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Executive summary 

Background to study  

Tanzania's economy is based mostly on agriculture, which employs 65% of the country's 

workforce and accounts for 26.2% of its gross domestic product (GDP). Due to climate 

change, farmers are already seeing changes in cropping seasons and rainfall, which present 

significant challenges for the industry. Because of climate change, farm productivity is 

declining, which lowers profitability, restricts agricultural opportunities, and lowers morale in 

the agricultural sector. Young farmers are likely to be particularly affected by increasing 

climate variability as they are already grappling with limited access to essential resources, 

such as land, finance, and modern farming technologies. As a result, the majority of youth 

working in the agricultural sector struggle to maintain sustainable livelihoods, which 

contributes to rising rural unemployment and increased migration to urban areas. 

This growing trend of rural to urban migration among youth reflects deeper systemic issues. 

Without adequate support, youth face heightened risks of poverty and long-term economic 

exclusion. Their disengagement from agriculture not only undermines the sector’s potential 

for inclusive growth but also threatens national efforts to reduce rural poverty and 

unemployment. Addressing these challenges requires targeted interventions that enhance 

access to productive resources, strengthen climate resilience, and promote youth 

participation in modern, high-value agricultural systems.  

Against this background, this study explores the relationship between climate variability and 

youth poverty, as well as agricultural productivity and participation. The study uses data 

from the two most recent waves (2014/15 and 2019/20) of Tanzania's National Panel 

Survey (TNPS). This is in contrast to previous studies that have been more limited and have 

primarily used cross-sectional data and traditional methods that are unable to capture long-

term climate variability.  

The results of the study can inform the development of targeted interventions that support 

the nation's sustainable development and help reduce youth poverty. 

Research questions  

This current study is guided by the following specific research questions:  

1. To what extent do climate change and climate variability impact youth participation in 

agriculture in Tanzania? 

2. What is the relationship between climate variability, youth agricultural productivity, and 

poverty levels? 

3. How do youth farmers cope with the effects of climate change and climate variability? 
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Methodology  

The study used a balanced panel sample size of 338 youth-headed households for analysis 

that was extracted from data from Waves 4 (2014/15) and 5 (2019/20) of the TNPS in 

Tanzania. To fully address the study’s objectives, the TNPS data were merged with long-

term climate data, covering a period from 1960 to 2020, extracted from satellite images 

employing machine learning tools using Python, a programming language that integrates 

machine learning, geographic information system (GIS), and satellite data extraction tools, 

utilising the latitude and longitude coordinates provided at the cluster level in the TNPS 

dataset. Climate variability was measured as the deviation of annual average temperature 

and rainfall from the long-term climate averages (average temperature and rainfall in each 

location over the past 30 years). 

The detailed analysis was carried out for each research question utilising both descriptive 

and rigorous quantitative analysis. A two-part model – a probit model and a random effects 

model – was employed to estimate the probability of participating in farming and to 

examine the extent of participation among those who choose to engage in farming, 

respectively. Similarly, the random effects model was used to examine the effect of climate 

variability on crop yields per acre among young farmers, whereas a fractional logit model 

was used to explore the impact of agricultural productivity on poverty levels, since poverty 

level is measured as a fraction between 0 and 1. To address the last question, a multivariate 

probit (MVP) model was used to estimate the likelihood of youth farmers selecting 

particular coping strategies against climate change for each wave.  

Key findings  

Descriptive statistics suggest that youth-headed farming households in Tanzania 

predominantly consist of individuals with a low level of education (21% and 43.5% of the 

sample had no school and primary education, respectively), who are likely to face significant 

economic vulnerabilities, including widespread poverty and limited market access. Youth 

agriculture is characterised by small landholdings (average of 2.4 acres of land per 

household), and low adoption of modern technologies, with 42.3%, 22.5% and 0.3% of youth 

farming households using improved seeds, applying inorganic fertilisers, and using 

irrigation, respectively. The level of poverty among youth who depend on farming activities is 

higher than that of those who depend mainly on off-farm activities by all measures of 

poverty: for example, the poverty gap index is 0.668 among youth farmers and 0.515 among 

youth non-farmers and the difference is statistically significant. Most youth farmers adopt 

coping strategies against climate change and variability which are low-cost, implying they 

lack the ability to afford expensive adaptation methods. For example, the majority (60.7%) of 

youth farmers adopt intercropping farming practices, while 0.03% adopt irrigation, which is 

costly to adopt. 

