enhance water use efficiency, and increase crop productivity while conserving natural resources. It is particularly important in regions like Zambia and southern Africa, where erratic rainfall, soil degradation, and climate change threaten maize yields. Conservation farming is a sustainable agricultural system that emphasises minimal soil disturbance, permanent soil cover, and crop rotation. It is a form of conservation agriculture specifically applied to maize and other staple crops. According to the Food and Agriculture Organisation (FAO, 2011), conservation farming aims to “maintain a permanent or semi-permanent organic soil cover and a diversified crop rotation to achieve sustainable and profitable agriculture.” 
In maize production, conservation farming promotes sustainable soil and water management practices that increase yields and resilience, especially under climate stress (like droughts). The main components of conservation farming suitable for maize production include:
· Minimum soil disturbance (Farmers avoid ploughing or turning the soil. Instead, they make small planting basins or rip lines to maintain soil structure, reduce erosion, and improve water infiltration and retention.
· Permanent soil cover or mulching (Crop residues, cover crops, or organic mulch are kept on the soil surface to protect soil from erosion and evaporation, enhance soil fertility through organic matter decomposition, and reduce weed growth).
· Precision planting or planting basins and spacing (Planting holes or basins are dug at precise intervals and depths, ensuring uniform spacing and optimal plant populations to conserve moisture by concentrating water around the root zone, enhancing nutrient and seed efficiency.
· Integrated soil fertility management (Combines organic inputs (compost, manure) with inorganic fertilisers in targeted spots to improve nutrient availability, reduce fertiliser waste, and build long-term soil fertility.
· Weed and pest management (Early and regular weed control using hand tools, cover crops, or mulching to reduce competition for nutrients/water and limit pest build-up.
· Water harvesting and retention (Techniques that trap and retain rainwater in the field to enhance moisture availability for maize roots during dry spells, e.g., contour ridges and basins (to reduce runoff) and mulching to minimise evaporation.
· Residue retention and organic matter recycling (Retaining crop residues or adding compost back to the soil to improve soil carbon, structure, and water-holding capacity, which are essential for maize growth.
There are several benefits that smallholder farmers can enjoy from practising conservation farming practices in maize crop production in Chilanga district. These benefits include: Improved soil fertility and structure (Organic matter from mulch and residues enriches the soil and enhances nutrient cycling). Enhanced water retention and drought resilience (Mulching reduces water loss and improves infiltration, protecting crops during dry spells). Reduced production costs (Less ploughing lowers fuel and labour costs). Increased maize yields (Better soil health and moisture lead to higher productivity over time). Environmental conservation (Prevents soil erosion and degradation, sustaining long-term productivity). Resilience to climate change (Maintains stable yields under variable rainfall conditions).
iii. Index-based maize crop insurance
Index-based maize crop insurance, sometimes called weather-index or area-yield insurance, pays insured farmers based on an objective measurable index, e.g., rainfall at a gauging station, a satellite-estimated vegetation index, or the average yield for an area, rather than paying for losses measured on each farmer’s field. It transfers weather and yield risk without the need for field-level claims adjusting. Index products can be used to protect the maize of smallholders from drought/heat-waves and flood risk in Zambia. The main types of index-based maize crop insurance that can be suitable for Chilanga district are: weather-index insurance (WII) and area-yield index insurance (AYII). WII is based on weather variables such as rainfall and dry days, and this is good where weather station/satellite data are reliable.  AYII payout depends on the observed average yield for a clearly defined area, e.g., a village or a district. It reflects realised production losses at the area level.  
Farmers, especially smallholder farmers, can enjoy a lot of benefits with index-based maize crop insurance. The following are the benefits that smallholder farmers can enjoy if they take up this type of insurance cover:-
· Because pay-outs are triggered by observable data rather than field inspections, payments are much faster (often days rather than weeks/months), helping farmers recover and replant or buy inputs.  
· No need for individual loss adjusters saves time and money, making it feasible to cover many smallholders.  
· Since payments are not based on farmer actions or reported damages, incentives to misreport losses are removed. 
· It can be integrated with credit and input programmes, like the food security pack programme studied. 

With the above information on the recommended model portfolio for maize production, a design of a resilience model portfolio embracing a strategic combination of technologies, practices and policies was developed, and it is shown in Appendix 7. The combination of models/approaches and policies shown in the designed model portfolio in Appendix 7 is crafted to reduce vulnerability of maize production to climate risks (like drought, heat, floods, pests) and to enhance adaptive capacity for smallholder farmers in Chilanga district. 
[bookmark: _Toc505237002][bookmark: _Toc505237558][bookmark: _Toc31049552][bookmark: _Toc184275109][bookmark: _Toc209268453][bookmark: _Toc213770148]4.3 Summary of the Chapter
This chapter has presented and discussed the results on the effects of climate change on the agricultural food security of the beneficiary households of the Food Security Pack programme in Chilanga district in Zambia. As a build-up to the main results of the study, the chapter has presented and discussed the respondents’ profiles and their awareness of climate change. It has also presented and discussed the views of the respondents on how to recognise the effects of climate change and their perceptions of the causes of climate change. Further, the chapter has presented and discussed the effects of climate change on agricultural production with a focus on maize crop production and productivity for the 2023/24 and 2024/25 farming seasons. In addition, the chapter has presented and discussed respondents’ common coping mechanisms against food insecurity and their recommendations to cushion the effects of climate change on maize crop production. The chapter has ended with the researcher’s analytical deduction and development of a suitable model for maize resilience in Chilanga district.














[bookmark: _Toc209268454][bookmark: _Toc213770149]CHAPTER FIVE
[bookmark: _Toc209268455][bookmark: _Toc213770150]SUMMARY, CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc209002714][bookmark: _Toc209268456][bookmark: _Toc213770151]5.1 Introduction
This chapter presents a summary of the results of the study, which was conducted to investigate the effects of climate change on the agricultural food security of the beneficiaries of the Food Security Pack programme in Chilanga district in Zambia. Also, presented are the conclusions of the study, recommendations and areas for future research.
[bookmark: _Toc209002715][bookmark: _Toc209268457][bookmark: _Toc213770152]5.2 Summary of the research results
The summary of the research results focuses on the sub-themes of the following main thematic areas: biographic data of respondents, respondents’ perceptions of climate change, effects of climate change on maize crop production, and household food insecurity coping mechanisms. 
[bookmark: _Toc209002716][bookmark: _Toc209268458][bookmark: _Toc213770153]Biographic information 
There were more female-headed household heads (57% representing 195 respondents) than male-headed (43% representing 146 respondents) who participated in this study in Chilanga district. This confirms the Zambia Statistics Agency (2022) Census of Population and Housing Preliminary Report, which indicates that the female population of Chilanga district is higher than that of the male population. This entails that there were more female-headed households under the Food Security Pack programme in Chilanga district. 
[bookmark: _Toc209002720][bookmark: _Toc209268462][bookmark: _Toc213770154]5.2.1 Causes of climate change 	
This thematic area presents summary results of the following sub-themes: awareness of climate change, recognition of signs of climate change, and perceptions of causes of climate change by respondents. 
[bookmark: _Toc209002721][bookmark: _Toc209268463][bookmark: _Toc213770155]5.2.1.1 Awareness of climate change 
Most of the respondents, 62% representing 210 respondents, were aware of climate change in Chilanga district, while the minority 38% representing 131 respondents, were unaware. However, the percentage of the minority who were unaware was too big to be left unattended, if mitigation and adaptation are encouraged as measures to adapt to curb the effects of climate change worldwide. 
[bookmark: _Toc209002722][bookmark: _Toc209268464][bookmark: _Toc213770156]5.2.1.2 Recognition of signs of climate change 
Most of the respondents, 38% representing 131 respondents of the 341 respondents, were not sure of the signs of climate change. However, those who were able to recognise the signs of climate change mentioned dry spells/drought (23%), an increase in hot days/heatwaves (21%), unpredictable farming season (11%), and a minority, 7% mentioned an increase in the occurrence of heavy rains/flash floods. Therefore, the cumulative percentage of the respondents (62%) who were aware of climate change knew some signs of the effects of climate change. 
The majority of the respondents, 61 representing 18% of the 131 respondents who were not aware or sure of the signs of climate change, did not have a formal education. The less educated the respondents were, the higher the percentage of unawareness of the signs of the effects of climate change (i.e., 18% informal, 13% primary, 7% secondary, and 0% tertiary). 
[bookmark: _Toc209002723][bookmark: _Toc209268465][bookmark: _Toc213770157]5.2.1.3 Perceptions of causes of climate change
A cumulative percentage of the respondents (62%) of the 341 respondents knew the major causes of climate change in Chilanga district, apart from the 131 respondents (38%) who were either unaware or not sure. Those who knew some causes of climate change in the district mentioned indiscriminate cutting of trees, industrial pollution, with the majority mentioning indiscriminate clearing of vegetation, while the minority cited uncontrolled animal grazing.
[bookmark: _Toc209002724][bookmark: _Toc209268466][bookmark: _Toc213770158]5.2.2 Effects of climate change on maize crop cultivation 
Presented under this thematic area are summary results of the following sub-themes: respondent’s views on whether or not climate change affected household maize production, effects of climate change on maize crop fields, effects of climate change on livelihood during the 2023/24 and 2024/25 farming seasons, and maize crop productivity during the 2023/24 and 2024/25 farming seasons. 
[bookmark: _Toc209002725][bookmark: _Toc209268467][bookmark: _Toc213770159]5.2.2.1 Views on whether or not climate change affected household maize production
Most respondents, 66% of the 341 respondents, had their maize crop production affected by climate change during the 2023/24 farming season, compared to 10% who had theirs not affected during the 2024/25 season. On the other hand, 82% of the 341 respondents, their maize crops were not affected by climate change in the 2024/25 farming season, compared to 1% who had theirs affected during the 2023/24 farming season. Therefore, the majority of the respondents had their maize crops affected by climate change in the 2023/24 farming season, whereas in the 2024/25 farming season, only very few were affected. 
[bookmark: _Toc209002726][bookmark: _Toc209268468][bookmark: _Toc213770160]5.2.2.2 Effects of climate change on maize fields during the 2023/24 farming season 
Climate change affected maize fields in various ways in Chilanga district, with 38% of the 341 respondents citing maize crop pests, while 27% mentioned stunted growth of maize crops as a major effect on maize fields. Others (19%) said their maize plants to dried, while 14% cited maize crop diseases as major effects of climate change on maize fields. Therefore, most of the respondents’ maize fields were terrorised by maize crop pests, triggered by climate change, during the 2023/24 farming season in Chilanga district. 
[bookmark: _Toc209002727][bookmark: _Toc209268469][bookmark: _Toc213770161]5.2.2.3 How climate change affected households: 2023/24 and 2024/25 farming seasons 
Very few respondents (6%) complained of poor yields in the 2024/5 farming season, compared to 33% who did the same for the 2023/24 farming season. Other respondents (21%) complained of instability of maize supplies on the market during the 2023/24 farming season, compared to 3% who did the same during the 2024/25 farming season. The major way in which climate change affected households of respondents was through poor maize yields, which were more pronounced in the 2023/24 farming season than in the 2024/25 season. Therefore, the 2023/24 farming season witnessed very poor maize yields compared to the 2024/25 farming season, which witnessed good yields in Chilanga district.
[bookmark: _Toc209002728][bookmark: _Toc209268470][bookmark: _Toc213770162]5.2.2.4 Maize productivity for the 2023/24 and 2024/25 farming seasons 
Seventy three perecnt (73%) of the 341 respondents produced more 20 50kg bags of maize grain on average per 0.25 hectares of land in 2024/25 farming season than in 2023/24 season, where 8% of the same number of respondents produced the same number of bags of maize grain on the same size of the piece of land in Chilanga district. Most of the respondents (49%) produced less than 5 50kg bags of maize grain on average, per 0.25 hectare of land in the 2023/24 farming season, compared to 7% that produced the same amount of bags of maize grain on the same size of a piece of land in the 2024/25 farming season. Therefore, there was very low maize crop productivity by the Food Security Pack programme beneficiaries in the 2023/24 farming season in Chilanga district, implying that severe climate change significantly contributed to low maize crop productivity. 
A paired samples t-test revealed that the maize crop productivity in the 2024/25 farming season (N = 341) had a higher mean (M = 4.38) than the maize crop productivity in the 2023/24 farming season (M = 2.09). The maize crop productivity mean in the 2023/24 farming season was statistically significantly lower than the maize crop productivity mean in the 2024/25 farming season, signifying that the Food Security Pack programme beneficiaries produced fewer maize crops in the 2023/24 farming season than in the 2024/25. Therefore, the results suggest that climate change affected the maize crop productivity of the Food Security Pack programme beneficiaries in the 2023/24 farming season more than in the 2024/25 farming season in Chilanga district. 
Cohen’s d (effect size) was projected at 1.8, which indicated a large effect. Therefore, there was very solid proof that a statistically significant difference in maize crop productivity in 2023/24 and 2024/25 farming seasons existed, with the former having lower maize crop productivity than the latter due to the severe effects of climate. 
[bookmark: _Toc209002729][bookmark: _Toc209268471][bookmark: _Toc213770163]5.2.3 Coping mechanisms against household food insecurity	
Male respondents engaged in temporal migration (56 out of 341 respondents) and purchasing processed foods (58) compared to females (7 and 15, respectively). Conversely, a higher proportion of female respondents resorted to consuming wild fruits (31), reducing the number of meals (39), and depending on food aid (102) compared to their male counterparts (10, 10, and 13, respectively). This pattern suggested that gender played a crucial role in determining the choice of coping strategies, with women being more reliant on consumption-based and aid-related strategies, while men tended toward mobility and market-based coping mechanisms. A Pearson’s Chi-Square test of independence revealed a statistically significant association between gender and the type of coping strategy used, χ²(4, N = 341) = 156.74, p < .001. This indicated that there was an association between gender and the type of coping mechanisms employed by respondents to mitigate food insecurity. 
[bookmark: _Toc209002730][bookmark: _Toc209268472][bookmark: _Toc213770164]5.2.4 Recommendations to cushion the effects of climate change from respondents’ views
All the respondents made recommendations on how best to cushion the effects of climate change on household food security in Chilanga district in light of the effects of climate change. Almost half (45%) of the 341 respondents suggested that the government of Zambia and its cooperating partners should provide drought-resistant maize crop seed varieties to cushion the effects of climate change on maize crop production, followed by 22% of the respondents who recommended the introduction and intensification of climate-smart agriculture. The other 17% and 9% of the respondents suggested improvement of extension services and an increase in food aid to the affected communities, respectively, with the minority 7% pleading for promotion of water harvesting during rainy seasons. Therefore, the majority of the respondents called for the supply of drought-resistant maize crop seeds to cushion the effects of climate change on maize crop production in Chilanga district.
[bookmark: _Toc209002731][bookmark: _Toc209268473][bookmark: _Toc213770165]5.3 Conclusion of the study
Most of the Food Security Pack programme beneficiaries had their maize crops affected by climate change in the 2023/24 farming season, whereas in the 2024/25 farming season, only very few were affected. As such, very few complained of poor yields in the 2024/5 farming season, compared to the 2023/24 season. Therefore, the 2023/24 farming season witnessed very poor maize yields due to the severe effects of climate change, compared to the 2024/25 farming season, which witnessed good yields because of the favourable climate in Chilanga district. There was a very solid proof that a statistically significant difference in maize crop productivity in 2023/24 and 2024/25 farming seasons existed, with the former having lower maize crop productivity than the latter due to the severe effects of climate change, as proven by the computation of the effect size, which was projected at 1.8 using Cohen’s d. The study concludes that climate change is one of the devastating challenges in which the agriculture sector is embroiled, as it affects maize crop production and the productivity of the vulnerable but viable small-scale farmers. Therefore, combating the effects of climate change on maize crop production and productivity should be a significant topic of discussion in the line ministries of the government of Zambia because maize is Zambia’s staple food crop. Zambia, which is highly dependent on rain-fed agriculture, must work tirelessly with cooperating partners to design feasible and sustainable climate change mitigation and adaptation strategies/measures that target smallholder farmers. 
[bookmark: _Toc209791791][bookmark: _Toc213770166]5.4 Recommendations of the study
The overall conclusion of this study indicates that climate change has devastating effects on maize crop production and productivity of the vulnerable but viable small-scale farmers in Chilanga district of Zambia. These negative effects of climate change on maize crop productivity trigger household food insecurity among vulnerable smallholder farmers. Therefore, to help curb the effects of climate change on household food security, the study recommends the following: 
a) The Zambian government and its cooperating partners should review the model portfolio for maize resilience designed by the researcher (Appendix 7), which combines multiple adaptation options/models  highlighted  below for possible consideration:
· Use of drought-tolerant maize seeds (maintain yields under stress conditions 
· Conservation farming in maize production (improves soil structure, moisture retention, and reduces erosion), and 
· Index-based maize crop insurance (protects insured smallholders from total loss through compensation based on an objective, measurable index, in the event of weather failure).
b) Where mitigation and adaptation strategies/measures have failed, and communities are hit with food insecurity, the Zambian government and its cooperating partners should continue to provide humanitarian assistance in the form of food aid as an emergency package.
c) The Zambian government and its cooperating partners should strengthen the agricultural extension service system, which is an effective grassroots vehicle for reaching out to the farmers for advisory agricultural information.
[bookmark: _Toc209002733][bookmark: _Toc209268475][bookmark: _Toc213770167]5.5 Areas for future research
Based on the argument by Wild, Booth, Cummings, Foresti and Wales (2015) that there is often much that development practitioners and policymakers may not know concerning the contexts they work in, the study recommends the following studies for future research: -
a) Since Chilanga is an industrial district, there should be a study to look at how the menace of pollution affects small-scale farmers in the district. 
b) Since the study focused on maize crop among other crops supported under the Food Security Pack programme, because it is a staple food crop for Chilanga district and Zambia at large, a study to look at the whole range of crops under the programme should be conducted.
c)  A comparative study of household food security between industrial workers and small-scale farmers should be conducted in Chilanga district. 
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ATLANTIC INTERNATIONAL UNIVERSITY 

SECTION A: RESPONDENTS’ INFORMATION SHEET
My name is Lee Chileshe, studying for a Doctor of Philosophy Degree in Sustainable Development at the Atlantic International University in Hawaii, USA. I am conducting a study on the topic: “An investigation of the effects of climate change on the agricultural food security in Chilanga district, Lusaka province, Zambia” for the fulfilment of my Doctoral degree requirements.
You have been selected as one of the potential respondents who can provide valuable insights into this study by virtue of your being a beneficiary of the Food Security Pack programme, which is the subject of study. Please be informed that your participation is voluntary, and you may choose not to participate in the study or stop at any point during the interviews. In addition, your responses will be confidential, anonymised, and kept private. There are no risks for choosing not to participate in this study. In addition, kindly take note that there is no remuneration for your participation in this study. 
This study is for academic purposes only. You have the right to withdraw from the study at any time with no implications. Further, you may ask questions for clarification(s) or request more information anytime during or after our interaction. 
Our interaction session will not take more than an hour.
Are you willing to participate?    (a) Yes		(b) No	
                                                                       

If you are willing to participate in this study, kindly read the Consent Form attached and fill in your details upon being satisfied with the provisions. 
SECTION B: PARTICIPANTS INFORMED CONSENT FORM
Study Topic: “An investigation of the effects of climate change on the agricultural food security in Chilanga District, Lusaka province, Zambia” The researcher has explained to me all the salient information contained in the Informed Consent Sheet regarding the research on the above captioned topic. I have appreciated and fully understood the purpose of the research. 
Based on the explanation given to me, I understand that: 
· My inclusiveness in the study is purely voluntary; 
· It is my choice to either participate or not in this study, and there are no risks for choosing not to participate;
· I have the right to withdraw from the study at any time with no implications for me;
· All my responses will be confidential, anonymised, and kept private;
· There is no remuneration for my participation in this study; 
· This study is for academic purposes; and 
· I may ask questions for clarification or request more information anytime during the course of the study. 
I am comfortable with the above outlined provisions. Therefore, I consent to participate in this study. 
Participant’s name:                                   		Contact details:                                   	                    
Place:                                   	___________		Time:                                   	________                                                                                                                                
Signature:                                   	_____		Date:                                    	________

Researcher’s name:                                  		Contact details:                                   	
Place:                                   	___________		Time:                                   	________ 
Signature:                                  	_____		Date:                                   	________ 
INSTRUCTIONS:
(i) Please tick ✔in the appropriate circle        corresponding to your answer.  
(ii) Express your opinion wherever there are dotted lines (...........).
In answering the questions, please feel free to seek clarification where needed.
QUESTIONS:

SECTION 1: PROFILE OF QUESTIONNAIRE RESPONDENTS

1. What is your sex orientation?
(a) Male	(b) Female            (c) Other 	        , specify …

2. In what age range do you fall?
    (a) 18 to 34 years
    (b) 35 to 49 years
    (c) 50 to 64 years
    (d) 65 years and above

3. What is your marital status?
    (a) Married
    (b) Divorced
    (c) Separated
    (d) Widow
    (e) Widower 
    (f) Never married	

4.  Which classification stated below does your household fall in?
    (a) Single mother-headed household
    (b) Elderly headed household  
    (c) Widow-headed household 
    (d) Disabled headed household		
    (e) Terminally-ill-headed household
5. How many family members does your household have?
(a) 1 to 5                 (b) 5 to 10                      (c) above 10 

6. What is the level of education you attained?
(a) No formal education              
(b) Primary education 
(c) Secondary education 
(d) Tertiary

SECTION 2: CAUSES OF CLIMATE CHANGE
7. Have you ever heard people talking about climate change?
    (a) Yes 
    (b) No 
    (c) Can’t remember

8. If your answer is (a) to question 7 above, what would you say climate change is?  ............................................................................................................................................................

9. If your answer is (b) or (c) to question 7 above, would you be willing to learn about climate change? 
    (a) Yes                      (b) No               (c) Not sure               
10. Which one of the listed answers below would best describe the cause of climate change in your area?
(a) Population growth 
(b) Indiscriminate clearing of vegetation for agricultural purposes
(c) Pollution from industries          
(d) Indiscriminate cutting of trees for traditional medicines 
(e) None of the above                  please specify……………………………………………
11. Which one of the listed answers below best describes the effect of climate change on the environment in your area?
(a) Increase in the occurrence of hot days and heatwaves
(b) Increase in frequency, duration and intensity of dry spells and drought
(c) Increase in the occurrence of heavy rains, storm surges and flash floods        
(d) Change in the start and end of growing seasons
(e) None of the above              please specify…………………………………………………
                        
SECTION 3: EFFECT OF CLIMATE CHANGE ON MAIZE CROP PRODUCTION
12. How many farming seasons have you had access to the Food Security Pack programme?
    (a) One 
    (b) Two 
    (c) More than two 

13. Did you receive maize seeds and accompanying fertilisers (basal & topdressing) during the 2023/2024 farming season?
    (a) Received everything                 (b) Only maize seed                (c) Only fertilisers                    (d) Can’t remember              (e) Not applicable
14. If your answer to question (13) above is (a), (b), or (c), how was the timing of the distribution of farming inputs to you?  (a) In time               (b) On time           (c) Late      (d) Not sure
15. Did you receive maize seeds and accompanying fertilisers (basal & topdressing) during the 2024/2025 farming season?
    (a) Received everything                 (b) Only maize seed                (c) Only fertilisers                    (d) Can’t remember              (e) Not applicable

16. If your answer to question (15) above is (a), (b), or (c), how was the timing of the distribution of farming inputs to you?  (a) In time            (b) On time           (c) Late          (d) Not sure
17. Did climate change affect your maize crop cultivation during the 2023/2024 farming season?
(a) Yes               (b) No                 (c) Somehow                   (d) Not sure
18. If the answer is (a) or (c) to question 17, how did climate change affect your maize crop cultivation? ………………………………………………………………………………………..
19. Did climate change affect your maize crop cultivation during the 2024/2025 farming season?
(a) Yes               (b) No                 (c) Somehow                   (d) Not sure
20. If the answer is (a) or (c) to question 19, how did climate change affect your maize crop cultivation? ………………………………………………………………………………………..
21. Did climate change affect your maize crop productivity during the 2023/2024 farming season?
(a) Yes           , go to question 22 
(b) Somehow                , go to question 22 
(c) No
(d) Not sure

22.  How was your maize crop productivity affected by climate change?
………………………………………………………………………………………………………………..

23. On average, how many 50kg bags of maize grain did you produce in the 2023/2024 farming season under the Food Security Pack programme? Give reasons…
      (a) Less than 5 
      (b) 5 to 10
      (c) 11 to 15
      (d) 16 to 20
      (e) Over 20 
24. Did climate change affect your maize crop productivity during the 2024/2025 farming season?
(a) Yes            , go to question 22 
(b) Somehow                , go to question 22 
(c) No
(d) Not sure

25.  How was your maize crop productivity affected by climate change?
………………………………………………………………………………………………………………..

26. On average, how many 50kg bags of maize grain did you produce in the 2024/2025 farming season under the Food Security Pack programme? Give reasons…
      (a) Less than 5 
      (b) 5 to 10
      (c) 11 to 15
      (d) 16 to 20
      (e) Over 20 
SECTION 4: FOOD INSECURITY COPING MECHANISMS	
27. From your experience, are there coping mechanisms against food insecurity in your community to mitigate the effects of climate change? 
(a) Yes          , go to question 26 
(b) No                  
(c) Not sure

28.  What is the most common coping mechanism against food insecurity in your community? 
…………………………………………………………………………………………………………….

29. What is the most common direct effect of food insecurity on your household?
……………………………………………………………………………………………………………….

SECTION 5: RECOMMENDATION TO CUSHION THE EFFECTS OF CLIMATE CHANGE ON FOOD SECURITY	
30. What measures would you propose to the government of Zambia to cushion the effects of climate change on food security in your area?
……………………………………………………………………………………………................


