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Abstract
This research investigates the impacts of climate variability and extremes on agriculture and food production in Luri Freedom Farm, Luri Payam, Juba County, Central Equatoria State-Juba South Sudan. The primary objective was to assess and evaluate farmers understanding of climate variability of seasonal rainfalls and temperatures and adaptation strategies used in Luri Farms, South Sudan. A structured questionnaire was distributed to a sample of 90 respondents drawn from a target population of 115 farmers using Taro Yamane Formula method. Data were capture and analyzed using table, graphs and pie chart of Microsoft Excel.   Climate variability and extremes, such as unpredictable rainfall patterns, prolonged droughts, and floods, have significantly affected agricultural productivity and food security worldwide. This study examines how these climatic factors influence food production at Luri Freedom FARM, a key agricultural site  in  Juba  County.  Using  a  mixed-methods  approach,  the  research  incorporates  historical climate data, agricultural yield records, and stakeholders’ perceptions to assess the extent of climate induced agricultural challenges. The study employed quantitative techniques (trend analysis, correlation analysis) to measure climate impacts on crop yields, while qualitative insights from farmers and experts provide context to adaptation strategies. The findings highlight declining crop productivity due to erratic weather patterns, increased vulnerability of smallholder farmers, and the need for climate-resilient crop farming techniques. The research recommends sustainable adaptation measures, including drought-resistant crops, improved irrigation, and climate-smart policies, to enhance agricultural resilience and food security in Luri Payam of Juba County.

1.1 Background of the Study

CHAPTER ONE INTRODUCTION
This chapter introduce the background of the study, problem statement, research objectives, research  questions,  significance  of  the  study,  and  scope  of  the  study,  limitations  and delimitations of the study. South Sudan, a young and fragile nation, is facing significant challenges due to the impacts of climate variability and extremes on its agricultural sector. With a primarily agrarian economy and a high dependency on rain-fed agriculture, the country is particularly vulnerable to the shifting weather patterns and extreme weather events brought about climate change. The majority of agricultural production in South Sudan is done by the small- scale subsistence farmers who grow crops for their own consumption. These farmers often rely on traditional farming techniques and have limited access to modern agriculture inputs. The vulnerability of fragile state’s population to climate variability and natural disasters in South Sudan is much higher than in other countries (Mason et al., 2015) Fragile states in SSA with high exposure to climate risks face multi-faceted challenges, including physical and livelihood risks for the population. They rural communities of South Sudan heavily rely on agriculture, which is climate variation dependent. South Sudan weak governance and civil conflicts also exert a significant toll on agricultural fragility in the state, thus amplifying its vulnerability to climate change  and  its  variability. (Burke  et  al.,  2009)  found  that,  in  Africa,  higher  changes  (e.g. temperatures  and  rainfall  patterns)  lead  to  higher  conflict  incidence-a  1ºC  increase  in temperatures leading to a surge in civil conflicts by 4.5 percentage points. Climate variability could cause serious deterioration of rural livelihoods and increase food insecurity in South Sudan. Nevertheless, climate change is not the only tangible threat to agriculture.
However, recent reports of FAO et al., (2018 & 2020) documented out that civil conflicts and political instability in the country undermine agriculture production that ultimately inhibits food security besides climate. South Sudan is one of the five countries in the world most vulnerable to the impacts of climate variability, which are likely to be devastating. Almost 80 percent of farmers depend on crop farming or animal husbandry as their primary source of income, and these farmers and pastoralists rely heavily on rain-fed agriculture, but and if the recent climate change and its variables trend continues, rain-fed agriculture may become unsustainable. In

many parts of east Africa, temperature or precipitation trends since the 1950’s is attributable to human caused climate change and several studies document the impacts of these climate trends on human and natural systems (high confidence).

South Sudan lies within the tropical zone between Latitudes 3.5° and 12° north and longitudes

24° to 36° east define the tropical region in which South Sudan is situated. 658842 km2 is the total area. The country is covered with expansive grasslands, wetlands, and tropical forests. Among its natural resources are significant ones for forestry, agriculture, mining, water, wildlife, and energy (Jubek et al., 2019).   The climate ranges from Tropical Semi-Humid with a short rainy season in the north, to Tropical Wet-Dry and Tropical Rainy climates with longer wet seasons in the south. Climate variability has become one of the most devastating environmental threats to agriculture and food security in South Sudan. Its impact on cropland degradation is expected to worsen households’ food security and the gross domestic production of many developing countries (Rasul, 2021; Fan and Rue, 2020; Harvey et al., 2018). In South Sudan, extreme changes in temperature and rainfall precipitations are existing in the future, with their consequences on food security and water availability.   The impacts of climate variability are expected to be severe owing to high levels of poverty, weak socio-economic systems, and political instability, making the country highly vulnerable to climate variability and change. Global temperatures have reached alarming levels in the last decade coupled with rising sea levels and erratic rainfall patterns leading to extreme variability and climatic events (such as floods, drought, and heat waves).

The study of the impacts of climate variability and change on agricultural development in South Sudan is a critical area of research that has gained increasing attention in the recent years. Several studies have been conducted to assess the impacts of climate change on agriculture in the region. For example, a study by the Food and Agriculture Organization (FAO) found that climate change is already affecting the agriculture productivity in the regions, with increasing temperatures and rainfall patterns leading to crop failures, flood and food insecurity. According to research published in the journal “Nature Climate Change,” Since 1980, decreasing rainfall has been accompanied by rapid increases in temperature on the order of more than 1°C. Developing countries, such as South Sudan are and will continue to experience a decline in agricultural productivity and food supply as result of climate variations (Kurukulasuriya et al.,

2007; Seo and Mendelsohn, 2007). Institute for Sustainable Development (ISD) highlighted the

need  for  greater  investment  in  climate-smart  agriculture  practices  such  as  conservation agriculture and enhanced water management, to build the resilience of small-scale farmers in the country. However, the impacts of climate variability, such as erratic rainfall patterns, prolonged droughts and increased temperatures, have posed significant challenges to agricultural productivity  in  the  region.  Climate  variability  and  its  change  has  become  a  pressing  issue globally, affecting various sectors including agriculture. Climate change, also known as global warming, is a widely recognized environmental issue that has been the subject of much debate and discussion in recent years. However, the root causes of climate change can be traced back even further to the beginning of human civilization. Climate change and variability are emerging as major threats to agricultural development in South Sudan. Although local variability is important, trends in general, show declining precipitation and increasing temperatures for the region.

Whichever is the case, it is important to provide estimates of the impacts of climate change in these regions to aid policymakers understand the potential effects of climate variability, as well as  to support them in making  relevant  decisions  that will  either alleviate its  magnitude or stimulate adaptation. Eastern Africa shows some of the largest inter-annual climate and rainfall variations in the world. The Intergovernmental Panel on Climate Change (IPCC): refers Climate Change as a change in the state of the climate that can be identified by changes in the mean and or the variability of its properties, and that persists for an extended period, typically decades or longer. Climate change has become a pressing issue globally, affecting various sectors including agriculture.   Climate   change,   also   known   as   global   warming,   is   a   widely   recognized environmental issue that has been the subject of much debate and discussion in recent years. However, the root causes of climate change can be traced back even further to the beginning of human civilization. Climate change and variability are emerging as major threats to agricultural development in South Sudan. Although local variability is important, trends in general, show declining precipitation and increasing temperatures for the region. The global agricultural production system is facing serious constraints in meeting the increasing demand for food, the supply of raw materials to industry, and the ever-increasing demands for foreign exchange.
1.2 Problem Statement
South Sudan is identified as one of the most vulnerable countries to climate change in Africa. Climate  change  is  contributing  substantially to  food  insecurity  in  the  future  and reducing agricultural production as in the states of South Sudan. The Food and Agriculture Organization states that increasing climate instability and extremes reduce agricultural productivity with major impacts on food production, distribution and consumption, and implying new food security challenges (FAO, 2019).   Food may become more expensive as climate change mitigation  efforts  increase  energy  prices.  Water  required  for  agricultural  production  may become scarcer due to increased crop agricultural use and drought. Increases in the frequency and severity of extreme weather events can interrupt food production and distribution chains, and result in high food prices, which lead to social and political unrests, worsening the state of food security as happened in Egypt in 2011 (David, 2011).

The impacts of climate variability and extremes on agricultural development in South Sudan are evident, with change in temperature poses a significant threat to agricultural development, particularly  for  small-scale  farmers.  Change  of  temperature,  rainfall  patterns,  and  extreme weather  events  can  lead  to  decreased  crop  yields,  reduced  water  availability,  reduced  soil fertility, and increased instances of pest and disease outbreaks. These challenges pose a threat to food security, livelihoods, and the overall socio-economic development of the country. Without a clear understanding of these issues, it will be challenging to develop effective policies and interventions to enhance the resilience of the agriculture sector in South Sudan.

1.3 Research Objectives
1.3.1 Main Objective
The main objective of the study is to assess and evaluate farmers understanding of climate variability of seasonal rainfalls and temperatures and adaptation strategies used in Luri Farms, South Sudan.

1.3.2 Specific Objectives
1.   To assess the impact of climate variability (rainfall patterns, and temperature changes, etc.)

on crop yields and productivity at Luri farms, Juba, South Sudan.

2.

To evaluate the effects of extreme weather events (droughts) on agricultural activities and their subsequent impact on food production.

3.   To analyse the socio-economic effects of climate variability and the adaptation strategies employed by local farmers to cope effects of climate change on agricultural productivity level in Luri Farms, Juba South Sudan.

1.4 Research Questions
1.   What are the relationships between climate variability (change in rainfall, and temperature patterns) and crop productivity at Luri Freedom Farm?

2.   How  does  extreme  weather event  (droughts)  affect  agricultural activities  and food,  and agricultural production at Luri Freedom Farm?

3.   What are the socio-economic impacts of climate variability and adaptation strategies are farmers at Luri Freedom Farm coping to mitigate the impacts of climate variability?

1.5 Significance of the Study
Climate variability has been shown to have a direct impact on agriculture productivity, particularly crop yields. Research indicates that changes in temperature, precipitation, and the increased frequency of extreme weather events (such as droughts or floods) are major risk factors for crop failure and reduce agricultural output. Understanding this effect is crucial for developing effective adaptation strategies. Qualifying these effects can help guide policymakers and farmers in adjusting farming practices to reduce vulnerability. Extreme weather events like heat waves, storms, and prolonged drought spell disrupt the food supply chain, leading to food shortages, increased prices and challenges in food distribution. These events disproportionately affect vulnerable populations, amplifying issues related to hunger and malnutrition. Investigating this relationship will help in identifying key intervention points to improves food security in the face of increasing climate extremes, making it essential for national and international food policies. Rural agricultural communities  are often  among  the most  vulnerable to impacts  of  climate change due to their  reliance on  rain-fed  agriculture, limited  access  to resources,  and weak infrastructure. By studying their socio-economic vulnerabilities, the researcher can identify the group most at risk and the best strategies for building resilience. The results will provide a basis for targeted policies and programs that can help protect livelihoods, improve adaptive capacity,

and promote sustainable agricultural practices. As climate change is inevitable, it is critical to explore and develop adaptation strategies to help agricultural systems become more resilient. This includes promoting climate-smart agricultural practices, and investing in technologies that enhance crop tolerance to extreme conditions.

1.6 Scope of the Study
This study will specifically focus on Luri Freedom Farm in South Sudan as a case study to understand the impacts of climate variability and extremes on agricultural development. The research will includes analysing the various factors that contribute to climate variability in the region,  such  as  changes  in temperature,  rainfall patterns,  and  extreme weather events.  The research will also examine the current agricultural practices in South Sudan and how they are affected by these climate variations. The study will investigate the economic, social, and environmental consequences of climate variability on agriculture development in South Sudan, including on its impacts on food security, livelihoods, and sustainable resource management. The research will explore potential adaptation strategies and resilience-building measures that can be implemented to mitigate the negative impacts of climate variability on agricultural productivity in South Sudan. In conclusion, the scope of the research topic will focus on the comprehending the  complex  relationship  between  climate  variability  and  agricultural  development  in  the country, and identifying effective solutions to enhance the resilience and sustainability of agricultural sector in the face of climate conditions.