The findings from the two-part (double-hurdle) model, specifically probit model analysis, 

reveal that youth participation in agriculture, and the extent of participation, are primarily 
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driven by socio-economic, institutional, and regional factors, rather than by climate 

variability. While temperature variability shows a negative effect on youth participation in 

agriculture, its influence becomes insignificant when broader control variables are included 

in the model. Youth participation in agriculture is significantly reduced by higher per capita 

income among youth, and the farm being located on flat top slightly by climate variability, 

whereas the size of land, residing in rural areas, and access to extension services increase 

participation significantly. The results from the random effects model analysis on the extent 

of participation show that farming is the main occupation, residing in rural areas, and 

household expenditure (level of income) significantly increase the extent of youth 

participation in agriculture. Conversely, temperature variability and access to extension 

services have a negative and significant effect on the extent of youth participation in 

agriculture. The different results for household expenditure and level of income produced by 

the two models are attributed either to causal effects that are not captured in this study or 

the nature of the dependent variable of agricultural participation, whereby an individual is 

treated as participating in agriculture if agriculture is a main occupation, but this does not 

mean that a non-participant is not engaged in any farming activities.  

The results further show that agricultural productivity among youth farmers is mainly driven 

by socio-economic status, input use, and soil quality, while climate variability currently exerts 

no direct significant impact on productivity. The results reveal that expenditure, and the use 

of inorganic fertilisers and improved seeds, increases maize productivity significantly, while 

primary education, poor-quality soil, and intercropping reduce yield significantly. Regarding 

the impact of climate variability on poverty levels, the results show that agricultural 

productivity has no significant effect on poverty, but larger household size significantly 

exacerbates both the depth and severity of poverty.  

In regard to coping strategies against climate change, the study results indicate that the 

adoption of strategies like improved seeds and fertiliser use are influenced by a mix of 

factors, including socio-economic, environmental, climatic, and institutional variables. For 

example, temperature variability, access to extension services, education, and access to 

credit drive youth farmers significantly to adopt different coping strategies, such as 

inorganic fertilisers, organic manure, and improved seeds, which enhance agricultural 

productivity. By contrast, being a farmer, rainfall stress, residing in a rural area, and good soil 

quality negatively influence the adoption of inorganic fertilisers and – to a small extent – 

organic manure. However, non-farm income diversification is influenced significantly and 

positively by owning a bank account, temperature variability, and gender being male, 

whereas residing in a rural area, soil quality being good, and the amount of rainfall reduce 

the likelihood of diversifying or shifting to non-farm activities. 

Policy recommendations 

The socio-economic characteristics of youth farming households and institutional factors 

identified above highlight the structural challenges confronting youth in agriculture, 
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underscoring the need for targeted policies that improve education, access to extension, 

access to improved inputs, access to credit, and support for technology adoption may 

enhance their productivity and livelihoods. 

While increased temperature variability negatively affects youth agricultural participation by 

discouraging the expansion of cultivated land, overall, access to land and living in rural 

context are more decisive in shaping youth engagement in farming. The study results 

underscore the importance of enhancing land access, institutional support like provision of 

extension services, and improving rural services to promote sustained youth engagement 

and participation in agriculture. 

Addressing climate variability alone is necessary but not sufficient to address the low 

productivity problem and to alleviate poverty among farming youth households, as 

productivity is mainly driven by other household socio-economic factors apart from climate 

variability. In addition, productivity has no significant effect on poverty, though it is 

negatively related to the level of poverty. These findings suggest the need for 

comprehensive poverty reduction strategies that simultaneously enhance productivity and 

address household-level structural and demographic challenges that have a significant 

effect on poverty. 