END OF QUESTIONNAIRE
THANK YOU FOR YOUR PARTICIPATION!
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Section A: Key Interviews Informants Information Sheet
My name is Lee Chileshe, studying for a Doctor of Philosophy Degree in Sustainable Development at the Atlantic International University in Hawaii, USA. I am conducting a study on the topic: “An investigation of the effects of climate change on the agricultural food security in Chilanga district, Lusaka province, Zambia” for the fulfilment of my Doctoral degree requirements.
You have been selected as one of the potential key informants who can provide valuable insights into the study that can enlighten the findings by virtue of your expertise and experience on the topic of this study. Please be informed that your participation is voluntary, and you may choose not to participate in the study or stop at any point during the interviews. In addition, your responses will be confidential, anonymised, and kept private. There are no risks for choosing not to participate in this study. In addition, kindly take note that there is no remuneration for your participation in this study. 
This interview is necessary to collect information about this study for academic purposes only. You have the right to withdraw from the study at any time with no implications. Further, you may ask questions for clarification(s) or request more information anytime during the course of the study. 
Are you willing to participate?……………….
If you are willing to participate in this study, kindly read the Consent Form attached and fill in your details upon being satisfied with the provisions. 
Section B: Participant's Informed Consent Form
Study Topic: “An investigation of the effects of climate change on the agricultural food security in Chilanga District, Lusaka province, Zambia” The researcher has explained to me all the salient information contained in the Informed Consent Sheet regarding the research on the above captioned topic. I have appreciated and fully understood the purpose of the research. 
Based on the explanation given to me, I understand that: 
· My inclusiveness in the study is purely voluntary; 
· It is my choice to either participate or not in this study, and there are no risks for choosing not to participate;
· I have the right to withdraw from the study at any time with no implications for me; 
· All my responses will be confidential, anonymised, and kept private;
· There is no remuneration for my participation in this study; 
· This study is for academic purposes, and 
· I may ask questions for clarification or request more information anytime during the course of the study. 
I am comfortable with the above outlined provisions. Therefore, I consent to participate in this study. 
Participant’s name:                                   		Contact details:                                   	                    
Place:                                   	___________		Time:                                   	________                                                                                                                                
Signature:                                   	_____		Date:                                    	________

Researcher’s name:                                  		Contact details:                                   	
Place:                                   	___________		Time:                                   	________ 
Signature:                                  	_____		Date:                                   	________ 
Section C: Interview Guide Questions
Part I: Biographic/Demographic Data
1. What is your sex orientation?
2. How old are you?
3. What is your education level?
4. What is the name of the department/unit of the institution/organisation you are representing? 
5. What is your occupation/title in your institution? 
6. What is your overall job description? 
Part II: Main Questions
1. We hear people talking about climate change. How would you explain climate change? 
2. From your point of view, what causes climate change in Chilanga district?
3. What effects does climate change have on the environment in Chilanga district? 
4. For the past two years, what was the growth performance of the maize crop of the Food Security Pack programme beneficiaries in Chilanga?
5. Did climate change have any effect on maize crops planted in Chilanga district in the past two farming seasons? Please, explain your answer.
6. How did climate change affect the planting of maize by the beneficiaries of the Food Security Pack programme? 
7. Did climate change affect the maize crop productivity of the Food Security Pack programme beneficiaries in Chilanga district? Please, explain your answer.
8. How was the household food security of the Food Security Pack programme beneficiaries in Chilanga district affected by climate change? 
9. What are the most common coping mechanisms against food insecurity which the Food Security Pack programme beneficiaries resort to in Chilanga district? 
10. What recommendations can you propose to the government of Zambia to cushion the effects of climate change on food security in Chilanga district? 
END
Thank you for your time for the interview 
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Observations category guide on the effects of climate change on food security in Chilanga district

1.  Maize crop fields;
2. Status of maize crops;
3. Rivers and streams of water;
4. Maize storage; and
5. Wild fruits.
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	Agric. Blocks Names
	Agric. 
Camps 
names
	No. of Reg. 
Farmers
	No. of Commercial Farmers
	No. of Emergent Framers
	No. of Small-Scale Farmers
	No. of FSP Programme Beneficiaries
 

	Chilanga
	Chilanga 
	4,083
	15
	1,112
	6,061
	742

	
	Mount Makulu 
	308
	
	
	
	

	
	New Farms 
	684
	
	
	
	

	
	Kachenjela 
	327
	
	
	
	

	
	Chilongolo 
	2,007
	
	
	
	

	
	Sub Total
	7,409
	
	
	
	

	Lusaka West
	Nakachenje 
	2,276
	19
	1,572
	10,337
	1,076

	
	Kacheta 
	2,867
	
	
	
	

	
	Shampule 
	3,059
	
	
	
	

	
	Namalombwe 
	653
	
	
	
	

	
	Kasupe 
	1,008
	
	
	
	

	
	Nyemba
	505
	
	
	
	

	
	Sopelo
	307
	
	
	
	

	
	Mundengwa 
	1,010
	
	
	
	

	
	Sub Total
	11,685
	
	
	
	

	Mwembeshi
	Mpamba 
	1,220
	11
	1,316
	7,128
	457

	
	Munyeu 
	1,422
	
	
	
	

	
	Mwembeshi 
	3,020
	
	
	
	

	
	Maano 
	974
	
	
	
	

	
	Lukamantano 
	1,233
	
	
	
	

	
	Chibuyu 
	608
	
	
	
	

	
	Sub Total
	8,477
	
	
	
	

	
	Total
	27,571
	45
	4,000
	23,526
	
2,275
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	Model/Approach
	Intervention
	Description
	Benefits

	
	Climate-Smart Agronomic Practices
	Conservation farming
	Minimum soil disturbance; mulching, precision planting; integrated soil fertility management; weed and pest management; and residue retention. 
	Improved soil fertility and structure; enhanced water retention and drought resilience; reduced production costs; increased maize yields; environmental conservation; and resilience to climate change 

	
	
	Drought-resistant maize seeds
	Use of drought TEGO hybrids (used in sub-Saharan Africa), and Zea mays L. DT hybrids developed under the Water Efficient Maize for Africa project (like ZMS708 or ZMS606 developed for dry areas)
	Improved yield stability; reduced risk and vulnerability; stable harvests; reduced pressure on water resources; and can perform well across different agro-ecological zones

	
	
	
	
	

	
	Risk Management 
	Index-based maize crop insurance
	Insurance pay-out to insured farmers based on an objective, measurable index (e.g., rainfall at a gauging station, a satellite-estimated vegetation index, or the average yield for an area), rather than paying for losses measured on each farmer’s field.
	Faster payments; No need for individual loss adjusters; saves time and money; no misreport for losses;  can be integrated with credit and input programmes; protects smallholders from loss

	
	
	Climate information services
	Seasonal forecasts and early warning systems
	Helps farmers plan inputs and planting dates

	
	
	
	
	

	
	Enabling Infrastructure & Finance
	Rural roads and storage
	Improve access to input/output markets
	Reduces losses 

	
	
	Credit access for smallholders
	Climate-resilient financing models (e.g., microloans tied to insurance)
	Increases capacity to adopt resilient technologies

	
	
	
	
	

	
	Institutional and Policy Support
	Seed system strengthening
	Support local seed producers and timely seed distribution
	Improves access to improved varieties

	
	
	Extension and training programs
	Climate-smart agriculture training for farmers
	Builds local adaptive capacity
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Male	Female	0.43000000000000038	0.56999999999999995	

2023/2024 Farming season	
Affected	Somehow	Not affected 	Not sure	0.66000000000001247	0.31000000000000238	1.0000000000000005E-2	2.0000000000000011E-2	2024/2025 Farming Season	
Affected	Somehow	Not affected 	Not sure	0.1	7.0000000000000021E-2	0.82000000000000062	1.0000000000000005E-2	
Percentage of respondents


FSPP household heads	
Dry crops	Stunted crops	Crop pests	Crop diseases	Not applicable	0.19	0.27	0.38	0.14000000000000001	0.02	
Percentage of respondents
2023/2024 Farming season	
Poor yields	Income loss	Instability of maize supplies	High maize prices	Reduced meals	Not applicable	0.33000000000000285	0.18000000000000024	0.21000000000000021	0.17	9.0000000000000024E-2	2.0000000000000011E-2	2024/2025 Farming Season	
Poor yields	Income loss	Instability of maize supplies	High maize prices	Reduced meals	Not applicable	6.0000000000000032E-2	4.0000000000000022E-2	3.0000000000000002E-2	4.0000000000000022E-2	1.0000000000000005E-2	0.82000000000000062	
Percentage of respondents


2023/2024 Farming Season	
Less than 5 	5 to 10 	11 to 15 	16 to 20 	Over 20 	0.49000000000000032	0.18000000000000024	0.15000000000000024	0.11	7.0000000000000021E-2	2024/2025 Farming Season	
Less than 5 	5 to 10 	11 to 15 	16 to 20 	Over 20 	7.0000000000000021E-2	4.0000000000000022E-2	6.0000000000000032E-2	0.1	0.73000000000000065	
Percentage of respondents
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Climate change is one of the challenges that Southern Africa has been grappling with in recent times, as it affects crop production. Chilanga district in Zambia has not been spared from the effects of climate change. It is for this reason that this study was conducted to investigate its effects on maize crop production of the beneficiary households of the Food Security Pack programme in the district. The study sampled 341 household heads who benefited from the Food Security Pack programme in the 2023/24 and 2024/25 farming seasons. The study used a mixed-methods design. The primary sources of data were household surveys, interviews and observations.  The study results revealed that most of the programme beneficiaries were aware of climate change, with only a few being unaware. Those who were aware of climate change mentioned drought, an increase in heatwaves, unpredictable farming seasons, and an increase in the occurrence of flash floods as some of the signs of the effect of climate change in Chilanga district. The respondents who were not aware of climate change are those who did not have a formal education. The Food Security Pack programme beneficiaries who were aware of climate change also knew some causes of climate change in the district and mentioned indiscriminate cutting of trees, industrial pollution, indiscriminate clearing of vegetation, and uncontrolled animal grazing. The results also revealed that the 2023/24 farming season witnessed very poor maize yields due to severe effects of climate change, compared to the 2024/25 farming season, which witnessed good yields because of favourable climate in Chilanga district. All the respondents whose maize fields were affected by climate change experienced household food insecurity. However, the food-insecure households devised some coping mechanisms such as participation in food aid programmes as recipients, eating wild foods, temporal migration to areas with livelihood opportunities, purchasing processed food, and adjusting feeding patterns/ meal portions. The study concluded that climate change devastated maize fields in the 2023/24 farming season more than in the 2024/25 season because of dry spells/drought, hotness/heatwaves, heavy rains/flash floods, and an unpredictable growing season. The study recommends the provision of drought-resistant maize seeds, scaling up of climate-smart agriculture, improvement of extension services, and an increase in food aid to affected communities.



Keywords: Climate change, food security, food insecurity, agriculture, small-scale farmers
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[bookmark: _Toc213770040][bookmark: _Toc505236845][bookmark: _Toc505237460][bookmark: _Toc136286931]CHAPTER ONE

[bookmark: _Toc213770041]INTRODUCTION

[bookmark: _Toc213770042]1.1 Introduction

[bookmark: _Toc481053022][bookmark: _Toc481070366][bookmark: _Toc505236847][bookmark: _Toc505237462]This chapter presents the background to the study on the investigation of the effects of climate change on agricultural food security in Chilanga district of Zambia. It provides the background literature on Zambia and Chilanga district in relation to the topic of the study. The chapter also introduces Zambia’s agricultural food security programmes, namely, the Food Security Pack (FSP), the Farmer Input Support Programme (FISP), and the Food Reserve Agency (FRA) crop purchase programme. The chapter also presents the statement of the problem, purpose of the study, objectives and research questions. In addition, the chapter presents the justification and scope of this study. Thereafter, it defines key operational terms and provides an outline of the structure of the thesis.  The chapter ends with a summary of the chapter.

[bookmark: _Toc184275027][bookmark: _Toc202936562][bookmark: _Toc203203692][bookmark: _Toc213770043]1.2 The background of the study

Food security is a global issue and a concern, especially in third-world countries, like Zambia, with an increasing rate of population growth. The current global food security situation and outlook remain imbalanced amid surplus food production on one hand and the prevalence of hunger on the other hand, due to ecological factors like climate change that mediate food security outcomes. Climate change is a global phenomenon that has adverse effects on various socio-economic sectors, which include, among others, agriculture, forestry, water resources, and the environment. The Intergovernmental Panel on Climate Change (IPCC) recognises that climate change is a global, regional, and local observable calamity that has not spared any socio-economic sector in developed, developing and underdeveloped countries (Intergovernmental Panel on Climate Change [IPCC], 2025). 

The agriculture sector, which is the source of food, is particularly vulnerable to the effects of climate change, as it depends heavily on favourable weather patterns and temperature conditions. The IPCC has alerted that the temperature rise will lead to recurring and terrible droughts, floods, and heat waves, which will increase the risk of crop failure, reduce crop yields and ultimately affect global, continental, national, and community food security (IPCC, 2025). Climate change has become a major challenge for agriculture, particularly in developing countries, where smallholder farmers are often the most vulnerable. According to the United Nations Development Programme (UNDP), climate change is expected to reduce crop yields in Africa by up to 30% by 2050, a situation which will make most African countries food insecure (United Nations Development Programme [UNDP], 2023).  Zambia, like many other developing countries, has not been spared from the adverse effects of climate change. 

[bookmark: _Toc202936563][bookmark: _Toc203203693][bookmark: _Toc213770044]1.2.1 Geographical location of Zambia

Zambia is a landlocked sub-Saharan nation positioned at the crossroads of Central, Southern and East Africa (Global Land Tool Network, 2024). The nation of Zambia is surrounded by eight neighbouring countries, namely, Angola to the west, Namibia to the southwest, Zimbabwe and Botswana to the south, Mozambique to the southeast, Tanzania to the northeast, Malawi to the east, and the Democratic Republic of the Congo to the north-west, as shown in Appendix 1 (Global Land Tool Network, 2024). Zambia is divided into ten provinces. These ten provinces, where agriculture is practised with different types of crops produced with varying crop yield intensity, are Central, Copperbelt, Eastern, Lusaka, North-Western, Southern, Western, Luapula, Muchinga, and Northern provinces, as shown in Appendix 1. Further, with a land area of 752,612 square kilometres, Zambia is divided into 116 districts, which include Chilanga district selected for this study, as shown in Appendix 2 (Chilanga Integrated Development Plan [IDP], 2024). 

[bookmark: _Toc202936564][bookmark: _Toc203203694][bookmark: _Toc213770045]1.2.2 Climate change and its effects on Zambia

Zambia is vulnerable to the adverse effects of climate change because of its geographical location and its low adaptive capacity. Over the last three decades, floods and droughts have cost Zambia more than US$13.8 billion in disaster losses, which is equivalent to a 0.4% loss in annual growth (United Nations Development Programme [UNDP], 2025). This situation, coupled with other economic factors, has led to serious declines in the national Gross Domestic Product (GDP). In the 2023 budget address, the Zambian economic growth rate was projected at 3.2% in 2024, but due to climate challenges, among others, the actual growth rate was recorded to be lower at around 2% (UNDP, 2025). This poor performance of the economy continues to pose serious threats to the country’s food security situation due to the effects of climate on the agriculture sector, which is the second main economic mainstay for the country, copper being the first.

[bookmark: _Toc87600942][bookmark: _Toc202936565][bookmark: _Toc203203695][bookmark: _Toc213770046]1.2.3 Agriculture in Zambia

The agricultural sector, which is predominantly rain-fed, is the largest employer in Zambia. The sector absorbs about 67% of the available total labour force and provides a livelihood to 85% of the rural population (Malesu et al., 2025). This population, which consists mostly of small and medium-scale farmers, is the major contributor to Zambia’s food supply at both national and household levels. In an effort to improve agriculture, Zambia developed the National Agricultural Investment Plan (NAIP) under the Comprehensive Africa Agriculture Development Programme (CAADP), which seeks to identify and prioritise key investment and policy changes that are critical to enhancing the desired agricultural productivity growth (Mwalupaso et al., 2025).

[bookmark: _Toc202936566][bookmark: _Toc203203696][bookmark: _Toc213770047]1.2.4 Climate change versus agricultural production in Zambia

Zambia is one of the countries in sub-Saharan Africa whose agricultural sectors are severely affected by climate change because of the increase in temperatures and changing precipitation patterns, which negatively affect agricultural production (UNDP, 2023). Zambia’s economy is heavily dependent on agriculture, which is the source of both raw and processed foodstuffs and employs close to 70% of the population, with a contribution of about 20% to the country's Gross Domestic Product (GDP) (World Bank, 2025). The agriculture sector, which produces food for domestic consumption and export, is particularly vulnerable to climate change due to its reliance on rain-fed agriculture and low adaptation capacity to Climate-Smart Agriculture (CSA) practices (Food and Agriculture Organisation [FAO], 2024). 

[bookmark: _Toc481053023][bookmark: _Toc481070367]Since the 2019 drought, Zambia has been facing recurrent food insecurity (Farmers Review Africa, 2025). The devastating effects of prolonged dry spells, coupled with the late onset of the rainy season in most parts of Zambia, affect agricultural food crop production, resulting in reduced food availability and access to food, thus contributing to food insecurity across the country (Nanyangwe & Tembo, 2024). For example, the prolonged dry spells between January and March 2023 affected Central, Copperbelt, Eastern, Lusaka, North-Western, Southern, and Western provinces, while only three provinces, namely, Luapula, Muchinga, and Northern provinces, had normal rainfall patterns favourable for crop production (Relief Web, 2024). During this period, the Farmers Review Africa (2025) reported that Zambia suffered a 75% food deficit due to climate change. 

[bookmark: _Toc435005717][bookmark: _Toc87600943][bookmark: _Toc202936567][bookmark: _Toc203203697][bookmark: _Toc213770048]1.2.5 Maize crop, a staple food for Zambia

Zambia is a lower-middle-income country with an estimated 21.9 million inhabitants (World Bank, 2025). Zambia’s national food security depends on several staple food crops, with maize being at the top of the list. The Maize crop is largely produced by small-scale farmers, mostly in rain-fed conditions, leaving households and national food security vulnerable to weather and climate change-related threats, such as rising temperatures, changes in precipitation, and drought (World Bank, 2025). Zambians have mainly perceived their staple food as maize. The introduction of maize in Zambia and its promotion as an inspirational crop by the colonial government resulted in a gradual shift away from the concentration of indigenous crops like millet, sorghum and cassava, to the point that today, these traditional staples are marginalised by maize (Nanyangwe & Tembo, 2024). Dried rain-fed maize crop is only harvested once per year from March to May in Zambia; however, winter maize, which can increase the number of harvests per year, is being promoted, but proves not to be viable and sustainable for the majority of small-scale farmers in Zambia due to high costs of implementation (Nanyangwe & Tembo, 2024).

[bookmark: _Toc87600945][bookmark: _Toc202936568][bookmark: _Toc203203698][bookmark: _Toc213770049]1.2.6 Major agricultural food security programmes in Zambia

The growth of the agriculture sector is fundamental to the attainment of Zambia’s long-term vision of becoming “a prosperous middle-income nation by 2030” (Tembo & Nanyangwe, 2025). This has necessitated the continued inclusion of the agriculture sector’s programmes and interventions in National Development Plans (NDP) by the Zambian government. The current agriculture sector’s target is to have an efficient and sustainable agricultural production that ensures food security, increased income and agricultural productivity, among others, to contribute to national and household food security (Tembo & Nanyangwe, 2025).  In a bid to position agriculture as the engine for development, Zambia has developed agricultural policies and strategies over time that emphasise the realisation of food security, increase farmers’ yields, stimulate sustainable agriculture and augment private sector roles (Tembo & Nanyangwe, 2025). 

Zambia’s National Agriculture Policy (NAP) provides for public assistance and investment in agriculture by establishing a favourable environment, especially for small-scale farmers. Among other objectives of the NAP is to promote productive and sustainable services that guarantee agricultural development (Tembo & Kibuka, 2023). This objective aims to enhance the implementation of agricultural social safety nets, such; the Food Security Pack (FSP), the Farmer Input Support Programme (FISP), and the Food Reserve Agency (FRA) crop purchase programme. 

[bookmark: _Toc202936569][bookmark: _Toc203203699][bookmark: _Toc213770050]1.2.6.1 The food security pack programme

The FSP is an agricultural social safety net, which provides the most underprivileged small-scale farmers, known as the vulnerable but viable small-scale farmers, with free farming inputs in all the 116 districts in Zambia to enhance household food security (Tembo, 2024). The Ministry of Community Development and Social Services (MCDSS) implements this programme with support from line ministries. Among other selection criteria for small-scale farmers to qualify for enrolment on the FSP programme is a requirement that vulnerable households of small-scale farmers must have adequate able-bodied labour to take advantage of the farming inputs packages provided (Ministry of Community Development and Social Services [MCDSS], 2025). The major objectives of the programme are to: (i) increase food and nutritional security at the household level, (ii) increase household crop productivity, and (iii) increase incomes at the household level, mainly through the sale of surplus crops (MCDSS, 2025). 

The objectives outlined above are intended to be fulfilled through the provision of a start-up farming inputs package to the vulnerable but viable small-scale farmers. This farming inputs package, according to (MCDSS, 2025), comprises:

i. One 10-kilogram bag of cereal seed (sorghum, maize, millet or rice);

ii. One 10-kilogram bag of legume seed (sugar beans, cowpeas, soya beans or groundnuts);

iii. One 50-kilogram bag of potato vines (optional);

iv. One (1) bunch consisting of 20 x 1.5-meter cassava cuttings (optional);

v. Two 50-kilogram bags of both basal and top-dressing fertiliser (mandatory); and 

vi. One 50-kilogram bag of lime for areas with acidic soils (optional) 

To achieve the FSP objective (ii) stated above, the farming inputs package given to recipients is intended to cover 0.75 hectares of agricultural land, broken down as “0.25 hectare of cereal seed, 0.25 hectare pulse seed, and 0.25 hectare cassava/sweet potato tubers, as well as fertiliser” (Tembo, 2024). The beneficiary households of the FSP were the subject of this study.

[bookmark: _Toc202936570][bookmark: _Toc203203700][bookmark: _Toc213770051]1.2.6.2 The Farmer Input Support Programme

The FISP is a Zambian government initiative aimed at providing subsidised agricultural inputs to small-scale farmers. It aims to increase agricultural productivity, promote food security, and ultimately alleviate poverty (Nguni & Haabazoka, 2024). The program has been running since 2002 and has evolved, with a shift towards e-vouchers to improve efficiency and farmer choice (Ndhlovu & Muchapondwa, 2025). FISP provides subsidised inputs to help farmers increase their yields and overall agricultural output. The aim of enhancing agricultural productivity is to boost national and household food security (Kuntashula & Mwelwa, 2022).

The target beneficiaries of FISP are small-scale farmers, who receive subsidised essential inputs like fertiliser and seed after paying an affordable minimal fee determined by prevailing economic fundamentals in a given farming season (Nguni & Haabazoka, 2024). Historically, FISP has used direct input supply, where the government procures and distributes inputs. However, there is a gradual shift towards e-vouchers, where farmers receive vouchers to purchase inputs from registered agro-dealers (Ndhlovu & Muchapondwa, 2025).  

[bookmark: _Toc202936571][bookmark: _Toc203203701][bookmark: _Toc213770052]1.2.6.3. The Food Reserve Agency crop purchase programme

[bookmark: _Toc435005718]The FRA is a Zambian government agency responsible for maintaining Zambia’s national strategic food reserve. The purpose of the Reserve is multifaceted, though its main aim is to ensure national food security and to stabilise food prices (Mweene & Mwange, 2024). The FRA buys agricultural produce, primarily maize, at a price higher than typical market rates during a brief window around harvest. In periods of high prices or production shocks, like droughts or floods, the FRA releases its stock to alleviate food shortages, consequently stabilising market prices (Mazhambe & Mukololo, 2023). When determining the quantity of commodities to store, the FRA considers various factors such as consumption needs, industrial and livestock requirements, and climate change forecasts (Mulenga & Chapoto, 2024). The FRA uses two key vehicles to deliver on its mandate, namely the buying and selling of produce. The FRA purchases produce from domestic and foreign markets. In domestic markets, the FRA focuses mainly on rural areas. When selling produce, the FRA does it to meet local shortfalls, food emergencies, and offload excess produce through exports (Mazhambe & Mukololo, 2023). Maize is the main crop purchased by the FRA. Maize accounts for over 96% of FRA’s purchases and for 70% of Zambia’s total agricultural output among primary crops (Mweene & Mwange, 2024). With the implementation of the FRA mandate, there has been a noticeable reduction in household-level post-harvest loss during bumper harvests, because of the readily available market for surplus produce. 

The above-presented agricultural social safety nets aim to ensure sustainable food production, enhance agricultural productivity, and improve small-scale farmers’ incomes to increase and sustain household food security for small-scale farmers (Tembo & Kibuka, 2023). 

[bookmark: _Toc465412616][bookmark: _Toc481053024][bookmark: _Toc481070368][bookmark: _Toc505236849][bookmark: _Toc505237464][bookmark: _Toc184275029][bookmark: _Toc202936572][bookmark: _Toc203203702][bookmark: _Toc213770053]1.3 Statement of the problem

Zambia has experienced food shortages of major food crops such as maize, groundnuts, rice, sorghum, soya beans and millet in recent years. As a result, Zambia’s national food balance for the year 2022/2023 marketing was far less than that of the 2020/2021 agriculture marketing season due to the effects of climate change (Food Reserve Agency [FRA], 2025). The 2023/2024 crop forecast shows that Zambia recorded a national food deficit of 110,528 Metric tons (Mt) during this period because of climate change (Hadunka &Teschemacher, 2024). Further, Hadunka and Teschemacher (2024) report that in the 2022/2023 farming season, Zambia experienced a food shortage due to shocks such as droughts, floods, and pest outbreaks. 

Climate change poses a serious threat to the sustainable growth of the agriculture sector in Zambia. It triggers changes in seasonality, biodiversity, and rainfall patterns, which in turn affect food crop productivity (Mulungu et al., 2025). 

Droughts, which are becoming more frequent and severe due to climate change, pose a serious threat to rainfed agriculture, which is the main agricultural practice in Zambia. The current and the future projected variations in the climate during different seasons make Zambia’s agricultural food crop production extremely vulnerable, especially maize, which is a staple food crop (Alfani et al., 2025). For instance, the Ministry of Agriculture demonstrated that Chilanga district had continued experiencing low maize crop production levels due to continued frequent droughts and pest attacks on crops for the period 2021 to 2023 (Ministry of Agriculture [MoA], 2024). 

Over the past years, especially in the 2022 to 2023 farming season, Zambia experienced the worst drought and an intense rise in temperatures.  These climate hazards have adversely affected the livelihoods of the rural communities, such as food crop production, especially maize, which is a staple food crop of Zambia, resulting in widespread household food insecurity (MoA, 2024). Household food insecurity weakens the economy by incapacitating potential contributors to agricultural development, especially small-scale farmers, through increased mortality, disease and disability (Ngoma et al., 2019). Chibomba and Ng’andu (2025) argue that food insecurity bloats the direct economic costs of coping with the health effects and massive decrease in economic productivity and human ability because of a lack of food and undernourishment. 

In spite of the devastating effects of climate change on household food security, there are few primary studies to understand the phenomenon from the point of view of small-scale farmers who are most affected. It is against this background that this study, targeting vulnerable small-scale farmers benefiting from the FSP, was conducted in Chilanga district of Lusaka Province in Zambia. 

[bookmark: _Toc184275030][bookmark: _Toc202936573][bookmark: _Toc203203703][bookmark: _Toc213770054][bookmark: _Toc465412617]1.4 Purpose of the study

The purpose of the study was to investigate the effects of climate change on the agricultural food security of the beneficiary households of the Food Security Pack programme in Chilanga district of the Lusaka Province in Zambia, to come up with appropriate recommendations.

[bookmark: _Toc202936574][bookmark: _Toc203203704][bookmark: _Toc213770055][bookmark: _Toc481053027][bookmark: _Toc481070371][bookmark: _Toc505236852][bookmark: _Toc505237467][bookmark: _Toc184275031]1.4.1 Research objectives

The research objectives of the study were to:



1. Establish the perceptions of the beneficiary households of the agricultural Food Security Pack programme on the causes of climate change in Chilanga district of Zambia;

2. Investigate the effects of climate change on maize crop production of the beneficiary households of the agricultural Food Security Pack programme in Chilanga district of Zambia;

3. Determine whether there was a statistically significant relationship between the agricultural Food Security Pack beneficiary household heads’ gender (male or female) and their coping mechanisms against food insecurity in Chilanga district of Zambia; 

4. Establish recommendations that could be made to cushion the effects of climate change on maize crop production of the beneficiary households of the Agricultural Food Security Pack programme in Chilanga district of Zambia; and

5. Develop a climate-resilient model for maize production suitable for Chilanga district of Zambia.

[bookmark: _Toc184275032][bookmark: _Toc202936575][bookmark: _Toc203203705]

[bookmark: _Toc213770056]1.4.2 Research questions

The following were the research questions:-



1. What were the perceptions of the beneficiary households of the agricultural Food Security Pack programme on the causes of climate change in Chilanga district of Zambia?

2. What were the effects of climate change on maize crop production of the beneficiary households of the agricultural Food Security Pack programme in Chilanga district of Zambia?

3. Was there a statistically significant relationship between the agricultural Food Security Pack beneficiary household heads’ gender (male or female) and their coping mechanisms against food insecurity in Chilanga district of Zambia?

4. What recommendations could be made by the beneficiary households of the agricultural Food Security Pack programme to cushion the effects of climate change on maize crop production in Chilanga district of Zambia? and

5. Which climate-resilient model for maize production could be developed to suit Chilanga district of Zambia?



[bookmark: _Toc202936576][bookmark: _Toc203203706][bookmark: _Toc213770057]1.5 Justification of the study

For a long time, the Government of the Republic of Zambia has been implementing agricultural programmes that are aimed at enhancing food security in the country. These programmes are intended to improve national and nutritional security as well as ensure strategic food reserves for the country. Despite all the efforts being made to improve the nutritional and food security situation in the country, the government’s efforts have been affected by climate change, which has reduced crop production in recent years. This has raised questions and mixed concerns among policymakers and key stakeholders as to whether these programmes are effective enough to achieve their intended objectives or not. Though it is documented that climate change has reduced crop productivity in recent years in Zambia, much of the information comes from the climate change experts and little from the affected farmers. Therefore, the extent of the information regarding the effects of climate change on crop production seems to be limited and lacking empirical evidence from the vulnerable farmers’ perspective. 

[bookmark: _Toc505236857][bookmark: _Toc505237472][bookmark: _Toc184275034][bookmark: _Toc202936577][bookmark: _Toc203203707][bookmark: _Toc213770058][bookmark: _Toc465412618]1.6 Significance of the study

The study presents insights into the climate change effects on maize crop production of the vulnerable but viable small-scale farmers in Chilanga district, Zambia. The vulnerable but viable small-scale farmers are key contributors to community and household food security, but face challenges. The results are expected to be useful for the government of Zambia because this study allowed for a detailed understanding of the phenomena investigated. The study results can be used as a basis for designing and adopting agricultural technologies aimed at cushioning the effects of climate change on agricultural food crop production for small-scale farmers. The findings also serve as a reservoir of information and contribute to the body of knowledge. In addition, the results provide an opportunity for future studies to explore areas that have not been looked at in detail regarding how climate change affects food security among small-scale farmers, while keeping in mind current debates about development policies. The recommendations from this study can be used in other districts of Zambia that have similar characteristics to Chilanga district. In addition, the recommendations can help the government of Zambia to make decisions on agricultural policies and guide developmental programmes that encourage sustainable farming practices. By doing this, the government can improve crop productivity among the vulnerable small-scale farmers in Chilanga district and Zambia at large. 

[bookmark: _Toc202936578][bookmark: _Toc203203708][bookmark: _Toc213770059][bookmark: _Toc184275035][bookmark: _Toc481053034][bookmark: _Toc481070378][bookmark: _Toc505236858][bookmark: _Toc505237473][bookmark: _Toc184275033]1.7 Scope of the study

This study limited itself to Chilanga district in Lusaka Province, which was purposely selected due to its proximity to the Capital City of Lusaka, which enabled easy accessibility to the district.  More importantly, Chilanga district was chosen as the study area because agriculture, which was at the centre of this study, is the economic mainstay of the district. The study focused on the vulnerable but viable small-scale farmers who participated in the agricultural Food Security Pack programme in Chilanga.  In addition, the study involved the District Community Development Officer (DCDO), District Agricultural Coordinator (DACO) and District Environmental Technician (DET) as Key Interview Informants (KIIs).  