1.6.1 Time Scope
This research will focus on the past 5 years, from 2020 to 2024, to analyse the evolving impacts of climate variability and its change on agricultural development in Luri Freedom Farm. This timeframe allows a comprehensive assessment of long-term trends and variability in climate conditions, as well as their effects on crops yields, water availability and soil fertility

1.7 Limitations and delimitations of the study
In conducting this research, several challenges may arise that could affect the research process. These pros and cons involved financial constraints, lack of updated library and access to relevant books, respondent’s characters, and difficulty in follow-up procedures.

1.7.1 Financial Constraints

A financial constraint refers to any restriction on economic resources that affects research activities.


Since this study is conducted by the University’s student, finding is mainly dependent on personal income to cover-up expenses such as internet access, printing and research- related costs.


Transportation costs also present a significant challenge, as fieldwork requires movement to different locations for data collections.


To manage these issues, alternative solution such as seeking financial support from the colleagues and family members is explored.

1.7.2 Lack of Updated Library and Access to Relevant Books

Access to relevant books in the library is limited, particularly in the University Main library,  where  resources  on  Climate  Variability,  Agriculture,  and  Food  Security  are scarce.


This  challenge  is  addressed  by  utilizing  internet  services  to  access  online  journals, research papers and academic articles.

1.7.3. Attitude Constraints

Some respondents may refuse to participate in the research, and others may be hesitant to provide information or delay in filling out questionnaires.


Other respondents may lack interest or perceive the study as irrelevant, affecting the response rate and data quality.


To overcome these challenges, the researcher will clearly explain the purpose of the study and assure participants of the confidentiality of their responses to encourage cooperation.

    Language barrier; communication challenges with local farmers in the farm.

1.7.4. Follow-Up Challenges

Some respondents may fail to return the completed questionnaires, making it difficult to collect sufficient data.


To address this issue, the researcher will focus on distributing questionnaire only to respondents who can read and write, ensuring that they comprehend the importance of timely responses.


Follow-up reminders will be sent through phone calls or in-person visits to increase the response rate.

CHAPTER TWO LITERATURE REVIEW
2.1 CLIMATE VARIABILITY AND AGRICULTURAL PRODUCTIVITY
Climate variability and extremes have increasingly posed significant challenges to agricultural productivity and food security, particularly in Sub-Saharan Africa. Warmer climates generally accelerate the growth and development of plants, but overly cool or hot weather will also affect crop productivity. Earlier flowering and maturity of several crops have been documented in recent decades, often associated with higher temperatures. Increases in maximum temperatures can lead to severe yield reductions and reproductive failure in many crops  in South Sudan particularly Luri Freedom Farm. The increases in rainfall variability expected in the future will have substantial impacts on primary productivity and on the ecosystem provisioning services provided by forests and agroforestry systems. Changes in seasonal rainfall patterns disrupt planting and harvesting schedules, leading to reduced productivity and increased susceptibility to pests and diseases. Extreme temperature fluctuations further compound these challenges. Higher temperatures reduce soil moisture content and increases evapotranspiration rates, diminishing crop growth and yields. These impacts are exacerbated in regions like Luri Farm in Central Equatoria state.

South Sudan is one of the SSA countries that is extremely vulnerable to the impacts of climate change and variability (Conway & Schipper 2011; Birara et al. 2018). Recurrent droughts combined with changes in the amount and spatial distribution of seasonal and annual rainfall are among the major climate-related disasters in South Sudan ( Seleshi & Zanke 2004; Korecha & Barnston 2007; Addisu et al. 2015; Zeleke et al. 2017; Weldearegay & Tedla 2018), thereby significantly affecting  the productivity  of  rain  fed  agriculture and the economic and social development of the country.

The climatic variability impacts on agricultural productivity are crucially both an ecological Development and food security issues. For the majority of developing countries, agricultural production is not only related to farmers’ livelihood however also closely associated with the long-term necessities of all mankind for food and nutrition. Due to its growing significance, scholars  across  the  world  have  conducted  numerous  theoretical  analyses  and  empirical

investigations on the nexus between climate change and agricultural development (Song et al.,

2022).

The connection between climate change and food security has been extensively explored in the literature   from   diverse   perspectives,   econometric   analyses,   and   geospatial   scales   with inconclusive and mixed results. Ayinde et al. (2011), and Mallikarjuna (2013) reveal that higher amounts of precipitation positively influence food security while higher temperatures negatively impact food security. Climate change is arguably one of the most significant challenges facing SSA countries, largely due to their geographic exposure, low income, greater reliance on climate sensitive sectors such as agriculture, and weak capacity to adapt to the changing climate. However, there are limited studies that have documented adverse socio-economic impacts of extreme  weather events  specifically in  South  Sudan.  South  Sudan  is  adversely  affected by climatic  variability  and  change  because  of  her  dependency  on  rain-fed  agriculture,  with variability in rainfall and temperature directly affecting crop and livestock yields. Empirical results show that climate variability has significant economic costs as a result of periodic floods and droughts, which lead to major macro-economic costs and reductions in economic growth. Nastis et al. (2012), Limantol et al. (2016) and Ali and Erenstein (2017), explored the impact of climate change in South Sudan and found that higher temperatures would have a positive impact in  highland  areas  but  a  negative  effect  in  lowland  areas,  and  especially  semi-arid  ones. Therefore, potential food production would increase with rising temperature and rainfall, but in the semi-arid areas, yields would decline as a result of insufficient precipitation. (Baya et al.

2019; Sheng & Xu 2019) indicated that the overall impact of climate variability on food production in South Sudan would be positive but results would vary by region. They also asserted that the increase in production would arise from an increase in carbon dioxide and temperature, provided that there would be an increase in precipitation as well. It is widely projected that as the planet warms, climate and weather variability will increase. Changes in the frequency and severity of extreme climate events and in the variability of weather patterns will have significant consequences for human and natural systems. Increasing frequencies of heat stress, drought and flooding events are projected for the rest of this century, and these are expected to have many adverse effects over and above the impacts due to changes in mean variables alone.
Climate: This refers to the long-term patterns of temperature, humidity, wind, precipitation, and other atmospheric conditions in a particular region over extended period, typically 30 years or above as defined by World Meteorological Organization (WMO).

Climate variability: is the change to natural fluctuations in climate patterns over a period of time, including fluctuations change in temperature, precipitation, and extreme weather events such as floods, droughts, and storms. Climate extremes are defined as abnormal weather events that occur at the upper or lower ends of the typical range of climate variability. These events are rare based on historical records and often have significant environmental, economic, or social impacts in the area. The impacts of climate variability and extremes on agriculture and food security are significant and wide-ranging. The less precipitation has an impact on crop productivity. The most variable climate factor, in terms of time and place, among the climate parameters is the amount of precipitation and temperature (Bağdatlı and Arslan, 2020; Elsheikh,

2021). These changes can lead to crop failures, reduced yield, lower quality, and increased pest and disease pressure, all of which can threaten food production and access to food for vulnerable populations.

2.2. THEORETICAL FRAMEWORK
This section discusses climate change, models of climate change, simulated climate change empirical studies at the global and country levels, and historical climate change empirical models at  the  global,  country  and  state  levels.  Changes  in  temperature  coupled  with  variable precipitation could reduce productivity of crops, and these effects will outweigh the adopted production systems. The effects will vary among annual and perennial crops, and regions of the United States; however, all production systems will be affected in varying degrees by climate change. Generally, agricultural systems depend on reliable water sources, and the pattern and potential magnitude of precipitation changes if not well understood, will add considerable vulnerability and uncertainty to agriculture.

2.3 EXTREME WEATHER EVENTS AND FOOD SECURITY
The extreme weather events-such as droughts and floods-pose acute threats to food availability and access. The Food and Agriculture Organization (2020) found that climate-induced disasters

are a primary driver  of  food  crises  in East  Africa. In  South  Sudan,  floods  have displaced communities and destroyed croplands, while droughts have led to prolonged food shortages.

2.4 THEORY OF CLIMATE CHANGE
The theory of climate change that most people are familiar with is commonly called anthropogenic (man-made) global warming or AGW for short. This theory holds that man-made greenhouse gases, primary carbon dioxide occurred many years’ ages. The theory explains the long-term  alterations  in  the  earth’s  climate  system,  including  changes  in  temperature, precipitation patterns, and atmospheric composition. The theory also identifies both natural and human-induced factors that affect the globe climate.   This theory depends on GHE but is treated as a separate theory because GHE can exist without AGW. The basic premise of AGW is that human activities are altering one of our planet's natural temperature regulators, the greenhouse effect. In the industrial era, human activities have added greenhouse gases to the atmosphere, mainly through the burning of fossil fuels. Increased concentrations of CO2 in the atmosphere are responsible for  observed global warming  through  the  GHE physical mechanism.  These increases of greenhouse gases are the result of human activities and enhance the natural greenhouse effect. Proponents of the AGW theory believe man-made CO2 is responsible for floods, droughts, severe weather, crop failures, species extinctions, spread of diseases, ocean coral bleaching, famines, and literally hundreds of other catastrophes. All these disasters will become more frequent and more severe as temperatures continue to rise.
2.5 THE IMPORTANCE OF AGRICULTURE
It is crucial to note that climate variability can exert both direct and indirect influences on the availability of agricultural products, as highlighted by (Agostoni et al. 2023). Directly, it affects crop yields, soil fertility, water retention capacity, and the prevalence of crop pests and diseases. Indirectly, climate variability and change impacts economic growth, the demand for agricultural products, and income distribution, as suggested by studies conducted by (Edame et al. 2011). For decades back, agriculture has been associated with the production of essential food crops. At present, agriculture above and beyond farming includes food security, dairy, fruit cultivation, and poultry production, etc. Today, marketing, and distribution of crops and livestock products, etc.

are all acknowledged as part of current agriculture. Thus, agriculture could be referred to as the production, processing, raring, and distribution of agricultural products. Agriculture plays a critical role in the entire life of a given economy. The importance of Agriculture is the main source of livelihood of many rural communities (Bekabil, 2014; Bağdatlı and Bellitürk, 2016a). Approximately 80% of the population directly rely on agriculture as a mean of living. And Agriculture is the main source of national income for most developing countries. However, for developed countries, agriculture contributes a smaller percentage to their national income and economic growth.

2.6 CHARACTERISTICS OF SOUTH SUDAN AGRICULTURE
South Sudan’s agriculture is shaped by various natural, social, and economic factors that impact productivity and sustainability. The economy of South Sudan is based on agriculture which consists of a combination of rain-fed agriculture, subsistence farming, low mechanization and technology,  livestock  rearing,  environmental  constraints,  fishing,  and  wild  food  collection. South Sudan has a total land area of around 658,842 km2, of which 27,712 km2 are cultivated. The yearly rainfall in a large portion of the nation is sufficient for growing a variety of crops. Rainfall varies by location, ranging from 500 mm annually in the north, where a growth season of 100-150 days is provided, to roughly 2000 mm in the southwest, where a growing season of

150-250 days is provided. (Ministry of Agriculture, 2012). Agriculture in South Sudan is predominantly agrarian society and the majority of population (80-90 %) in the country is engaged in the traditional agriculture practices. For Agriculture in South Sudan contributes 15% in GDP, and account about 80% the self-force employment. South Sudan has a great agricultural potential because of its vast areas of fertile hand. However, low agricultural production means the country is heavily dependent on food imports, despite the abundance of arable land.

2.7 CHANGE IN CLIMATIC VARIABILITY AND EXTREME EVENTS ON AGRICULTURE PRODUCTION IN SOUTH SUDAN
Extreme events are not phenomena in agriculture; however, they are expected to increase in frequency and the areas subject to extreme events are likely to expand (Schmidhuber and Tubiello, 2007). Eastering et al, (2007) cited several studies that projected increased frequency of

extreme weather events in SSA, which will have more serious consequences for food production and food security. Agriculture is particularly sensitive to variation in weather, especially temperature, precipitation, extreme events (drought and flood), and is therefore vulnerable to extreme climate events. This is becoming worrisome due to the high dependence of the region on rain-fed agriculture. Climate variability, particularly severe flooding and droughts can harm agricultural  production  by  causing  physical  damage  to  harvest  or  livestock.  For  example, extreme   high   temperatures   and/or   precipitation   events   occurring   at   crop   anthesis   can considerably reduce grain/fruit formation and impede flowering. The accuracy of impact projections also depends on the accuracy of projected climate data and how well they capture future extremes. This means that many studies may actually underestimate the future impacts of climate change on crop productivity, especially in South Sudan where the impacts of extreme events are expected to be quite high.