The study further confirms that the responses youth adopt to cope with climate variability 

are multifaceted and shaped by a complex interplay of demographic, institutional, and 

environmental factors. However, most adopted coping strategies against climate change or 

for improving agriculture are low-cost strategies, such as intercropping. Therefore, policies 

and interventions that support and subsidise costly and effective coping strategies – like 

irrigation, improved seeds, and fertiliser use – against climate change and for improving 

agricultural productivity, could help to influence youth farmers to participate in agriculture by 

enabling them to adopt and invest in effective adaptation and mitigation strategies, as well 

as climate-smart agriculture  
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1 Introduction 

1.1 Background  

Agriculture remains the backbone for both households and economies in most sub-Saharan 

Africa countries (Modi, 2019; Pernechele et al., 2021). In Tanzania, agriculture is a central 

economic activity, contributing around 26.2% to national GDP and employing over 65% of the 

country's population, especially in rural areas (United Republic of Tanzania (URT), 2022; URT, 

2023). The sector plays a crucial role in ensuring food security and providing livelihoods for 

millions of Tanzanians. Agriculture in Tanzania is largely reliant on rain-fed practices and 

faces significant challenges, with climate change and climate variability being among the 

most critical threats (Komba and Muchapondwa, 2018). 

Climate change and climate variability disrupt the traditional agricultural cycle in Tanzania, 

leading to irregular rainfall, prolonged droughts, and extreme weather events that reduce soil 

moisture, deplete water sources, affect pest control measures, and damage infrastructure 

(Intergovernmental Panel on Climate (IPCC), 2021; Lobell et al., 2011). These challenges 

disrupt planting and harvesting schedules, lowering overall productivity and threatening 

household livelihoods and incomes. Many farming households, particularly in rural areas 

where agriculture is the primary economic activity, also face restricted access to essential 

social services, such as education and healthcare (UN Food and Agriculture Organization 

(FAO), 2018). Farmers report that rainfall patterns are shifting, while projections suggest that 

climate change could reduce Tanzania’s GDP by 1–2% annually by 2030. This poses a 

significant threat to the national economy, where agriculture contributes over a quarter of 

the GDP (International Institute for Environment and Development, 2023; World Bank, 2024; 

UK Government, 2023). 

The effects of climate variability are not evenly distributed across different groups. Youth, 

women, and male-headed households experience varying levels of impact, with youth and 

women being the most affected, due to limited access to land, finance, and climate-smart 

agricultural practices and knowledge, which hinders their ability to adapt to climate change 

and adopt innovative practices (Holleman et al., 2020; World Bank, 2019; International Fund 

for Agricultural Development (IFAD), 2020). These constraints undermine the prospects of 

young farmers, contributing to rising poverty levels and impeding their socio-economic 

advancement (Rowhani et al., 2011). The complex relationship between climate change and 

the agricultural sector presents a significant obstacle to poverty reduction and sustainable 

development in Tanzania (Kundzewicz, 2016; Chang’a et al., 2017; Nicholson, 2017, 

Wainwright et al., 2019; Borhara et al., 2020 ). The relationship between climate change and 

the agricultural sector in Tanzania is complex because it involves a web of interconnected 

environmental, economic, and social factors. Agriculture in Tanzania is predominantly rain-

fed and highly sensitive to shifts in climate, making it vulnerable to unpredictable rainfall, 

droughts, and floods (Nicholson, 2017; Chang’a et al., 2017). These climate disruptions 
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reduce crop yields, threaten food security, and deepen poverty, especially in rural 

communities (Borhara et al., 2020). At the same time, agricultural practices – such as 

deforestation and overuse of land – can contribute to environmental degradation and 

greenhouse gas emissions, creating a feedback loop that worsens climate change 

(Kundzewicz, 2016). This dynamic not only affects livelihoods but also complicates efforts 

towards sustainable development, as solutions require coordinated action across multiple 

sectors, including infrastructure, education, finance, and technology (Wainwright et al., 

2019). The result is a deeply intertwined system where climate change and agriculture 

influence each other in ways that are difficult to predict and manage, posing a significant 

challenge to poverty reduction and long-term resilience. 