[bookmark: _Toc202936579][bookmark: _Toc203203709][bookmark: _Toc213770060]1.8 Operational definition of terms

The key operational terms in this study are agriculture, climate change, food security, household, small-scale farmers, and vulnerable but viable small-scale farmers. These key terms form the spine of this study, hence making clear their meaning and context in which they are used. 

[bookmark: _Toc202936580][bookmark: _Toc203203710][bookmark: _Toc213770061][bookmark: _Toc184275036]1.8.1 Agriculture

Agriculture connotes an act of land cultivation to grow crops that people can eat or sell. Mwanamwenge and Cook (2024) explain that agriculture is the science of how to grow crops and keep livestock using the earth's natural resources. In this study, the term "agriculture" mainly refers to growing crops for food and selling them to meet other household requirements.

[bookmark: _Toc184275037][bookmark: _Toc202936581][bookmark: _Toc203203711][bookmark: _Toc213770062]1.8.2 Climate change

Climate change is a variation in weather patterns, like temperature, rain, or wind (Atlanta et al., 2024). Changes in the climate can lead to higher or lower temperatures, more droughts, heavy rain, flooding, and other effects. These variations in weather patterns impact crop production and, in turn, food security for households.

[bookmark: _Toc202936582][bookmark: _Toc203203712][bookmark: _Toc213770063][bookmark: _Toc82599098][bookmark: _Toc184275038]1.8.3 Food security

Wen and Elliot (2019) explain 'food security' as having enough food and being able to, regularly, acquire that food through growing it or buying it. So, based on the definition given, this study defines food security as having enough food at the community level and making sure that households in that community can afford to obtain food for themselves by growing it.

[bookmark: _Toc82599099][bookmark: _Toc184275039][bookmark: _Toc202936583][bookmark: _Toc203203713][bookmark: _Toc213770064]1.8.4 Household

Sesmero et al. (2023) define a household as people who eat together, share resources and live under the same roof. This study regards households of the beneficiaries of the Food Security Pack Programme, who are referred to as the vulnerable but viable small-scale farmers, as a unit of study. 

[bookmark: _Toc82599102][bookmark: _Toc184275040][bookmark: _Toc202936584][bookmark: _Toc203203714][bookmark: _Toc213770065]1.8.5 Small-scale farmers

Small-scale farmers are farming households whose food security depends on their ability to produce enough food crops in their fields for their consumption (Davenport et. al 2020). Usually, they cultivate maize and other crops that are dependent on rainfall, use traditional implements such as hoes, oxen-driven ploughs, and scotch carts. Chisanga et al. (2022) explain that small-scale farmers usually cultivate between one-quarter and five hectares of land, depending on agro-climatic conditions. These were the target group for this study. 

[bookmark: _Toc184275041][bookmark: _Toc202936585][bookmark: _Toc203203715][bookmark: _Toc213770066]1.8.6 The vulnerable but viable small-scale farmers

The vulnerable but viable small-scale farmers are subsistence farmers who meet the prescribed vulnerability criteria. Apart from meeting vulnerability criteria, this group of small-scale farmers must have an adequate and able-bodied workforce to take advantage of the agricultural inputs package received from the Ministry of Community Development and Social Services to grow crops (MCDSS, 2025). These were the target group for this study. 

[bookmark: _Toc184275042][bookmark: _Toc202936586][bookmark: _Toc203203716][bookmark: _Toc213770067]1.9 Thesis chapterisation

The following are the six chapters that comprise this thesis: 

Chapter One- introduces the background to the study and the Food Security Pack programme, which was the subject of investigation. It also presents the statement of the problem, purpose of the study, objectives, research questions, justification for the study, scope of the study and defines key operational terms.  

Chapter Two- presents and discusses theoretical literature and debates on climate change and food security. It also presents selected studies on climate change and food security at global, regional and local levels. Further, it introduces the conceptual framework underpinning this study. 

Chapter Three- discusses the research methodology. It presents the research philosophy, study approach, study design, study setting, target population, sample size/ sampling procedure and eligibility criteria. It also discusses data collection methods/tools, data analysis, validity and reliability of data, and ethical considerations. 

Chapter Four- presents the research results along with discussions in relation to existing literature and the views of the researcher.

Chapter Five- presents a summary of the findings and the conclusion of the study, as well as an indication of what the study results confirm. It also presents recommendations on areas that merit interventions and areas for future research.   

[bookmark: _Toc184275043][bookmark: _Toc202936587][bookmark: _Toc203203717][bookmark: _Toc213770068]1.10 Summary of the Chapter

This chapter has explained the background to the study on the investigation of the effects of climate change on the agricultural food security of the beneficiary households in Chilanga district of Zambia. It has discussed the Food Security Pack Programme, which was at the centre of the study. Further, the chapter has explained the statement of the problem, purpose of the study, objectives and research questions. Also, the justification and scope of this study have been discussed. In addition, key operational terms have been defined in line with their usage in this study. The chapter has also clearly outlined the structure of the thesis. 



[bookmark: _Toc203379893][bookmark: _Toc204751769][bookmark: _Toc213770069]CHAPTER TWO

[bookmark: _Toc213770070][bookmark: _Toc481070399][bookmark: _Toc505236878][bookmark: _Toc505237483][bookmark: _Toc505236937][bookmark: _Toc505237500][bookmark: _Toc481053048][bookmark: _Toc481070458]LITERATURE REVIEW

[bookmark: _Toc505236862][bookmark: _Toc505237477][bookmark: _Toc184275046][bookmark: _Toc203222184][bookmark: _Toc203379895][bookmark: _Toc204751771][bookmark: _Toc213770071]2.1 Introduction

The chapter presents theoretical discussions on ‘food security’ and ‘climate change’ concepts. On the ‘food security’ concept, the chapter discusses debates surrounding the concept and its evolution. To understand the concept of ‘food security’ comprehensively, the chapter introduces the ‘food insecurity’ concept and discusses the types, causes and consequences of food insecurity. Also, the chapter discusses the determinants of household food security and insecurity. On the ‘climate change’ concept, the chapter presents debates on the concept and its impact on agriculture and food security, zeroing in on the pillars of food security, namely food availability, food accessibility, food utilisation, and food systems stability. In addition, the chapter discusses agricultural climate adaptation strategies and presents selected empirical studies on climate change and food security, focusing on the global, African continent, Sub-Saharan Africa, and Zambia. Thereafter, the chapter presents the theoretical framework on the effects of climate change on food security adopted for this study and discusses the theories used. Furthermore, the chapter presents and discusses the conceptual framework developed for this study before closing with a summary of the chapter.

[bookmark: _Toc204751772][bookmark: _Toc213770072]2.2 Theoretical review on ‘food security’ and ‘climate change’ concepts

[bookmark: _Toc204751773][bookmark: _Toc213770073]2.2.1 The food security concept

Food security is a fundamental concept in this study and refers to the ability of individuals to access sufficient, safe, and nutritious food to maintain a healthy and active life. According to the Food and Agriculture Organisation (FAO, 2018), food security is achieved when all people, at all times, have access to enough food to meet their nutritional needs. Food security, as a fundamental pillar of sustainable development and community well-being, enables the provision of sufficient, healthy, and accessible food for members of society. In developing countries like Zambia, where a significant portion of the population resides in rural areas and relies heavily on agriculture, food security is not limited to agricultural production but is also influenced by a complex set of factors, including climate change (Yar & Zazia, 2024). 

As one of the most significant challenges of the 21st century, climate change has dramatically altered precipitation patterns, temperatures, and environmental conditions, profoundly affecting food production systems (Yar, 2024). In Zambia, the effects of climate change are particularly evident in rural areas (Alfani et al., 2019). In this study, food security is used as a measure to assess the effects of climate change on household beneficiaries of the Food Security Pack programme in Chilanga district in Zambia. The study aims to demonstrate how changes in rainfall patterns, rising temperatures, and declining water resources threaten the food security of the FSP programme beneficiary households.

[bookmark: _Toc204751774][bookmark: _Toc213770074]2.2.1.1 Evolution of the ‘food security’ concept

The concept of ‘food security’ was first discussed in 1974 at the United Nations Food and Agriculture Organisation World Food Conference (Alpízar et al., 2020). Since its emergence in the 1970s, the concept of ‘food security’ has been widely debated and undergone several iterations in both its substance and scale, aiming to reflect the complex role food plays within societies (Alpízar et al., 2020). For instance, Makombe (2024) argues that ‘food security’ is an ambiguous term with different meanings and that these have changed over time as the debates are framed differently. Makombe (2024) points out that the ‘food security’ concept went through three overlapping paradigm shifts. These paradigm shifts are anchored on discussions of the food security concept from the following:-  

· The global/national level perspective to the household level perspective, which was framed during the 1972-1974 world oil and food crises.  This perspective holds that acknowledging food security at global and national levels is not the same as having it at the household level. At global and national levels, food security entails adequate supplies through production and food imports, but this does not necessarily translate into even distribution across the nations or equal access among households (Baban & Semperovych, 2025). Thus, according to this perspective, the availability of adequate food as well as the ability of the household to have stable access to such food through its production and purchase is what translates to household food security.



· A food-first perspective to a livelihood perspective, which was based on the lessons learned from the African famine of 1984-1985 (Chavan, 2025). This perspective classifies households into three categories, in terms of attaining livelihood sufficiency, namely, enduring households, resilient households, and fragile households. This perspective highlights the importance of looking at the causes of temporary food insecurity at the household level and holds household food security status as a key indicator in revealing whether the household is poor or not.

· The objective indicators perspective to subjective indicators perspectives, which holds that food security in conventional approaches based on objective measurements, such as targeting the consumption level through nutritious and adequate indicators, is no longer an effective means of assessing household food security (Modi & Ngidi, 2025). This is because socio-economic factors such as age, sex, health, and work affect the household status (Modi & Ngidi, 2025). Furthermore, quantitative technique measurements fail to account for factors such as food quality, cultural acceptability and human dignity (Modi & Ngidi, 2025).

Of the three overlapping paradigm shifts, the fundamental shift in thinking about food security from the global and national to the household and individual levels is seen as a breakthrough to efforts aimed at eliminating hunger and poverty at lower levels, such as community, household and individual levels (Modi & Ngidi, 2025).

[bookmark: _Toc204751775][bookmark: _Toc213770075]2.2.3 The food insecurity concept

To understand the ‘food security’ concept comprehensively, the concept of ‘food insecurity’ should be explained. Food insecurity is the opposite of food security. Food insecurity is a food shortage at any societal level, and this food shortage is the gap between production and consumption (Food and Agriculture Organisation [FAO], 2024). FAO (2024) defines food insecurity as “a situation where households/individuals at times have limited availability or lack physical access to sufficient, safe and nutritious food that is needed to maintain an active and healthy life”. Food insecurity mostly affects victims of wars and conflicts, the urban poor and low-income households, particularly in developing countries (FAO, 2018). In addition, food insecurity is a major public health issue, and it is significantly considered an index of health and well-being since it is linked to other fundamental factors such as limited social capital, poverty, illness, and poor dietary intake (FAO, 2024).

[bookmark: _Toc204751776][bookmark: _Toc213770076]2.2.3.1 Types of food insecurity

Food insecurity is divided into two main categories, namely, chronic food insecurity and transitory food insecurity (Ilori et al, 2024).

· Chronic food insecurity occurs when the shortage of food lasts for long periods and is a result of poverty, where there is a lack of productive and financial resources (Lungu et al., 2024).

· Transitory food insecurity results from a temporal shortfall of food and lasts for short periods. It is deeply rooted in factors like short-term shocks and limited food availability, attributed to food price fluctuations (Lungu et al., 2024).

The above-mentioned types of food insecurity are interrelated since chronic food insecurity is entrenched in one or more transitory shocks. The coping strategies households employ indicate the relationship between the two food insecurity types. This is revealed in the poverty trap process, where in an attempt to cope with transitory food insecurity, a household is more likely to sell off its assets, thereby sacrificing its ability to produce or obtain food or income sequentially and resulting in chronic household food insecurity (Lungu et al., 2024).

[bookmark: _Toc204751777][bookmark: _Toc213770077]2.2.3.2 Causes of food insecurity

Sukulao (2025) explains that there are many causes for food insecurity at different societal levels, and the major ones are:

· Population growth and urbanisation: can lead to increased demand for food, coupled with finite resources like arable land, which can strain the food supply, especially in regions with limited resources (Sukulao, 2025). Additionally, population growth can exacerbate existing inequalities and contribute to environmental degradation, further impacting food production (Sukulao, 2025). 

· Low agricultural production: can trigger a scarcity of food crops. Food crop scarcity drives up food prices and limits access to nutritious food (Ilori et al., 2024). This can disproportionately affect vulnerable populations who rely on farming for their livelihoods or live in areas with limited market access (Ilori et al., 2024). 

· Poverty: can make households or individuals lack sufficient income to afford adequate and nutritious food, leading to food insecurity (Sukulao, 2025). This can create a cycle where poverty limits access to food, which then further hinders the ability to work and earn income, perpetuating both poverty and food insecurity.

· Income inequality: limits access to affordable and nutritious food for those with lower incomes. When income is unevenly distributed, it concentrates wealth and resources in the hands of a few, while many struggle to meet basic food needs (Sukulao, 2025). 

· Health issues: can create a cyclical problem. Poor health can lead to job loss or reduced income, making it harder to afford food. Conversely, inadequate nutrition can exacerbate existing health problems and lead to new illnesses, further reducing an individual's ability to work and secure food (Modi & Ngidi, 2025).

· Climate change: affects food security through a combination of factors, such as rising temperatures, increased frequency of extreme weather events, and changes in precipitation patterns, all contribute to crop failures, livestock losses, and disruptions to food production systems (Modi & Ngidi, 2025). These effects reduce the availability of food, making it more expensive and harder to access, ultimately leading to increased hunger and malnutrition.

·  High food prices: can lead to food insecurity, particularly for low-income households and individuals, by reducing their access to affordable and nutritious food (Chavan, 2025). This can happen through several mechanisms, such as decreased purchasing power, reduced food consumption, and shifts towards less nutritious food choices (Chavan, 2025). 

· Political instability and poor management: can contribute to food insecurity by disrupting food production, distribution, and access. Conflict, corruption, and weak governance can all undermine agricultural systems, displace populations, and limit access to vital resources like food and water, leading to widespread hunger (Chavan, 2025). 

[bookmark: _Toc204751778][bookmark: _Toc213770078]2.2.3.3 Consequences of food insecurity

There are several consequences of hunger at all societal levels; however, the most direct and noticeable ones are hunger, malnutrition and vulnerability.

Hunger, which is a consequence of food insecurity, is the uncomfortable or painful physical sensation caused by a prolonged lack of food (Chavan, 2025). Hunger specifically refers to the physiological experience of lacking sufficient food or the physical consequence of food insecurity, manifesting as a range of symptoms from mild discomfort to severe illness and weakness due to prolonged lack of food (Chavan, 2025). Hunger can have serious consequences for health, including malnutrition, chronic diseases, and mental health issues like depression and anxiety. It can also affect concentration, energy levels, and overall well-being. 

Malnutrition can manifest in people because of household food insecurity.  It can manifest in people when there is a lack of reliable access to sufficient quantities and affordable, nutritious food. When individuals or households experience food insecurity, they may struggle to obtain enough food to meet their basic nutritional needs, leading to various forms of malnutrition (Modi & Ngidi, 2025). This can manifest as undernutrition, where the body does not receive enough calories or essential nutrients, or as micronutrient deficiencies, where the body lacks specific vitamins and minerals (Modi & Ngidi, 2025). Therefore, food insecurity can lead to reduced food intake, both in terms of quantity and quality, resulting in individuals consuming fewer meals, eating less nutritious foods, or skipping meals altogether (Modi & Ngidi, 2025). 

Vulnerability can be triggered by food insecurity and produce various negative consequences such as poor health, economic hardship, and social instability (Sukulao, 2025). Being vulnerable to food insecurity means being at risk of not having enough food because of various reasons, such as poverty, climate change, and not having the resources you need. Lack of food, especially for children and older people, can cause them not to get the nutrients they need, which can harm their growth and thinking abilities (Sukulao, 2025). Some studies suggest that people who do not have enough food are more likely to get long-term health problems like heart disease and diabetes. Not getting enough food can weaken the immune system, making it more prone to infections.

[bookmark: _Toc204751779][bookmark: _Toc213770079]2.2.4 Determinants of household food security and insecurity

There are several determinants of household food security and insecurity, but the main ones, according to several studies conducted at the household level, are household income, household size, education level, gender and age of the household head. 

Household income

Household income is a crucial determinant of food security and insecurity. Lower income levels are strongly correlated with increased risk of food insecurity, as they limit access to sufficient, safe, and nutritious food (Kolog et al., 2023). Factors like employment status, income instability, and financial emergencies can significantly affect a household's ability to afford adequate food. 

Lower income directly reduces a household's purchasing power, making it harder to afford necessary food items. Income also influences access to other resources that contribute to food security, such as healthcare, education, and safe housing, which can indirectly affect food access (Kolog et al., 2023). 

Household size

Household size is a significant determinant of both food security and food insecurity. Larger households, particularly those with more dependents like young children, tend to be more vulnerable to food insecurity due to increased consumption needs and potential strain on resources (Kolog et al., 2023). Conversely, smaller households may have an advantage in managing food resources and are less likely to experience food insecurity. Larger households naturally require more food to satisfy the nutritional needs of all members, potentially straining household resources and leading to food insecurity if income or other food sources are limited (Kolog et al., 2023). In larger households, especially those with limited resources, members may compete for the available food, potentially leading to reduced meal frequency or compromised dietary quality. 

Large households with many young children or elderly individuals are often at higher risk of food insecurity as these groups are more susceptible to nutritional deficiencies and the negative consequences of inadequate food access (Hanifar et al., 2025). While larger households can face challenges, they may also have more working-age adults who can contribute to household income and alleviate some of the burden of food insecurity (Hanifar et al., 2025). Understanding the relationship between household size and food security is crucial for policymakers to design effective interventions, such as targeted food assistance programs or initiatives, like the Food Security Pack programme, which was at the centre of this study. 

Education level

A household head's education level significantly influences their food security status. Increased education is generally associated with improved food security, while lower education levels are linked to higher food insecurity rates (Kolog et al., 2023). This is because education empowers individuals with knowledge and skills to manage resources effectively, access better employment opportunities, and make informed decisions about household food security. Education enhances a household head's earning potential, leading to increased income and access to more diverse and nutritious food sources (Kolog et al., 2023). Educated individuals are more likely to implement efficient farming practices, manage household budgets effectively, and make informed decisions about food storage and preservation. Education enables access to information about healthcare, nutrition, and agricultural practices, which can improve household health and food production (Kolog et al., 2023). Education can reduce reliance on external aid or limited resources by equipping individuals with the skills to become self-sufficient. In conclusion, education plays a crucial role in determining a household's food security status. Investments in education, particularly for household heads, can lead to significant improvements in food security, nutrition, and overall well-being. 

Gender of the household head

In many contexts, households headed by females are more vulnerable to food insecurity than those headed by males (Sukulao, 2025). This is often linked to gender inequalities in access to resources, income, and decision-making power. However, some studies also highlight that females’ income can play a crucial role in mitigating food insecurity, especially when they have greater control over resources (Sukulao, 2025). Females may face barriers to owning land, livestock, or accessing credit, which can limit their ability to produce or purchase food (Sukulao, 2025). In addition, females often have lower earnings and fewer opportunities for formal employment compared to males, affecting their ability to afford food. In addition, females may shoulder a heavier burden of household and childcare responsibilities, leaving them with less time and energy for income-generating activities or farming (Sukulao, 2025). 

Several studies have shown that traditional gender roles can restrict females’ access to decision-making power within the household and limit their participation in income-generating activities (Michael et al., 2023). However, female-headed households are not a monolithic group. Studies have shown that increased income for females can significantly improve household food security, as they often prioritise household needs like food expenses (Michael et al., 2023). Therefore, empowering women through access to education, resources, and decision-making power can lead to better food security outcomes for the entire household. While female-headed households are often more vulnerable to food insecurity due to gender-based inequalities, their economic empowerment and access to resources can play a vital role in improving food security for the entire household (Michael et al., 2023). To sum up, addressing gender inequalities in access to resources, income, and decision-making is crucial for tackling food insecurity in both female-headed households and male-headed households. 

Age of the household head

The age of a household head can significantly influence a household's food security status. Older household heads may have more experience in farming and access to land, potentially leading to greater food production and stability (Modi & Ngidi, 2025). However, in some contexts, vulnerability to food insecurity may increase with age, particularly in male-headed households with limited income or employment. Older heads of household may have more established access to land, credit, and other resources that support food production and income generation (Modi & Ngidi, 2025). Older individuals are more likely to have experience in farming practices, which can translate to greater efficiency and productivity in food production. The relationship between the age of the household head and food security is complex and multifaceted. While older heads of household may have advantages in terms of experience and resource access, other factors like income, employment, and household size also play crucial roles in determining vulnerability to food insecurity (Modi & Ngidi, 2025). 

[bookmark: _Toc204751780][bookmark: _Toc213770080]2.2.5 The climate change concept

Climate change has become a mega trend that will lead to significant global changes in the future. There is considerable scientific evidence that the impact of climate change on all sectors of economies is recognised (International Panel on Climate Change [IPCC], 2023). Throughout the world, people have become aware of global warming as one of the major causes of climate change, which cannot be avoided due to the continued increase in greenhouse gas emissions and the changes in the climate system (Azzarri & Signorelli, 2020). So far, the global warming issue has focused on the mitigation of greenhouse gases based on international environmental conventions such as the IPCC and Kyoto Protocol (Hertel, 2018). For agriculture, however, the focus has been shifted to adaptation and adaptability based on the assessment of the impacts of climate change and vulnerability to it (Meybeck, Laval et al., 2018). The IPCC emphasises that it is very important for the agricultural sector to adapt to climate change because even if greenhouse gas emissions decrease, global warming will continue for the next several decades due to its previously emitted greenhouse gases (IPCC, 2023). Azzarri and Signorelli (2020) explain that it takes some years to assess the impacts of climate change, but the effects can be assessed within a year. Therefore, Mulenga et al. (2015) argue that, since agriculture is climate-dependent and thus susceptible to climate change, preparations for adaptation measures should be an urgent priority to avoid being food insecure at all societal levels.  Therefore, agriculture is receiving more attention worldwide in terms of adapting to the negative effects of climate change to meet the needs of vulnerable farmers who depend directly on agriculture for food. 

The regions surrounded by the tropics, where Sub-Saharan African countries are located, experience a decreased amount of rainfall, of about 20%, due to a prolonged dry spell (Meybeck et al., 2018). This could result in the loss of arable land, which can be caused by decreased soil moisture, increased aridity, increased salinity and groundwater depletion, thereby affecting agricultural production and productivity (Hertel, 2018).

[bookmark: _Toc204751781][bookmark: _Toc213770081]2.2.6 Climate change impact on agriculture

Agriculture plays a key role in many small-scale farmers’ livelihoods and economic development. Sadly, small-scale farmers’ agricultural production and productivity are highly affected by climate variability, especially in rain-fed farming systems (Azzarri & Signorelli, 2020). Climate variability is evident through the frequency and intensity of prolonged floods, droughts, destructive storms and unpredictable rainy seasons. According to FAO (2018), the most affected communities with these climate variations are small-scale farmers whose primary source of livelihood is agriculture. 

Persistent droughts, diminishing water resources, and changes in growing seasons are among the consequences of climate change that have directly affected agricultural production and productivity. These changes have not only limited rural households' access to food resources but also negatively affected the sustainability of the agricultural economy. In regions where the tools and infrastructure necessary to cope with these changes are insufficient, rural food security is at serious risk (Yar & Zarghani, 2024). 

Apart from affecting agricultural production and productivity, climate change has a wide range of effects on the rural economy, including revenues of the farm household and asset values, and it affects the agricultural infrastructure through the change in water sources available for agriculture (De Pinto et al., 2019). Agriculture, as a major source of food worldwide, is very much exposed to the effects of climate change, such as extreme weather events, which affect the agricultural ecosystem and give rise to diseases and pests (De Pinto et al., 2019). Though rainfall is a key determinant of crop growth and yields in rain-fed agricultural areas, as it is the main source of soil moisture, too much of it usually causes havoc to population centres, making them uninhabitable (Mulenga et al., 2019). When population centres become uninhabitable, they necessitate population movement from hard-hit to safer areas. Usually, the displaced populations will need to be housed, and at least some of the houses are likely to be built on agricultural land, thereby affecting agricultural activities. 

Agricultural production is carried out through the selection of crops suitable for the climate of a specific region and the application of proper farming methods. Therefore, agriculture is a climate-dependent bio-industry with notable regional characteristics (Chakraborty et al., 2022). Regional characteristics refer to the ecosystem characteristics determined by the climate of the region (Chakraborty et al., 2022). Climate change disturbs the agricultural ecosystem, resulting in changes in agricultural climatic elements such as temperature, precipitation, and sunlight, while further influencing the arable land, livestock, and hydrology sectors (Chakraborty et al., 2022). The impacts of climate change on arable land are made known by biological changes, including the change of flowering and harvesting seasons, quality change, and shift of areas suitable for cultivation (Mulenga et al., 2015). 

[bookmark: _Toc204751782][bookmark: _Toc213770082]2.2.7 Climate change impact on food security

Agriculture is important for food security because it produces the food people eat and is a primary source of livelihood for one-third of the world’s total workforce (Chakraborty et al., 2022). In the heavily populated countries of Asia and the Pacific, this share ranges from 40 to 50 percent, and in sub-Saharan Africa, two-thirds of the working population still make their living from agriculture (Chakraborty et al., 2022). If agricultural production in the low-income developing countries of Asia and Africa is adversely affected by climate change, the livelihoods of large numbers of the rural poor will be put at risk, and their vulnerability to food insecurity will increase.

The agriculture sector is sensitive to the climate. The effect of climate change on agriculture is expected to be positive in temperate regions and negative in tropical ones. However, there is still uncertainty about how projected changes will play out at the local level. The adoption of risk management measures and adaptation strategies that strengthen preparedness and resilience may alter potential effects (De Pinto et al., 2019).

The food security implications of changes in agricultural production patterns and performance are of two kinds. Firstly, impacts on the production of food will affect food supply at the global and local levels. Globally, higher yields in temperate regions could offset lower yields in tropical regions (De Pinto et al., 2019). However, in many low-income countries with limited financial capacity to trade and high dependence on their own production to cover food requirements, it may not be possible to offset declines in local supply without increasing reliance on food aid (De Pinto et al., 2019). Secondly, impacts on all forms of agricultural production will affect livelihoods and access to food. Producer groups that are less able to deal with climate change, such as the rural poor in developing countries, risk having their safety and welfare compromised (De Pinto et al., 2019).

[bookmark: _Toc204751783][bookmark: _Toc213770083]2.2.8 Pillars of food security

Food security is essentially built on four pillars, namely: food availability, food accessibility, food utilisation and food stability. The food security pillars, if well harnessed, enable household members to have access to sufficient food of the right dietary mix (quality) at all times to be food secure. Those who never have sufficient quality food are chronically food insecure. These pillars of food security make up a food system, which can be vulnerable to climate change. A food system can be vulnerable when one or more of the four pillars of food security are uncertain and insecure (Descheemaeker et al., 2016). For instance, even if there is plenty of food produced (high availability), if it is too expensive for many to buy (low accessibility), or if it is not nutritious enough to meet dietary needs (poor utilisation), the food system is not truly stable for everyone. Below are explanations of what each of the four pillars of food security entails. 

[bookmark: _Toc204751784][bookmark: _Toc213770084]2.2.8.1 Food availability

Food availability refers to the physical quantities of nutritious and safe food, which are produced, stored, processed, distributed, exchanged and readily available at a specific location and time (Rubin, 2016). According to Rubin (2016), food availability consists of food aid, imports of food and local production of food crops (the focus of the study). Descheemaeker et al. (2016) explain that the term ‘availability’ can refer to food supplies available at both household and regional or national levels, but in this thesis, the term ‘availability’ is used to refer to agricultural food crop production at household levels.  Food availability is the net amount remaining after production, stocks, and imports have been summed and exports deducted for each item included in the food balance sheet. Adequacy is assessed through comparison of availability with the estimated consumption requirement for each food item (Rubin, 2016).

For rural people who produce a substantial part of their own food, climate change affects food production.  Climate change effects on food production may reduce the availability of food to the point that allocation choices have to be made within the household (Rubin, 2016). For instance, a family might reduce the daily amount of food consumed equally among all household members, or allocate food preferentially to certain members, often the able-bodied male adults, who are assumed to need it the most to stay fit and continue working to maintain the family. 

[bookmark: _Toc204751785][bookmark: _Toc213770085]2.2.8.2 Food accessibility 

Food accessibility is a measure of the ability to secure entitlements, which are defined as the set of resources that an individual requires to obtain access to food (Muzerengi et al., 2021). Therefore, food accessibility is defined as when households or individuals have adequate incomes or other resources to purchase, barter or produce appropriate foods needed to maintain consumption of an adequate diet/nutrition level (Muzerengi et al., 2021). Access to food requires that individuals or households have enough resources to obtain or produce food for consumption. Muzerengi et al. (2021) explain that food accessibility at the household level is influenced by the availability of food through food crop production. Dorah et al. (2015) add that the ‘food availability’ and “food accessibility’ pillars are not synonymous with self-sufficiency in food. Self-sufficiency implies the ability either to produce food or purchase food (Dorah et al., 2015). 