2.8 CLIMATE IMPACTS ON FOOD SECURITY CHALLENGES
Climate change will affect all four dimensions of food security: availability; accessibility; utilization;  and  stability.  An  IPCC  Special  Report  found  that  climate-related  risks  to  food security are projected to increase with global warming of 1.5°C and increase further with global warming of 2°C. Shifts in land suitability will likely lead to an increase in suitable cropland at higher latitudes and a decline of cropland at lower latitudes. Fluctuating crop yields and local food supply will make achieving food security more difficult. Semi-arid and sub humid regions will be affected most, reducing yields of crops, livestock and productivity. Potential price increases and negative income effects associated with climate change also have implications for food accessibility. Crop failures due to droughts and floods lead to reduced food availability, increased food prices, and higher level of malnutrition.

FIGURE 1. DIAGRAM OF CLIMATE CHANGE INFLUENCE ON FOOD SECURITY
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Source: FAO (2015).

2.9 IMPACTS OF CLIMATE VARIABILITY AND CHANGE ON FOOD AVAILABILITY
Food security depends on availability of food, access to food, and utilization of food (FAO,

2000). Food availability refers to the existence of sufficient quantities of food in appropriate quality, and supplied through domestic production or import. The supply side of food security is addressed as food availability. Domestic food production, commercial food imports and exports, food aid, and domestic inventories all contribute to the total amount of national food availability. Food availability is the most broadly used, studied, and researched aspect of food security. Climate uncertainty  impacts  agricultural-related activities,  particularly production,  impacting food availability (crops and livestock). Rainfall variability and change worsen food insecurity by lowering per capita food supply, increasing the undernourished population. Drought is one of the

causes of malnutrition, hunger, and under nutrition. It has lowered the global food supply by producing a global grain deficit. Lack of water inhibits plant productivity and growth, decreasing carbon absorption and higher vulnerability to pests and diseases. A slight temperature rise in temperate regions (1-3C mean temperature, not more than 3C) is beneficial for crop yields. Increased evaporative heat and agricultural water stress will occur as temperatures rise in tropical areas. The rising global temperature would have disastrous effects on tropical agriculture, particularly in developing countries.

2.10 IMPACT OF CLIMATE VARIABILITY AND CHANGE ON FOOD ACCESS
Food accessibility refers to food prices, availability, and preferences that enable people to turn their hunger into need effectively. Climate change impacts food production and farmers’ income, accessibility, supply, and security. Many countries’ local food supplies mainly depend on global food markets, but climatic factors change agricultural products at national and regional levels. Crop failures resulting from climate change negatively impact developing countries, lacking preparedness skills and ability. FAO (2008) Studies have found climate variability will affect smallholder crop income during the cropping season substantially negatively through its impacts on all components of global, national, and local food system. Developing countries’ financial resources are vulnerable to climatic fluctuations because a disproportionate share of their GDP is spent in climatically sensitive sectors. A reduction in agricultural production, exports, and investments in research and development can reduce output and the economy’s ability to grow. Similarly,  climate  shocks  will decrease  the  amount  of  money available to  governments  by impacting economic development (low tax revenues, for example). Extreme weather occurrences can also affect the supply of food products in South Sudan, resulting in price increases and a reduction in the livelihood of the poor, especially in low-income communities. Consequently, allocating a high proportion of revenues toward food supplies would negatively impact people’s purchasing power. This scenario would lead to worldwide hunger and food insecurity, worsened by high food costs, climate extremes, fluctuation, and limited access to food. Climatic instability, increases childhood hunger in sub-Saharan Africa by rising food prices. Household food budgets are tested when climate change impacts income sources.

2.10.1 IMPACT OF CLIMATE VARIABILITY ON FOOD UTILIZATION
Food utilization refers to a person’s or a family’s ability to consume and profit from food. In changing  climatic  conditions,  food  utilization  is  the  least  studied  but  most  dramatically influenced component of food security. Because actual food distribution across diverse populations, localities, and households is primarily understudied, focusing on food availability rather than food intakes has several drawbacks. The majority of micronutrients consumed by poor households are obtained from plant consumption. Climate change could directly impact micronutrient  consumption  in  three  ways:  affecting  crop  yields  of  essential  micronutrient sources, changing the nutritional composition of a specific crop, or impacting crop selection decisions. Additionally, price increases due to climate change result in a significant decrease in the consumption of all food groups, lowering nutrient intake. The poorest people in the country, who already spend most of their income on food, will continue to use negative coping strategies like eating less, relying on lower-quality food, and decreasing expenditure on non-food items such as health care and education.

2.10.2 CLIMATE CHANGE AND VARIABILITY EFFECT ON FOOD STABILITY
Climate change has an effect on the stability of food supplies. Food Stability is a component of food security, ensuring that food supply remains steady and reliable over time. However, increases in the frequency and severity of extreme events such as floods, and droughts have significantly affected crop yields, distribution, and local food supplies. These climate change implications are a particular threat to food stability and could bring about both chronic and transitory food insecurity. In areas that depend on rain-fed agriculture for an important part of their local food supply, variability and changes in the amount and timing of rainfall, rising temperatures affect crop growth cycles, reduced productivity, higher food prices within the season and an increase in weather variability are likely to aggravate the precariousness of local food systems (FAO, 2008).
2.10.3 Crop Adaptation Strategies to Overall Extreme Climate Stresses and Policy Gaps
With the increase of the Earth’s temperature, the climate undergoes severe alterations and

Becomes  abiotically  stressful.  Environmental  changes  are  very  damaging  and  pose  various threats to naturally prevailing crop species. Under field circumstances, drought and heat are the most predominant stresses and have a significant influence on crop plants. It is reported that plants require an optimum temperature for their normal growth and blooming. Plant physiology is heavily influenced by temperature fluctuations. As heat stress affects the grain production and yield, cold stress results in sterility, and drought stress negatively influences the morpho- physiology of plants. These climatic problems severely distress crop development and yield, produce enormous responses, comprising molecular, biochemical, physiological, and morphological modifications. Overall, global warming and climate change both have some negative and positive effects on agricultural crops as well as on humans explained in figure 2.
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Figure 2. Overall positive and negative effects of climate change and global warming on crops and humans.

In general, the South Sudanese agriculture and food security deficit can be reduced by addressing the structural issues that lead to low agricultural productivity, such as infrastructure improvements,  the  provision  of  agricultural  services,  institutional  strengthening,  and  the adoption of well-thought-out policies and regulations. Other interventions will include bettering the land use and tenure system, using natural resources wisely, having suitably skilled human resources, and organizing rural communities (Ministry of Agriculture, 2012). While adaptive

measures, such as introducing drought-resistant crops and improving water management, have been proposed, their implementation in South Sudan remains limited due to additional financial, and infrastructural challenges.

CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Study Area
The study was carried out at Luri Freedom Farm, located in Luri Payam, Juba County, situated in Central  Equatoria  State,  is  an  Agriculture  enterprise  dedicated  to  enhancing  local  food production and supply. It was established by Ch’iang Wei Agricultural Company, the farm began operations around 2017, focusing initially on pig farming to supply pork to the capital City, Juba. Freedom Farm commenced the slaughtering and processing of pigs, offering products such as pork loins, minced pork, meatballs, and pork patties to the local markets. The farm’s operation has contributed to the local economy by providing employment opportunities and supporting agricultural development in the region.

Over time, Freedom Farm has diversified its agriculture activities. By March 2019, the farm expanded  its  operations  to  include  the  cultivation  of  rain-fed  rice  grain  sorghum,  maize, soybeans, mung beans, and green manure cover crops. Additionally, the farm integrated value- added processes such rice milling and piggery, contributing to the local food supply chain and promoting food security in the area. The area is selected as the case study due to its agricultural significance and exposure to climate variability.

This study employs a mixed-methods research design, incorporating both quantitative and qualitative approaches. The quantitative aspect involves statistical analysis of climate patterns or data  and  agricultural  production  trends  at  Luri  Freedom  Farm  in  Luri  Payam,  while  the qualitative component will gather insights from farmers and agricultural experts on how climate variability and extremes affect food security. The section provides information on the research methodology and techniques used to conduct the study. It defines the population from which the sample is selected and describes the sampling procedures for selecting the samples. It also discusses the data collection procedure and strategies for data analysis.

3.2 Research Design
According to MacMillan and Schumacher (2001) define research design as “a plan and structure

for selecting subjects, research sites, and data collection procedures to answer the research

question(s).” The design describes how the study is conducted, including when, from whom and under what conditions data are obtained. He further indicates that the goal of a sound research design is to provide results that are judged to be credible. For Durrheim (2004), research design is “a strategic framework for action that serves as a bridge between research questions and the execution, or implementation of the research strategy.”

3.2.1 Quantitative Research Design
Quantitative research, according to Van der Merwe (cited by Garbers, 1996), is “A research approach aimed at testing theories, determining facts, demonstrating relationships between variables, and predicting outcomes or a formal, objective, systematic process in which numerical data are used to obtain information about the world.” Quantitative research uses methods from the natural sciences that are designed to ensure objectivity, generalizability and reliability.

The techniques used in quantitative research include random selection of research participants from the study population in an unbiased manner, the standardized questionnaire or intervention they receive, and statistical methods used to test predetermined hypotheses regarding the relationship between specific variables.

3.2.2 Qualitative Research Design
Denzin and Lincoln (2005) define qualitative research as a situated activity which locates the observer  in  the  world.  It  involves  an  interpretive,  naturalistic  approach  to  the  world,  i.e. qualitative researchers study phenomena in their natural settings, attempting to make sense of, or interpreting phenomena in terms of the meanings people bring to them. Qualitative research implies an emphasis on the qualities of entities and on processes and meanings that are not experimentally examined or measured (Denzin & Lincoln, 2005).  In concert with Patton (2001) defines qualitative research as “an approach that uses a naturalistic approach which seeks to understand phenomena in context-specific settings, such as real world settings, where the researcher does not attempt to manipulate the phenomena of interest…it is any kind of research that produces  findings  not arrived at by  means  of  statistical procedures  or  other  means  of quantification, but instead the kind of research that produces findings derived at from real-world settings where the phenomena of interest unfold naturally.”

3.3 Study Population
Research population refers to the entire group of individuals, objects, or events that share a common characteristic and are the focus of the study. It represents the complete set of elements that the researcher aims to study and draw conclusions about (Jilcha Sileyew, 2020; Garg, 2016). For this study, the target population from which the researcher drew the conclusions sample comprised of different farmers at the farm and in the Payam. They covered local farmers and other technical staff (s) from various field of specialization. The option was based on the fact that every individual was involved and implicated in the authoritative activities in different manners. The targeted farmers in the area were 100 of which the sample size of 50 respondents were selected based on Taro Yamane Formula Method (1967), (Lomoro et al., 2017). Using Taro Yamane Formula Method (1967)

n= N/1 +N (e) 2
Where:

n = required the sample size of respondents

N = Target population of farmers that is under study in Luri Freedom Farm

e = the marginal error = 5%.

N = 115; e = 0.05% e2 = 0.005 n = 115/1+115 (0.05)2
n= 115/1+115(0.0025)
n=115/1+0.25
n= 115/1,28= 89.8 n= 90
Therefore, a sample size 90 respondents out of the entire population of 115 respondents would be the lowest acceptable number of responses to maintain a 90% confidence level.

3.4 Sampling Technique
This refers to a technique of selecting individual members or a subset of the population to statistical inferences from them and estimate the characteristics of the whole population. The sample represents a smaller, manageable group that researchers use to make inferences and draw

conclusions about the entire population (Taherdoost, 2018, Bhardwaj, 2019). Since studying the whole population can be impractical, time-consuming, and costly, researchers use samples to gather data and conduct analyses that provide insights into the characteristics and behaviours of the larger group (Ponto, 2015). This technique is crucial for ensuring the reliability and validity of research findings while making the study more manageable and cost-effective.

3.5 Sampling Size
The sample size in research methodology refers to the number of individuals, units or observations selected from a population for a study. It plays a significance role in ensuring the accuracy, reliability, and generalizability of the findings. A well-determined sample size helps minimize errors and enhances the credibility of the study’s conclusions.

3.6 Sources of Data
The sources of origin from which information collected is by mains of primary and secondary data. Data is a set of values of qualitative or quantitative variables. Data is facts or figures from which conclusions can be drawn. Before one can present and interpret information, there has to be a process of gathering and sorting data. (Ajayi, 2016).