Climate change is undermining the potential of the agricultural sector, particularly for young 

people, by reducing farm productivity, which in turn leads to lower profitability, limits 

agricultural opportunities, and weakens morale. As a result, many young farmers struggle to 

sustain their livelihoods, exacerbating rural unemployment and increasing rural to urban 

migration (FAO, 2018; International Labour Organization (ILO), 2017). 

Rural to urban migration in Tanzania reflects a broader shift in the development landscape, 

as young people seek better economic opportunities in cities. While this migration can 

contribute positively to the development process – by diversifying income sources and 

reducing pressure on rural land – it also exposes the limitations of urban labour markets, 

which often fail to absorb new entrants into stable, formal employment, as has been the 

case in developed countries (Bezu et al., 2020; Tacoli, 2019). This has led to rising urban 

poverty and social challenges, while simultaneously weakening rural economies and 

reducing agriculture’s share of employment, which fell from 74% in 2010/11 to 65% in 

2020/2021 (URT, 2021). Although low-productivity agriculture is unlikely to be the main 

engine of economic growth and poverty reduction, the sector remains vital. It sustains 

millions of livelihoods, ensures national food security, and serves as a buffer against 

economic shocks. Therefore, supporting agriculture – especially through climate adaptation 

strategies, youth-targeted interventions, and sustainable policy reforms – is essential not 

only for rural resilience but also for balanced national development (CGIAR, 2022; United 

Nations Development Programme (UNDP), 2021). A clear narrative must recognise that 

while migration and urbanisation are a part of progress, agriculture remains a cornerstone of 

inclusive growth and poverty alleviation in Tanzania 

Recognising the importance of agriculture to Tanzania's economy and the potential of young 

people as future leaders in the sector, this study aims to investigate in depth how climate 

variability impacts youth participation in agriculture and poverty levels. There is scant 

information related to this question. The few existing studies in Tanzania have used cross-

sectional data (Hepelwa et al. 2018; Komba and Muchapondwa, 2018), relied on longitudinal 

data with limited coverage, used old data, or have not used robust and rigorous estimation 

models (Ochieng, 2021; Lindsjö et al., 2020). The current study uses data from the two most 

recent waves of the TNPS in Tanzania.  
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The research seeks to contribute to poverty reduction and support sustainable development 

in Tanzania by understanding how young farmers cope with climate variability and 

identifying strategies that can boost their resilience. 

1.2 Research questions 

This study is guided by the following specific research questions:  

1. To what extent do climate change and climate variability impact youth participation in 

agriculture in Tanzania? 

2. What is the relationship between climate variability, youth agricultural productivity, and 

poverty levels? 

3. How do youth farmers cope with the effects of climate change and climate variability? 

1.3 Relevance of the study  

Climate change is having a serious impact on Tanzania’s economy, especially in rural areas, 

where many young farmers are struggling. They face lower crop production due to 

unpredictable weather, poor soil conditions, and limited access to modern farming tools. 

Climate-related risks, such as droughts and floods, make farming less reliable and more 

expensive. In addition, many young farmers lack access to quality seeds, fertilisers, and 

irrigation systems, which further reduces productivity (Msangi et al., 2024). 