Muzerengi et al. (2021) further argue that a household or an individual might go hungry even though the food is available within the country. Dorah et al. (2015) further explain that adequate access can be achieved without a household being self-sufficient in food production, or more importantly, without the household’s ability to generate sufficient income. The mere presence of an adequate supply does not ensure that a person can obtain and consume food; that person must first have access to the food through his/her entitlements. The enjoyment of entitlements that determine people’s access to food depends on allocation mechanisms, affordability, and cultural and personal preferences for particular food products (Muzerengi et al., 2021). However, climate change may make it difficult for people to access enough food as it affects how food is grown, makes it more expensive and limits access to healthy meals. The limitation to access to food is because of frequent droughts, heatwaves and floods, which lead to crop failures and destruction of infrastructure supporting the food system. Therefore, climate change can reduce food access through negative effects on agricultural production and supportive infrastructure. Food shortfalls, due to the negative effects of climate change on crop production and yields, negatively affect household food security (Muzerengi et al., 2021). Increased risk exposure resulting from climate change can reduce people’s access to entitlements and undermine their food security.

[bookmark: _Toc204751786][bookmark: _Toc213770086]2.2.8.3 Food utilisation 

Food utilisation refers to the use of food and how a person can secure essential nutrients from the food consumed. It encompasses the nutritional value of the diet, including its composition and methods of preparation (El Bilali, 2019). Also, the social values of foods (which dictate what kinds of food should be served and eaten at different times of the year and on different occasions) and the quality and safety of the food supply (which can cause loss of nutrients in the food and the spread of food-borne diseases) are part of food utilisation (El Bilali, 2019). Food utilisation entails proper biological use of food, requiring a diet that provides sufficient and essential nutrients (El Bilali, 2018). The efficient and effective utilisation of food mostly relies on a measure of knowledge, food storage and processing techniques, basic principles of nutrition, and illness management within a household (El Bilali, 2019).  Food utilisation is also concerned with intra-household distribution and the right to a nutritious diet for household members, together with access to a wide range of foodstuffs (El Bilali et al., 2018). However, food utilisation can be vulnerable to climate change. 

Climatic conditions may bring both negative and positive changes in dietary patterns and new challenges for food safety, which may affect nutritional status in various ways. Climate variability may change food utilisation by affecting the nutrition status of household members, especially the poor and vulnerable households.  For instance, higher temperatures can favour the development of pathogens, while water scarcity (induced by droughts) affects water quality and hygiene habits, especially in arid and semi-arid areas, which could increase the burden of diseases such as diarrhoea and typhoid. 

In addition, climate change may alter characteristics of the pillars of food security. The changes in the availability of food, access to it, quality of food, and ability to use it have implications for the quality of diet (Muzerengi et al., 2021). The diet may have nutritional implications such as reductions in iron, zinc, protein, vitamin D, and omega-3 fatty acids, among others (Muzerengi et al., 2021).  Climate change also affects food utilisation in other ways, such as a reduction in the nutrient content of staple crops and an increase in the risk of food contamination (El Bilali et al., 2018). El Bilali et al. (2018) highlight the relation between food access and food utilisation dimensions of food security in the context of climate change. They argue that altered conditions for food production may result in altered use of pesticides and affect the main transfer mechanisms through which contaminants move from the environment into food (Dorah et al., 2015). Such altered conditions have implications for food safety and the nutritional content of food (Dorah et al., 2015). 

[bookmark: _Toc204751787][bookmark: _Toc213770087]2.2.8.4 Food systems stability 

Food system stability, in its simplest form, signifies the consistent and reliable functioning of the food supply chain, ensuring dependable availability, accessibility, and utilisation of food for all (Muzerengi et al., 2021). Food system stability can be understood as the consistent and dependable operation of all processes involved in getting food from farm to table (Alpízar et al., 2020). Food stability ensures that people have reliable access to food. When the food network is stable, food flows predictably, and when it becomes unstable, disruptions occur, leading to shortages and insecurity. If any of the food security pillars (availability, accessibility and utilisation) weaken, the entire food system becomes less stable (Alpízar et al., 2020). 

Climate variability and the increasingly frequent and intensive extreme climate events affect the stability of food availability, access and utilisation. This happens through changes in seasonality, fluctuations in ecosystem productivity, increased risks and reduced predictability of food production (FAO, 2018).  The short-term effects of temperature can induce rainfall variability, which affects crop yields and food system stability. Therefore, a robust and coherent national system should be discernible of the effects of climate change on crop productivity to avoid negative consequences on food availability at the household level (El Bilali, 2018). The stability of the whole food systems may be at risk because of climate change, which triggers short-term variability in production (Muzerengi et al., 2021). 

The recognition of the effects of climate change on food availability, access and utilisation and their stability over time implies the need to adopt a sustainable food system approach. To this end, Dorah et al. (2015) point out that efficient response requires the understanding of the full spectrum of potential climate change effects on food availability, accessibility, utilisation and stability, as well as the underlying natural and governance systems.

[bookmark: _Toc204751788][bookmark: _Toc213770088]2.2.9 Agricultural climate change adaptation 

Climate change adaptation refers to a response to the changing climate. According to IPCC (2023), it is defined as initiatives and measures to reduce the vulnerability of natural and human systems against actual or expected climate change effects. Agriculture is dynamic, and the sector is constantly under threat from climate change. Therefore, adapting to climate change stressors is inevitable if food security is to be guaranteed at any given societal level. Alpízar et al. (2020) argue that, with the conscious development of resources to build adaptive capacity, agriculture can adapt to and meet the challenges presented by climate change. For this reason, agricultural climate change adaptation entails altering the traditional way and systems of farming to respond to climate change vulnerabilities. Alpízar et al. (2020) explain that the goals of climate change adaptation are to reduce risk and vulnerability to climate change, strengthen resilience, enhance well-being and the capacity to anticipate and respond ills of climate change. 

[bookmark: _Toc204751789][bookmark: _Toc213770089]2.2.9.1 Agricultural climate change adaptation strategies 

Adaptation strategies consist of a set of actions and policies aimed at reducing the vulnerability of rural communities and enhancing their resilience to climatic changes (Sheikh & Pervez, 2025). Farmers used different adaptation choices against climate change in order to reduce the effects of climate change on crop production. Sheikh and Pervez (2025) explain that in recent years, smallholder-farming communities have been testing and implementing a range of agricultural adaptation strategies to respond to the changing environment, being it be variability in climate and/or weather conditions. Accordingly, most of the suggested agriculture climate adaptation strategies in the recent literature are not new; nevertheless, they have evolved from traditional practices (Sheikh & Pervez, 2025). The literature records a wide array of farming practices that smallholder farmers adopt to adapt to climate change. These farming practices fall under the following broad categories: adjustments to farm and crop management, soil and water conservation, and planting trees/shrubs in crops.



Adjusting to farm and crop management

Major agricultural practices that fall under this category, which farmers practice to mitigate the effects of climate change, are: crop diversification, inter-planting (mixed cropping), varying crop planting dates, planting early maturing crops, and planting drought/disease-resistant crops (Sheikh & Pervez, 2025).

Soil and water conservation

Under this category, also known as conservation farming, farmers adopt the following agricultural practices to respond to the effects of climate change on crop production: use of organic manure, use of inorganic fertiliser, use of shading and mulching, changing irrigation systems, rainwater harvesting, minimum to zero tillage, and planting cover crops (Shrivas et al., 2025). According to Shrivas et al. (2025), soil and water conservation strategies increase soil water content and maintain humidity during dry spells by improving soil structure. Also, when a farmer applies mineral fertiliser, the farm yields increase, thus building up financial and food reserves for the household (Shrivas et al., 2025).

Planting/retaining trees and shrubs in agricultural crop fields

The above-captioned adaptation strategy is widely used by farmers and is very helpful because trees or shrubs may serve as a source of food (Sheikh & Pervez, 2025). More importantly, trees or shrubs protect crops from wind and scorching sun. Trees or shrubs also provide shade, biomass and an additional source of income (Sheikh & Pervez, 2025). In addition, they maintain or increase soil fertility and moisture retention by generating soil organic matter and function as live fences along with various ecological functions (Sheikh & Pervez, 2025).

To sum up, several studies have shown that the adoption of climate change adaptation strategies and technologies by farmers limits the impact of climate change on agricultural production and productivity, improves livelihoods and food security among smallholder farming households, especially in rural areas. 

[bookmark: _Toc204751790][bookmark: _Toc213770090]2.3 Empirical studies on climate and food security 

Food security and climate change are recognised as two critical and interconnected domains in the study of sustainable development and the environment. In recent years, numerous studies have examined the impacts of climate change on food security, as climatic shifts directly affect agricultural production and access to food across different regions of the world. This section reviews and analyses a few selected studies on climate change and food security at the global, continental, regional, and local levels. 

[bookmark: _Toc202615089][bookmark: _Toc204751791][bookmark: _Toc213770091]2.3.1 Global studies on climate change and food security 

Climate change poses a fundamental threat to global food security and well-being as it affects agricultural systems, food production, and access to nutritious food worldwide (Muluneh, 2021). The global food security faces unprecedented challenges. Achieving and maintaining global food security is a fundamental goal of sustainable development, as it underpins human health, social stability, and economic prosperity (Muluneh, 2021). Changes in temperature and precipitation patterns have disrupted agricultural systems, leading to yield losses, crop failures, and reduced food availability worldwide (Godde et al., 2021). Furthermore, climate-related events such as droughts, floods, and storms have exacerbated food insecurity by destroying crops, livestock, and infrastructure, and disrupting food supply chains (Godde et al., 2021). 

Over time, the understanding of agricultural production challenges in light of climate change has deepened, calling for solutions. Early warnings about the vulnerability of global food systems to changing climate patterns, including temperature rise, altered precipitation, and increased frequency of extreme weather events, have been evident globally (Smith et al., 2020). Smith et al. 2020) explain that limited understanding and awareness of the complex interactions between climate change and food systems and a lack of coordinated global action to address climate change and its implications for food security have called for more research. 

With the call for more research on the global effects of climate change on food security, several studies have been conducted, taking different dimensions but with similar results. For instance, Adekunle et al. (2024) conducted a review study, whose objectives were to examine the multifaceted impacts of climate change on global food security, identify the challenges it presents, and explore potential solutions to mitigate its adverse effects. By synthesising current research, case studies, and policy analyses, the review study revealed that climate change presents formidable obstacles to food security worldwide. Further, the results showed that climate change disrupts agricultural productivity and exacerbates food shortages through shifts in temperature and precipitation patterns, coupled with the increasing frequency of extreme weather events, which threaten crop yields and food distribution networks globally (Adekunle et al., 2024). The review concluded that the challenges posed by climate change to global food security are immense, but not insurmountable (Adekunle et al., 2024). As such, the review recommended collective action, investing in sustainable solutions, and equitable food systems that can withstand the test of time to foster food security for present and future generations (Adekunle et al., 2024). 

Similarly, Mokhtar et al. (2019) reviewed literature to examine the climate change status to establish the possible impact of the projected global climate change on agriculture and global food security. The results indicated that climate change would negatively affect food security at the global level in the long term. Further, the results revealed that at the global scale, climate change would reduce crop yields and land suitable for agricultural activities, with the greatest impacts being in tropical regions where the greatest food security issues persist (Mokhtar et al., 2019). The review concluded that adaptations of food systems through interventions in availability, access, utilisation and stability are possible to cope with climate change at different scales, although their feedback to the planet system has yet to be fully assessed (Mokhtar et al., 2019). The review study recommended that the development and implementation of food security strategies that must include procedures for handling threats, product tampering, and product storage and distribution plans, along with a monitoring procedure, are necessary (Mokhtar et al., 2019). 

[bookmark: _Toc202615090][bookmark: _Toc204751792][bookmark: _Toc213770092]2.3.2 African continent studies on climate change and food security 

Africa has a weak ability to withstand natural disasters brought about by climate change (Bedeke, Vanhove, Wordofa, Natarajan, & Van Damme, 2020). The IPCC report defines Africa as one of the most vulnerable continents to climate variability and change because of multiple stresses and low adaptive capacity (IPCC, 2023). Studies have shown that climate change has already posed a serious threat to food security in Africa. Climate change has a huge impact on agriculture and food security in Africa, which is in a natural economy (Bedeke, 2023). In recent years, due to the influence of abnormal climatic conditions, large-scale famines have occurred in various regions of Africa several times, which has aroused widespread concern in the international community (Bell & Masys, 2020). Due to the special geographical location of Africa, spanning north and south of the equator, with an area of 30.2 million square kilometres and a population of 1.5 billion, climate change has had serious impacts on agriculture and food security in Africa (Anderson et al., 2021). If the climate continues to deteriorate, it will further aggravate food shortages and even trigger political, economic and social chain reactions. Anderson et al. (2021) explain that there is ongoing research on the effects of climate change on food security in Africa and that more efforts to investigate this phenomenon should be doubled to find solutions to the scourge. 

In a bid to find solutions to the effects of climate change on food security, several studies focusing on Africa have been carried out using different approaches. For example, focusing on the political, economic, geopolitical, poverty, education and health aspects in Africa, Hu (2023) analysed the past and current situation of climate change impact on food security in Africa through the literature research method to draw the attention of the international community to climate change and food security in Africa.  The aim of drawing the attention of the international community was to help Africa develop measures to cope with climate change, increase food production, ensure food security and better maintain continental food security and stability (Hu, 2023). The study showed that the impact of climate change on food security in Africa was becoming more and more intense and had a tendency to continue to deteriorate, becoming a major factor of political, economic and social instability in Africa (Hu, 2023). The study concluded that climate change and food security are inseparable, widespread and complex phenomena that require holistic adaptation and mitigation strategies to cushion their impact on political, economic, geopolitical, poverty, education and health aspects in Africa (Hu, 2023). 

Likewise, Yeboah (2024) synthesised existing literature and consolidated evidence from academic databases and grey literature sources to provide insights into the intricate interplay between climate change and food security in Africa to offer fresh insights and guiding future research and policy initiatives in the realm of climate change adaptation and food security in Africa. The synthesised findings underscored the complex and multifaceted nature of climate change impacts on food security in Africa. From alterations in precipitation patterns to rising temperatures and increasing frequency of extreme weather events, the study established that the African continent faces a myriad of challenges that threaten agricultural productivity, food availability, and livelihoods (Yeboah, 2024). Further, the study revealed that socio-economic disparities exacerbate vulnerabilities, particularly among marginalised populations such as smallholder farmers, women, children, and indigenous communities (Yeboah, 2024). The study recommended that addressing the challenges posed by climate change to food security in Africa requires holistic and multi-sectoral policy interventions (Yeboah, 2024). Additionally, the study recommended that governments, in collaboration with international organisations and other stakeholders, should prioritise the development and implementation of climate-resilient agricultural practices and infrastructure (Yeboah, 2024). 

[bookmark: _Toc204751793][bookmark: _Toc213770093]2.3.3 Studies on climate change and food security in Southern Africa

The Southern African region that contributes less to global emissions is known for being highly vulnerable to climate change-related weather events (Abegunde et al., 2019). In recent years, this region has experienced an increase in climate change-related events, including cyclonic activity, floods, droughts, and a reduction in rainfall (Bryan et al., 2018). The above-mentioned extreme weather events have been decreasing agricultural productivity and threatening regional food security. Abegunde et al. (2019) explain that over the past years, Southern Africa has experienced extreme weather events, which have subjected more than 50 million people to food insecurity due to their exposure or vulnerability to this problem. The frequency of rain has decreased, droughts have persisted for long periods, and water resources have become scarcer while agricultural productivity, which is highly dependent on rain, has declined (El Bilali, 2019). With the decline in agricultural production, many people in the region are unable to access food, even when it is available in the market due to high prices (El Bilali, 2019). Several studies aimed at coming up with strategies to reduce vulnerability against climate change, which poses a threat to food security in Southern Africa, have been conducted. 

As an example, Evanilde (2024) conducted a study using documentary and bibliographical techniques to understand what Southern African countries were doing at the regional level to mitigate the effects of climate change on food security. The study established that Southern African countries were aware of the threat of climate change to their national food security, and have been putting together efforts to find solutions to this common threat, for example, by participating in international conferences, such as the UN Framework Convention on Climate Change and the Paris Agreement, aimed at developing sustainable strategies to cushion the effects of climate change on food security (Evanilde, 2024). Further, the study revealed that efforts had been exerted to adapt and reduce the negative impacts of climate change on the region (Evanilde, 2024). For example, the Maputo Declaration on regional cooperation for disaster relief had been adopted; SADC has had a Food, Agriculture and Natural Resources (FANR) Directorate and many more entities that are being created to reduce the region’s vulnerability to climate change and food insecurity by increasing its adaptability and resilience against this phenomenon (Evanilde, 2024).

Using a systematic review of existing literature, Mafongoya et al. (2022) conducted a study whose objective was to summarise the current state of knowledge and the impacts of climate change on food security and nutrition for smallholder farmers in Southern Africa. The outcome of the review showed that the four pillars of food security (availability, access, utilisation and stability) are affected by climate change (Mafongoya et al., 2022). Food access and stability are affected by the disruption of market prices, infrastructure, transport, manufacturers and retail, as well as direct and indirect changes in income and food-purchasing power of low-income consumers (Mafongoya et al., 2022). Equally, food utilisation is directly affected by climate change due to an increase in mycotoxins in food and feed (Mafongoya et al., 2022). The study also indicated that climate change was transforming the dynamics of pests and diseases of both livestock and crops, e.g., in some countries of Southern Africa, new pests like fall armyworms have negatively affected the productivity of maize and tomato crops (Mafongoya et al., 2022). Also, extreme weather events, such as droughts, floods and cyclones, which have been on the increase in Southern Africa recently, would affect the stability of food supply directly through disruption of transport and markets (Mafongoya et al., 2022). The study concluded that, although climate adaptation, mitigation and resilient building would take many years, in the meantime, humanitarian food assistance was vital to address the impacts of climate change on food and nutritional security in the short term (Mafongoya et al., 2022).

[bookmark: _Toc204751794][bookmark: _Toc213770094]2.3.4 Studies on climate change and food security in Zambia

Climate change has negatively affected agricultural productivity in Zambia through the increased frequency and more extreme nature of climatic events like droughts and floods that directly affect agricultural production and ultimately food security (Alfani et al., 2019). Climate change and variability have led to crop failure, livelihood losses, and increased incidents of food insecurity in Zambia (Mulenga et al., 2019). Smallholder farmers dominate the agricultural sector in Zambia, and they largely produce maize, which is a staple food (Mulungu et al., 2019). The production of food crops by smallholder farmers in Zambia is highly dependent on rainfall. This dependence on a rain-fed agricultural production system has left the country, particularly rural smallholders, vulnerable to climate variability and change (mostly droughts) as has been seen in the last few agricultural seasons (Mulenga et al., 2019). 

Climate change and variability lead to higher uncertainty in predicting weather events such as floods and dry spells, and shifts in the onset and offset of rains. Because of this uncertainty, it is difficult for farmers to plan their agricultural production activities, especially in rainfed farming systems (De Pinto et al., 2019). For example, smallholder farmers faced difficulties during the 2022/2023 farming season in planning for their agricultural activities because of the uncertainty of climate change, which led to maize crop failure in the western and southern parts of Zambia, resulting in food insecurity and high maize meal prices due to supply shortfalls (De Pinto et al., 2019).

Some studies have been conducted to establish the effects of climate change on food security to provide solutions to curb the dilemma, though not enough. For instance, using a case study of the Mantapala settlement in Nchelenge District of Zambia, which marks the boundary to the Democratic Republic of Congo, Stadtbäumer et al. (2022) conducted research employing a mathematical optimisation approach. This study used a farm-planning model to establish the optimal reallocation of land and labour factors in response to climate change, as well as to investigate how the household’s cultivation pattern was affected by climate change (Stadtbäumer et al., 2022). The study results revealed that climate change negatively affects livelihoods at the study site and that a dry climate decreased farmers’ wealth by around 30% and a wet climate by nearly 20% (Stadtbäumer et al., 2022). However, simulations showed that households would be able to sustain their livelihood through adaptation processes at the farm level (Stadtbäumer et al., 2022). In addition, the results established that without changing land and labour inputs, a dry and a wet climate significantly reduced farmers’ income. Nonetheless, altering the cropping mix was a meaningful instrument to respond to climate change at the study site (Stadtbäumer et al., 2022). 

The study concluded that climate change had a serious impact on farm yields and required land and labour adjustments to prevent losses in wealth (Stadtbäumer et al., 2022). In addition, altering the cropping mix, reallocating planting times or changing farming techniques were found to be meaningful instruments to respond to climate change at the study site. Stadtbäumer et al. (2022) recommended policy interventions such as agricultural intensification through improved seeds, technological tools, but also additional labour inputs, such as oxen. In addition, the study recommended that policy should focus on the use of alternate seed and crop types, alternative planting/farming techniques or crop diversification, weather forecasting and education about the effects of climate change (Stadtbäumer et al., 2022). 

Ngoma et al. (2021) also used data from global circulation models (GCMs) that were based on 398 climate scenarios for the level one stabilisation (L1S) and 421 scenarios for the unconstrained emissions (UCE) to research the effects of climate change on food security in Zambia. This study combined biophysical assessments with an economy-wide modelling framework that allowed for a more nuanced analysis at national, sub-national or regional levels of the socio-economic impacts of climate change on poverty, agricultural productivity, and household welfare (Ngoma et al., 2021). The objective of this study was to assess the potential impacts of climate change on agricultural crop production at national and sub-national levels. 

The results revealed that the Western and Southern regions of the country would be the worst affected by climate change (Ngoma et al., 2021). Also, climate change was projected to reduce maize yield and production much more than any other crop considered in the analysis, and these reductions would be highest in the Southern and Western regions (Ngoma et al., 2021). In terms of the economic impacts, climate change was projected to reduce GDP, especially in the fourth decade covered by the study between 2041 and 2050, and these negative impacts would be progressive, as would be the uncertainty of these impacts (Ngoma et al., 2021). 

The study concluded that, if mitigation efforts within the agricultural sector and at the global level were not scaled up, the Gross Domestic Product and agriculture contributions to the nation of Zambia would continue to decline (Ngoma et al., 2021). This would have dire consequences for the country, as many people depend on the agricultural sector for their livelihoods and nutrition outcomes. Therefore, Ngoma et al. (2021) recommended: (i) transformation of the agricultural sector by investing in climate-smart technologies such as irrigation, and drought-tolerant crop varieties; (ii) diversification of production away from maize and identify suitable alternative farm enterprises for the most vulnerable regions in the Southern and Western parts of Zambia; and (iii) and build on existing evidence showing that mitigation lessens the negative impacts of climate change to garner political will for climate action (Ngoma et al., 2021).

[bookmark: _Toc204751795][bookmark: _Toc213770095]2.3.4.1 Literature Gap

Notwithstanding the usefulness of the results of the studies presented above, most of the studies faced a few limitations. Firstly, some studies lacked primary data and mainly depended on desk reviews of documents and reports (secondary data). This hindered the researchers from conducting an in-depth analysis and exploring major factors affecting the food security situation in Zambia using primary data. Secondly, some studies did not attempt to look into any attributions on factors affecting the food security situation; hence, some of the analyses were based on assumptions. Although some studies gave very useful information and a satisfactory assessment of the effect of climate change on food security, they had limitations, in that they relied mainly on secondary data analysis and completely left out primary data collection and utilisation. This made the findings weak and calls for primary research.

[bookmark: _Toc204751796][bookmark: _Toc213770096]2.4 Theoretical framework

The study used the Theoretical Framework on the Effects of Climate Change, shown in Figure 2.1 below, adapted from the Food and Agriculture Organisation publication of 2016 on Climate Change and Food Security Risks and Response. This framework provided the ‘lens’ which helped to develop the themes, extrapolate patterns and interpret the data in this study. The framework helped to introduce and describe the concepts embraced in the theories used and the conceptual framework, which was developed for this study in line with the research problem and objectives.

The theoretical framework in Figure 2.1 below explains the causal relationship between climate change and food security, highlighting interplaying factors. 
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[bookmark: _Toc527994698][bookmark: _Toc6238065][bookmark: _Toc27735078][bookmark: _Toc27735433][bookmark: _Toc75501755][bookmark: _Toc136189209][bookmark: _Toc183528511][bookmark: _Toc204751804][bookmark: _Toc213770178]Figure 2.1: Theoretical Framework on the Effects of Climate Change on Food Security

Source: Adapted from FAO (2016)

[bookmark: _Toc204751797]The framework helped to understand the factors influencing climate variability and food security. It illustrates that climate change, which manifests in extreme weather events through changes in temperature and precipitation, causes land degradation and affects the agroecosystem. Land degradation, extreme weather events and affected agro ecosystems give rise to pest infestation and associated diseases that affect cultivated plants, livestock, forests, grazing land and the productive capital of farmers. 

The framework shows that the attacks by pests and diseases on cultivated plants and livestock affect agricultural production and productivity, which in turn affect the quantity, quality and agricultural commodity prices. These, in turn, affect household food security and nutrition as the availability, accessibility, utilisation and system stability of food get affected. When the above-mentioned pillars of food security are affected, the resultant effect is food insecurity, which cripples household members with malnutrition, stunted growth, and human diseases.

[bookmark: _Toc213770097]2.4.1 Vulnerability, adaptation, and resilience theories

A theory is a well-established principle that explains some aspect of the natural world. Lee (2025) explain that theories arise from repeated observation and testing and incorporate facts, laws, predictions, and tested hypotheses that are widely accepted. In addition, Lee (2025) states that theories explain, predict challenges and expand current information. The study combines vulnerability theory, adaptation theory, and resilience theory to provide a comprehensive analysis of the effects of climate change on food security in Chilanga district of Zambia. The theoretical framework shown in Figure 2.1 above supports the theories used in this study. A combination of the above-mentioned theories helps to understand the multifaceted effects of climate change on agricultural production, livelihoods and offers adaptive solutions to mitigate climate change challenges. These theories and the framework shown in Figure 2.1 above helped to design research questions, select relevant data, interpret the data, and explain the underlying causes or influences of observed phenomena in line with the research objectives. 

[bookmark: _Toc204751798][bookmark: _Toc213770098]2.4.1.1 Vulnerability theory

Vulnerability theory explains the degree to which a system or community, or household, is susceptible to external risks and shocks, such as climate change (Turner & Zhou, 2023). According to Turner and Zhou (2023), the vulnerability theory holds that the more vulnerable a system or community or household is, the more severe the negative impacts of climate change will be. In this study, vulnerability theory is used to analyse the effects of climate change on the agricultural food security of the small-scale farmers in Chilanga district in Zambia. The theory was also used to establish factors that weakened food security in the face of climate change, which include a lack of resilient infrastructure, weaknesses in agricultural policies, and poverty. 

[bookmark: _Toc204751799][bookmark: _Toc213770099]2.4.1.2 Adaptation theory

Adaptation theory, as one of the key theories in climate change studies, embraces a set of actions and strategies adopted by a system or community or household to cope with the effects of climate change. The primary goal of adaptation, according to this theory, is to reduce vulnerability to the adverse effects of climate change and increase resilience and capacity to deal with these changes (Lee, 2025). This study used the adaptation theory primarily to establish and analyse different adaptation strategies the small-scale farmers adopted in Chilanga district to adapt or mitigate the effects of climate change on agricultural production and household food security. The adaptation theory helped to establish agricultural practices, water resource management, and the use of modern technologies that some small-scale farmers adopted to address the negative consequences of climate change to foster household food security. Since adaptation theory also emphasises local community participation in formulating government policies, the theory helped in soliciting recommendations from small-scale farming households for designing and implementing effective adaptation strategies. 

[bookmark: _Toc204751800][bookmark: _Toc213770100]2.4.1.3 Resilience theory

Resilience theory holds that systems, communities or households have the capacity to recover from crises and maintain their essential functions and structures (Matsepe & Maluleke, 2024). According to the resilience theory, social and environmental systems must be able to adapt to climate change while maintaining their sustainability (Matsepe & Maluleke, 2024). In this study, resilience refers to the ability of rural communities and small-scale farming households in Chilanga district to maintain food security in the face of climatic shocks such as droughts, floods, or temperature fluctuations. Previous research has shown that rural resilience depends on various factors such as access to natural resources, local infrastructure, and social capacity to cope with crises (Matsepe & Maluleke, 2024). Therefore, this study examined the factors that enhanced the resilience of Chilanga rural communities and small-scale farming households in light of climate change. 

[bookmark: _Toc204751801][bookmark: _Toc213770101]2.5 Conceptual framework

This study adopted and modified the Climate Change and Food Security Conceptual Framework, adapted from the FAO (2024) publication on the Analysis of Climate Change and Food Security Conceptual Frameworks. The illustration in the conceptual framework shown in Figure 2.2 below shows the interplay of factors on the causal and resultant effects of climate change and food security. This conceptual framework is grounded in the vulnerability theory, adaptation theory, and resilience theory presented and discussed above. The framework, in general, shows how climate change affects food security outcomes in the four pillars of food security, namely, food availability, food accessibility, food utilisation and food system stability in various direct and indirect ways.