3.6.1 Primary Data
Primary data is the data originated by the researcher for the first time or the data collected using questionnaires and interviews methods. This data is collected with aim for getting solution to the problems at hand. (Mesly, 2015). This data from primary was directly collected from questionnaires and interviews through the interaction of the researcher with the farmers at Luri agricultural field to get the first-hand information. The data helps the researcher to obtained information that was used for findings of the study which are discussed to draw final conclusions and recommendations.

3.6.2 Secondary Data
This  is  the  existing  data  collected  from  various  sources,  such  as  government  institutions, academic journal, meteorological records, and previous research studies. Secondary data is the data gathered from published sources. Thus, it is an essential part of research that can help to get

information from past studies as basis conduction for implementing research or as the required background information.

3.7 Data Collection Instrument
The study employs a research tool such as structured questionnaire to gather and ensuring accurate, reliable, and relevant data on the impact of climate variability and extremes on agriculture and food security in Luri Freedom FARM.

3.7.1 Questionnaire
This is a structured data collection instrument used in research to gather information from respondents through a series of pre-designed questions. It is a widely used tool in both qualitative and quantitative research to collect standardized data efficiently and effectively from a large sample population.

3.7.2 Direct Observation
This  is  a  data  collection  method  in  which  a  researcher  physically  observes  and  records behaviour, events, or the phenomena in their natural setting without interviewing or interact with the respondent.

3.8 Data Processing, Analysis and Presentation
The study employs both quantitative and qualitative data analysis methods to ensure a comprehensive understanding of the Impact of Climate Variability and Extremes on Agriculture and Food Security. The analysis process commences with careful checking of raw data to ensure completeness, accuracy, and relevance before proceeding. Quantitative data are computed using the Excel to get case processing summary. The data will be converted into frequencies and percentages, which will be presented in tables, graphs, pie-charts and figures for easy interpretation.  The  quantitative  medium  will  be  used  in  study  to  address  the  open-ended responses in the questionnaire which will be correspond to find out the most common responses to  enable  computation  of  percentages  using  qualitative  techniques  to  capture  participants’ insights and opinions.

3.9 Validity and Reliability of Research Instruments:
3.9.1 Validity
Validity refers to the degree to which a tool or study accurately measures what it is intended to measure in quantitative research. It ensures that the research findings are credible, meaningful, and applicable to real-world scenarios. High validity helps researcher draw appropriate conclusions and make informed decisions based on research findings. It enhances the credibility and applicability of the results.

3.9.2. Reliability
The consistency and stability of a measurement across time, items, or ratters. A reliable measure yields the same results under consistent conditions. Research is considered reliable if its methods yield the same or very similar outcomes when applied multiple times. Reliability is essential for ensuring that research findings are replicable and trustworthy. Research reliability is a degree to which method is produces stable and consistent results. It minimizes measurement error, enhancing the overall quality of the research. In conclusion, the researcher of the research is fairly valid and reliable.

3.9.3. Confidentiality
Confidentiality is the practice of protecting the identity and personal information of research participants. It ensures that any data collected from individuals, such as survey responses, interviews, or case studies, is not disclosed without their consent. Therefore, the description of confidentiality, the research ensures the freedom of participants by adhering to the principal of informed concerned and they are aware of the purpose of the study.

3.9.4. Ethical Considerations
Ethics are the norms and standards that guide appropriate behaviour in the research, ensuring that the study is conducted with integrity and respect for participants. These ethical considerations helped distinguish between right and wrong, ensuring that research process is fair transparent, and free from harm. A letter of introduction will be obtained from the University School of

Natural Resources and Environmental Studies, department of Agricultural Sciences to inform the respondents that this research is purely academic. The participants will fully be informed about the study’s purpose, procedures. Ethic is the fundamental value and belief of the research.

4.0 Introduction

CHAPTER FOUR: RESULTS AND DISCUSSION
This chapter, "Results and Discussion," The primary objective of this chapter is to systematically present the empirical data collected and to interpret its implications within the broader context of agricultural resilience and food security in the region. The discussion delves into the observed patterns of climate variability, including shifts in rainfall patterns and temperature extremes, and their direct and indirect effects on crop yields, livestock health, and the overall food availability and accessibility for the communities reliant on Luri Freedom Farms.

Table 1: Gender of Respondents
	Demographic Variable
	Frequency (n)
	Percentage (%)

	Male
	70
	77.8

	Female
	20
	22.2

	Total
	90
	100


Source: (Primary data, 2025)
Figure 1: a bar chart. showing the proportion of male and female participants
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4.1 Analysis of Participant Demographics
Figure 1, titled "Gender of Respondents," presents a demographic breakdown of participants in a study concerning. The table indicates that out of a total of 90 respondents, 70 (77.8%) were male, and 20 (22.2%) were female.

This distribution suggests a significant gender imbalance among the participants, with males constituting  the  vast  majority.  When  considering  the  relevance  to  existing  literature  on agriculture and food security, particularly in regions like South Sudan, this demographic skew is noteworthy. Agricultural labor and decision-making roles often exhibit gendered patterns, which can influence the perceived impacts of climate variability and the effectiveness of adaptation strategies (Thompson, et.al., 2014). For instance, women frequently play crucial roles in subsistence farming, food processing, and household food security, yet their voices may be underrepresented in surveys or decision-making processes (Oxfam. Gender and Development.,

2002).

The observed gender distribution in figure 1 could reflect various factors. It might indicate a higher proportion of male heads of households or primary agricultural decision-makers at Luri Freedom Farms, or it could be a consequence of sampling methods that inadvertently favoured male participants (Selltiz et al., 1959). Understanding this demographic context is crucial for interpreting the study's findings on climate impact and food security, as the experiences and perspectives of men and women regarding climate variability, access to resources, and coping mechanisms can differ substantially (The New Encyclopedia Britannic., 2007).

The literature consistently highlights that gender roles influence vulnerability to climate change and adaptive capacity in agricultural communities. For example, women often face greater barriers to accessing land, credit, and agricultural extension services, which can limit their ability to adapt to climate shocks (Goudie, et al., 2002). Therefore, a study predominantly featuring male perspectives might not fully capture the diverse impacts of climate variability on all segments of the farming community at Luri Freedom Farms. Future research or analysis of this case study should consider how this gender distribution might shape the reported findings and whether it aligns with the broader socio-economic and cultural context of agricultural practices in South Sudan.

Table 2: Age of Respondents
	Demographic Variable
	Frequency (n)
	Percentage (%)

	25 -30
	3
	3.3

	30-35
	7
	7.8

	35-40
	33
	36.7

	40-45
	35
	38.9

	45-50
	8
	8.9

	50+
	4
	4.4

	Total
	90
	100


Source: (Primary data, 2025)
Figure 2: a bar chart. show the distribution of ages within the sample
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4.2 Analysis of Age Distribution
The data reveals a distinct concentration of individuals within the middle-aged brackets. Specifically, the 40-45 age group represents the largest segment, accounting for 38.9% (n=35) of the sample. Closely following is the 35-40 age group, comprising 36.7% (n=33) . Combined, these two age ranges represent over 75% of the total sample, indicating that the majority of individuals involved in the agricultural activities at Luri Freedom Farms, or those surveyed, are between 35 and 45 years old.

In contrast, the younger (25-30 years) and older (50+ years) age groups have significantly smaller representations. The 25-30 age group makes up only 3.3% (n=3), while the 50+ age group accounts for 4.4% (n=4). The 30-35 age group and the 45-50 age group show moderate representation, at 7.8% (n=7) and 8.9% (n=8) respectively.

4.2.1 Relevance to Existing Literature
This age distribution has significant implications when considered against existing literature on agriculture, climate change, and food security, particularly in sub-Saharan Africa and South Sudan.

1. Experience and Knowledge Transfer: The high concentration of individuals aged 35-45 suggests a workforce with considerable experience in farming practices. This demographic often possesses traditional ecological knowledge and practical skills crucial for agricultural resilience in the face of climate variability. Studies have shown that experienced farmers are often better equipped to adapt to changing weather patterns, implement sustainable farming techniques, and manage risks associated with climate extremes. For instance, their understanding of local soil conditions, crop cycles, and traditional irrigation methods can be invaluable.

2. Vulnerability and Adaptive Capacity: While experience is an asset, this age group can also be particularly vulnerable to the impacts of climate change. They are often at a stage in life where they have significant family responsibilities and are heavily reliant on agricultural income. Their adaptive capacity might be influenced by access to resources, information, and financial support. Literature on climate change adaptation in agriculture often highlights the need for targeted interventions that empower this demographic with modern farming techniques, access to drought-resistant seeds, and early warning systems.

3.  Youth  Engagement  and  Succession  Planning:  The  low  representation  of  younger individuals (25-30 years) is a common concern in agricultural sectors across many developing countries. This trend, often referred to as the "greying of agriculture," indicates a potential challenge  for  future  food  security  and  the  sustainability  of  farming  practices.  Younger generations may be migrating to urban areas in search of non-agricultural employment, or they may perceive agriculture as less profitable or desirable. This demographic gap can lead to a loss of traditional farming knowledge and a lack of innovation in the sector. Addressing this requires policies that make agriculture more attractive to youth, such as access to land, credit, technology, and market opportunities.

4. Older Farmers and Resilience: The small percentage of farmers aged 50+ also warrants attention. While they may possess a wealth of traditional knowledge, they might face physical limitations or be less receptive to new technologies, potentially impacting their productivity and resilience to climate shocks. However, their role in knowledge transfer to younger generations remains critical.

In the context of Luri Freedom Farms in South Sudan, a region highly susceptible to climate variability and extremes such as droughts and floods, understanding this age distribution is paramount. It helps in tailoring interventions, training programs, and policy recommendations to the  specific  needs  and  capacities  of  the  dominant  age  groups,  while  also  addressing  the challenges posed by the underrepresentation of younger and older farmers. The findings suggest that efforts to enhance climate resilience at Luri Freedom Farms should primarily focus on supporting the 35-45 age group, while simultaneously developing strategies to engage youth and leverage the experience of older farmers.

In summary, the analysis of Figure 2 indicates that the sample from Luri Freedom Farms is predominantly  composed  of  middle-aged  individuals  (35-45  years),  who  likely  possess significant agricultural experience. This demographic profile is crucial for understanding the current state of agricultural practices and for designing effective climate change adaptation strategies, while also highlighting the need to address the challenges of youth engagement and the role of older farmers in ensuring long-term food security in South Sudan.

Table 3: Marital Status Respondents
	Demographic Variable
	Frequency (n)
	Percentage (%)

	Single
	5
	5.6

	Married
	60
	66.7

	Divorced
	8
	8.9

	Widowed
	17
	18.9

	Total
	90
	100


Source: (Primary data, 2025)
Figure 3: a pie chart or a bar chart, showing Marital status
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4.3 Analysis of Marital Status Proportions
The data indicates the following distribution of marital statuses within the surveyed population: Married individuals constitute the largest proportion at 66.7% (n=60). This high percentage suggests that a significant majority of the population at Luri Freedom Farms is in a marital union. In many agricultural communities, married couples often form the primary labour unit for farming activities and household sustenance. Their collective efforts in resource management, labour allocation, and decision-making are vital for agricultural productivity and food security. The  stability  associated  with  marriage  can  also  influence  long-term  planning  for  climate adaptation strategies (Adger, W. N., 2006).

Widowed individuals represent the second largest group at 18.9% (n=17). This relatively high proportion of widowed individuals is noteworthy. Widowhood, particularly for women in many traditional societies, can lead to significant socio-economic vulnerabilities, including reduced access to land, financial resources, and labour (Agarwal, B., 1994). In the context of agriculture, widowed individuals, especially women, may face challenges in maintaining farm productivity due to labour shortages or lack of support, making them particularly susceptible to the negative impacts of climate variability and extremes (IPCC. Climate Change, 2022). Their food security might be more precarious compared to married households.

Divorced individuals account for 8.9% (n=8). Similar to widowed individuals, divorced individuals may also experience socio-economic challenges, including potential loss of shared assets, reduced household income, and social stigma, which can impact their ability to cope with climate-related shocks to agriculture (Quisumbing, A. R., & Maluccio, J. A., 2003). Their vulnerability to food insecurity might be elevated due to changes in household structure and economic support.

Single individuals make up the smallest proportion at 5.6% (n=5). While single individuals may have different household structures and responsibilities, their relatively small number in this sample suggests that the majority of the adult population is engaged in marital or post-marital relationships.  The  specific  implications  for  their  agricultural  engagement  and  food  security would depend on factors such as age, gender, and household composition (Sen, A., 1999).