Financial barriers are also significant, as most young farmers do not have the capital or 

collateral needed to secure loans, and rural financial services are often limited or poorly 

tailored to agricultural needs (FAO, 2023; World Bank, 2022). The high cost of inputs, 

equipment, and transportation makes it difficult to scale up or improve operations (Alliance 

for a Green Revolution in Africa (AGRA), 2023; CGIAR, 2022). Access to land is another major 

challenge, as land ownership is often tied to traditional systems that exclude youth (UNDP, 

2021; FAO, 2023). Poor infrastructure – such as bad roads and limited electricity – also 

restricts market access and increases post-harvest losses (World Bank, 2022; FAO, 2023). 

Knowledge gaps and lack of support further compound these issues, since many young 

farmers have limited access to agricultural training, extension services, or mentorship 

programmes (CGIAR, 2022; UNDP, 2021). Without proper guidance, they struggle to adopt 

climate-smart or business-oriented practices (FAO, 2023; AGRA, 2023). Market instability 

adds to the pressure, with crop prices fluctuating unpredictably, while young farmers also 

have few opportunities to reach higher-value markets beyond their local areas (World Bank, 

2022; AGRA, 2023). 

The study fills a critical knowledge gap, as previous research has primarily focused on the 

broader economic impacts of climate change, with less attention to challenges that young 

farmers face. By examining how climate variability affects youth employment, productivity, 

and poverty in agriculture, the study provides policymakers with data-driven insights to help 
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them develop targeted interventions that strengthen the adaptive capacity of young farmers 

(IPCC, 2022). Additionally, it aligns with Tanzania’s National Agriculture Policy, Agri, and 

global frameworks such as the United Nations Sustainable Development Goals (SDGs), 

particularly SDG 2 (Zero Hunger), SDG 8 (Decent Work and Economic Growth), and SDG 13 

(Climate Action). Strengthening youth resilience in agriculture is essential for ensuring long-

term agricultural sustainability, economic stability, and poverty reduction (UNDP, 2020). 

Furthermore, the study offers practical recommendations for key stakeholders, including 

government agencies, non-governmental organisations, and financial institutions.  

1.4 Scope of the study 

The study examines the effects of climate variability on agricultural employment, 

productivity, and poverty among youth in Tanzania. It seeks to analyse how changes in 

climate impact youth farm productivity and their economic well-being, and the strategies 

they adopt to cope with these challenges. By exploring these dynamics, the study aims to 

provide insights into how climate variability influences youth livelihoods and the broader 

agricultural sector. 

To ensure the analysis is comprehensive, the study covers all regions of Tanzania, including 

both the mainland and Zanzibar, across different agroecological zones. This approach 

allows for an in-depth understanding of how climate variability affects agricultural outcomes 

in diverse ecological settings, capturing regional differences in climate impacts and 

adaptation strategies. 

The research relies exclusively on secondary data, utilising the last two waves of TNPS, 

specifically Wave 4 (2014/15) and Wave 5 (2020/21), which provide nationally representative 

datasets. Additionally, long-term climate data (1960–2020) are extracted from satellite 

images employing machine learning tools and integrated and aligned with the TNPS 

information to strengthen the analysis. 

1.5 Structure of the study 

This study consists of seven chapters. Chapter 1 introduces the research by providing the 

background, objectives, relevance, and scope of the study. Chapter 2 provides an overview of 

youth employment and poverty in Tanzania, while Chapter 3 examines the economic effects 

of climate change and variability. Chapter 4 reviews relevant literature and theoretical 

frameworks. Chapter 5 details the study’s methodology, including data sources and 

analytical approaches. Chapter 6 presents and discusses the findings, and Chapter 7 

concludes with key insights and policy recommendations for strengthening youth resilience 

in climate-affected agriculture. 
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2 Youth unemployment and poverty in 
Tanzania 

Tanzania faces ongoing problems with youth unemployment and poverty in rural areas. 