The Climate Change and Food Security Conceptual Framework shown in Figure 2.2 below illustrates the interplay of climate-related factors that lead to poor agricultural production, which ultimately affects household food insecurity. The conceptual framework shows that there are some human activities, such as indiscriminate clearing of vegetation (for agricultural purposes), charcoal burning (for income), timber harvesting (for income), and uncontrolled animal grazing (feeding animals), whose effects contribute to climate change.
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[bookmark: _Toc204751805][bookmark: _Toc213770179]Figure 2.2: The Climate Change and Food Security Conceptual Framework

Source: Adapted from FAO, 2024, and modified by the Author

The framework shows that climate change, which manifests in various forms like an increase in mean temperature, changes in precipitation, an increase in frequency and intensity of extreme weather, and greater weather variability, leads to poor agricultural production. When agricultural production is affected negatively, household food security in affected communities is also affected, and this triggers changes in the four pillars of food security, namely, food availability, food accessibility, food utilisation, and food system stability of food, as shown in Figure 2.2 above. 

Changes in the aforementioned pillars of food security lead to changes in human health, which manifest in the form of malnourishment, stunted growth and human diseases. When these manifest, households resort to engaging in adaptive responses by way of engaging in climate change-inducing activities, such as charcoal burning, et cetera, to cushion household food insecurity. These climate change-inducing activities feed back into human activities that trigger climate change, as shown in Figure 2.2 above. 

Linking the climate change and food security conceptual framework presented above to this study, it was established that, in Chilanga district, some food security pack programme beneficiaries engaged in some human activities such as allowing uncontrolled animal grazing, charcoal burning, indiscriminate clearing of vegetation, and timber harvesting. These human activities were conducted either for income generation or to take care of their livestock. However, their effects contributed to climate change, which negatively affected their maize crop production, triggering household food insecurity. Household food insecurity among the Food Security Pack programme beneficiaries, which was a result of poor agricultural production in Chilanga district, led to some households adjusting their food consumption patterns by way of skipping some meals, eating small meals or unbalanced diets due to scarcity or food inadequacy. 

The scarcity or food inadequacy led to changes in the health of household members, which in some instances were seen in the form of malnourishment, stunted growth and susceptibility to diseases. When these manifested, affected household members resorted to engaging in other income-generating activities such as charcoal burning and timber harvesting to earn income to cushion the deficiencies. Various studies reveal that although farmers’ food security is highly dependent on the intensity and severity of the shocks and stresses, a key driving factor is their vulnerability and adaptive capacity to deal with disturbances (FAO, 2024). Further, FAO (2024) states that, in response to the various shocks, stresses and trends any community faces, a dialectical process occurs, resulting in a unique household strategies portfolio (FAO, 2024). In this study, some income-generating activities that households resorted to had the potential to feed back into human activities that trigger climate change, as shown in Figure 2.2 above.

[bookmark: _Toc202615100][bookmark: _Toc204751802][bookmark: _Toc213770102]2.6 Summary of the Chapter

In this chapter, an extensive theoretical discussions on ‘food security’ and ‘climate change’ concepts are presented. The chapter has presented debates on food security and climate change, as well as the concept of  ‘food insecurity’. Also, the chapter discussed the determinants of household food security and insecurity and introduced the ‘climate change’ concept and debates surrounding it. Further, the chapter has discussed the agricultural climate adaptation strategies and presented selected empirical studies on climate change and food security at global, continental, regional, and local levels. The theoretical framework on the effects of climate change on food security adopted for this study and the theories used have been discussed. Lastly, the chapter has presented and discussed the conceptual framework developed for this study. 



















[bookmark: _Toc213770103]CHAPTER THREE

[bookmark: _Toc213770104]RESEARCH METHODOLOGY

[bookmark: _Toc505236938][bookmark: _Toc505237501][bookmark: _Toc184275070][bookmark: _Toc208557836][bookmark: _Toc213770105]3.1 Introduction

[bookmark: _Toc465412629][bookmark: _Toc481053049][bookmark: _Toc481070459][bookmark: _Toc505236939][bookmark: _Toc505237502]The chapter presents research philosophies and the adopted critical realism philosophy used in this study, with its epistemological and ontological underpinnings. The chapter also discusses the study approach and research design premised on the adopted research philosophy. It also introduces the study area and the population of study, spelling out the eligibility criteria (inclusion and exclusion criteria). In addition, the chapter presents the sample size and the non-probability and probability sampling strategies used to select research participants. Further, the chapter discusses the data collection methods/instruments, data analysis and data presentation. Thereafter, the chapter discusses the validity and reliability of data collection methods, ethical considerations, limitations of the study, and closes with a summary of the chapter.	

[bookmark: _Toc208557837][bookmark: _Toc213770106][bookmark: _Toc184275071]3.2 Research philosophy

Research philosophy is the basic ideas and beliefs that guide researchers in how they conduct their studies (Scotland, 2012). It is an essential part of research that influences how researchers do their work and understand their results. According to Scotland (2012), research philosophy includes what the researcher thinks about reality (ontology), how knowledge is gained (epistemology), and the importance of values in research (axiology). These ideas about philosophy help the researcher decide how to study and influence their overall plan for the research. Gannon, Taheri, and Azer (2022) believe that knowing about research philosophy is important. It helps create clear research plans, choose the right research methods, and critically assess the strengths and weaknesses of different methods.

Gannon et al. (2022) argue that there are four main kinds of research philosophy that are commonly accepted in social science research.  According to Gannon et al. (2022), the four main types of research philosophy are: 

1. Positivism: Focuses on facts that can be seen and measured, using numbers and statistics. 

2. Interpretivism: Emphasises personal experiences and understanding how people see the world. 

3. Pragmatism: Concentrates on real-world results and solving problems. 

4. Critical Realism: Accepts that there is a reality we can all agree on but recognises that our view of it is influenced by social and historical contexts (Gannon, Taheri & Azer, 2022).  

Each of these philosophical approaches gives a different view on what reality is and how knowledge can be gained.  Gannon, Taheri, and Azer (2022) say that the way researchers choose to think about research can greatly affect how they plan their research.  This includes how researchers collect data and what methods they use to analyse it.  Based on the different types of research philosophy presented above, this study chose to use critical realism.

[bookmark: _Toc208557838][bookmark: _Toc213770107]3.4.1 Critical realism philosophy

Critical realism is a research philosophy that tries to bridge the gap between positivism and interpretivism (Ryan, 2018).  Critical realism philosophy accepts that there is a real world out there, but it also realises that how researchers see that world is influenced by our society and history (Ryan, 2018).  Saunders (2023) says that critical realist researchers think there are different layers of reality.  These layers include the empirical (things we can see), the actual (events that happen), and the real (the underlying reasons for those events).  This research philosophy often uses both statistics and personal observations to look at visible events and the underlying factors that affect them (Saunders, 2023).  Critical realism was helpful for this research aimed at understanding complex social systems and the relationship between climate change and food security. 

[bookmark: _Toc208557839][bookmark: _Toc213770108]3.4.1.1 Epistemology and ontology of critical realism philosophy

The epistemological underpinning of critical realism is about understanding knowledge, specifically what makes knowledge valid and how it can be gained (Mukhles, 2020).  This influenced the researcher's decision to employ different methods for collecting information in this study.  Mukhles (2020) argues that critical realist epistemology holds that things people can see provide reliable information and facts. Because of this understanding, this study used an observation method.  On the other hand, the Ontological underpinning behind critical realism is about understanding what reality is like and what we can learn about it.  It focuses on beliefs about the social world and how it works (Mukhles, 2020).  This led the researcher to create both closed and open-ended questions for the participants because ontology holds that reality exists on its own, separate from how people see it (Mukhles, 2020).  



In general, the researcher chose critical realism as a research philosophy because it fitted well with the objectives and research questions of this study. The researcher sought to gather both numeric (quantitative data) and detailed opinions (qualitative data) from participants to respond to the research problem while considering both facts and personal views.  Donnell et al. (2013) argue that critical realism is a research philosophy that uses both statistics and personal experiences.  It believes there is an actual reality out there, but also understands that people see it in different ways.

[bookmark: _Toc465412631][bookmark: _Toc481053051][bookmark: _Toc481070461][bookmark: _Toc505236941][bookmark: _Toc505237504][bookmark: _Toc208557840][bookmark: _Toc213770109][bookmark: _Toc184275072]3.3 Study approach

A research approach is the procedure selected by the researcher to collect, analyse, and interpret data. Among the three research approaches available in research, namely, quantitative, qualitative, and mixed-methods, this study used the latter. Mixed methods' is a research approach whereby researchers collect and analyse both quantitative and qualitative data within the same study. In the mixed-methods approach, the researcher used quantitative approach to gather information on aspects of questions that sought answers on "how many," "how much," or "how often" in this study, whereas qualitative approach was used to gather information on aspects of questions that sought answers on the "why," "how," or "what" aspects of questions. 

The quantitative aspect in the adopted mixed-methods approach sees reality as objective, simple and fixed, while the qualitative approach perceives reality as subjective, constructed, multiple and diverse (Bryman, 2012).  The mixed-methods approach, which combined quantitative and qualitative approaches, helped the researcher to balance out the limitations of each method. It provided stronger evidence and more confidence in the findings of this study and delivered more solid results than could have been the case if an individual approach had been used. The mixed-methods approach enabled the researcher to solicit both numerical and descriptive data from the participants to achieve objectivity. The researcher opted for the use of this approach because it allowed for a more thorough exploration of complex issues and triangulation of data sources (Creswell & Plano, 2012). 

[bookmark: _Toc208557841][bookmark: _Toc213770110]3.4 Research design

A research design is an objective and accurate procedural plan which researchers adopt to answer research questions in a valid way (Creswell & Plano, 2012). A research design determines the type of data collection methods and analysis to be employed by a researcher to get the desired results. Among the many available research designs, this study used the explanatory case study, which Creswell and Plano (2012) say aims to explain the cause-and-effect relationships of a particular issue phenomenon. The explanatory case study offered unique opportunities for understanding and discovering the causes of climate change and its effect on the agricultural food security of the vulnerable but viable small-scale farmers supported under the Food Security Pack (FSP) programme in Chilanga district of Zambia. The study used an explanatory case study design because it is valuable for in-depth investigation and understanding of complex phenomena within real-life contexts by allowing the use of data collection methods such as surveys, interviews, and observations (Bryman, 2012). With these data collection methods, the researcher obtained comprehensive data, which generated insights specific to Chilanga district. 

[bookmark: _Toc208557842][bookmark: _Toc213770111]3.5 Study setting

[bookmark: _Toc465412630][bookmark: _Toc481053050][bookmark: _Toc481070460][bookmark: _Toc505236940][bookmark: _Toc505237503]The study was conducted in Chilanga district, located in Lusaka Province of the Republic of Zambia. The district borders Lusaka in the eastern part, Kafue in the south, Shibuyunji in the western and Chibombo in the northern part, as shown in Appendix 2. The coverage area of the district is about 1,354 square kilometres, with a projected population of about 227,844 people in 2025 (Chilanga Town Council, 2024).   

Agriculture and manufacturing are the two major economic cornerstones of Chilanga district, though the former dominates. Out of the approximated land coverage area of 1354 square kilometres, about 955 square kilometres is agricultural land (Chilanga Town Council, 2024). The district has three (3) Agricultural Blocks, namely: Mwembeshi, Chilanga, and Lusaka West Blocks. The Agricultural blocks are further divided into 19 Agricultural Camps as indicated in Table 3.1 below. Collectively, the Agricultural Blocks and Camps have approximately 27,571 registered farmers, broken down as 4,000 emergent farmers, 45 commercial farmers, and 23,526 small-scale farmers (Chilanga Town Council, 2024). Out of the 23,526 small-scale farmers, 2,275 are vulnerable but viable small-scale farmers supported under the Food Security Pack programme, as shown in Table 3.1 below and Appendix 6 with detailed information (Chilanga Town Council, 2024).

[bookmark: _Toc136107215][bookmark: _Toc206362783][bookmark: _Toc213770187]Table 3.1: Number of agricultural blocks, camps, registered farmers, and FSP beneficiaries

		Agric. Blocks Names

		No. 

Agric. Camps 



		No. of Reg. 

Farmers

		No. of Commercial Farmers

		No. of Emergent Framers

		No. of Small-Scale Farmers

		No. of FSP Programme Beneficiaries

 



		Chilanga

		5

		7,409

		15

		1,112

		6,061

		742



		Lusaka West

		8

		11,685

		19

		1,572

		10,337

		1,076



		Mwembeshi

		6

		8,477

		11

		1,316

		7,128

		457



		Total

		19

		27,571

		45

		4,000

		23,526

		

2,275









Source: Chilanga Town Council, 2024: modified by the Researcher



Chilanga district is in an area that has good soil for farming. The main crops in the district are maize (75%), soybeans, groundnuts, and sorghum (25%). In the district, maize is the most widely grown crop compared to others.

[bookmark: _Toc465412632][bookmark: _Toc481053052][bookmark: _Toc481070462][bookmark: _Toc505236942][bookmark: _Toc505237505][bookmark: _Toc208557843][bookmark: _Toc213770112][bookmark: _Toc184275073]3.6 Target population 

[bookmark: _Toc465412634][bookmark: _Toc481070464][bookmark: _Toc505236944]The target population was the entire population, or group, that a researcher was interested in researching and analysing, from which a sampling frame was drawn. This was the entire population, or set, which was considered qualified for data collection and analysis.  This study targeted the vulnerable but viable small-scale farming households in Chilanga district. The other research participants were the key interview informants (KIIs).  

[bookmark: _Toc208557844][bookmark: _Toc213770113][bookmark: _Toc198895806][bookmark: _Toc201141691]3.6.1 Eligibility criteria

Eligibility criteria are intentionally established boundaries that explain what is to be studied and not in research (Arslan, 2025). These were requirements that were set to be met for vulnerable but viable small-scale farming households, and the Key Interview Informants to be included in this study. The eligibility criteria also considered other factors that informed the study. These requirements helped to ensure that participants in this study had similar characteristics in terms of specific factors. Eligibility criteria, in this study, consisted of both inclusion criteria and exclusion criteria. 

[bookmark: _Toc198895807][bookmark: _Toc201141692][bookmark: _Toc208557845][bookmark: _Toc213770114]3.6.1.1 Inclusion criteria

Inclusion criteria were about the requirements that vulnerable but viable small-scale farming households needed to possess for them to participate in this study.  The following were the inclusion attributes, which the study targeted and focused on:

· The study targeted the vulnerable but viable small-scale farming household heads that benefited from the Food Security Pack programme in the 2023/2024 and 2024/2025 farming seasons, aged between 18 years and 65 years. This category of the Food Security Pack programme was targeted because household heads falling under this age group are considered adults, in the Zambian context, with a sound mind to make independent decisions.  

· The study focused on the Food Security Pack programme, among other Zambian agricultural food security programmes, because this is the Zambian government-funded agricultural programme where the government provides farming inputs to the vulnerable but viable small-scale farmers gratis to boost their capacities to produce food crops to enhance household food security. 

· Under the Food Security Pack programme, the study focused on maize crop among other crops supported under the programme because it is a staple food crop for Chilanga district and Zambia at large.

· The study targeted Key Interview Informants in the implementing institutions with expertise and experience in areas of food security and climate change at international, national and local levels to help with sharing their experiences on the topic of study. 

[bookmark: _Toc198895808][bookmark: _Toc201141693][bookmark: _Toc208557846][bookmark: _Toc213770115]3.6.1.2 Exclusion criteria

Exclusion criteria were requirements that disqualified vulnerable but viable small-scale farming households from participating in this study.  The following were the exclusion attributes of vulnerable but viable small-scale farming households under the Food Security Pack programme:-

· The study excluded households headed by vulnerable but viable small-scale farmers below the age of 18 years. These were excluded because, in Zambia, they are classified as children who can hardly make independent decisions.  

· The study excluded households headed by vulnerable but viable small-scale farmers who were above 65 years old. These were excluded because they were elderly persons, more likely, with diminishing memory to make independent decisions.  

[bookmark: _Toc208557847][bookmark: _Toc213770116][bookmark: _Toc184275074]3.7 Sample size/ Sampling strategy

[bookmark: _Toc208557848][bookmark: _Toc213770117]3.7.1 Respondents

The sample size for the questionnaire respondents in this study was 341.  The researcher applied Slovin's formula with a 5% acceptable margin of error (Glen 2020).  Slovin’s formula helps to calculate the sample size (n) based on the total population size (N) and the determined level of acceptable error margin (e) (Glen 2020).  To get the sample size (n), the values of 'N' and 'e' are plugged into the formula: n = N ÷ (1 + Ne^²).  The final value of (n) is equal to the sample size (Glen 2020).  

Thus,

· The sample size was arrived at as follows:

· Total number of registered vulnerable but viable small-scale farmers (N) = 2,275, 

· Acceptable margin error value (e) = 5% expressed in decimal value = (0.05)

· Sample size (n) =? 

Then, n = N ÷ (1+ Ne^2): when the above values are fitted in the formula:

n = 2,275 ÷ (1 + (2,275 x (0.05) ^2)

	n = 341, correct proportional sample size

Using an Excel spreadsheet, the researcher randomly picked 341 questionnaire respondents from a sampling frame of 2,275 registered household heads of vulnerable but viable small-scale farmers. The random sampling method used made it possible for all the registered vulnerable but viable small-scale farmers participating in the Food Security Pack programme in Chilanga district to have an equal chance of being picked. Giving all the registered vulnerable but viable small-scale farmers an equal chance to be chosen in random sampling allowed the generalisation of the findings within Chilanga district.  Phelan (2011) states that most social researchers use probability sampling because it is very reliable and produces results that can be generalised. 

[bookmark: _Toc208557849][bookmark: _Toc213770118]3.7.2 Key interview informants

Three (3) key informants were chosen for interviews. These were the District Agriculture Coordinator, District Community Development Officer, and District Environmental Technician. The non-probability sampling, employing a purposive technique, was used to select key informants. The key informants were purposely chosen because they took part in the implementation of the Food Security Pack programme and worked to help with climate change solutions. Using a purposive sampling method was a good choice for picking the key informants because they had expert knowledge and information about the topic studied. Creswell (2017) says that in non-probability sampling, samples are picked for a specific reason.

[bookmark: _Toc465412638][bookmark: _Toc481070468][bookmark: _Toc505236948][bookmark: _Toc184275078][bookmark: _Toc208557850][bookmark: _Toc213770119]3.8 Data collection methods/instruments

[bookmark: _Toc465412639][bookmark: _Toc481070469][bookmark: _Toc505236949][bookmark: _Toc505237508]Questionnaires, interviews and observation guides were used to collect data in this study, as presented and explained below. 

[bookmark: _Toc465412640][bookmark: _Toc481070470][bookmark: _Toc505236950][bookmark: _Toc505237509][bookmark: _Toc184275079][bookmark: _Toc208557851][bookmark: _Toc213770120]3.8.1 Questionnaires 

[bookmark: _Toc465412641][bookmark: _Toc481053055][bookmark: _Toc481070471][bookmark: _Toc505236951][bookmark: _Toc505237510]The researcher used questionnaires to collect information directly from respondents. The researcher used a written list of questions, as shown in Appendix 3, to collect answers from respondents. The researcher administered the questionnaires personally due to the high illiteracy levels in Chilanga district, which make many individuals disadvantaged and unable to read or write well (Chilanga Town Council, 2024). The questionnaires were semi-structured, meaning they had a mix of open-ended and closed questions, as shown in Appendix 3. Creswell (2017) argues that semi-structured questionnaires have some set questions and guidelines, which makes them similar to both qualitative and quantitative methods. However, they are often more attracted to the quantitative approach. Based on this explanation, these questionnaires were suitable for this study because they were designed to gather both qualitative and quantitative data from the 341 vulnerable but viable small-scale farming household heads participating in the Food Security Pack programme in Chilanga district. 

[bookmark: _Toc465412642][bookmark: _Toc481053056][bookmark: _Toc481070472][bookmark: _Toc505236952][bookmark: _Toc505237511][bookmark: _Toc184275080][bookmark: _Toc208557852][bookmark: _Toc213770121]3.8.2 Interview guide

[bookmark: _Toc465412643][bookmark: _Toc481053057][bookmark: _Toc481070473][bookmark: _Toc505236953][bookmark: _Toc505237512]The interview guide was used to help with detailed conversations in the interviews.  The researcher conducted semi-structured interviews with the District Community Development Officer, District Agricultural Coordinator, and District Environmental Technician, as key informants.  The interview guide was helpful because it allowed different questions and let key informants answer in their own way.  Appendix 4 contains the questions for the interviews.  Lury (2018) states that semi-structured interviews are helpful because they are flexible and have very few strict rules.  Instead of rules, they usually provide guidance.  Lury (2018) also says that they can change the order of the questions, how they word them, and how much time they spend on different topics.  This method was important because using open-ended questions helped the researcher talk more freely with key informants.  The method was suitable for the key informants because it did not call for standardised questions, but acted as a simple guide (Schwandt, 2015).

[bookmark: _Toc184275081][bookmark: _Toc208557853][bookmark: _Toc213770122]3.8.3 Observation method

The observation method was another way used to collect information in this study. Observation is a way of noting down what happens around us, like conditions, events, and activities, without asking questions or getting involved too much (Alam & Kashif, 2021). In this study, observations could show whether what respondents had done or how things looked was different from what they said or meant. The observations were done passively and quietly, while visiting respondents for questionnaire administration using a guide shown in Appendix 5. Observation as a way to collect data meant that a specific set of categories was created ahead of time to guide the observation. The researcher wrote down what was seen in a notebook and took photos.

The study used several different sources of information. The study reduced distortions of data by using several sources of information from the research participants. Haynes (2019) explains that using a mixed-methods approach allows researchers to gather information in different ways. This helps researchers to avoid mistakes or distortions and fix any problems in their data. Using different sources allowed for several analyses, which resulted in different findings for the same outcome by dealing with missing data in a few instances.

[bookmark: _Toc184275082][bookmark: _Toc208557854][bookmark: _Toc213770123]3.9 Data analysis

[bookmark: _Toc505236960][bookmark: _Toc505237517][bookmark: _Toc31049521]In this study, the data collected from research participants were analysed and presented quantitatively and qualitatively. 

[bookmark: _Toc184275083][bookmark: _Toc208557855][bookmark: _Toc213770124]3.9.1 Quantitative data analysis and presentation 

[bookmark: _Toc31049522]The data that were captured from closed-ended questions were analysed quantitatively.  The use of quantitative analysis was based on Creswell and Plano’s (2012) explanation that, in quantitative analysis, the researcher assigns codes to each likely answer and specifies how other responses are to be handled. For entering and analysing data, the researcher used the Statistical Package for Social Sciences (SPSS) version 20 software. 

Quantitative data is presented in charts and tables. Tables showing statistics like frequency distributions, percentages, arithmetic mean, standard deviations, and standard error mean for selected variables/thematic areas are presented. A table showing some statistics from the paired samples t-test is also presented and explained. The data is shown visually using bar and pie charts made in Microsoft Excel.  These charts are based on data from SPSS to help people understand and visualise the statistics better. 

[bookmark: _Toc184275084][bookmark: _Toc208557856][bookmark: _Toc213770125]3.9.2 Qualitative data analysis and presentation

[bookmark: _Toc465412648][bookmark: _Toc481070478][bookmark: _Toc505236954][bookmark: _Toc505237513][bookmark: _Toc31049515]The qualitative analysis method was used to gather information from open-ended questions in the questionnaires.  The answers from the open-ended questions were classified for analysis.  Creswell (2017) explains that, although qualitative data, such as the views of respondents, are not always computable by arithmetic relations, basic figures can be computed after categorising common responses into various classes called categorical variables.  SPSS was used to analyse the categories.  This allowed the researcher to review the data in a way parallel to that of quantitative analysis (Flick 2014). With this attribute, figures were generated in line with common responses that were used to create simple tables for visual summaries. 

For qualitative data captured from the interviews, the study used a thematic analysis method to analyse data collected using a voice recorder. This was done by using NVivo version 14 software. Using NVivo software, digital data was metamorphosed into verbatim, which was repeatedly read for familiarisation. Thereafter, thematic analysis was executed to generate codes through the guidance of research questions. The researcher searched for themes among the generated codes by looking at the scripts of the interview guides and identifying common responses to generate themes. Themes were repeatedly reviewed to ensure that key themes were labelled and described for easy understanding. A codebook was generated depicting descriptions of all the themes and their importance. The codebook guided the production of a report in line with the research objectives and questions. 

Qualitative data is presented in matrices and quotes. Matrices enable the visualisation of summarised data. In this study, matrices contain summarised descriptive data integrated around central themes. Data is also presented in direct and indirect quotes. 

[bookmark: _Toc208557857][bookmark: _Toc213770126]3.10 Validity and reliability of the study results

Validity and reliability of the research results make the study findings credible and trustworthy. Validity refers to whether a test measures what it aims to measure and how well the results among the study participants represent true findings among similar individuals outside the study. It denotes suitable and accurate measurements. On the other hand, reliability refers to whether research methods can reproduce the same results multiple times. It describes how reproducible or replicable a study is. In brief, if a study can be repeated and the same results are found, the study is considered reliable.

To ensure that the results of this study were valid and reliable, the following were undertaken:-

· The researcher compared the results of this study with findings from earlier studies done around the world, on different continents, regions, and local areas about a similar topic.  The comparison study helped the researcher learn more about the topic by looking at how the results and conclusions of this study matched up or differed from other studies.

· The researcher conducted a pilot test of data collection methods/tools, where the questionnaire and interview guide were subjected to a test on a small sample. This helped the researcher establish technical issues in the data collection tools that could affect the accuracy and trustworthiness of the study results. Feedback from the pilot testing showed that, in some cases, the questions needed to be changed and rearranged. Based on the changes made to some questions in the data collection tools, validity and reliability were guaranteed. Saunder (2023) argues that pilot testing in research is important because it helps establish potential issues before starting the main study and ensures that the data is valid and reliable.

· The researcher used a mixed-methods study approach, triangulated sources of data. Triangulation increases the credibility and validity of research findings as it involves the use of multiple research tools to study the same phenomenon (Mesyitahsyare & Hermina, 2025). This study combined the use of questionnaires, interviews and observation to collect both qualitative and quantitative data.

The main goal of making sure the research results were valid and reliable in this study was to help others repeat the study.  To make sure other researchers can repeat the study, it is important to ensure that the results are accurate and trustworthy.  Validity and reliability help to produce the same results repeatedly over time and ensure that those results are dependable.  The goal of making sure research is valid and reliable is to confirm that the data is trustworthy and can be repeated, and that the results are correct (McLaughlin et al., 2025).  Proof that a measurement tool is valid and reliable is necessary to ensure the trustworthiness and quality of the data it collects. Valid and reliable data also enhances confidence among stakeholders, collaborators and reviewers, which adds support for research. Further, policy formulation and practice confidence are enhanced by valid and reliable results of the study, which help in gaining confidence in research recommendations. 

[bookmark: _Toc184275085][bookmark: _Toc208557858][bookmark: _Toc213770127]3.11 Ethical consideration

Ethical consideration is a process followed in research to win support from the targeted institutions and research participants. Aguilera et al. (2025) explain that ethical consideration refers to a process of thoughtfully taking into account moral issues of institutions and research participants before a full-fledged interaction with them. It involves identifying and addressing the potential morals that need to be considered in research. The goal of ethical consideration is to ensure that decisions and actions taken by researchers align with research moral principles, values, and standards. This study, therefore, considered administrative arrangement and researcher-participant engagement to adhere to the moral principles, values and standards as explained below.

[bookmark: _Toc465412645][bookmark: _Toc481053059][bookmark: _Toc481070475][bookmark: _Toc505236955][bookmark: _Toc505237514][bookmark: _Toc31049516]Administrative arrangements

The researcher obtained ethical clearance from the Atlantic International University (AIT) Research Ethics Committee, which was an acknowledgement that the research study met ethical standards and guidelines. The ethical clearance ensured that the rights, dignity, and well-being of research participants were protected. In addition, permission to research the Food Security Pack programme beneficiaries was sought from Chilanga District Commissioner and the District Community Development Officer. This permission allowed the researcher access to the respondents.

Researcher-participants engagement

The researcher explained to all the participants that the study was for the fulfilment of the requirements of a Doctoral degree in Sustainable Development and that its findings would be used for academic purposes. The participants were also assured of their privacy, confidentiality and anonymity during and after the questionnaire administration and interviews. Through this assurance, participants’ identities and personal information shared during the interviews were kept private, confidential, and anonymised. The participants were informed that participation in the study was voluntary and that they had the right to withdraw from the study at any stage of the research process. 

The participants were requested to sign a consent form upon agreeing to participate in the study. With the adequate information provided, all the participants selected as questionnaire respondents and interviewees consented to participate, and none of them withdrew from the study. The administering of questionnaires and key informant interviews was conducted at the convenience of the participants. This enabled the participants to provide the required information in their own time, a situation that provided calmness and an enabling environment. The researcher sought permission from the interviewees to use a voice recorder during interviews. Voice recording helped the researcher to concentrate on asking questions from the interview guide, carefully listening to answers, asking follow-up questions, and taking notes (Flick, 2014). 