4.3.1 Relevance to Existing Literature and Climate Impact
This demographic breakdown is highly relevant to the study of climate variability and extremes on agriculture and food security, particularly in a context like South Sudan. Existing literature emphasizes that household structure and marital status significantly influence vulnerability and adaptive capacity to climate change (Moser, C. O. N., 1998).

Labour Availability and Farm Management: Married households often have more available labour for farming activities, including planting, weeding, and harvesting, which are crucial for maintaining productivity in the face of changing weather patterns (Pretty, J. N., 1995). Conversely, widowed or divorced individuals, especially women, may face labour constraints, making them more vulnerable to crop failures or reduced yields caused by droughts or floods (Doss, C. R. (2002).

Resource Access and Control: Marital status can dictate access to and control over productive assets  like  land,  water,  and  financial  resources  Lastarria-Cornhiel,  S.,  1997).  (.  In  many patriarchal societies, women, particularly widows, may lose land rights or access to credit, severely limiting their ability to invest in climate-resilient agricultural practices (Djurfeldt, G., & Jirström, M., 2005).

Social Support Networks: Married individuals often benefit from stronger social support networks, which can be crucial during times of crisis, such as climate-induced food shortages. Widowed or divorced individuals may have weaker networks, making them more isolated and less able to cope with shocks (Ellis, F., 2000).

Decision-Making and Adaptation Strategies: The collective decision-making within married households can facilitate the adoption of new agricultural technologies or climate adaptation strategies (Pretty, J. N., & Smith, D., 2004). For single, widowed, or divorced individuals, the burden of decision-making and implementation falls solely on them, potentially hindering effective adaptation (Bryan, E.et al.,2013).

In conclusion, the high proportion of married individuals at Luri Freedom Farms suggests a potential for collective action and resilience in the face of climate challenges, given their likely access to labour and shared resources. However, the significant presence of widowed and divorced   individuals   highlights   specific   vulnerable   groups   who   may   require   targeted interventions and support to enhance their food security and adaptive capacity in the context of climate variability and extremes in South Sudan (UNDP., 2022). Understanding these demographic nuances is critical for developing effective and equitable climate adaptation and food security policies.

Table 4: Level of Education Respondents
	Demographic Variable
	Frequency (n)
	Percentage (%)

	No formal education
	9
	10

	Primary school
	16
	17.8

	Secondary school
	53
	58.9

	College/University
	12
	13.3

	Post-graduate
	0
	0

	Total
	90
	100


Source: Primary data, 2025
Figure 4: a pie chart, showing the distribution of participants across different educational
levels
Figure 4: Level of Education Respondents
Frequency (n)
[image: image16.png]


13    0%   %
59%



18%


No formal education Primary school Secondary school College/University Post-graduate
[image: image17.png]



4.4 Analysis of Educational Distribution
The presented Figure 4, "Level of Education Respondents," provides a demographic breakdown of the educational attainment of individuals surveyed in the Luri Freedom Farms case study. This information  is  crucial  for  understanding  the  socio-economic  context  of  the  agricultural community and for interpreting the impact of climate variability and extremes on their food security.

The data reveals that the majority of respondents (58.9%) have attained a secondary school education. This suggests a relatively moderate level of formal schooling within the community. A significant portion (17.8%) has completed primary school, while a smaller percentage (13.3%) has reached college or university level. Notably, 10% of respondents reported no formal education, and there were no respondents with post-graduate qualifications. The total number of respondents was 90.

This distribution of educational attainment is relevant to existing literature on agricultural communities in developing regions. Studies often highlight the correlation between education levels and the adoption of new agricultural technologies, access to information, and resilience to environmental shocks “The Oxford Handbook of Food, Water and the Environment”. For instance, a higher level of education can facilitate the understanding and implementation of

climate-smart agricultural practices, such as improved irrigation techniques or drought-resistant crop varieties. Conversely, a lack of formal education can hinder the dissemination of vital information regarding climate forecasts or early warning systems, making communities more vulnerable to climate extremes “Encyclopaedia of Climate and Weather”.

The prevalence of secondary school education among the Luri Freedom Farms respondents suggests a potential for engaging the community in educational initiatives related to climate change  adaptation  and  mitigation.  However,  the  presence  of  individuals  with  no  formal education  underscores  the  need  for  diverse  communication  strategies  that  cater  to  varying literacy levels, perhaps incorporating visual aids or community-based learning approaches “Agricultural Development: New Perspectives in an Era of Globalization”. The absence of post- graduate education may indicate a limited presence of highly specialized agricultural experts within the immediate community, potentially necessitating external support for complex agricultural challenges.

The educational profile of the respondents can influence their capacity to understand and respond to the impacts of climate variability and extremes. For example, the ability to interpret weather patterns, understand scientific explanations of climate change, or engage with technical agricultural  advice  may  be  linked  to  educational  attainment.  This  demographic  insight  is therefore essential for designing effective interventions aimed at enhancing agricultural productivity and food security in the face of a changing climate “The New Palgrave Dictionary of Economics”.

Table 5: Occupation of Respondents
	Demographic Variable
	Frequency (n)
	Percentage (%)

	Farmer
	72
	80

	Agriculturalist/Experts
	8
	8.9

	Policy Maker
	3
	3.3

	Others
	3
	3.3

	Total
	90
	100


Source: Primary data, 2025
Figure  5:  a  bar  chart  or  a  pie  chart,  showing  the  distribution  of  participants  across
different job titles or roles within the agricultural sector
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4.5 Analysis of Participant Distribution
The Figure 5 "Occupation of Respondents" from the study on Luri Freedom Farms, South Sudan, reveals the demographic breakdown of participants based on their primary occupation. The overwhelming majority of respondents, 80% (n=72), are identified as farmers. This high percentage indicates that the study primarily gathered insights directly from individuals actively engaged in agricultural production within the Luri Freedom Farms context. This is crucial for understanding the on-the-ground impacts of climate variability and extremes, as farmers are directly affected by changes in weather patterns, rainfall, and temperature, which influence crop yields and livestock health “The Oxford Handbook of Food, Water and Society”.

A smaller proportion of respondents, 8.9% (n=8), are categorized as agriculturalists/experts. This group likely includes individuals with specialized knowledge in agricultural science, extension services, or related fields, who can offer a broader, more technical perspective on the challenges faced by the farming community and potential adaptation strategies “Agricultural Systems”.

Their input would be valuable for contextualizing the farmers' experiences within a scientific framework and identifying best practices.

Policy makers constitute 3.3% (n=3) of the respondents. Their inclusion is significant as they are responsible for developing and implementing policies that can mitigate the negative impacts of climate change on agriculture and food security. Their perspectives would shed light on the institutional and governmental responses to climate challenges and the potential for policy interventions to support farmers “Climate Change and Food Security”.

Finally, the "Others" category also accounts for 3.3% (n=3) of the respondents. While not specifically defined, this group could encompass a variety of individuals indirectly involved in the agricultural sector or community, such as local leaders, traders, or non-governmental organization (NGO) representatives. Their insights might provide a more holistic view of the socio-economic implications of climate variability beyond direct agricultural production “The Encyclopedia of Global Warming and Climate Change”.

The distribution of respondents, with a strong emphasis on farmers, ensures that the study's findings are grounded in the lived experiences of those most directly affected by climate variability and extremes. The inclusion of agriculturalists/experts, policy makers, and others provides a multi-faceted perspective, allowing for a more comprehensive analysis of the impact of climate on agriculture and food security in Luri Freedom Farms, relevant to existing literature that   emphasizes   the   importance   of   diverse   stakeholder   engagement   in   climate   impact assessments “Food Security: A Policy Perspective”.
Table 6: Experience level of Respondents
	Demographic Variable
	Frequency (n)
	Percentage (%)

	Less than 5 years
	18
	20

	5-10 years
	25
	27.8

	11-20 years
	37
	37

	More than 20 years
	10
	11.1

	Total
	90
	100


Source: Primary data, 2025
Figure 6: a bar chart, showing the distribution of participants based on their years of
experience in agro-farming.
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4.6 Analysis of Farmer Experience at Luri Freedom Farms
The distribution of farmers based on their years of experience reveals a diverse group, with a significant portion possessing substantial experience in agro-farming.

Less than 5 years (20%): This segment represents newer entrants to agro-farming. While they may bring fresh perspectives and be more open to adopting new technologies or climate-smart agricultural practices, their limited experience could also make them more vulnerable to the unpredictable impacts of climate variability and extremes. They might lack the historical knowledge and adaptive strategies that more seasoned farmers have developed over time (Tansuchat, R. & Plaiphum, S., 2023). This group may require targeted training and support to build their resilience against climate shocks (IPCC. (2022).

5-10  years  (27.8%):  This  group  constitutes  a  notable  portion  of  the  farming  community, indicating a moderate level of experience. Farmers in this category are likely past the initial learning curve and may have encountered some climate-related challenges, allowing them to develop foundational coping mechanisms. Their experience level suggests they are capable of implementing some adaptive measures, but might still benefit from advanced knowledge sharing and financial support mechanisms to enhance their livelihood security (Tansuchat, R. & Plaiphum, S., 2023).

11-20 years (37%): This is the largest group among the surveyed farmers, signifying a strong presence of experienced individuals. Farmers with over a decade of experience are likely to

possess extensive indigenous and local knowledge (IKLK) regarding historical weather patterns, traditional farming techniques, and time-tested coping strategies for climate variability (IPCC.,

2022). Their long-term engagement in agriculture suggests a deeper understanding of local ecological conditions and a greater capacity for autonomous adaptation. This group can serve as valuable resources for collaborative knowledge sharing and community-based adaptation initiatives.

More than 20 years (11.1%): While a smaller group, these highly experienced farmers represent a critical repository of traditional ecological knowledge. Their decades of experience mean they have  witnessed  and  adapted  to  numerous  climatic  shifts  and  extreme  events,  making  their insights  invaluable  for  understanding  long-term  climate  impacts  and  developing  robust adaptation strategies. However, older generations may sometimes be less receptive to new technologies or awareness campaigns regarding human-induced climate change, highlighting the need for collaborative knowledge sharing that bridges generational gaps (Tansuchat, R. & Plaiphum, S., 2023).

4.6.1 Relevance to Existing Literature on Climate Variability and Food Security in South
Sudan
The demographic breakdown of farmer experience at Luri Freedom Farms is highly relevant to the broader context of climate variability and food security in South Sudan. South Sudan's agriculture and food security sectors are highly vulnerable and climate-sensitive, facing interrelated factors such as climate change/variability, climate-related disasters (drought, floods), conflict, and environmental degradation (IPCC., 2022).

Vulnerability and Adaptive Capacity: The presence of a significant proportion of experienced farmers (48.1% with over 10 years of experience) suggests a potential for inherent adaptive capacity within the Luri Freedom Farms community. These farmers are more likely to have developed coping responses to short-term shocks and stresses, such as adjusting planting times or diversifying crops, based on their accumulated knowledge (IPCC., 2022). However, the literature indicates that even experienced smallholder farmers often deploy coping responses rather than transformative adaptations due to institutional barriers and resource limitations.

Indigenous  Knowledge and Local Knowledge (IKLK): The high  percentage  of  experienced farmers underscores the importance of IKLK in South Sudan's context. IKLK systems are rich in ecosystem-specific  knowledge  for  managing  climate  variability,  including  early  warning

indicators and traditional farming practices. Integrating this knowledge with scientific forecasts and modern agricultural extension services can create more effective and context-specific adaptation strategies. The data suggests a strong foundation for community-based adaptation actions that leverage this existing knowledge base (IPCC., 2022).

Impact of Climate Extremes: South Sudan has experienced increased drought frequency and duration, as well as heavy rainfall events leading to flooding. Farmers with more experience are likely  to  have  first-hand  knowledge  of  these  events  and  their  impacts  on  crop  yields  and livelihoods. This experiential knowledge is crucial for identifying regions and communities that should be prioritized for intervention and for developing appropriate mechanisms for support. Socioeconomic Factors and Livelihood Risks: The vulnerability of poor and female-headed households in rural Africa to climate hazards is well-documented. While the provided data does not disaggregate by gender or socioeconomic status, the overall experience profile can inform how  different  groups  within  the  farming  community  might  be  affected.  For  instance,  less experienced farmers may face greater livelihood risks if they lack the financial capital or social networks to buffer against climate shocks (IPCC., 2022).