Young people aged 15 to 35 make up about 34.7% of the population (National Bureau of 

Statistics (NBS), 2022). Agriculture is the main source of work, employing over 65% of the 

population, especially in rural communities. However, farming is mostly traditional, focused 

on growing food for personal use, and has low productivity (World Bank, 2018). Poverty is 

more common in rural areas than in cities. About 31.3% of rural residents live below the 

basic need poverty line, compared to 15.8% in urban areas (NBS, 2020). Since around 65% of 

Tanzanians live in rural areas, this means about 12.8 million people are poor, and 12% live in 

extreme poverty (World Bank, 2022). These figures indicate that many rural households are 

vulnerable because they depend on low-income farming. The gap between rural and urban 

areas reflects a deeper economic problem. Most young people in rural areas have limited 

access to jobs that pay well (Bezu and Holden, 2014; Chegere and Mrosso, 2022). 

The country’s economic trajectory is closely tied to the productive engagement of its youth, 

yet the labour market fails to absorb this demographic, particularly in rural areas, where 

agriculture dominates employment (FAO, 2020). The youth unemployment rate stands at 

13.1%, but widespread underemployment and low-productivity informal work are even more 

prevalent (NBS, 2022). For many rural youth, agriculture is the main source of livelihoods, 

due to the scarcity of alternative employment opportunities (Bezu et al., 2020). However, the 

high rural poverty rate, combined with the low productivity of the sector, averaging US$ 500 

per hectare annually, limits its capacity to generate meaningful incomes (World Bank, 2018). 

Key barriers include restricted land ownership, with only 20% of youth owning land, limited 

access to affordable credit (available to just 15% of young farmers), insufficient agricultural 

extension services, and weak integration into value chains (Tanzania Development 

Corporation (TDC), 2021). These constraints are compounded by vulnerability to climate 

variability, market shocks, and land degradation, which further undermine agricultural returns 

(Gwambene et al., 2023; Mugabe et al., 2024). 

The agricultural sector’s ability to reduce youth unemployment and rural poverty is further 

constrained by systemic issues. Land access remains a major limitation, with most young 

people relying on insecure tenure arrangements that discourage investment in long-term 

productivity improvements (Chegere and Mrosso, 2022). Financial exclusion restricts 

investment in technology, diversification, and entry into higher-value markets (TDC, 2021). A 

persistent skills gap leaves many youth without the competencies needed for modern 

agribusiness, while inadequate extension services hinder the adoption of innovative 

practices (Bezu and Holden, 2014; FAO, 2020). Infrastructure deficits, such as poor rural 

roads, inadequate storage facilities, and weak market information systems, raise transaction 

costs, reduce profitability, and limit youth participation in competitive markets (World Bank, 
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2018). Without targeted interventions addressing these structural challenges, as well as 

climate variability, agriculture will remain constrained in its potential to drive youth economic 

empowerment and rural poverty reduction (Mugabe et al., 2024). 
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3 Climate change and variability and its effects 
on the economy 

3.1 General status and trend 

Climate change has emerged as a fundamental global challenge, significantly impacting 

economic structures, social stability, and environmental sustainability. The 

Intergovernmental Panel on Climate Change (IPCC, 2021) reports that global temperatures 

have increased by approximately 1.1°C since pre-industrial times, leading to unpredictable 

climatic conditions, extreme weather events, and rising sea levels. These changes have far-

reaching economic consequences, disrupting global supply chains, reducing agricultural 

productivity, and increasing the costs associated with disaster recovery efforts. The Stern 

Review (2022) estimates that if climate change remains unmitigated, it could reduce global 

GDP by up to 18% by 2050. Climate change has profound economic implications, reducing 

economic growth and increasing financial instability. However, the economic effects of 

climate change vary across regions, with developing countries facing the most severe 

consequences due to their limited capacity to adapt and the nature of their productive 

sectors. World Bank (2023) estimates that climate change could push over 130 million 

people into extreme poverty by 2030, with developing countries the hardest hit. Industries 

that are highly dependent on natural resources, such as agriculture, forestry, and fisheries, 

are experiencing significant disruptions, affecting employment and economic stability. 