The above-explained ethical issues ensured that participants fully understood what their involvement meant before consenting to participate in the study. By adhering to these ethical principles and procedures, the researcher prioritised the well-being and rights of participants while ensuring the integrity and reliability of the research process and outcomes (Haynes, 2019).

[bookmark: _Toc184275086][bookmark: _Toc208557859][bookmark: _Toc213770128]3.12 Limitations of the study

[bookmark: _Toc505236956][bookmark: _Toc31049517]The study faced some methodological limitations, which are explained as matters and circumstances that come up in a study that the researchers have little or no control over, but can find a way to mitigate them (Alam & Kashif, 2021). Below are the limitations that the study encountered and the corresponding mitigatory and remedial measures taken:- 

a) The pre-structured and standardised questions used in the questionnaire for the respondents limited the researcher from probing into critical matters of great interest. This limitation confirms the concern of social scientists on the disadvantages of using a questionnaire, which, among others, includes the restrictive closed-ended questions that do not allow probing and prompting of questions (Alam & Kashif, 2021). Nevertheless, the researcher used interviews with the key informants to probe matters of interest that could not be clarified by the respondents due to the restrictive nature of the questions in the questionnaire.

b) High illiteracy levels in the rural areas of Chilanga district prompted the researcher to administer the questionnaires to the illiterate respondents. This helped in translating some questions from English to a local language that the respondents could understand. Translating English into the local language had some problems because some English words could not be translated exactly.  This made it hard to keep the original meanings of the questions and answers clear.  To address the expected misunderstandings, the researcher tried hard to observe the body language and facial expressions of the people being questioned to resolve any confusion.  The researcher listened carefully to the answers and asked for more details when needed.

c) Chilanga district was purposely selected as the study site. However, with the purposive sampling used, the researcher acknowledged that the research findings could not be generalised beyond Chilanga district. Nonetheless, generalisation within Chilanga district was guaranteed because the selected Food Security Pack programme beneficiary household heads were selected using a simple random sampling method, which ensured representativeness of the total targeted population of the programme beneficiaries. 

[bookmark: _Toc31049524][bookmark: _Toc184275087][bookmark: _Toc208557860][bookmark: _Toc213770129]3.13 Summary of the chapter

The chapter has presented the options of research philosophies and the critical realism philosophy selected for this study. The chapter has also discussed the study approach and research design based on the critical realism philosophy used in this study. In addition, the chapter has introduced the study setting and the study population with highlights on the inclusion and exclusion criteria of the people in the study population. Additionally, the chapter has presented the sample size and the non-probability and probability sampling strategies used to select research participants. Further, the chapter has discussed the data collection methods/instruments, data analysis and data presentation. Thereafter, the chapter has discussed the validity and reliability of data collection methods, ethical considerations and concluded with the limitations of the study. 











[bookmark: _Toc213770130][bookmark: _Toc505236963][bookmark: _Toc505237520]CHAPTER FOUR

[bookmark: _Toc213770131]RESULTS AND DISCUSSIONS

[bookmark: _Toc209268436][bookmark: _Toc213770132][bookmark: _Toc505236964][bookmark: _Toc505237521][bookmark: _Toc184275090]4.1 Introduction 

[bookmark: OLE_LINK1]This study investigated the effects of climate change on the agricultural food security of the beneficiary households of the Food Security Pack programme in Chilanga district in Zambia to come up with appropriate recommendations. Therefore, this chapter presents the results and discussions of the study outcomes in line with the research objectives. The chapter begins by presenting and discussing the biographic data of respondents. The chapter also presents and discusses the perceptions of respondents of the causes of climate change. Thereafter, the chapter presents and discusses the effects of climate change on agricultural production, zeroing in on maize crop production and productivity for the 2023/2024 and 2024/2025 farming seasons. In addition, the chapter presents and discusses the findings on the common coping mechanisms against food insecurity adopted by respondents in light of the effects of climate change. Further, the chapter presents and discusses respondents’ recommendations to cushion the effects of climate change on maize crop cultivation. In addition, the chapter presents the researcher’s analytical deduction and development of a model suitable for maize resilience in Chilanga district. The chapter closes with a summary. 

[bookmark: _Toc209268437][bookmark: _Toc213770133]4.2 Presentation of results and discussions

[bookmark: _Toc209268438][bookmark: _Toc213770134]Biographic data of respondents

Fifty-seven percent (57%), representing 195 respondents of the sampled vulnerable-but viable small-scale farming households were females, while 43% representing 146 respondents were males, as shown in Figure 4.1 below. The above-presented findings were supported by the interview outcomes with key informants who comprised three key informants. The majority of the two out of the three key informants interviewed explained that there were more female-headed households than male-headed households on the Food Security Pack programme in Chilanga.

Therefore, the study established that there were more female-headed household heads (57%) than male-headed (43%) who participated in this study in Chilanga district. This confirms the Zambia Statistics Agency (2022) Census of Population and Housing Preliminary Report, which indicates that the female population of Chilanga district is higher than that of their male counterparts. This entails that there were more female-headed households in Chilanga than male ones under the agricultural Food Security Pack programme, which had implications on the coping mechanism adopted by the respondents against food insecurity in light of the effects of climate change.





[bookmark: _Toc209268477][bookmark: _Toc213770180]Figure 4.1: Sex of the respondents 

Source: Survey results by the researcher, 2025

[bookmark: _Toc213770135][bookmark: _Toc209268443]4.2.1 Causes of climate change 

Before establishing respondents’ perceptions on the causes of climate change in Chilanga district, the study sought to ascertain their awareness of climate change and whether they were able to recognise signs of climate change.

[bookmark: _Toc213770136]4.2.1.1 Respondents’ awareness of climate change 

The study established that 62% representing 210 respondents, were aware of climate change, while 38% representing 131 respondents, were unaware, as shown in Table 4.1 below.

[bookmark: _Toc209268485][bookmark: _Toc213770188]Table 4.1: Respondents’ awareness of climate change

		

		Climate Change Awareness

		No. of Respondents

		Percent

		Cumulative Percent



		Valid

		 Aware

		210

		62

		62



		

		 Not aware

		131

		38

		100



		

		Total

		341

		100

		





Source: Survey results by the researcher, 2025

Therefore, most of the respondents in this study were aware of climate change in Chilanga district.  This confirms Azzarri and Signorelli's (2020) argument that worldwide, people have become more aware than before of the fact that climate change is a real phenomenon which requires concerted efforts to tackle and learn its dynamics to come up with sustainable food security mitigation and adaptation strategies. Being aware of climate change and willingness to learn more about it can attract climate-smart agriculture capacity-building opportunities from the government of Zambia and its cooperating partners, which can enhance crop productivity in light of climate change. 

Although the majority (62%) of the respondents were aware of climate change, the percentage of the minority (32%) is too big to ignore, if mitigation and adaptation measures are among the solutions to the effects of climate change in crop farming.  

A cross-tabulation of the variables, age range of the respondents and respondents’ awareness of climate change, shown in Table 4.2 below, exposes potential areas of intervention.  A cross-tabulation of the age range variable with climate change awareness was computed because age range was one of the factors that distinguished household characteristics and contributed to understanding the participation dominance of age categories in the Food Security Pack programme in Chilanga district. 

[bookmark: _Toc209268486][bookmark: _Toc213770189]   Table 4.2: Cross-tabulation: Age range of the respondents versus awareness of climate 

		Age Range of Respondents

		Respondents’ Awareness of Climate Change



		

		Aware

		Not aware

		Total



		

		n

		%

		n

		%

		n

		%



		Valid

		18 to 34 years

		59

		17

		34 

		10

		93

		27



		

		35 to 49 years

		110

		33

		23 

		7

		133

		40



		

		50 to 64 years

		41

		12

		55 

		16

		96

		28



		

		65 years and above

		0

		0

		19 

		5

		19

		5



		

		Total

		210

		62

		131

		38

		341

		100





n = number of respondents		% = percent

Source: Survey results by the researcher, 2025

The cross-tabulation in Table 4.2 above reveals that the majority of the respondents, 55 representing 16% of the 131 respondents who were not aware of climate change, fell in the age group of 50 to 64 years, followed by 34 respondents representing 10%. Those who fell in the age groups 35 to 49 years and 65 years and above were at 7% and 5%, respectively, as shown in Table 4.2 above. The cumulative percentage of the age group (38%) of the 341 total respondents who were not aware of climate change or who did not have a deep understanding of climate change is too big a percentage to be left unattended because lack of awareness of climate change among smallholder farmers has clear measurable consequences for the environment and for the resilience of farming systems. 

Empirical studies from Southern African countries show that when farmers are not aware of long-term shifts in rainfall, temperature, or seasonality as climate change, they are less likely to adopt sustainable land-management and climate-smart practices (e.g., crop rotations and soil conservation). This gap in awareness both reduces uptake of practices that protect soil, water, and biodiversity and increases reliance on short-term coping strategies that can degrade natural capital (Makate, Makate, & Mango, 2017). 

Mechanistically, limited climate literacy steers decision-making toward familiar immediate responses, such as expanding cultivated area, shortening fallow periods, selling livestock in drought years, or shifting planting dates; rather than toward preventive and landscape-level measures. These coping actions can accelerate soil erosion, reduce soil organic matter, and prompt conversion of marginal lands or woodlands into cropland, amplifying land degradation and loss of on-farm biodiversity (Shilomboleni, Epstein, & Mansingh, 2024). Field research from country case studies reinforces these patterns. Representative household surveys and qualitative fieldwork in sites across Southern Africa find strong associations between perception/awareness and uptake of sustainable agricultural practices. Farmers who report noticing climatic trends are significantly more likely to adopt rotations, manure use, and conservation measures that protect soil fertility and reduce runoff (Maziya, Mvelase, & Dlamini, 2024). Conversely, communities with lower awareness or limited access to reliable climate information often rely on coping strategies that undermine long-term resource health, e.g., intensified tillage, burning, or hillside cultivation that produce cumulative environmental damage and reduce future productivity (Maziya, Mvelase, & Dlamini, 2024). 

Local studies in Zambia and neighbouring areas illustrate downstream effects on landscapes and livelihoods. In Monze District (Zambia), researchers documented how erratic rains and limited institutional support push households toward practices that erode soils and reduce agricultural biodiversity, which in turn worsens food insecurity and dependence on external aid (Mafwela & Mafwela, 2025). Similar semi-arid analyses (e.g., Dodoma, Tanzania) show that limited farmer awareness of long-term climatic trends constrains the adoption of water-saving and soil-conserving techniques, sustaining a cycle of vulnerability that manifests as reduced groundcover, lower water retention, and increased susceptibility to extreme events (Mramba, 2025). These environmental changes are not only local but can cascade across catchments, worsening sedimentation and altering hydrological regimes. 

Policy and practice implications from the empirical literature are consistent and actionable. Studies recommend prioritising climate literacy and co-created extension services that combine local knowledge with scientifically grounded climate information, accessible early-warning systems, and practical demonstrations of conservation agriculture, agroforestry, and soil-water management. When awareness is raised and supports are locally tailored, rather than delivered as one-size-fits-all technical packages, farmers are more likely to adopt practices that both sustain production and protect environmental assets, producing measurable improvements in household food security and landscape resilience (Mramba, 2025).

In sum, empirical evidence across Southern Africa links low awareness of climate change among smallholder farmers to lower uptake of sustainable practices and to environmental outcomes that include soil degradation, biodiversity loss, and altered watershed functioning. Strengthening climate education, extension, and locally co-developed interventions is therefore essential—not only to improve farm productivity, but to halt and reverse environmentally harmful practices that deepen vulnerability across rural landscapes.

[bookmark: _Toc209268444][bookmark: _Toc213770137]4.2.1.2 Views of the respondents on recognition of signs of climate change 

To ascertain the submission of the majority of 210 respondents representing 62% of the total 341 respondents handled, who said they were aware of climate, as shown in Table 4.3 above, the study sought to establish their perceptions of signs of climate change.  The majority 38% representing 131 respondents of the 341 respondents handled, were not sure of the signs of climate change. However, 23% representing 78 respondents, and 21% representing 73 respondents, cited dry spells/drought and the increase in hot days/heatwaves occurrence, respectively, as signs of climate change, as shown in Table 4.3 below.

[bookmark: _Toc209268487][bookmark: _Toc213770190]Table 4.3: Respondents’ understanding of on signs of climate change

		

		How to Recognise Climate Change

		No. of Respondents

		Percent

		Cumulative Percent



		Valid

		Hotness and heatwaves 

		73

		21

		21



		

		Dry spells and drought

		78

		23

		44



		

		Heavy rains and flash floods        

		22

		7

		51



		

		Unpredictable seasons 

		37

		11

		62



		

		Not sure  

		131

		38

		100



		

		Total

		341

		100

		





Source: Survey results by the researcher, 2025

Others, 11% representing 37 respondents, cited unpredictable farming seasons as one of the signs of climate change, and the minority, 7% representing 22 respondents, mentioned an increase in the occurrence of heavy rains/flash floods, respectively, as signs of climate change. Accordingly, the study reaffirmed the cumulative submission of the majority of the respondents (62%) who were aware of climate change by citing the signs of climate change. 

The increase in the frequency of intensity of dry spells and drought cited by the majority of the respondents in Chilanga district affects agricultural crop productivity in Zambia as well as in the Southern Africa region, leading to crop failure and ultimately household food insecurity among most small-scale farmers. This confirms Meybeck et al.'s (2018) explanation that the areas surrounded by the tropics in the Sub-Saharan African countries experience decreased amounts of rainfall, of about 20%, due to a prolonged dry spell and drought. In addition, Hertel (2018) explains that increased dry spells and drought result in the loss of arable land because of decreased soil moisture, increased aridity, increased salinity and groundwater depletion, thereby affecting agricultural production and productivity. Further, El Bilali (2019) argues that in Southern Africa, the frequency of rain has decreased, droughts have persisted for long periods, and water resources have become scarcer, while agricultural productivity highly dependent on rain, has declined. 

The submission by the respondents that the increase in hot days and heatwave occurrences is one of the signs of climate change is supported by Adekunle et al.'s (2024) review study, whose objectives, among others, were to examine the effects of climate change on food security.  Their results showed that climate change disrupts agricultural productivity and exacerbates food shortages through shifts in temperature and precipitation patterns, coupled with the increasing frequency of extreme weather events, which threaten crop yields and food distribution networks globally (Adekunle et al., 2024).  

With the above findings and arguments, it can be argued that climate change leads to higher uncertainty in predicting weather events such as floods and dry spells and shifts in the onset and offset of rains. Although there is considerable scientific evidence that the effects of climate change in the agriculture sector are known, it is difficult for vulnerable small-scale farmers to plan their agricultural production activities, especially in rainfed farming systems (IPCC, 2023).

A cross-tabulation of the variables ‘educational levels’ and ‘recognition of signs of climate change’ was computed as shown in Table 4.4 below.  

[bookmark: _Toc209268488][bookmark: _Toc213770191]Table 4.4: Cross-tabulation: Education levels versus recognition of signs of climate change

		



Educational

levels

		Recognition of signs of Climate Change

		



Total



		

		Hotness and heatwaves

		Dry spells and drought

		Heavy rains/ flash floods

		Unpredictable seasons

		Not sure

		



		

		n

		%

		n

		%

		n

		%

		n

		%

		n

		%

		n

		%



		Valid

		Informal

		0

		0

		0

		0

		0

		0

		0

		0

		61

		18

		61

		18



		

		Primary

		5

		2

		3

		1

		6

		2

		4

		1

		45

		13

		63

		19



		

		Secondary

		15

		4

		9

		3

		23

		6

		11

		3

		25

		7

		83

		24



		

		Tertiary

		58

		17

		10

		4

		44

		13

		22

		7

		0

		0

		134

		39



		

		Total

		78

		23

		22

		7

		73

		21

		37

		11

		131

		38

		341

		100





Note: n = number of respondents		% = percent

The Cross-tabulation results show that 134 respondents representing 39% of the 341 total respondents who were able to cite signs of climate change attained tertiary education level, followed by 83 (24%) and 63 (19%) who reached secondary and primary levels, respectively.  The results also reveal that 61, representing 18% of the 131 respondents who were not sure of the signs of climate change, did not have a formal education. The results show that the respondents’ unsure responses on the signs of climate change decrease with advancement in the educational levels (i.e., 18% informal, 13% primary, 7% secondary, and 0% tertiary), as shown in Table 4.4 above.

A cross-tabulation of the variables ‘educational levels’ and ‘recognition of signs of climate change’, shown in Table 4.4 above, revealed that education is key to understanding climate change and its effects on the environment, which supports agriculture. With little or no formal education, small-scale farmers can hardly comprehend environmental matters like climate change, thereby reducing their ability to mitigate and adapt to their effects on crop cultivation (Tembo, 2024). The aforementioned argument is supported by a study that was conducted to examine the effect of climate change on food crops in rural South Africa, which concluded that the higher the education level of a household head, the more food-secure the household was because of the utilisation of mitigatory and adaptive knowledge (De Cock et al., 2013). This conclusion is in line with the findings of a study conducted in Tanzania that used food consumption as an indicator of food security to establish factors influencing household food security. The research found that households with family heads with higher education levels had a better household food security status than those with lower education levels (Mason et al., 2015). This information shows that education levels have an effect on our understanding of the environment that affects agricultural productivity and ultimately food security.

[bookmark: _Toc209268445][bookmark: _Toc213770138]4.2.1.3 Respondents’ perceptions of causes of climate change

Since most of the respondents said that they were aware of climate change and were able to recognise the signs of climate change, as indicated in Tables 4.1 and 4.3 above, the study further sought to establish their understanding of the causes of climate change, as shown in Table 4.5 below. 

[bookmark: _Toc209268489][bookmark: _Toc213770192][bookmark: _Toc183528344]Table 4.5: Respondents’ views on common causes of climate change 

		

		Causes of Climate Change

		No. of Respondents

		Percent

		Cumulative Percent



		Valid

		Industrial pollution

		44

		13

		13



		

		Clearing of vegetation indiscriminately

		81 

		24

		37



		

		Indiscriminate cutting of trees

		71

		21

		58



		

		Uncontrolled animal grazing

		14 

		4

		62



		

		 Not sure

		131

		38

		100



		

		Total

		341

		100

		





Source: Survey results by the researcher, 2025

Table 4.5 above shows that the majority of the respondents (131) representing 38% of the 341 total respondents handled were not sure of the causes of climate change, followed by 24% and 21% who submitted that climate change was caused by indiscriminate clearing of vegetation and cutting of trees, respectively, in Chilanga district. 

The minority, 13% and 4% cited industrial pollution and uncontrolled animal grazing as causes of climate change in the district, as shown in Table 4.5 above. The indiscriminate cutting of trees, for various purposes, as one of the causes of climate change in Chilanga district, also came out strongly during the interviews with the key informants.  All three key informants explained that the cutting of trees indiscriminately for timber and charcoal burning was mostly undertaken by Chilanga residents. It was also established during interviews that timber harvesting and charcoal burning were sources of income for purchasing food and other necessities by families affected by the adverse effects of climate change. One of the interviewees, whose statement summarised what came out from key informants, mentioned that the issues of cutting trees for timber and charcoal for income exacerbated the effects of climate change in Chilanga district. The interviewee said: 

The major cause of climate change, among others, is the cutting of trees for timber and charcoal, which has affected the ecosystem in the Chilanga district, causing the climate change we complain about. This has put pressure on the government of Zambia because it has negatively affected the rain pattern, leading to poor crop harvests. Poor crop harvests force the government to provide food aid yearly to the affected communities.

Therefore, the study established that industrial pollution, clearing of vegetation unnecessarily, indiscriminate cutting of trees, and uncontrolled animal grazing were the major causes of climate change in Chilanga district.

Industrial pollution, large-scale clearing of vegetation, indiscriminate tree cutting and uncontrolled grazing operate together to degrade the natural resource base on which smallholder farmers depend. First, the removal of woody vegetation and conversion of woodlands to cropland reduces soil organic matter and weakens soil structure, accelerating water-driven erosion and lowering soil fertility (Slayi, M. (2024). The loss of topsoil and organic carbon reduces crop water-holding capacity and nutrient availability, causing sustained yield declines for rain-fed smallholder systems. 

Second, unchecked grazing and removal of ground cover compact soils, reduce ground-level vegetation diversity and shorten the grazing season, which together lower pasture productivity and increase susceptibility to drought (Adeniyi et al., 2017). Overgrazing also contributes to sheet and gully erosion that removes productive land from cultivation or forces farmers to migrate to marginal lands, further perpetuating degradation (Adeniyi et al., 2017). These processes have been associated with falling household crop and livestock productivity in empirical studies across the region. 

Third, industrial emissions and local air pollution directly and indirectly reduce agricultural productivity. Empirical investigations in Southern African contexts show that particulate and gaseous pollutants can impair photosynthesis, reduce leaf area, and lower yields of staple crops such as maize, compounding the impact of degraded soils and erratic rainfall on food security for smallholders who lack irrigation or capital to adapt (Makate et al., 2017). Air pollution also poses health risks for farming households, increasing labour loss and treatment costs (Makate et al., 2017).

Fourth, landscape changes from deforestation and vegetation clearing alter local hydrology and microclimate, reducing infiltration, increasing surface runoff and flashiness of streamflow, and lowering dry-season base flows (Sharma, Mina & Kumar, 2022). For smallholder farmers dependent on rain-fed cropping and local water sources, these hydrological shifts mean higher crop failure risk during dry spells and lower access to water for livestock and household use (Sharma, Mina & Kumar, 2022). Empirical land-conversion studies in Zambia and neighbouring areas document these linkages between woodland loss, declining soil moisture, and reduced farm resilience (Sharma, Mina & Kumar, 2022). 

Finally, the combined environmental effects translate into reduced incomes, increased food insecurity, and greater vulnerability to climate extremes for smallholder households. Gusha et al. (2024) argue that empirical household surveys and field assessments across Southern Africa report that farmers facing degraded soils, poorer pastures, polluted air and reduced water availability adopt short-term coping strategies (e.g., selling livestock, cutting fallow periods), which often undermine long-term productivity. Restoration and sustainable land management (e.g., conservation agriculture, controlled grazing, reforestation) are repeatedly recommended by the evidence as necessary to reverse losses and build smallholder resilience. 

In summary, industrial pollution, vegetation clearance, tree cutting and uncontrolled grazing each stress the same environmental stocks (soil, water, biodiversity). In Southern Africa, these stresses have been empirically linked to lower soil fertility, greater erosion, poorer water availability, and reduced crop and livestock productivity, which directly undermine the food security and livelihoods of smallholder households. Policies that combine pollution control, secure tenure and community rangeland/forest management, plus farmer-level adoption of soil-conserving practices (agroforestry, conservation agriculture, controlled grazing), are supported by the empirical literature as the most effective pathway to protect smallholder livelihoods while slowing the regional drivers of climate change (Gusha et al., 2024). 

[bookmark: _Toc209268446][bookmark: _Toc213770139]4.2.2 Effects of climate change on maize crop cultivation 

The study focused on soliciting the views of the respondents on the maize crop. The focus on maize crop was necessary because it is a staple food crop in Chilanga district, and Zambia in general. Therefore, this subsection presents and discusses respondents’ views on whether or not climate change affected household maize production. It also presents and discusses the effects of climate change on maize crop fields and livelihood during the 2023/24 and 2024/25 farming seasons.  Further, the subsection presents and discusses maize crop productivity during the 2023/24 and 2024/25 farming seasons. 

[bookmark: _Toc209268447][bookmark: _Toc213770140]4.2.2.1 Determining if climate change had effects on household maize production

As regards whether or not climate change affected maize production of the respondents during the 2023/24 and 2024/5 farming seasons, 66% of the 341 respondents had their maize crop production affected by climate change in the 2023/24 farming season, compared to 10% who indicated the same for the 2024/25 farming season, as shown in Figure 4.2 below.



[bookmark: _Toc209268479][bookmark: _Toc213770181]Figure 4.2: Whether climate change affected maize crop production or not

Source: Survey results by the researcher, 2025

Conversely, 82% of the 341 respondents mentioned that their maize crops were not affected by climate change in the 2024/25 farming season compared to 1% who said the same for the 2023/24 farming season, as shown in Figure 4.2 above. Therefore, the study established that the majority of the respondents had their maize crops affected by climate change in the 2023/24 farming season, whereas in the 2024/25 farming season, only very few were affected, implying that the majority of their maize crops were not affected by climate change in the 2024/25 farming season.

The above results were confirmed during interviews with technocrats, whose majority two of the three key informants said the 2024/25 farming season received good rainfall, favourable for maize crop cultivation, hence, bumper maize crop harvests in Chilanga district. 

[bookmark: _Toc209268448][bookmark: _Toc213770141]4.2.2.2 How climate change affected maize crop fields during the 2023/24 farming season 

The majority (38%) of the 341 respondents said climate change triggered maize crop pests that affected maize plants' growth, while 27% of the respondents, which was the second topmost, said climate change led to stunted growth of maize crops in Chilanga district, as shown in Figure 4.3 below. Others (19%) mentioned that climate change made maize plants dry, while 14% cited maize crop diseases as major effects of climate change on maize fields. The minority (2%) remained mute, as shown in Figure 4.3 below. Therefore, most of the respondents viewed maize crop pests, triggered by climate change, as a major menace in their maize fields during the 2023/34 farming season in Chilanga district. 



[bookmark: _Toc25851878][bookmark: _Toc27735088][bookmark: _Toc27735442][bookmark: _Toc75501759][bookmark: _Toc213770182]Figure 4.3: How climate change affected maize fields

Source: Survey results by the researcher, 2025

The finding of this study on maize crop pests being a major menace to maize crop production, as indicated by the majority of the respondents, is supported by De Pinto et al. (2019). De Pinto et al. (2019) explain that maize production is highly affected by abnormal climate events such as heat waves and droughts that accelerate the growth of maize pests that mercilessly feast on maize crops, thereby potentially reducing crop productivity. Similarly, Mafongoya et al. (2022) conducted a study using a systematic review of existing literature aimed to summarise the effects of climate change on food security for smallholder farmers in Southern Africa, whose outcome supports the findings of this study. The outcome of the study by Mafongoya et al. (2022) indicated that climate change was transforming the dynamics of pests and diseases of both crops and livestock, e.g., in some countries of Southern Africa, new pests like fall armyworms have negatively affected the productivity of maize and tomato crops. Adhikari et al. (2015) also support the outcome of this study and further mention that other negative effects of global warming are blights and harmful insects on crops that reduce crop productivity. 

In summary, maize crop, as a major staple food in Zambia, is exposed to the effects of climate change that favour the growth and multiplication of maize pests, giving rise to stubborn and destructive maize crop diseases such as goss’s wilt, gray leaf spot, northern corn leaf blight, and southern corn leaf blight (De Pinto et al., 2019). Furthermore, climate-related events such as droughts, floods, and storms affected maize crop production in Chilanga district, especially during the 2023/24 farming season, by destroying crops through crop pests and disease attacks on maize crops, thereby disrupting household food security. 

[bookmark: _Toc209268449][bookmark: _Toc213770142]4.2.2.3 How climate change affected households: 2023/24 and 2024/25 farming seasons 

When further asked as to how climate change affected respondents’ livelihoods of those who said they were affected or somehow affected by climate change, as indicated in Figure 4.2 above,  a number of ways were submitted. However, the above inquiry did not apply to 82% of the 341 respondents because their maize fields were not affected during the 2024/25 farming season, as indicated in Figure 4.2 above and Figure 4.4 below. Nevertheless, 6% of the respondents complained of poor yields in the 2024/5 farming season, compared to 33% who did the same for the 2023/24 farming season. 



[bookmark: _Toc209268480][bookmark: _Toc213770183]Figure 4.4: Direct and indirect effects of climate change on livelihood 

Source: Survey results by the researcher, 2025

Other respondents (21%) complained of instability of maize supplies on the market during the 2023/24 farming season, compared to 3% who did the same during the 2024/25 farming season, as shown in Figure 4.4 above. Therefore, the study established that the major way in which climate change affected the agricultural livelihood of respondents was the resultant poor maize yields, which had a bearing on income loss, instability of maize supplies, high maize prices and reduced number of meals mentioned by respondents, especially during the 2023/34 farming season. 

On the income loss cited in Figure 4.4 above, some study results in Southern Africa agree with the finding. For instance, a study by Stadtbäumer et al. (2022) to investigate how households’ cultivation patterns were affected by climate change in Mantapala settlement in Nchelenge District of Zambia established that without changing land and labour inputs, a dry and a wet climate significantly reduced farmers’ income. They concluded that climate change had a serious impact on farm yields, which affected farmers’ income. Also, De Pinto et al. (2019) argue that, apart from affecting agricultural production and productivity, climate change has a wide range of effects on the rural economy, including loss of income of farm households. 