Policy Recommendations: The analysis of farmer experience highlights the need for multi- faceted policy recommendations. Promoting diversified farming strategies, providing financial support mechanisms (e.g., affordable loans, financial counselling), and enhancing agricultural extension services are crucial. Collaborative knowledge sharing between academia, local government, and farmers is paramount to foster a culture of climate adaptation and empower farmers with effective adaptation capabilities. Prioritizing climate change awareness campaigns, especially among older generations, can also ensure that traditional knowledge is complemented by modern understanding of climate change implications (IPCC., 2022).

In conclusion, the years of experience among farmers at Luri Freedom Farms provide a critical lens through which to understand their existing adaptive capacities and remaining vulnerabilities in the face of climate change. Leveraging the extensive experience of the seasoned farmers, while providing targeted support and knowledge transfer to newer farmers, will be essential for building climate resilience and ensuring food security in South Sudan.

Table 7: Agricultural Practice Respondents
	Agricultural Practice Variable
	Frequency (n)
	Percentage (%)

	Subsistence farming
	10
	11.1

	Commercial farming
	55
	61.1

	Mixed farming
	25
	27.8

	Others
	0
	0

	Total
	90
	100


Source: Primary data, 2025
4.7 Analysis of Agricultural Practices at Luri Freedom Farms, South Sudan
The data presented in Table 7, above reveals the predominant agricultural practices employed by respondents. This information is crucial for understanding the vulnerability and resilience of the farming  community  to  climate  change,  as  different  practices  have  varying  sensitivities  to climatic shifts and contribute differently to food security.

The table shows that commercial farming is the most prevalent practice, accounting for 61.1% of respondents (n=55). This suggests a significant portion of the Luri Freedom Farms community is engaged in agriculture primarily for market sale rather than direct consumption. Commercial farming often involves monoculture, reliance on external inputs, and larger landholdings, which can make it more susceptible to climate extremes such as droughts or floods if not managed sustainably “The Oxford Companion to Food”. The economic implications of crop failure due to climate variability are substantial for commercial farmers, potentially leading to income loss and reduced purchasing power for food.

Mixed farming is the second most common practice, representing 27.8% of respondents (n=25). This approach typically combines crop cultivation with livestock rearing. Mixed farming systems are generally considered more resilient to climate variability than specialized systems because they diversify risk “Agricultural Systems”. For instance, if a crop fails due to drought, livestock might still provide an income source, or vice versa. The integration of crops and livestock can also enhance soil fertility through manure application, potentially improving the land's capacity to withstand climatic shocks “Encyclopedia of Agricultural Science”.

Subsistence farming, where agricultural output is primarily for household consumption, is practiced by 11.1% of respondents (n=10). While this percentage is relatively low, it indicates a segment  of  the  population  directly  dependent  on  their  own  production  for  food  security.

Subsistence farmers, particularly in regions prone to climate variability, are highly vulnerable to crop failures as they have limited alternative food sources or income to purchase food “Food Security: A Policy Perspective”. Their practices often involve traditional methods that may or may not be adapted to changing climate patterns.

The "Others" category having 0% indicates that the three defined categories comprehensively cover the agricultural practices observed in the study.

The distribution of these practices has significant implications for food security in the context of climate variability. Commercial farming, while potentially generating higher incomes, can lead to greater food insecurity if market access is disrupted or if climate events severely impact yields. Mixed farming offers a buffer against climate shocks, promoting greater stability in food supply and income. Subsistence farming, though less prevalent, highlights a highly vulnerable group whose food security is directly tied to the immediate success of their harvests. Understanding these proportions is vital for developing targeted interventions and adaptation strategies to enhance the resilience of Luri Freedom Farms to climate change “Climate Change and Food Security”.

Table 8: Agricultural Practice Respondents
	Crops/livestock Practice Variable
	Frequency (n)
	Percentage (%)

	Sorghum
	35
	38.9

	Maize
	25
	27.8

	Soya bean
	10
	11.1

	Livestock
	20
	22.2

	Others
	0
	0

	Total
	90
	100


Source: Primary data, 2025
4.8 Analysis of Agricultural Practice Respondents
The  provided  Table  8,  "Agricultural  Practice  Respondents,"  details  the  distribution  of agricultural activities among respondents at Luri Freedom Farms, offering insights into the primary crops and livestock managed. This data is crucial for understanding the agricultural landscape and its potential vulnerabilities to climate variability and extremes, as highlighted in the broader context of the study.

4.8.1 Crop and Livestock Distribution
The table indicates that sorghum is the most prevalent crop, cultivated by 38.9% of the respondents (n=35). This prominence suggests sorghum's importance as a staple or cash crop in the region, possibly due to its drought-tolerant characteristics, which are often advantageous in areas experiencing climate variability (The Oxford Companion to Food). Maize follows as the second most common crop, practiced by 27.8% of respondents (n=25). While maize is a significant food source globally, its water requirements can make it more susceptible to drought conditions compared to sorghum (Food and Agriculture Organization of the United Nations Statistical Yearbook). Soya bean cultivation is less widespread, accounting for 11.1% of respondents (n=10). Soya beans are valuable for their nutritional content and soil-enriching properties, but their cultivation might be limited by specific environmental or market factors “The New Encyclopedia Britannica”.

Livestock farming is a substantial component of the agricultural practices, with 22.2% of respondents (n=20) engaged in this activity. This indicates a mixed farming system, where livestock can provide various benefits, including food, income, and manure for crop fertilization, and can also serve as a buffer against crop failures due to climate extremes “The Encyclopedia of World Geography”. The "Others" category shows 0% frequency, suggesting that the listed categories comprehensively cover the primary agricultural practices among the surveyed respondents.  The  total  number  of  respondents  is  90,  representing  100%  of  the  surveyed population for this specific variable.

4.8.2 Relevance to Existing Literature
The distribution of agricultural practices observed at Luri Freedom Farms aligns with existing literature on agriculture in semi-arid and sub-Saharan regions, where a mix of drought-tolerant cereals and livestock is common. For instance, studies often emphasize the role of sorghum and millet as resilient crops in areas prone to erratic rainfall “The World Book Encyclopedia”. The presence of both crop cultivation and livestock rearing reflects a common strategy for risk diversification among smallholder farmers, particularly in the face of climate variability. This integrated  approach  can  enhance  food  security  by  providing  multiple  sources  of  food  and income, thereby reducing reliance on a single agricultural output that might be vulnerable to specific climate shocks. The data underscores the importance of understanding these specific

agricultural practices when assessing the impact of climate variability and extremes, as different crops and livestock systems have varying sensitivities and adaptive capacities.

Table 9: Agricultural Practice Respondents
	Irrigation Practice Variable
	Frequency (n)
	Percentage (%)

	Yes
	10
	11.1

	No
	80
	88.9

	Total
	90
	100


Source: Primary data, 2025
The provided table indicates that out of 90 respondents, only 10 (11.1%) practice irrigation, while  a  significant  majority  of  80  respondents  (88.9%)  do  not.  This  low  adoption  rate  of irrigation among the surveyed agricultural practitioners has substantial implications for food and livelihood  security,  particularly  when  considering  the  context  of  climate  variability  and extremes, as highlighted by relevant literature and real-world scenarios like those in South Sudan.

4.9 Analysis of Irrigation Practice in the Context of Climate Variability and Extremes:
1. Vulnerability to Climate Shocks: The overwhelming reliance on rainfed agriculture (88.9% of respondents) makes the agricultural system highly vulnerable to climate variability and extremes, such as droughts and unpredictable rainfall patterns. Global climate studies confirm increasing temperatures and more varied precipitation levels, trends projected to continue. In regions like South Sudan, where agricultural productivity is already among the lowest globally, and where 88% of rural households depend on food systems for their livelihoods, this vulnerability is critical. For instance, South Sudan has experienced significant losses due to floods and droughts, with the 2019 floods alone leading to a loss of 72,611 tonnes of cereal and affecting nearly one million people. The lack of irrigation means that crop yields are directly tied to the whims of weather, leading to unstable food availability and increased food insecurity.

2. Impact on Food Availability and Security: The low adoption of irrigation directly impacts food availability. Without controlled water supply, crop production becomes highly susceptible to rainfall shocks, leading to reduced yields and potential crop failures. This is particularly problematic in areas already facing high levels of food insecurity, where even minor climatic disruptions can push communities into crisis or emergency phases. For example, South Sudan has seen a widening grain deficit, with national production meeting only 52% of demand in

2019, largely filled by imports and food aid. The absence of irrigation exacerbates this deficit, making communities more reliant on external food sources, which can be disrupted by conflict or economic instability.

3. Livelihood Insecurity and Economic Impact: The lack of irrigation also contributes significantly to livelihood insecurity. For the 2.5 billion small-scale farmers, herders, fishers, and forest-dependent people globally who derive their food and income from renewable natural resources, climate variability and extremes pose the greatest risk. In South Sudan, where agriculture employs about 50% of the population, unstable agricultural output due to lack of irrigation directly translates to unstable incomes and increased poverty. This is especially true for smallholder farmers who lack the capital to invest in alternative water management solutions. The economic  impact is  further  compounded by  hyperinflation  and low  purchasing power, meaning  that even  if food  is  available  in markets,  many cannot afford  it.  The inability  to consistently produce surpluses also limits opportunities for value addition and participation in more robust market systems, hindering job creation in downstream segments of the food value chain.

4. Relevance to Luri Freedom Farms (South Sudan) and Existing Literature: Considering Luri Freedom Farms in South Sudan, the low irrigation practice (11.1%) is a critical bottleneck. South Sudan's agricultural potential is vast, with diverse agroclimatic conditions and significant arable land, yet productivity remains extremely low. The country's Comprehensive Agriculture Master Plan (CAMP) and various development initiatives emphasize the need for increased agricultural productivity and diversification, which inherently requires improved water management.

Existing literature strongly supports the notion that irrigation is a key factor in enhancing agricultural productivity and food security, especially in vulnerable regions. Studies on food and livelihood security in agricultural communities, such as sea salt communities in Thailand, highlight the importance of natural resources and their management for sustainable livelihoods. While the context of sea salt farming differs, the principle of managing natural resources (in this case, water) to ensure consistent production and income is universally applicable. The "Modified Sustainable Livelihood Framework (MSLF)" used in such studies emphasizes various capitals (natural, physical, financial, human, social, indigenous knowledge) that contribute to livelihood security. In the case of Luri Freedom Farms, the lack of irrigation points to a deficiency in

physical capital (infrastructure for water management) and potentially financial capital (for investment in irrigation systems).

Furthermore, the impact of climate change on crop yields and food accessibility in Sub-Saharan Africa is well-documented, underscoring the urgent need for adaptation strategies like irrigation. The low adoption rate of irrigation in the given data suggests that Luri Freedom Farms, and potentially  similar  agricultural  entities  in  South  Sudan,  are  highly  susceptible  to  these documented climate impacts. This aligns with findings that climate variability and extremes are proliferating and intensifying, contributing to a rise in global hunger, with small-scale farmers being most at risk (Thornton, P. K., et al., 2009).

5. Policy and Intervention Implications: The data strongly suggests an urgent need for interventions focused on improving irrigation access and adoption. This aligns with policy recommendations from various sources:

Investment in Water Management Infrastructure: This includes building water storage facilities, providing pumping and irrigation equipment, and developing water management infrastructure for both crop and livestock sectors.

Capacity Building and Extension Services: Farmers need training and technical assistance on irrigation techniques, water-efficient practices, and climate-smart agriculture. This can be delivered through community-based agricultural extension services, farmer field schools (FFS), and pastoralist field schools (PFS)

Financial Support Mechanisms: Facilitating access to affordable loans and matching grants for farmers to invest in irrigation technologies is crucial, especially given the limited access to formal financial services in South Sudan.

Diversified Farming Strategies: Promoting diverse farming strategies that are less reliant on single rainfed crops can also enhance resilience.

Coordination and Adaptive Programming: Given the volatile context of South Sudan, interventions must be flexible and adaptive, integrating conflict-sensitive approaches and considering the interplay of climate, conflict, and economic factors.

In conclusion, the low irrigation practice among the surveyed respondents is a significant indicator of vulnerability to climate change and a major impediment to achieving food and livelihood security. Addressing this through targeted investments in irrigation infrastructure,

capacity building, and financial support, while considering the complex socio-political context, is paramount for sustainable agricultural development in regions like South Sudan.