Sub-Saharan Africa is among the most vulnerable regions with regard to climate change, 

facing rising temperatures, erratic rainfall, and prolonged droughts, which threaten food 

security and economic stability. World Bank (2022) estimates that climate change could 

reduce agricultural productivity in sub-Saharan Africa by 20% by 2050, significantly 

increasing poverty levels. Many economies in this region rely heavily on rain-fed agriculture, 

making them particularly susceptible to climate variability. The decline in crop yields leads to 

higher food prices, reduced incomes for farmers, and increased malnutrition rates. Moreover, 

climate-induced migration is becoming a growing concern, as rural populations move to 

urban centres in search of better opportunities, further straining limited resources. Rising 

temperatures have also exacerbated public health challenges globally, increasing medical 

costs and reducing labour productivity, especially in tropical and subtropical regions. 

Furthermore, climate change is increasing the risk of financial instability, as businesses and 

financial institutions struggle to assess climate-related risks.  

In this context, there is an urgent need for policy-driven interventions, globally and regionally, 

including increased investments in renewable energy, sustainable infrastructure, and 

climate-resilient economic models. World Bank (2023) has emphasised the urgent need for 

global climate policies that integrate economic resilience and sustainable development 

strategies. However, many climate action plans remain insufficiently funded, raising 

concerns about the effectiveness of international agreements, such as the Paris Agreement, 
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in addressing economic vulnerabilities. Global climate financing mechanisms, such as the 

Green Climate Fund, have been introduced to assist developing countries, but funding 

remains insufficient. Critics argue that international climate agreements often prioritise the 

interests of industrialised nations, leaving vulnerable populations without adequate support. 

The concept of climate justice has gained prominence, highlighting the need for fair and 

equitable distribution of climate adaptation resources. Strengthening regional climate 

adaptation strategies, such as improved irrigation systems, drought-resistant crops, and 

early warning systems, can help mitigate some of these challenges. However, without 

stronger international cooperation and increased financial assistance, many African nations 

will continue to struggle with the economic consequences of climate change. 

3.1.1 Status and trend in Tanzania 

Tanzania, like many other developing countries, is particularly vulnerable to climate change 

due to its reliance on climate-sensitive sectors, such as agriculture, fisheries, and tourism. 

According to the Tanzania Meteorological Authority (2023), the country has experienced a 

temperature increase of 1.5°C over the past three decades, leading to more frequent 

droughts, floods, and extreme heat events. These climatic changes pose serious economic 

risks, particularly for smallholder farmers, who account for a significant portion of 

Tanzania’s workforce and food production. The NBS (2022) reports that agriculture 

contributes over 26% of Tanzania’s GDP, making the economy highly susceptible to climate 

variability. Erratic rainfall patterns and prolonged dry spells have reduced crop yields, leading 

to food shortages and increased prices. Maize, a staple crop in Tanzania, has experienced 

yield reductions of up to 40% in some areas due to unpredictable weather patterns 

(International Food Policy Research Institute (IFPRI, 2023). This decline in agricultural 

productivity not only threatens food security but also reduces export earnings, further 

weakening the economy.  

Climate change further impacts other sectors in Tanzania’s tourism industry, as rising 

temperatures and changing weather patterns affect wildlife ecosystems and coastal 

attractions. Fisheries, which are another crucial economic sector, are also under threat due 

to rising ocean temperatures and coral bleaching, which reduce fish populations and affect 

the livelihoods of coastal communities. In addition, the frequency of floods damages 

infrastructure, disrupting transportation networks and limiting access to markets. The energy 

sector is also affected, as hydropower generation, which supplies a significant portion of the 

country’s electricity, is increasingly unreliable due to changing rainfall patterns. Climate 

change further exacerbates health challenges, with increased cases of waterborne diseases 

and heat-related illnesses.  

While the Tanzanian Government has developed climate adaptation policies, limited financial 

and technical resources hinder their effective implementation. There is an urgent need for 

climate-smart agricultural practices, improved water management systems, and investments 

in renewable energy to build resilience. Additionally, increased collaboration between 
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government agencies, private sector stakeholders, and international organisations is 

necessary to enhance Tanzania’s climate adaptation capacity. 