Regarding poor maize yields that led to instability of maize supplies on open markets and high maize prices, Ilori et al. (2024) support the findings. They state that poor agricultural yields trigger scarcity of food crops and drive up food prices, thereby limiting families’ access to adequate and nutritious food (Ilori et al., 2024). In addition, Muzerengi et al. (2021) explain that climate change may make it difficult for people to access enough food as it affects how food is grown, makes it more expensive and limits access to healthy meals. Further, high food crop prices can lead to food insecurity, particularly for low-income households, by reducing their access to affordable and nutritious food. This can happen through several mechanisms, such as decreased purchasing power, reduced food consumption, and shifts towards less nutritious food choices.  Access limitation to adequate food crops because of poor yields, high crop prices and instability of supplies cited above can disproportionately affect vulnerable populations who rely on farming for their livelihoods or live in areas with limited market access. 

[bookmark: _Toc209268450][bookmark: _Toc213770143]4.2.2.4 Maize crop productivity in 2023/24 and 2024/25 farming seasons

Figure 4.5 below shows that 73% of the 341 respondents produced more 20  50kg bags of maize grain on average per 0.25 hectares of land in 2024/25 farming season than in 2023/24 season, where 8% of the same number of respondents produced the same number of bags of maize grain on the same size of the piece of land in Chilanga district. Most of the respondents (49%) produced less than 5 50kg bags of maize grain, on average, per 0.25 hectare of land in 2023/24 farming season compared to 7% of them who produced the same amount of bags of maize grain on the same size of a piece of land in 2024/25 farming season as shown in Figure 4.5 below. Therefore, the study results revealed very low maize crop productivity by the respondents in the 2023/24 farming season in Chilanga district, implying that severe climate change significantly contributed to low maize crop productivity. 





[bookmark: _Toc209268481][bookmark: _Toc213770184]Figure 4.5: 50 kg bags of maize grain produced in 2023/24 and 2024/25 farming seasons 

Source: Survey results by the researcher, 2025

Responses from the key interview informants (KIIs) were in agreement with the above results. The KIIs explained that maize crop productivity in the 2023/24 farming season was disastrous compared to the 2024/25 farming season, which recorded bumper maize crop harvests in Chilanga district due to favourable weather conditions. One technocrat said:

The year 2023/24 farming season will go into the annals of history due to very poor maize harvests in Chilanga district, due to severe climate change presented in the form of drought and heatwaves, which severely affected crop production in general. To the contrary, this year (2025), God has rescued farmers by providing good rains to have bumper maize harvests.

Through documented records and observations, the researcher confirmed the submissions by both the respondents and key interview informants, as depicted in Figures 4.6 and 4.7 below.
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Pictures of stunted maize growth in the 2023 farming season at Kacheta agriculture camp in Chilanga district

[bookmark: _Toc209268482][bookmark: _Toc213770185]Figure 4.6: Stunted maize growth in 2023 in Kacheta agricultural camp in Chilanga district

Source: Zambia Disaster Management & Mitigation Unit, 2023
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Surplus sale of maize at the FRA     			Maize storage for food security at a farmhouse

[bookmark: _Toc209268483][bookmark: _Toc213770186]Figure 4.7: Bumper maize harvests in 2025 in Lusaka-West agricultural block in Chilanga district 

Source: Survey results by the researcher, 2025

To confirm the findings from the key interview informants and observations, a paired samples t-test was performed on the respondents’ maize crop productivity for the 2024/25 and 2023/24 farming seasons, as shown in Table 4.6 below. This was done to compare the means of maize productivity of the said farming seasons to determine if there was a significant difference in productivity because of climate Change. 

[bookmark: _Toc209268490][bookmark: _Toc213770193]Table 4.6: Paired samples on maize productivity in 2023/24 and 2024/25 farming seasons 

		Variables of Analysis

		Mean

		n

		Std. Deviation

		Std. Error Mean



		Pair 1

		

Maize crop productivity during the 2024/2025 farming season

Maize crop productivity during the 2023/2024 farming season 





		

4.38





2.09



		

341





341

		

1.203





1.309





		

.065





.071











n = number of respondents		Std. = Standard

Source: Survey results by the researcher, 2025

The results of a paired samples t-test shown in Table 4.6 above revealed that the maize crop productivity in the 2024/25 farming season (N = 341) had a higher mean (M = 4.38) than the maize crop productivity in the 2023/24 farming season (M = 2.09). The mean difference was (M1 - M2) = 2.29. The variation of the standard deviation (SD) in the data was wider for the maize crop productivity in the 2023/24 farming season (SD = 1.31) than the maize crop productivity in the 2024/25 farming season (SD = 1.20), as shown in Table 4.6 above. 

The maize crop productivity mean in the 2023/24 farming season was statistically significantly lower than the maize crop productivity mean in the 2024/25 farming season, signifying that the Food Security Pack programme beneficiaries produced fewer maize crops in the 2023/24 farming season than in the 2024/25. Therefore, the results suggest that climate change affected the maize crop productivity of the Food Security Pack programme beneficiaries in the 2023/24 farming season more than in the 2024/25 farming season in Chilanga district. However, to determine the effect size of climate change on maize crop productivity of the Food Security Pack programme beneficiaries in the 2023/24 farming season, Cohen’s d was calculated using the formula: 

     Cohen’s d  	= (M1 - M2) ÷ SDPooled

= (4.38 – 2.09) ÷ 1.25

= 1.8

Cohen’s d was projected at 1.8. Therefore, Cohen’s d indicated a large effect based on Cohen’s (1992) rule of thumb, which interprets the effect size as follows: 0.2 = small effect, 0.5 = moderate effect, 0.8 large effect (Liu, 2023). In this regard, there was very solid proof that a statistically significant difference in maize crop productivity in 2023/24 and 2024/25 farming seasons existed, with the former having lower maize crop productivity than the latter due to the severe effects of climate. 

The above statistical proof that the 2023/24 farming season had less maize crop productivity than the 2024/25 season is supported by Mugiyo et al. (2023), who argue that the 2023/24 and 2024/25 farming seasons in Southern Africa showed contrasting but connected impacts of climate change on smallholder maize production. Mugiyo et al. (2023) explain that the 2023/24 season was dominated by an El Niño‑related drought that produced widespread yield losses, acute food insecurity, and multiple national disaster declarations, while the 2024/25 season exhibited a mixed picture of localised recovery where rains returned and resilient varieties or targeted support were deployed, alongside ongoing vulnerabilities caused by depleted soils, high input costs, and reduced subsidy coverage.

Empirical assessments identify the 2023/24 season as strongly affected by El Niño, with below‑average rainfall and above‑average temperatures across much of the region (FAO, 2024). FAO’s GIEWS Special Alert and regional humanitarian analyses reported below‑average cereal harvests and widespread crop wilting; several countries (Malawi, Zambia, Zimbabwe, Lesotho, and Namibia) declared national disasters and registered sharp maize shortfalls (FAO, 2024). Country estimates and contemporaneous studies documented dramatic maize reductions (e.g., Zimbabwe and Zambia experienced large percentage declines and increased import needs), amplifying food insecurity for smallholders who depend on rainfed maize (FAO, 2024). 

By the 2024/25 farming season, some areas showed partial recovery where seasonal rains improved and targeted interventions (seed distribution, social protection, seed systems) were implemented (ACAPS, 2024). Breeding programmes released drought‑tolerant and stress‑resilient maize hybrids in late 2024, and pilot climate‑information and anticipatory action initiatives helped some smallholders adjust planting dates or diversify crops (CIMMYT, 2024). However, recovery was uneven due to constrained access to fertiliser and inputs, weakened household purchasing power, and residual soil moisture deficits and limited yield rebounds for many smallholders (ACAPS, 2024). 

Empirical evidence from the two farming seasons suggests that short‑term climate shocks (like El Niño) can cause rapid, large yield losses, while recovery depends on pre‑existing resilience, timely policies, and the scale of adaptation uptake. Strengthening seed systems, improving fertiliser access, expanding climate services, and maintaining social protection are necessary to reduce variability and protect smallholder livelihoods.

[bookmark: _Toc209268451][bookmark: _Toc213770144]4.2.3 Household food insecurity coping mechanisms	

Since climate change sparks off household food insecurity because of its effect on maize crop production and productivity, which results in poor yields, instability in maize supplies, and high maize prices, among others, as presented in Figure 4.5 above, the study sought to establish respondents’ coping mechanisms against food insecurity in association with gender, as shown in Table 4.7 below.

[bookmark: _Toc31049630][bookmark: _Toc75501740][bookmark: _Toc213770194]Table 4.7: The association between coping strategies against food insecurity and gender

		



Respondents'

Gender

		Adopted Coping Mechanisms Against Food Insecurity

		



Total



		

		Temporal migration

		Purchasing processed foods

		Consuming wild fruits

		Reducing number of meals

		Food aid

		



		

		n

		%

		n

		%

		n

		%

		n

		%

		n

		%

		n

		%



		Valid

		Male

		56

		17

		58

		17

		10

		3

		10

		3

		13

		4

		146

		43



		

		Female

		7

		2

		15

		4

		31

		9

		39

		11

		102

		30

		195

		57



		

		Total

		63

		19

		73

		21

		41

		12

		49

		14

		115

		34

		341

		100





Source: Survey results by the researcher, 2025

The observed frequency patterns in Table 4.7 above show that male respondents resorted to temporal migration (56 out of 341 respondents) and purchasing processed foods (58) compared to females (7 and 15, respectively). Conversely, a higher proportion of female respondents resorted to consuming wild fruits (31), reducing the number of meals (39), and depending on food aid (102) compared to their male counterparts (10, 10, and 13, respectively). This pattern suggests that gender plays a crucial role in determining the choice of coping strategies, with women being more reliant on consumption-based and aid-related strategies, while men tend toward mobility and market-based coping mechanisms.

Temporal (seasonal or short-term) migration, which the majority of male respondents resorted to as a coping strategy, is an increasingly common coping strategy among Southern African smallholder households facing climate shocks (failed rains, drought, and cyclones). While temporal migration can provide income diversification through remittances and reduce immediate pressure on depleted farms, empirical studies show important environmental feedbacks that affect remaining smallholders and local ecosystems. First, out-migration of working adults often shifts labour burdens to the elderly and children, reducing capacity for timely land management (weeding, fallow rotation, fuelwood management) and accelerating land degradation and bush encroachment around homesteads (Hoffmann et al., 2022). Second, seasonal influxes of migrants into marginal grazing or peri-urban areas concentrate pressure on scarce water and pasture resources, increasing overgrazing, soil compaction and local vegetation loss (Borderon et al., 2019). Third, when migration is driven by repeated slow-onset events (progressive drought, declining groundwater), land-use change, abandonment of fields, expanded informal charcoal production, or conversion to short-term rental plots can reduce soil fertility and ecosystem services that smallholders depend on (Hoffmann et al., 2022). These environmental consequences create a feedback loop, such as degraded local resources and lower agricultural productivity for those who remain, which in turn increases future migration pressure and vulnerability. Policymakers should therefore integrate migration-aware land-management, support remittance-linked investments in sustainable practices, and strengthen local natural-resource governance to break the degradation–migration cycle. (Mpandeli, 2020).

A Pearson’s Chi-Square test of independence was conducted to examine the association between respondents’ gender and the coping strategies adopted against food insecurity in Chilanga District. The results revealed a statistically significant association between gender and the type of coping strategy used, χ²(4, N = 341) = 156.74, p < .001, as shown in Table 4.8 below. 

[bookmark: _Toc75501741][bookmark: _Toc213770195]   Table 4.8: Chi-Square test of association between gender and coping strategies against food insecurity

		

		Variable

		N

		χ²

		df

		p-value

		Interpretation



		

		Gender × Coping strategies against food insecurity

		341

		156.74

		4

		< .001

		Significant association



		

		

		

		

		

		

		





Note. N = number of respondents; χ² = Chi-Square statistic; df = degrees of freedom; p < .001 indicates statistical significance at α = 0.05; Rule of Thumb = If p < 0.05 (there is a statistically significant association), If p ≥ 0.05 (there is no statistically significant association)  

These findings suggest that gender plays a substantial role in determining the adaptive measures households use in response to food insecurity in light of climate change, as confirmed by the Pearson Chi-Square test in Table 4.8 above. Therefore, understanding these gendered patterns is vital for designing targeted interventions and policies that address the distinct needs and capacities of men and women in improving household food security and resilience in the wake of climate change. Such gender-sensitive interventions in food security programming align with the Food and Agriculture Organisation’s (FAO, 2021) call for incorporating gender dimensions in resilience and food security initiatives, as well as the World Bank’s (2020) emphasis on empowering women to enhance household food stability in rural communities in light of climate change.

The majority of female respondents aligned themselves more with food aid than with any other coping strategies. Food aid programmes administered by the government of Zambia and its cooperating partners help to ensure the enhancement of some levels of household food security. Provisions of food aid help households to secure access to available food supplies to ensure that all household members have physical access to basic, nutritious food at all times (Savari & Zhoolideh, 2022). Agreeing with the discussion above is the outcome of the study by Mafongoya et al. (2022), who used a systematic review of existing literature to summarise the current state of knowledge on climate change and its effect on food security for smallholder farmers in Southern Africa. The outcome of the review study concluded that, although climate adaptation, mitigation and resilient building are necessary, they take some years to yield desired results; in the meantime, humanitarian food assistance was vital to address the effects of climate change on food and nutritional security in the short term (Mafongoya et al., 2022).

Summation of the above discussions on food aid shows that some commitments by the government of Zambia and its cooperating partners to provide food aid to communities that are hard-hit by food insecurity due to climate change demonstrate the fundamental paradigm shift in thinking about food security from the national to the household and individual levels. This paradigm shift in thinking of food security from the national to the household levels is a breakthrough in efforts aimed at eliminating hunger and poverty at lower levels (Alpízar et al., 2020). However, Savari and Zhoolideh (2022) explain that humanitarian food aid is important for emergencies as interim relief because it is not sustainable for prolonged periods of anguish. 

[bookmark: _Toc209268452][bookmark: _Toc213770145]4.2.4 Respondents’ recommendations to cushion the effects of climate change on maize cultivation

The majority, 45% of the 341 respondents, submitted that there was a need for the provision of drought-resistant maize crop seed varieties from the government of Zambia and its cooperating partners in Chilanga district, followed by 22% of the respondents who recommended the introduction and scaling up of climate-smart agriculture. Seventeen percent (17%) of the respondents submitted that there was a need for the government of Zambia and its cooperating partners to rejuvenate and improve the agricultural extension services, while 9% recommended an increase in food aid to the affected communities, as shown in Table 4.9 below.

[bookmark: _Toc209268493][bookmark: _Toc213770196]Table 4.9: Respondents’ recommendations to mitigate effects of climate change 

		

		Respondents’ Recommendations

		No. of Respondents

		Percent

		Cumulative Percent



		Valid

		Increase food aid  

		32

		9

		9



		

		Provide drought-resistant maize seeds

		154

		45

		54



		

		Intensify climate-smart agriculture

		72

		22

		76



		

		Improve extension services

		58

		17

		93



		

		Promote water harvesting

		25

		7

		100



		

		Total

		341

		100

		





Source: Survey results by the researcher, 2025

The minority, 7% of the 341 respondents, recommended promotion of water harvesting in times of good rain seasons, as shown in Table 4.9 above. Therefore, the study established that all the respondents had proposals on how to cushion the effects of climate change on household food security in Chilanga, with the provision of drought-resistant crop seed varieties being the most suggested. 

The key informants supported all the recommendations from the respondents, apart from the one on increasing food aid. The recommendation on the need for the government of Zambia and its cooperating partners to increase food aid to affected communities in Chilanga district to cushion the effects of climate change was disputed during interviews with the three key informants. Two of the three key informants argued that food aid was not sustainable for prolonged periods of hunger. In response to the question asked, one technocrat said: 

The effects of climate change are felt for a long period, if not the whole year, making food aid unsustainable. The best way to go is to enhance mitigation and adaptation measures, such as intensifying the implementation of climate-smart agriculture, providing drought-resistant seeds, and strengthening extension services, among other measures. 

In as much as all the respondents’ recommendations shown in Table 4.12 above are cardinal to curb the effects of climate change on maize crop production in Chilanga district, the discussion focuses on the two topmost recommendations, i.e., provision of drought-resistant crop seeds and full-scale implementation of climate-smart agriculture.  Agriculture is receiving more attention worldwide in terms of adapting to the negative effects of climate change to meet the needs of vulnerable farmers who depend directly on it for food. The Southern African countries, including Zambia, are aware of the threat of climate change to national and household food security. Countries with recurrent climate change occurrences in Southern Africa have been putting together efforts to find solutions, such as providing drought-resistant crop seeds and implementing climate-smart agriculture, as submitted by most of the respondents to counter threats of climate change on agricultural production and productivity (Evanilde, 2024). However, the pace of implementing solutions has been slow, and climate change experts are few because it is a relatively new phenomenon (Evanilde, 2024).

Because of the IPCC (2023) Report’s emphasis on the importance of the agricultural sector to adapt to climate change due to greenhouse gas emissions that will see global warming continue for the next several decades, provisions of drought-resistant crop seeds to the vulnerable small-scale farmers are inevitable. Mulenga et al. (2015), who argue that agriculture is climate-dependent and susceptible to climate change, support the argument given above. Therefore, preparations for adaptation measures, such as providing drought-resistant crop seeds, should be an urgent priority to avoid crop failure. FAO (2020) also adds its voice and suggests that the agricultural sector, as a major source of food, must be at the centre stage in the global efforts aimed at adapting to climate change through policies and actions that promote research in drought-resistant crop seeds. 

As regards the recommendation on climate-smart agriculture implementation submitted by the second majority of the respondents, researchers have conducted several studies whose results support the submission. For instance, using data from global circulation models and unconstrained emissions, Ngoma et al. (2021) researched the effects of climate change on food security in Zambia. The study, whose objective was to assess the potential impacts of climate change on agricultural crop production at national and sub-national levels, recommended the transformation of the agriculture sector by investing in climate-smart technologies such as irrigation and drought-tolerant crop varieties, among others (Ngoma et al., 2021).

To sum up, the implementation of all the above recommendations to curb the effects of climate change on agricultural production and productivity requires collective support and commitment from the government of Zambia, cooperating partners, and vulnerable farmers. Collective action in investing in sustainable solutions and equitable food systems that can withstand the test of time to foster food security for the present and future generations is necessary for fostering the household food security of vulnerable farmers. 

[bookmark: _Toc209002732][bookmark: _Toc209268474][bookmark: _Toc213770146]4.2.4.1 Researcher’s analytical deduction on climate change effects on maize in Chilanga 

Climate change is increasingly reshaping the environment in Chilanga district, affecting maize growth. Maize, which is largely rain-fed and grown by smallholder and peri-urban farmers in Chilanga district, is experiencing greater yield variability and more frequent crop failures because of increased drought frequency and intensity, more erratic rainfall timing, higher temperatures, and associated increases in pests, diseases and post-harvest losses. Farmers report shorter rainy seasons, late onsets and more frequent dry spells during critical growth stages (germination, tasselling and grain fill). These changes cause poor crop establishment and large yield reductions in marginal seasons. National El Niño/drought events recently destroyed large maize areas and illustrate how Chilanga’s rain-dependence translates climatic shocks directly into production shocks (Chilanga Town Council, 2024). Rising mean and peak temperatures increase crop water demand, while heat stress during flowering reduces pollination and kernel set, lowering yields even when rainfall is adequate. Temperature rises also worsen storage and drying conditions after harvest.  Further, warmer conditions and altered humidity patterns favour pests (e.g., stem borers, fall armyworm outbreaks regionally) and storage pests/fungi. Some studies in Zambia show climate-linked increases in post-harvest loss risks. Even small temperature increases can substantially raise grain losses in storage. This reduces the amount of maize that reaches markets or household consumption. 

How climate variability hit maize production in Chilanga

Unreliable start of the rainy season forces late planting or re-planting; if a dry spell hits at tasselling/flowering, it causes pollination failure and sharply lower grain set. Smallholder farmers who depend on a single season are especially exposed.  Heat stress and intermittent drought reduce average yields and make harvests highly variable year-to-year, undermining household food security. National assessments show droughts have destroyed large maize areas during recent severe events, which led to the declaration of a national drought emergency in the 2023/2024 farming season after very large maize losses. Also, more intense rains interspersed with dry spells increase runoff and erosion on exposed fields, stripping topsoil and nutrients and reducing fertility, a challenge already noted in Chilanga’s planning documents (Chilanga Town Council, 2024). Poor soils make maize less able to tolerate climate stress. Further, warmer conditions and altered humidity can expand the incidence and timing of maize crop pests (stem borers and fall armyworm and maize crop diseases. Nevertheless, there are available climate resilience models which offer options for maize production for smallholder farmers, and these include: switch to drought-adaptive maize seed varieties, conservation agriculture, and Index-based maize crop insurance, among others. However, for Chilanga district, rather than relying on a single model, the most resilient strategy is a model that combines two or more models/approaches to yield better results. This model that combines two or more models/approaches is called a model portfolio or portfolio approach for maize resilience.

[bookmark: _Toc213770147]4.2.5. Development of a suitable model portfolio for maize resilience for Chilanga district

Arising from the above-presented analytical deduction, the researcher recommends an approach called a model portfolio (portfolio approach) for maize resilience, which can work well for Chilanga district. A model portfolio is a strategy that combines multiple adaptation options or models, rather than relying on a single intervention to reduce climate risks and enhance maize productivity and stability under uncertain future climatic conditions (CIMMYT, 2020). Therefore, the suggested model portfolio approach for maize resilience in Chilanga district should be one with a design of a combination of technologies/practices that have been tested to predict performance under various climate scenarios. Below is a list of approaches that the recommended model portfolio should include: 

i. Drought-tolerant variety of maize seeds;

ii. Conservation farming in maize production; and 

iii. Index-based maize crop insurance.



i. Drought-tolerant or stress-resilient maize seeds

Drought-tolerant maize, also known as climate-smart maize or DT maize, refers to maize varieties bred through conventional breeding or biotechnology to withstand periods of limited water availability without major yield losses. Zambia’s maize production is highly rain-fed and vulnerable to increasing drought frequency and intensity due to climate change. Therefore, in combination with the two other climate adaptation approaches stated above, adoption of drought-tolerant maize seeds can work well to cushion the effects of climate change on maize production in Chilanga district and Zambia, in general. Drought-tolerant maize seeds can be suitable for Chilanga district because plants have deeper and more extensive root systems that access moisture deeper in the soil, improved leaf retention, delayed wilting during dry spells, and shorter maturity periods (they can complete their life cycle before drought stress intensifies),  among others (CIMMYT, 2020). Examples of drought-tolerant maize seeds include: Drought TEGO hybrids (commercially used in sub-Saharan Africa), and Zea mays L. DT hybrids developed under the Water Efficient Maize for Africa (WEMA) project (CIMMYT, 2020). 

Benefits of using drought-tolerant maize seeds

There are several benefits accrued from the adoption of drought-tolerant maize seeds by farmers, especially smallholder farmers. Drought-tolerant maize seeds improved yield stability, for instance, DT maize yields 20–30% more than conventional varieties under moderate drought conditions. They also reduced risk and vulnerability by helping smallholder farmers maintain maize production, thereby enhancing food security and income during erratic rainfall seasons. Further, drought-tolerant maize seeds ensure stable harvests, leading to better household income and reduced reliance on food aid. Last but not least, drought-tolerant maize seeds help to reduce pressure on water resources and can work well across different agro-ecological zones in Zambia. 

ii. Conservation farming in maize production

Conservation farming in maize production refers to a set of agricultural practices designed to improve soil health, enhance water use efficiency, and increase crop productivity while conserving natural resources. It is particularly important in regions like Zambia and southern Africa, where erratic rainfall, soil degradation, and climate change threaten maize yields. Conservation farming is a sustainable agricultural system that emphasises minimal soil disturbance, permanent soil cover, and crop rotation. It is a form of conservation agriculture specifically applied to maize and other staple crops. According to the Food and Agriculture Organisation (FAO, 2011), conservation farming aims to “maintain a permanent or semi-permanent organic soil cover and a diversified crop rotation to achieve sustainable and profitable agriculture.” 

In maize production, conservation farming promotes sustainable soil and water management practices that increase yields and resilience, especially under climate stress (like droughts). The main components of conservation farming suitable for maize production include:

· Minimum soil disturbance (Farmers avoid ploughing or turning the soil. Instead, they make small planting basins or rip lines to maintain soil structure, reduce erosion, and improve water infiltration and retention.

· Permanent soil cover or mulching (Crop residues, cover crops, or organic mulch are kept on the soil surface to protect soil from erosion and evaporation, enhance soil fertility through organic matter decomposition, and reduce weed growth).

· Precision planting or planting basins and spacing (Planting holes or basins are dug at precise intervals and depths, ensuring uniform spacing and optimal plant populations to conserve moisture by concentrating water around the root zone, enhancing nutrient and seed efficiency.

· Integrated soil fertility management (Combines organic inputs (compost, manure) with inorganic fertilisers in targeted spots to improve nutrient availability, reduce fertiliser waste, and build long-term soil fertility.

· Weed and pest management (Early and regular weed control using hand tools, cover crops, or mulching to reduce competition for nutrients/water and limit pest build-up.

· Water harvesting and retention (Techniques that trap and retain rainwater in the field to enhance moisture availability for maize roots during dry spells, e.g., contour ridges and basins (to reduce runoff) and mulching to minimise evaporation.

· Residue retention and organic matter recycling (Retaining crop residues or adding compost back to the soil to improve soil carbon, structure, and water-holding capacity, which are essential for maize growth.

There are several benefits that smallholder farmers can enjoy from practising conservation farming practices, such as …in maize crop production in Chilanga district. These benefits include: Improved soil fertility and structure (Organic matter from mulch and residues enriches the soil and enhances nutrient cycling). Enhanced water retention and drought resilience (Mulching reduces water loss and improves infiltration, protecting crops during dry spells). Reduced production costs (Less ploughing lowers fuel and labour costs). Increased maize yields (Better soil health and moisture lead to higher productivity over time). Environmental conservation (Prevents soil erosion and degradation, sustaining long-term productivity). Resilience to climate change (Maintains stable yields under variable rainfall conditions).

iii. Index-based maize crop insurance

Index-based maize crop insurance, sometimes called weather-index or area-yield insurance, pays insured farmers based on an objective measurable index, e.g., rainfall at a gauging station, a satellite-estimated vegetation index, or the average yield for an area, rather than paying for losses measured on each farmer’s field. It transfers weather and yield risk without the need for field-level claims adjusting. Index products can be used to protect the maize of smallholders from drought/heat-waves and flood risk in Zambia. The main types of index-based maize crop insurance that can be suitable for Chilanga district are: weather-index insurance (WII) and area-yield index insurance (AYII). WII is based on weather variables such as rainfall and dry days, and this is good where weather station/satellite data are reliable.  AYII payout depends on the observed average yield for a clearly defined area, e.g., a village or a district. It reflects realised production losses at the area level.  

Farmers, especially smallholder farmers, can enjoy are lot of benefits with index-based maize crop insurance. The following are the benefits that smallholder farmers can enjoy if they take up this type of insurance cover:-

· Because pay-outs are triggered by observable data rather than field inspections, payments are much faster (often days rather than weeks/months), helping farmers recover and replant or buy inputs.  

· No need for individual loss adjusters saves time and money, making it feasible to cover many smallholders.  

· Since payments are not based on farmer actions or reported damages, incentives to misreport losses are removed. 

· It can be integrated with credit and input programmes, like the food security pack programme studied. 



With the above information on the recommended model portfolio for maize production, a design of a resilience model portfolio embracing a strategic combination of technologies, practices and policies was developed, and it is shown in Appendix 7. The combination of models/approaches and policies shown in the designed model portfolio in Appendix 7 is crafted to reduce vulnerability of maize production to climate risks (like drought, heat, floods, pests) and to enhance adaptive capacity for smallholder farmers in Chilanga district. 

[bookmark: _Toc505237002][bookmark: _Toc505237558][bookmark: _Toc31049552][bookmark: _Toc184275109][bookmark: _Toc209268453][bookmark: _Toc213770148]4.3 Summary of the Chapter

This chapter has presented and discussed the results on the effects of climate change on the agricultural food security of the beneficiary households of the Food Security Pack programme in Chilanga district in Zambia. As a build-up to the main results of the study, the chapter has presented and discussed the respondents’ profiles and their awareness of climate change. It has also presented and discussed the views of the respondents on how to recognise the effects of climate change and their perceptions of the causes of climate change. Further, the chapter has presented and discussed the effects of climate change on agricultural production with a focus on maize crop production and productivity for the 2023/24 and 2024/25 farming seasons. In addition, the chapter has presented and discussed respondents’ common coping mechanisms against food insecurity and their recommendations to cushion the effects of climate change on maize crop production. The chapter has ended with the researcher’s analytical deduction and development of a suitable model for maize resilience in Chilanga district.
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[bookmark: _Toc209268455][bookmark: _Toc213770150]SUMMARY, CONCLUSION AND RECOMMENDATIONS

[bookmark: _Toc209002714][bookmark: _Toc209268456][bookmark: _Toc213770151]5.1 Introduction

This chapter presents a summary of the results of the study, which was conducted to investigate the effects of climate change on the agricultural food security of the beneficiaries of the Food Security Pack programme in Chilanga district in Zambia. Also, presented are the conclusions of the study, recommendations and areas for future research.

[bookmark: _Toc209002715][bookmark: _Toc209268457][bookmark: _Toc213770152]5.2 Summary of the research results

The summary of the research results focuses on the sub-themes of the following main thematic areas: biographic data of respondents, respondents’ perceptions of climate change, effects of climate change on maize crop production, and household food insecurity coping mechanisms. 