Table 10: Agricultural Practice Respondents
	Farming challenges Variable
	Frequency (n)
	Percentage (%)

	Drought
	55
	61.1

	Floods
	11
	12.2

	Pests and diseases
	20
	22.2

	Others
	4
	4.4

	Total
	90
	100


Source: Primary data, 2025
4.10 Analysis of Agricultural Practice Respondents at Luri Freedom Farms, South Sudan The provided Table 10, "Agricultural Practice Respondents," from "The Impact of Climate Variability and Extremes on Agriculture and Food Security: A Case Study of Luri Freedom Farms, South Sudan," details the primary farming challenges faced by respondents. Drought is identified as the most significant challenge, affecting 55 out of 90 respondents, representing

61.1% of the total. Pests and diseases constitute the second most prevalent issue, impacting 20 respondents (22.2%). Floods are a concern for 11 respondents (12.2%), while a small percentage (4.4%, or 4 respondents) reported other unspecified challenges. The total number of respondents for this section is 90, accounting for 100% of the responses. These results highlight the critical vulnerability of agricultural practices in Luri Freedom Farms to climate-related stressors, particularly water scarcity.

The high frequency of drought as a farming challenge underscores the urgent need for water management strategies and climate-resilient agricultural practices in the region. The substantial impact of pests and diseases also suggests a need for integrated pest management programs and access to appropriate agricultural inputs. The combined effect of these challenges, exacerbated by climate variability, directly threatens food security and the livelihoods of farmers in Luri Freedom Farms. Addressing these issues requires a multi-faceted approach, potentially including improved irrigation infrastructure, drought-resistant crop varieties, early warning systems for climate extremes, and enhanced agricultural extension services to disseminate best practices.

Table 11: Agreement level of respondents
	Categories
	Frequency
	Percentage

	Agee
	35
	38.9

	Strongly agree
	40
	44.4

	Disagree
	8
	8.9

	Strongly disagree
	7
	7.8

	Total
	90
	100


Source: Primary data, 2025
4.11 Analysis of Respondent Agreement on Climate Impact (Luri Freedom Farms, South
Sudan)
The provided Table 11, showing the agreement level of respondents regarding "The Impact of Climate Variability and Extremes on Agriculture and Food Security" at Luri Freedom Farms in South Sudan, indicates a strong consensus among the surveyed population about the significant influence of climate factors. A substantial majority of respondents, 83.3% (38.9% agreeing and 44.4% strongly agreeing), perceive a notable impact of climate variability and extremes on agriculture and food security. Conversely, only a small minority, 16.7% (8.9% disagreeing and 7.8% strongly disagreeing), do not share this perception. This high level of agreement  aligns  with  existing  literature  on  the  pervasive  effects  of  climate  change  on agricultural systems, particularly in vulnerable regions like Sub-Saharan Africa (Affoh, R.et al.,

2022).

This finding is consistent with studies highlighting that smallholder farmers, who constitute a significant  portion  of  the  agricultural  workforce  in  Africa  (55–62%  of  the  sub-Saharan workforce) and rely heavily on rainfed agriculture (95% of cropland), are acutely aware of and directly affected by changes in climate (IPCC., 2022).. Their perceptions often mirror meteorological  data,  indicating  increased  temperatures,  erratic  rainfall  patterns,  and  more frequent extreme weather events such as droughts and floods (Sani, S., & Chalchisa, T., 2016). For instance, research in the Adansi North District of Ghana, a region with similar agricultural characteristics to South Sudan, found that 74.4% of respondents reported reduced crop yields and

64.5% reported livestock loss due to climate variability. Similarly, 71% noted a decrease in soil fertility, and 45% observed intensified soil aridity. These direct experiences translate into a strong perceived impact, as seen in the Luri Freedom Farms data.

The high percentage of respondents experiencing food anxiety (58%) and inability to access preferred quantity and quality food (62%) in the Ghanaian study further corroborates the link between perceived climate impact and household food insecurity. This suggests that the strong agreement observed at Luri Freedom Farms likely stems from tangible challenges in food production and access, leading to food insecurity at the household level. The literature consistently emphasizes that climate change exacerbates existing vulnerabilities, particularly for poor and female-headed households in rural Africa, who face greater livelihood risks from climate hazards (Asare-Nuamah, P., 2021).

The results from Luri Freedom Farms underscore the urgent need for targeted interventions and adaptation strategies in South Sudan. The strong agreement among farmers on the impact of climate variability indicates a high level of local knowledge and awareness, which can be a valuable asset in developing effective adaptation measures (Scoones, I., 2009).  This aligns with recommendations for strengthening the capacity of rural communities through climate change education and state-sponsored climate-smart and technology-oriented adaptation strategies. Furthermore, the findings support the broader understanding that achieving food security in regions like South Sudan cannot be accomplished without addressing the challenges posed by climate change (Asare-Nuamah, P., 2021).

Table 12 Rainfall Nomalies in Luri Freedom Farm
	Months
	
	
	
	
	
	
	
	
	
	
	

	Jan
	Feb
	Mar
	Apr
	May
	Jun
	July
	Aug
	Sep
	Oct
	Nov
	Dec

	0
	3
	20
	42
	300.6
	100.5
	126.2
	112.5
	159.6
	135
	102
	68.5

	0.5
	0
	76
	83.7
	81
	112.5
	182.7
	91
	148.5
	40.9
	96.6
	11.5

	3.5
	0
	20
	132
	122
	100
	80
	119
	143
	81
	68
	11.5

	0
	1
	138
	166
	0.1
	73
	68
	48
	59
	121
	141
	30.2

	0
	1.5
	18
	12.7
	141
	78
	28
	10.2
	40
	77
	97
	0.1


Figure  12:  Showing  Deviations  from  long-term  average  rainfall,  showing  periods  of
drought (negative anomalies) and excessive rainfall (positive anomalies).
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4.12 Rainfall Norms at Luri Freedom Farm
The data presented  in Figure 12, showing rainfall anomalies at Luri Freedom Farm across various months, provides critical insights into the local climate patterns and their implications for agriculture. Rainfall anomalies, defined as deviations from the long-term average rainfall, are a key indicator of climate variability.

The observed monthly rainfall anomalies (e.g., 0, 3, 20, 42, 300.6, 100.5, 126.2, 112.5, 159.6,

135, 102, 68.5 for one year, and similar variations in other years) highlight significant fluctuations.  These  variations  can  be  expressed  as  a  percentage  deviation  from  the  normal rainfall for that month. For instance, a value of 300.6 indicates a substantial positive anomaly, suggesting  much  higher  rainfall  than  average,  while  values  close  to  zero  or  negative  (if applicable, though not explicitly shown as negative here) would indicate deficits.

Such pronounced anomalies are consistent with existing literature on climate variability in sub- Saharan Africa. “The Intergovernmental Panel on Climate Change (IPCC).,2021)”, reports frequently emphasize that regions like South Sudan are particularly vulnerable to increased frequency and intensity of extreme weather events, including both droughts and floods (Climate Change, 2021).

The impact of these anomalies on agriculture at Luri Freedom Farm is multifaceted. Periods of significantly higher rainfall (positive anomalies) can lead to waterlogging, nutrient leaching, and increased incidence of fungal diseases, all of which can reduce crop yields “The Oxford Handbook of Food, Water and the Environment”. Conversely, periods of lower rainfall (negative anomalies, or even just insufficient rainfall despite positive anomalies if the baseline is very low) can result in drought stress, leading to crop failure and reduced productivity. The variability itself, rather than just the absolute amount, poses a significant challenge for farmers who rely on predictable rainfall patterns for planting and harvesting decisions “Agricultural Systems”.

The observed patterns in Figure 12 underscore the need for adaptive agricultural practices at Luri Freedom Farm. These might include the adoption of drought-resistant crop varieties, improved water management techniques such as rainwater harvesting  and efficient irrigation, and the implementation of early warning systems for extreme weather events (Food Security in a Changing Climate). The data aligns with the broader understanding that climate change is exacerbating existing vulnerabilities in food systems, particularly in regions with rain-fed agriculture (Charles J., et al., 2011).

Table 13: Showing Maximum Temperatures
Tmax

	Mar
	
	Apr
	
	May
	Jun
	
	July
	
	Aug
	
	Sep
	
	Oct
	
	Nov
	Dec
	

	
	37.2
	
	33.8
	33.2
	
	33.6
	
	29.8
	
	29.7
	
	31.3
	
	33.4
	32.6
	
	34.9

	
	37
	
	34.3
	34.3
	
	35.4
	
	31.7
	
	32.5
	
	32.9
	
	34.3
	33.4
	
	36.6

	
	39
	
	36
	33.3
	
	33.7
	
	31.6
	
	30
	
	33.4
	
	33.4
	33.3
	
	35

	
	35.6
	
	34.4
	32.7
	
	28.6
	
	30
	
	32.1
	
	29.7
	
	32.8
	30.9
	
	32.4

	
	37.5
	
	35.2
	33.7
	
	33.4
	
	32.3
	
	29.8
	
	32.7
	
	32.3
	31
	
	31.2


Source: (Primary data, 2025)
13.  Line  graph  showing  deviations  from long-term  average Tmax,  showing  periods  of drought (negative anomalies) and excessive rainfall (positive anomalies).
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4.13 Explanation of Figure 13 Tmax at Luri Freedom Farm
Figure 13, presenting Tmax (maximum temperature) data for Luri Freedom Farm across various months, indicates the thermal conditions experienced at the farm. The data, spanning from March to December, shows a range of maximum temperatures, with some months exhibiting higher values than others. For instance, March consistently records some of the highest temperatures, often exceeding 37°C, while months like June and July tend to show slightly lower maximums, closer  to 30°C.  This  variability  in Tmax  across  the year  is  a critical factor  in  agricultural productivity and food security, particularly in regions like South Sudan “Climate Change and Food Security: Risks and Responses”.

The observed temperature patterns are directly relevant to existing literature on the impact of climate variability and extremes on agriculture. High maximum temperatures, especially when prolonged, can lead to heat stress in crops, affecting physiological processes such as photosynthesis, transpiration, and reproductive development. This can result in reduced yields, crop  failure,  and  diminished  nutritional  quality  “Agricultural  Climatology”  For  example,

temperatures exceeding optimal thresholds for specific crops grown at Luri Freedom Farm would likely negatively impact their growth and yield.

Furthermore, the variability in Tmax across months highlights the challenges posed by climate variability. Unpredictable shifts in temperature patterns can disrupt traditional farming calendars and necessitate adaptive strategies. Extreme heat events, characterized by unusually high Tmax values, are particularly detrimental. Such events can exacerbate water scarcity by increasing evapotranspiration rates, placing additional stress on irrigation systems or rain-fed agriculture “Water and Food Security in the Arid and Semi-Arid Regions”.

The data in Figure 13, therefore, provides empirical evidence of the thermal environment at Luri Freedom Farm, which can be analysed in conjunction with crop calendars and specific crop temperature tolerances to assess potential impacts on agricultural output. Understanding these temperature dynamics is crucial for developing effective adaptation and mitigation strategies to enhance food security in the face of a changing climate “Food Security in a Changing Climate”.

CHAPTER FIVE Conclusions and Recommendations
5.0 Introduction:
Climate variability and extreme weather events pose significant threats to global agriculture and food security, with particularly devastating consequences in vulnerable regions like South Sudan. The agricultural sector in South Sudan is predominantly rain-fed, making it highly susceptible to fluctuations in rainfall patterns, droughts, floods, and other climate-related hazards. These events can lead to crop failures, livestock losses, reduced yields, and ultimately, food insecurity and malnutrition.  This  analysis  will  delve  into  the  specific  impacts  of  climate  variability  and extremes on agriculture and food security, with a focus on Luri Freedom Farms in South Sudan, examining the challenges faced and potential adaptation strategies. The study will draw upon the latest scientific research, reports from international organizations, and local data to provide a comprehensive understanding of the issue.

5.1 Conclusion: Summary of Findings
The impact of climate variability and extremes on agriculture and food security in South Sudan, particularly at Luri Freedom Farms, is profound and multifaceted. The analysis reveals that erratic rainfall patterns, prolonged droughts, and devastating floods significantly reduce crop yields and increase the risk of livestock losses. These climate-related events exacerbate existing vulnerabilities,  including  poverty,  conflict,  and  limited  access  to  resources,  leading  to widespread food insecurity and malnutrition. The case of Luri Freedom Farms highlights the urgent need for climate-resilient agricultural practices, improved water management, and enhanced early warning systems. Without significant adaptation and mitigation efforts, the agricultural sector in South Sudan will continue to face severe challenges, threatening the livelihoods  of  farmers  and  the  overall  food  security  of  the  nation.  The  implementation  of climate-smart agriculture, diversification of crops, and investment in infrastructure are crucial for building resilience and ensuring sustainable food production.

5.2 Recommendations: Strategies for Resilience and Adaptation
To mitigate the adverse impacts of climate variability and extremes on agriculture and food security in South Sudan, several key recommendations are proposed, with specific considerations for Luri Freedom Farms:

Promote Climate-Smart Agriculture: Implement climate-smart agricultural practices, such as drought-resistant crop varieties, conservation agriculture (e.g., no-till farming, cover cropping), and efficient water management techniques. For Luri Freedom Farms, this could involve introducing drought-tolerant sorghum and maize varieties, implementing rainwater harvesting systems, and promoting agroforestry to improve soil health and water retention.

Enhance Water Management: Improve water resource management through the construction of small-scale irrigation systems, rehabilitation of existing water infrastructure, and promotion of water-efficient irrigation techniques. This is particularly critical in areas prone to drought. For Luri Freedom Farms, this could involve the construction of small dams or the use of drip irrigation systems to conserve water and improve crop yields.

Strengthen  Early  Warning  Systems:  Develop  and  strengthen  early  warning  systems  for climate-related hazards, including drought, floods, and extreme temperatures. This involves improving weather forecasting capabilities, disseminating timely information to farmers, and establishing effective response mechanisms. For Luri Freedom Farms, this means ensuring that farmers have access to accurate and timely weather forecasts and that they are trained to respond to climate-related alerts.

Diversify Livelihoods: Encourage diversification of livelihoods to reduce dependence on rain- fed agriculture. This could include promoting livestock production, beekeeping, and other income-generating activities. For Luri Freedom Farms, this could involve supporting the development of small-scale livestock farming or promoting the production of high-value crops that are less susceptible to climate variability.

Improve Access to Finance and Insurance: Facilitate access to financial services and agricultural insurance to help farmers cope with climate-related shocks. This includes providing access to credit, insurance products, and other financial instruments that can help farmers recover from crop failures and livestock losses. For Luri Freedom Farms, this could involve partnering with microfinance institutions to provide loans and insurance products tailored to the needs of smallholder farmers.

Strengthen   Community   Resilience:   Build   community   resilience   through   participatory planning, capacity building, and the promotion of social safety nets. This involves empowering local communities to develop their own adaptation strategies and providing them with the resources they need to implement these strategies. For Luri Freedom Farms, this could involve

establishing farmer field schools, providing training on climate-resilient agricultural practices, and  supporting  the  formation  of  community-based  organizations  to  manage  resources  and respond to climate-related shocks.

Policy   and   Institutional   Support:   Advocate   for   supportive   policies   and   institutional frameworks   that  promote  climate-resilient   agriculture   and   food   security.   This   includes advocating for increased investment in agricultural research, extension services, and infrastructure, as well as for policies that support climate change adaptation and mitigation. For Luri Freedom Farms, this means working with local and national governments to ensure that policies and programs are in place to support climate-resilient agriculture and food security.
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Dear Respondent,

My name is SANTO A. MAJOK KUOTWEL, a student at the University of Juba, Majoring Natural Resources and Environmental Studies, and Minoring Bachelor of Science in Agricultural Sciences. I’m currently conducting research as part of my academic requirements. The purpose of this research questionnaire is to gather valuable information on “The Impact of Climate Variability and Extremes on Agriculture and Food Security. A Case Study: Luri Freedom Farm, (2024-2025)”. The information you provide will be treated with utmost confidentiality and will be used solely for academic purposes. Your honest responses will help in achieving the objectives of this research and contribute to understanding the key trends of climate variability in Luri Freedom FARM. The questionnaire is designed simple and will take only a few minutes of your time. Your participation in this study is essential and will highly be appreciated. Below is the questionnaire for the above research topic. It is divided into sections to gather comprehensive data. Do not hesitate to contact the researcher for clarification or guidance’s seeks!

Kindly contact on;

Cellphone: +211 (0) 922-225-118/ +211 (0) 982-225-118

Email: anyolyiersanto@gmail.com
Instructions:
    For multiple-choice question, tick the correct answer inside the appropriate box (s).

    For open-ended question, provide a detailed response in the space provided.


Some  questions  may  have  rating  scales;  please  indicate  your  level  of  agreement  or disagreement experience accordingly.

Section A: Demographic Information
1. Age:
[  ] 25 - 30 [  ] 30 - 35 [  ] 35 - 40

[    ] 40 – 45 [    ] 45 - 50

2. Gender:
[    ] Male

[    ] Female

3. Marital Status:
[     ] Single

[     ] Married

[     ] Divorced

[     ] Widowed

4. Level of Education:
[    ] No formal education

[    ] Primary school

[    ] Secondary school

[    ] College/University

[    ] Postgraduate

5. Occupation:
[    ] Farmer

[    ] Agricultural expert

[    ] Policy-maker

[    ] Other (please specify)……………………………………………………………………..

6. How many years of working experience have you been engaged in Agro-farming?
[    ] Less than 5 years

[    ] 5-10 years

[    ] 11-20

[    ] More than 20 years’ experience

Section B: Agricultural Practices
7. What type of farming do you practice?
[    ] Subsistence farming

[    ] Commercial farming

[    ] Mixed farming

[    ] Other (please specify)………………………………………………………………………

8. What are the main crops/livestock you produce?
[    ] Crops (please specify)……………………………………………………………………… [    ] Livestock (please specify)…………………………………………………………………..

9. Do you use irrigation in your farming activities?
[    ] Yes

[    ] No

10. What farming challenges do you face due to weather patterns?
[    ] Droughts

[    ] Floods

[    ] Pests and diseases

[    ] Other (please specify)………………………………………………………………………

Section C: Observations on Climate Variability and Extremes
11. Have you noticed changes in weather patterns over the last 1–5years?
[    ] Yes

[    ] No

12. If yes, what changes have you observed?
[    ] Increased rainfall

[    ] Irregular rainfall

[    ] More frequent extreme weather events

[    ] Other (please specify)………………………………………………………………………

13. How often do extreme weather events (e.g., droughts, floods) occur in your area?
[    ] Rarely (once in a decade)

[    ] Occasionally (once every 3–5 years) [    ] Frequently (almost every year)

14. What is the primary source of water for your agricultural activities?
     Rainfall

     River/stream

     Irrigation

15. Which crops have been most affected by the changes of climate variability?
     Maize

     Sorghum

     Rice

     Soybeans

     Other (specify)……………………………………………………………………………

16. How do these changes affect your farming activities?
[    ] Reduced crop yield

[    ] Loss of livestock

[    ] Soil degradation

[    ] Other (please specify)……………………………………………………………………..

Section D: Impact on Food Security
17. Have climate changes affected food availability in your household/community?
[    ] Yes

[    ] No

18. If yes, how have they affected food security?
[    ] Higher food prices

[    ] Reduced food production

[    ] Limited food access

[    ] Other (please specify)………………………………………………………………………

19. How do food shortages typically affect your household?
     Reduced meals per day

     Poor nutrition

     Increase food prices

     Other (specify)……………………………………………………………………………

20. What coping strategies do you or your community use to address food shortages?
[    ] Food Storage

[    ] Changing planting seasons

[    ] Diversifying income sources

[    ] Other (please specify)……………………………………………………………………..

Section E: Adaptation Strategies and Mitigation
21. Are you aware of any programs or initiatives to address the impacts of climate change on agriculture in Luri Payam?
[    ] Yes

[    ] No

22.  What  measures  have  you  or  your  community  taken  to  cope  or  adapt  to  climate variability?
[    ] Planting drought-resistant crops

[    ] Adopting irrigation techniques

[    ] Using fertilizers and soil treatments

[    ] Other (please specify)……………………………………………………………………..

23. Have you received any training or support on climate adaptation techniques? [    ] Yes
[    ] No
24. What support would you need to better adapt to climate variability in the area?
[    ] Financial support

[    ] Training and education

[    ] Access to technology

[    ] Other (please specify)……………………………………………………………………..

Section F
25.  Indicate  your  level  of  agreement  with  the  following  statements  by  ticking  the appropriate or correct space provide.
	Statement
	Agree
	Strongly
Agree
	Disagree
	Strongly
Disagree

	A.  Climate  change   in   rainfall  patterns   have
affected many farming activities.
	
	
	
	

	B.  Drought  and  dry  spells  have  become  more
frequent in recent years.
	
	
	
	

	C.  Climate change have made harder to access
enough food for many households.
	
	
	
	

	D.  Adopting  new  farming  techniques  can  help
mitigate the effects of climate change.
	
	
	
	

	E.  Access to climate information services (e.g.,
weather        forecasts)        improves        farm productivity.
	
	
	
	

	F.  More government support is required to help
farmers adapt to climate change
	
	
	
	


Section G: Suggestion or Additional Comments
26. Do you have any suggestions or additional insights regarding the impacts of climate variability on agriculture and food security?
[    ] Yes (please specify)………………………………………………………………………

[    ] No

27. What additional supports would you like to receive from the National Ministry of Agriculture and Food Security of South Sudan’s government to cope with climate variability?
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
Thank you for your participation, Cooperation and Support! Yours’ Researcher
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Santo A. Majok Kuotwel
APPENDIX I: Data Collection Letter
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P. O. Box 82 — Juba - South Sudan
Department of Agricultural Sciences

Date: 30/06/2025

To: Manager,
Luri Freedom Farm, Juba County,
Central Equatoria State, South Sudan

Subject: Collection of data on “The impact of climate variability and extremes on
agriculture and food production”

Dear Sir/Madam,

By this communication, we wish to introduce to you the student Santo Akech Majok under the
index number 17-CN-478 from the University of Juba.

He is a fifth year student in the Department of Agricultural Sciences, School of Natural Resources
and Environmental Studies. Iis dissertation research project addresses the impact of climate
variability and extremes on agriculture and food security at Luri Freedom Farm.

We would therefore, be very grateful if you could assist him in his endeavors in the process of
data collection in areas under your mandate.

Your cooperation is highly appreciated. <~ University of Juba ~ |

College of Natural Resources & |
Environmental Studies

Kind regards

Registrar's Office

Dr. Beatrice Clarence M. Langwa

Head Department of Agricultural Sciences
Tel: +211922568570

Email: beatricelangwa@gmail.com
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APPENDIX II: Data Collection Letter
[image: image7.png]University of Juba
College of Natural Resources and Environmental Studies

P. O. Box 82 — Juba - South Sudan
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Date: 30/06/2025

To: Dircctor,
Metrology, Juba International Airport.
Juba, South Sudan

Subject: Collection of data on “The impact of climate variability and extremes on
agriculture and food production”

Dear Sir/Madam,

By this communication, we wish to introduce to you the student Santo Akech Majok under the
index number 17-CN-478 from the University of Juba.

He is a fifth year student in the Department of Agricultural Sciences, School of Natural Resources
and Environmental Studies. His dissertation rescarch project addresses the impact of climate
variability and extremes on agriculture and food sccurity at Luri Frecedom Farm. To achicve this
study. Mr. Santo will require data on weather variability (rainfall patterns, temperature changes
and extremes) to assess the impact of climate variability on crop yiclds.

We would therefore, be very grateful if you could assist him with data on weather variability for

the last five years.

S )

Your cooperation is highly appreciated.

Kind regards EI

Dr. Beatrice Clarence M. Langwa

Head Department of Agricultural Sciences
Tel: 4211922568570,

Email: beatricelangwa@gmail.com

College of Natural Resources &
Envlronmenlal Studies

Registrar's Office

Date:.B.Q.[bl
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APPENDIX III: Recommendation Letter
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August 15" 2025

To Whom It May Concern

This letter is in high commendation of Mr Santo Akech Majok under the Index
number 17-CN-478 from the university of Juba. who has been collecting data
with us Freedom Farms Company Limited on “the Impact of climate Variability
and extremes on agriculture and food production”

Mr Santo Akech Majok has been an exemplary student for the last two weeks
as he collects his data with us. He has demonstrated excellent communication
and leadership skills while collecting data with our workers.

We all wish him the very best in his future endeavours. As Field Manager,.he
has my full support and recommendation for a high score in this course unit.

If you need any additional information, please feel free to contact me at (+211)

921544090, ek
3 ON\/ A R”’/'viz\

Sincerely, <>
s A \
Chrlstophe‘{ foq‘ru Aba ‘9/////

Field Manager,. o/
Freedom Fam@@@é%
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APPENDIX IV: Freedom Farm Photos
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