[bookmark: _Toc209002716][bookmark: _Toc209268458][bookmark: _Toc213770153]Biographic information 

There were more female-headed household heads (57% representing 195 respondents) than male-headed (43% representing 146 respondents) who participated in this study in Chilanga district. This confirms the Zambia Statistics Agency (2022) Census of Population and Housing Preliminary Report, which indicates that the female population of Chilanga district is higher than that of the male population. This entails that there were more female-headed households under the Food Security Pack programme in Chilanga district. 

[bookmark: _Toc209002720][bookmark: _Toc209268462][bookmark: _Toc213770154]5.2.1 Causes of climate change 	

This thematic area presents summary results of the following sub-themes: awareness of climate change, recognition of signs of climate change, and perceptions of causes of climate change by respondents. 

[bookmark: _Toc209002721][bookmark: _Toc209268463][bookmark: _Toc213770155]5.2.1.1 Awareness of climate change 

Most of the respondents, 62% representing 210 respondents, were aware of climate change in Chilanga district, while the minority 38% representing 131 respondents, were unaware. However, the percentage of the minority who were unaware was too big to be left unattended, if mitigation and adaptation are encouraged as measures to adapt to curb the effects of climate change worldwide. 

[bookmark: _Toc209002722][bookmark: _Toc209268464][bookmark: _Toc213770156]5.2.1.2 Recognition of signs of climate change 

Most of the respondents, 38% representing 131 respondents of the 341 respondents, were not sure of the signs of climate change. However, those who were able to recognise the signs of climate change mentioned dry spells/drought (23%), an increase in hot days/heatwaves (21%), unpredictable farming season (11%), and a minority, 7% mentioned an increase in the occurrence of heavy rains/flash floods. Therefore, the cumulative percentage of the respondents (62%) who were aware of climate change knew some signs of the effects of climate change. 

The majority of the respondents, 61 representing 18% of the 131 respondents who were not aware or sure of the signs of climate change, did not have a formal education. The less educated the respondents were, the higher the percentage of unawareness of the signs of the effects of climate change (i.e., 18% informal, 13% primary, 7% secondary, and 0% tertiary). 

[bookmark: _Toc209002723][bookmark: _Toc209268465][bookmark: _Toc213770157]5.2.1.3 Perceptions of causes of climate change

A cumulative percentage of the respondents (62%) of the 341 respondents knew the major causes of climate change in Chilanga district, apart from the 131 respondents (38%) who were either unaware or not sure. Those who knew some causes of climate change in the district mentioned indiscriminate cutting of trees, industrial pollution, with the majority mentioning indiscriminate clearing of vegetation, while the minority cited uncontrolled animal grazing.

[bookmark: _Toc209002724][bookmark: _Toc209268466][bookmark: _Toc213770158]5.2.2 Effects of climate change on maize crop cultivation 

Presented under this thematic area are summary results of the following sub-themes: respondent’s views on whether or not climate change affected household maize production, effects of climate change on maize crop fields, effects of climate change on livelihood during the 2023/24 and 2024/25 farming seasons, and maize crop productivity during the 2023/24 and 2024/25 farming seasons. 

[bookmark: _Toc209002725][bookmark: _Toc209268467][bookmark: _Toc213770159]5.2.2.1 Views on whether or not climate change affected household maize production

Most respondents, 66% of the 341 respondents, had their maize crop production affected by climate change during the 2023/24 farming season, compared to 10% who had theirs not affected during the 2024/25 season. On the other hand, 82% of the 341 respondents, their maize crops were not affected by climate change in the 2024/25 farming season, compared to 1% who had theirs affected during the 2023/24 farming season. Therefore, the majority of the respondents had their maize crops affected by climate change in the 2023/24 farming season, whereas in the 2024/25 farming season, only very few were affected. 

[bookmark: _Toc209002726][bookmark: _Toc209268468][bookmark: _Toc213770160]5.2.2.2 Effects of climate change on maize fields during the 2023/24 farming season 

Climate change affected maize fields in various ways in Chilanga district, with 38% of the 341 respondents citing maize crop pests, while 27% mentioned stunted growth of maize crops as a major effect on maize fields. Others (19%) said their maize plants to dried, while 14% cited maize crop diseases as major effects of climate change on maize fields. Therefore, most of the respondents’ maize fields were terrorised by maize crop pests, triggered by climate change, during the 2023/24 farming season in Chilanga district. 

[bookmark: _Toc209002727][bookmark: _Toc209268469][bookmark: _Toc213770161]5.2.2.3 How climate change affected households: 2023/24 and 2024/25 farming seasons 

Very few respondents (6%) complained of poor yields in the 2024/5 farming season, compared to 33% who did the same for the 2023/24 farming season. Other respondents (21%) complained of instability of maize supplies on the market during the 2023/24 farming season, compared to 3% who did the same during the 2024/25 farming season. The major way in which climate change affected households of respondents was through poor maize yields, which were more pronounced in the 2023/24 farming season than in the 2024/25 season. Therefore, the 2023/24 farming season witnessed very poor maize yields compared to the 2024/25 farming season, which witnessed good yields in Chilanga district.

[bookmark: _Toc209002728][bookmark: _Toc209268470][bookmark: _Toc213770162]5.2.2.4 Maize productivity for the 2023/24 and 2024/25 farming seasons 

Seventy three perecnt (73%) of the 341 respondents produced more 20 50kg bags of maize grain on average per 0.25 hectares of land in 2024/25 farming season than in 2023/24 season, where 8% of the same number of respondents produced the same number of bags of maize grain on the same size of the piece of land in Chilanga district. Most of the respondents (49%) produced less than 5 50kg bags of maize grain on average, per 0.25 hectare of land in the 2023/24 farming season, compared to 7% that produced the same amount of bags of maize grain on the same size of a piece of land in the 2024/25 farming season. Therefore, there was very low maize crop productivity by the Food Security Pack programme beneficiaries in the 2023/24 farming season in Chilanga district, implying that severe climate change significantly contributed to low maize crop productivity. 

A paired samples t-test revealed that the maize crop productivity in the 2024/25 farming season (N = 341) had a higher mean (M = 4.38) than the maize crop productivity in the 2023/24 farming season (M = 2.09). The maize crop productivity mean in the 2023/24 farming season was statistically significantly lower than the maize crop productivity mean in the 2024/25 farming season, signifying that the Food Security Pack programme beneficiaries produced fewer maize crops in the 2023/24 farming season than in the 2024/25. Therefore, the results suggest that climate change affected the maize crop productivity of the Food Security Pack programme beneficiaries in the 2023/24 farming season more than in the 2024/25 farming season in Chilanga district. 

Cohen’s d (effect size) was projected at 1.8, which indicated a large effect. Therefore, there was very solid proof that a statistically significant difference in maize crop productivity in 2023/24 and 2024/25 farming seasons existed, with the former having lower maize crop productivity than the latter due to the severe effects of climate. 

[bookmark: _Toc209002729][bookmark: _Toc209268471][bookmark: _Toc213770163]5.2.3 Coping mechanisms against household food insecurity	

Male respondents engaged in temporal migration (56 out of 341 respondents) and purchasing processed foods (58) compared to females (7 and 15, respectively). Conversely, a higher proportion of female respondents resorted to consuming wild fruits (31), reducing the number of meals (39), and depending on food aid (102) compared to their male counterparts (10, 10, and 13, respectively). This pattern suggested that gender played a crucial role in determining the choice of coping strategies, with women being more reliant on consumption-based and aid-related strategies, while men tended toward mobility and market-based coping mechanisms. A Pearson’s Chi-Square test of independence revealed a statistically significant association between gender and the type of coping strategy used, χ²(4, N = 341) = 156.74, p < .001. This indicated that there was an association between gender and the type of coping mechanisms employed by respondents to mitigate food insecurity. 

[bookmark: _Toc209002730][bookmark: _Toc209268472][bookmark: _Toc213770164]5.2.4 Recommendations to cushion the effects of climate change from respondents’ views

All the respondents made recommendations on how best to cushion the effects of climate change on household food security in Chilanga district in light of the effects of climate change. Almost half (45%) of the 341 respondents suggested that the government of Zambia and its cooperating partners should provide drought-resistant maize crop seed varieties to cushion the effects of climate change on maize crop production, followed by 22% of the respondents who recommended the introduction and intensification of climate-smart agriculture. The other 17% and 9% of the respondents suggested improvement of extension services and an increase in food aid to the affected communities, respectively, with the minority 7% pleading for promotion of water harvesting during rainy seasons. Therefore, the majority of the respondents called for the supply of drought-resistant maize crop seeds to cushion the effects of climate change on maize crop production in Chilanga district.

[bookmark: _Toc209002731][bookmark: _Toc209268473][bookmark: _Toc213770165]5.3 Conclusion of the study

Most of the Food Security Pack programme beneficiaries had their maize crops affected by climate change in the 2023/24 farming season, whereas in the 2024/25 farming season, only very few were affected. As such, very few complained of poor yields in the 2024/5 farming season, compared to the 2023/24 season. Therefore, the 2023/24 farming season witnessed very poor maize yields due to the severe effects of climate change, compared to the 2024/25 farming season, which witnessed good yields because of the favourable climate in Chilanga district. There was a very solid proof that a statistically significant difference in maize crop productivity in 2023/24 and 2024/25 farming seasons existed, with the former having lower maize crop productivity than the latter due to the severe effects of climate change, as proven by the computation of the effect size, which was projected at 1.8 using Cohen’s d. The study concludes that climate change is one of the devastating challenges in which the agriculture sector is embroiled, as it affects maize crop production and the productivity of the vulnerable but viable small-scale farmers. Therefore, combating the effects of climate change on maize crop production and productivity should be a significant topic of discussion in the line ministries of the government of Zambia because maize is Zambia’s staple food crop. Zambia, which is highly dependent on rain-fed agriculture, must work tirelessly with cooperating partners to design feasible and sustainable climate change mitigation and adaptation strategies/measures that target smallholder farmers. 

[bookmark: _Toc209791791][bookmark: _Toc213770166]5.4 Recommendations of the study

The overall conclusion of this study indicates that climate change has devastating effects on maize crop production and productivity of the vulnerable but viable small-scale farmers in Chilanga district of Zambia. These negative effects of climate change on maize crop productivity trigger household food insecurity among vulnerable smallholder farmers. Therefore, to help curb the effects of climate change on household food security, the study recommends the following: 

a) The Zambian government and its cooperating partners should review the model portfolio for maize resilience designed by the researcher (Appendix 7), which combines multiple adaptation options/models  highlighted  below for possible consideration:

· Use of drought-tolerant maize seeds (maintain yields under stress conditions 

· Conservation farming in maize production (improves soil structure, moisture retention, and reduces erosion), and 

· Index-based maize crop insurance (protects insured smallholders from total loss through compensation based on an objective, measurable index, in the event of weather failure).

b) Where mitigation and adaptation strategies/measures have failed, and communities are hit with food insecurity, the Zambian government and its cooperating partners should continue to provide humanitarian assistance in the form of food aid as an emergency package.

c) The Zambian government and its cooperating partners should strengthen the agricultural extension service system, which is an effective grassroots vehicle for reaching out to the farmers for advisory agricultural information.

[bookmark: _Toc209002733][bookmark: _Toc209268475][bookmark: _Toc213770167]5.5 Areas for future research

Based on the argument by Wild, Booth, Cummings, Foresti and Wales (2015) that there is often much that development practitioners and policymakers may not know concerning the contexts they work in, the study recommends the following studies for future research: -

a) Since Chilanga is an industrial district, there should be a study to look at how the menace of pollution affects small-scale farmers in the district. 

b) Since the study focused on maize crop among other crops supported under the Food Security Pack programme, because it is a staple food crop for Chilanga district and Zambia at large, a study to look at the whole range of crops under the programme should be conducted.

c)  A comparative study of household food security between industrial workers and small-scale farmers should be conducted in Chilanga district. 
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ATLANTIC INTERNATIONAL UNIVERSITY 



SECTION A: RESPONDENTS’ INFORMATION SHEET

My name is Lee Chileshe, studying for a Doctor of Philosophy Degree in Sustainable Development at the Atlantic International University in Hawaii, USA. I am conducting a study on the topic: “An investigation of the effects of climate change on the agricultural food security in Chilanga district, Lusaka province, Zambia” for the fulfilment of my Doctoral degree requirements.

You have been selected as one of the potential respondents who can provide valuable insights into this study by virtue of your being a beneficiary of the Food Security Pack programme, which is the subject of study. Please be informed that your participation is voluntary, and you may choose not to participate in the study or stop at any point during the interviews. In addition, your responses will be confidential, anonymised, and kept private. There are no risks for choosing not to participate in this study. In addition, kindly take note that there is no remuneration for your participation in this study. 

This study is for academic purposes only. You have the right to withdraw from the study at any time with no implications. Further, you may ask questions for clarification(s) or request more information anytime during or after our interaction. 

Our interaction session will not take more than an hour.

Are you willing to participate?    (a) Yes		(b) No	

                                                                       



If you are willing to participate in this study, kindly read the Consent Form attached and fill in your details upon being satisfied with the provisions. 

SECTION B: PARTICIPANTS INFORMED CONSENT FORM

Study Topic: “An investigation of the effects of climate change on the agricultural food security in Chilanga District, Lusaka province, Zambia” The researcher has explained to me all the salient information contained in the Informed Consent Sheet regarding the research on the above captioned topic. I have appreciated and fully understood the purpose of the research. 

Based on the explanation given to me, I understand that: 

· My inclusiveness in the study is purely voluntary; 

· It is my choice to either participate or not in this study, and there are no risks for choosing not to participate;

· I have the right to withdraw from the study at any time with no implications for me;

· All my responses will be confidential, anonymised, and kept private;

· There is no remuneration for my participation in this study; 

· This study is for academic purposes; and 

· I may ask questions for clarification or request more information anytime during the course of the study. 

I am comfortable with the above outlined provisions. Therefore, I consent to participate in this study. 

Participant’s name:                                   		Contact details:                                   	                    

Place:                                   	___________		Time:                                   	________                                                                                                                                

Signature:                                   	_____		Date:                                    	________



Researcher’s name:                                  		Contact details:                                   	

Place:                                   	___________		Time:                                   	________ 

Signature:                                  	_____		Date:                                   	________ 

INSTRUCTIONS:

(i) Please tick ✔in the appropriate circle        corresponding to your answer.  

(ii) Express your opinion wherever there are dotted lines (...........).

In answering the questions, please feel free to seek clarification where needed.

QUESTIONS:



SECTION 1: PROFILE OF QUESTIONNAIRE RESPONDENTS



1. What is your sex orientation?

(a) Male	(b) Female            (c) Other 	        , specify …



2. In what age range do you fall?

    (a) 18 to 34 years

    (b) 35 to 49 years

    (c) 50 to 64 years

    (d) 65 years and above



3. What is your marital status?

    (a) Married

    (b) Divorced

    (c) Separated

    (d) Widow

    (e) Widower 

    (f) Never married	



4.  Which classification stated below does your household fall in?

    (a) Single mother-headed household

    (b) Elderly headed household  

    (c) Widow-headed household 

    (d) Disabled headed household		

    (e) Terminally-ill-headed household

5. How many family members does your household have?

(a) 1 to 5                 (b) 5 to 10                      (c) above 10 



6. What is the level of education you attained?

(a) No formal education              

(b) Primary education 

(c) Secondary education 

(d) Tertiary



SECTION 2: CAUSES OF CLIMATE CHANGE

7. Have you ever heard people talking about climate change?

    (a) Yes 

    (b) No 

    (c) Can’t remember



8. If your answer is (a) to question 7 above, what would you say climate change is?  ............................................................................................................................................................



9. If your answer is (b) or (c) to question 7 above, would you be willing to learn about climate change? 

    (a) Yes                      (b) No               (c) Not sure               

10. Which one of the listed answers below would best describe the cause of climate change in your area?

(a) Population growth 

(b) Indiscriminate clearing of vegetation for agricultural purposes

(c) Pollution from industries          

(d) Indiscriminate cutting of trees for traditional medicines 

(e) None of the above                  please specify……………………………………………

11. Which one of the listed answers below best describes the effect of climate change on the environment in your area?

(a) Increase in the occurrence of hot days and heatwaves

(b) Increase in frequency, duration and intensity of dry spells and drought

(c) Increase in the occurrence of heavy rains, storm surges and flash floods        

(d) Change in the start and end of growing seasons

(e) None of the above              please specify…………………………………………………

                        

SECTION 3: EFFECT OF CLIMATE CHANGE ON MAIZE CROP PRODUCTION

12. How many farming seasons have you had access to the Food Security Pack programme?

    (a) One 

    (b) Two 

    (c) More than two 



13. Did you receive maize seeds and accompanying fertilisers (basal & topdressing) during the 2023/2024 farming season?

    (a) Received everything                 (b) Only maize seed                (c) Only fertilisers                    (d) Can’t remember              (e) Not applicable

14. If your answer to question (13) above is (a), (b), or (c), how was the timing of the distribution of farming inputs to you?  (a) In time               (b) On time           (c) Late      (d) Not sure

15. Did you receive maize seeds and accompanying fertilisers (basal & topdressing) during the 2024/2025 farming season?

    (a) Received everything                 (b) Only maize seed                (c) Only fertilisers                    (d) Can’t remember              (e) Not applicable



16. If your answer to question (15) above is (a), (b), or (c), how was the timing of the distribution of farming inputs to you?  (a) In time            (b) On time           (c) Late          (d) Not sure

17. Did climate change affect your maize crop cultivation during the 2023/2024 farming season?

(a) Yes               (b) No                 (c) Somehow                   (d) Not sure

18. If the answer is (a) or (c) to question 17, how did climate change affect your maize crop cultivation? ………………………………………………………………………………………..

19. Did climate change affect your maize crop cultivation during the 2024/2025 farming season?

(a) Yes               (b) No                 (c) Somehow                   (d) Not sure

20. If the answer is (a) or (c) to question 19, how did climate change affect your maize crop cultivation? ………………………………………………………………………………………..

21. Did climate change affect your maize crop productivity during the 2023/2024 farming season?

(a) Yes           , go to question 22 

(b) Somehow                , go to question 22 

(c) No

(d) Not sure



22.  How was your maize crop productivity affected by climate change?

………………………………………………………………………………………………………………..



23. On average, how many 50kg bags of maize grain did you produce in the 2023/2024 farming season under the Food Security Pack programme? Give reasons…

      (a) Less than 5 

      (b) 5 to 10

      (c) 11 to 15

      (d) 16 to 20

      (e) Over 20 

24. Did climate change affect your maize crop productivity during the 2024/2025 farming season?

(a) Yes            , go to question 22 

(b) Somehow                , go to question 22 

(c) No

(d) Not sure



25.  How was your maize crop productivity affected by climate change?

………………………………………………………………………………………………………………..



26. On average, how many 50kg bags of maize grain did you produce in the 2024/2025 farming season under the Food Security Pack programme? Give reasons…

      (a) Less than 5 

      (b) 5 to 10

      (c) 11 to 15

      (d) 16 to 20

      (e) Over 20 

SECTION 4: FOOD INSECURITY COPING MECHANISMS	

27. From your experience, are there coping mechanisms against food insecurity in your community to mitigate the effects of climate change? 

(a) Yes          , go to question 26 

(b) No                  

(c) Not sure



28.  What is the most common coping mechanism against food insecurity in your community? 

…………………………………………………………………………………………………………….



29. What is the most common direct effect of food insecurity on your household?

……………………………………………………………………………………………………………….



SECTION 5: RECOMMENDATION TO CUSHION THE EFFECTS OF CLIMATE CHANGE ON FOOD SECURITY	

30. What measures would you propose to the government of Zambia to cushion the effects of climate change on food security in your area?

……………………………………………………………………………………………................





END OF QUESTIONNAIRE

THANK YOU FOR YOUR PARTICIPATION!
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Section A: Key Interviews Informants Information Sheet

My name is Lee Chileshe, studying for a Doctor of Philosophy Degree in Sustainable Development at the Atlantic International University in Hawaii, USA. I am conducting a study on the topic: “An investigation of the effects of climate change on the agricultural food security in Chilanga district, Lusaka province, Zambia” for the fulfilment of my Doctoral degree requirements.

You have been selected as one of the potential key informants who can provide valuable insights into the study that can enlighten the findings by virtue of your expertise and experience on the topic of this study. Please be informed that your participation is voluntary, and you may choose not to participate in the study or stop at any point during the interviews. In addition, your responses will be confidential, anonymised, and kept private. There are no risks for choosing not to participate in this study. In addition, kindly take note that there is no remuneration for your participation in this study. 

This interview is necessary to collect information about this study for academic purposes only. You have the right to withdraw from the study at any time with no implications. Further, you may ask questions for clarification(s) or request more information anytime during the course of the study. 

Are you willing to participate?……………….

If you are willing to participate in this study, kindly read the Consent Form attached and fill in your details upon being satisfied with the provisions. 

Section B: Participant's Informed Consent Form

Study Topic: “An investigation of the effects of climate change on the agricultural food security in Chilanga District, Lusaka province, Zambia” The researcher has explained to me all the salient information contained in the Informed Consent Sheet regarding the research on the above captioned topic. I have appreciated and fully understood the purpose of the research. 

Based on the explanation given to me, I understand that: 

· My inclusiveness in the study is purely voluntary; 

· It is my choice to either participate or not in this study, and there are no risks for choosing not to participate;

· I have the right to withdraw from the study at any time with no implications for me; 

· All my responses will be confidential, anonymised, and kept private;

· There is no remuneration for my participation in this study; 

· This study is for academic purposes, and 

· I may ask questions for clarification or request more information anytime during the course of the study. 

I am comfortable with the above outlined provisions. Therefore, I consent to participate in this study. 

Participant’s name:                                   		Contact details:                                   	                    

Place:                                   	___________		Time:                                   	________                                                                                                                                

Signature:                                   	_____		Date:                                    	________



Researcher’s name:                                  		Contact details:                                   	

Place:                                   	___________		Time:                                   	________ 

Signature:                                  	_____		Date:                                   	________ 

Section C: Interview Guide Questions

Part I: Biographic/Demographic Data

1. What is your sex orientation?

2. How old are you?

3. What is your education level?

4. What is the name of the department/unit of the institution/organisation you are representing? 

5. What is your occupation/title in your institution? 

6. What is your overall job description? 

Part II: Main Questions

1. We hear people talking about climate change. How would you explain climate change? 

2. From your point of view, what causes climate change in Chilanga district?

3. What effects does climate change have on the environment in Chilanga district? 

4. For the past two years, what was the growth performance of the maize crop of the Food Security Pack programme beneficiaries in Chilanga?

5. Did climate change have any effect on maize crops planted in Chilanga district in the past two farming seasons? Please, explain your answer.

6. How did climate change affect the planting of maize by the beneficiaries of the Food Security Pack programme? 

7. Did climate change affect the maize crop productivity of the Food Security Pack programme beneficiaries in Chilanga district? Please, explain your answer.

8. How was the household food security of the Food Security Pack programme beneficiaries in Chilanga district affected by climate change? 

9. What are the most common coping mechanisms against food insecurity which the Food Security Pack programme beneficiaries resort to in Chilanga district? 

10. What recommendations can you propose to the government of Zambia to cushion the effects of climate change on food security in Chilanga district? 

END

Thank you for your time for the interview 
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Observations category guide on the effects of climate change on food security in Chilanga district



1.  Maize crop fields;

2. Status of maize crops;

3. Rivers and streams of water;

4. Maize storage; and

5. Wild fruits.
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		Agric. Blocks Names

		Agric. 

Camps 

names

		No. of Reg. 

Farmers

		No. of Commercial Farmers

		No. of Emergent Framers

		No. of Small-Scale Farmers

		No. of FSP Programme Beneficiaries

 



		Chilanga

		Chilanga 

		4,083

		15

		1,112

		6,061

		742



		

		Mount Makulu 

		308

		

		

		

		



		

		New Farms 

		684

		

		

		

		



		

		Kachenjela 

		327

		

		

		

		



		

		Chilongolo 

		2,007

		

		

		

		



		

		Sub Total

		7,409

		

		

		

		



		Lusaka West

		Nakachenje 

		2,276

		19

		1,572

		10,337

		1,076



		

		Kacheta 

		2,867

		

		

		

		



		

		Shampule 

		3,059

		

		

		

		



		

		Namalombwe 

		653

		

		

		

		



		

		Kasupe 

		1,008

		

		

		

		



		

		Nyemba

		505

		

		

		

		



		

		Sopelo

		307

		

		

		

		



		

		Mundengwa 

		1,010

		

		

		

		



		

		Sub Total

		11,685

		

		

		

		



		Mwembeshi

		Mpamba 

		1,220

		11

		1,316

		7,128

		457



		

		Munyeu 

		1,422

		

		

		

		



		

		Mwembeshi 

		3,020

		

		

		

		



		

		Maano 

		974

		

		

		

		



		

		Lukamantano 

		1,233

		

		

		

		



		

		Chibuyu 

		608

		

		

		

		



		

		Sub Total

		8,477

		

		

		

		



		

		Total

		27,571

		45

		4,000

		23,526

		

2,275
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		Model/Approach

		Intervention

		Description

		Benefits



		

		Climate-Smart Agronomic Practices

		Conservation farming

		Minimum soil disturbance; mulching, precision planting; integrated soil fertility management; weed and pest management; and residue retention. 

		Improved soil fertility and structure; enhanced water retention and drought resilience; reduced production costs; increased maize yields; environmental conservation; and resilience to climate change 



		

		

		Drought-resistant maize seeds

		Use of drought TEGO hybrids (used in sub-Saharan Africa), and Zea mays L. DT hybrids developed under the Water Efficient Maize for Africa project (like ZMS708 or ZMS606 developed for dry areas)

		Improved yield stability; reduced risk and vulnerability; stable harvests; reduced pressure on water resources; and can perform well across different agro-ecological zones



		

		

		

		

		



		

		Risk Management 

		Index-based maize crop insurance

		Insurance pay-out to insured farmers based on an objective, measurable index (e.g., rainfall at a gauging station, a satellite-estimated vegetation index, or the average yield for an area), rather than paying for losses measured on each farmer’s field.

		Faster payments; No need for individual loss adjusters; saves time and money; no misreport for losses;  can be integrated with credit and input programmes; protects smallholders from loss



		

		

		Climate information services

		Seasonal forecasts and early warning systems

		Helps farmers plan inputs and planting dates



		

		

		

		

		



		

		Enabling Infrastructure & Finance

		Rural roads and storage

		Improve access to input/output markets

		Reduces losses 



		

		

		Credit access for smallholders

		Climate-resilient financing models (e.g., microloans tied to insurance)

		Increases capacity to adopt resilient technologies



		

		

		

		

		



		

		Institutional and Policy Support

		Seed system strengthening

		Support local seed producers and timely seed distribution

		Improves access to improved varieties



		

		

		Extension and training programs

		Climate-smart agriculture training for farmers

		Builds local adaptive capacity
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Male	Female	0.43000000000000038	0.56999999999999995	



2023/2024 Farming season	

Affected	Somehow	Not affected 	Not sure	0.66000000000001247	0.31000000000000238	1.0000000000000005E-2	2.0000000000000011E-2	2024/2025 Farming Season	

Affected	Somehow	Not affected 	Not sure	0.1	7.0000000000000021E-2	0.82000000000000062	1.0000000000000005E-2	

Percentage of respondents





FSPP household heads	

Dry crops	Stunted crops	Crop pests	Crop diseases	Not applicable	0.19	0.27	0.38	0.14000000000000001	0.02	

Percentage of respondents

2023/2024 Farming season	

Poor yields	Income loss	Instability of maize supplies	High maize prices	Reduced meals	Not applicable	0.33000000000000285	0.18000000000000024	0.21000000000000021	0.17	9.0000000000000024E-2	2.0000000000000011E-2	2024/2025 Farming Season	

Poor yields	Income loss	Instability of maize supplies	High maize prices	Reduced meals	Not applicable	6.0000000000000032E-2	4.0000000000000022E-2	3.0000000000000002E-2	4.0000000000000022E-2	1.0000000000000005E-2	0.82000000000000062	

Percentage of respondents





2023/2024 Farming Season	

Less than 5 	5 to 10 	11 to 15 	16 to 20 	Over 20 	0.49000000000000032	0.18000000000000024	0.15000000000000024	0.11	7.0000000000000021E-2	2024/2025 Farming Season	

Less than 5 	5 to 10 	11 to 15 	16 to 20 	Over 20 	7.0000000000000021E-2	4.0000000000000022E-2	6.0000000000000032E-2	0.1	0.73000000000000065	

Percentage of respondents
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her program.
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Sincerely,

S, O

Ofelia Hernandez
AlU Director
Aflantic International University

N terastions s eri. loner Faz 900 Fort et all 05, ol
Phone 888211848 . BB2116TH







image2.emf



image3.jpeg







image4.jpeg







image5.jpeg







image6.jpeg







image1.png

C 1
Atlantic International University






image7.png

TANZANIA

DEMOCRATIC
RERUBN 05 THIESHNGOR.







image8.emf




image7.png
TANZANIA

DEMOCRATIC
RERUBN 05 THIESHNGOR.