3.2 Effects of climate change and variability on poverty alleviation initiatives in 
Tanzania 

Climate change poses a significant threat to poverty alleviation efforts in Tanzania. 

According to the World Bank (2022), climate-induced agricultural losses in Tanzania have led 

to declining rural incomes and increasing food insecurity. The loss of crops and livestock 

due to unpredictable weather patterns forces many rural families to deplete their savings or 

take on debt, pushing them further into poverty. Additionally, climate-related displacement is 

becoming a growing issue, as communities migrate to urban centres, where they often 

struggle to secure stable employment and housing. 

The Tanzanian Government has implemented various poverty alleviation programmes, such 

as the Tanzania Social Action Fund (TASAF), aimed at supporting vulnerable communities 

through cash transfers and livelihood projects. However, climate change places additional 

strain on these programmes as natural disasters frequently disrupt economic activities and 

increase reliance on government assistance. This can also place pressure on public 

resources, diverting funds from long-term development initiatives to short-term disaster 

relief efforts. 

Furthermore, climate change exacerbates pre-existing disparities in poverty. A study by 

UNDP (2023) highlights that women and youth in Tanzania have limited access to land, 

credit, and climate adaptation resources like finance, making it more difficult for them to 

recover from climate-related shocks.  

Climate change can also undermine investments in human capital, particularly in health and 

education. Rising temperatures and changing rainfall patterns contribute to the spread of 

diseases such as malaria, cholera, and respiratory infections, increasing healthcare costs for 

already struggling families. Additionally, school attendance is affected in areas that 

experience climate variability shocks. To mitigate these challenges, there is a need for 

climate-sensitive poverty reduction strategies, such as promoting climate-resilient or 

climate-smart agriculture, expanding access to clean water, and enhancing social protection 

programmes. International support and financing can also play a crucial role in ensuring that 

Tanzania's poverty alleviation efforts remain effective in the face of climate variability. 

3.3 Initiatives in place to address climate change and variability in Tanzania  

The Tanzanian Government, in collaboration with international partners, has implemented 

various policies and initiatives to address climate change and enhance resilience to its 

impacts. One of the key frameworks guiding Tanzania’s climate action is the National 

Climate Change Strategy 2012 (revised in 2021), which outlines adaptation and mitigation 

measures across multiple sectors, including agriculture, energy, water, and infrastructure. 
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This strategy emphasises the promotion of climate-smart agriculture, the expansion of 

renewable energy sources, and the strengthening of disaster risk management systems. 

Additionally, Tanzania is a signatory to international climate agreements, such as the Paris 

Agreement (2015), under which it has committed to reducing greenhouse gas emissions 

through sustainable development initiatives. 

In the agricultural sector, Tanzania has adopted climate-smart agriculture practices, 

including improved irrigation systems, drought-resistant crop varieties, and agroforestry to 

underpin the already existing conservation agriculture, with the aim of increasing yield while 

conserving the environment, including land. Organisations such as AGRA and the 

International Institute of Tropical Agriculture are supporting smallholder farmers in 

implementing sustainable farming techniques to enhance productivity while reducing 

environmental degradation. The government has also launched reforestation and 

afforestation programmes to combat deforestation, which is a major contributor to land 

degradation and climate vulnerability. However, the FAO (2023) reports that the adoption of 

climate-smart technologies remains low due to financial and technical constraints. 

To address climate-related disasters, Tanzania has strengthened its disaster preparedness 

and response mechanisms through institutions such as the Tanzania Meteorological 

Authority and the Prime Minister’s Office – Disaster Management Department. Early warning 

systems have been enhanced to provide timely alerts on extreme weather events, helping 

communities and farmers prepare for climate risks. The government has also partnered with 

organisations like the Red Cross Tanzania and UNDP to develop disaster response 

strategies that minimise economic losses and protect vulnerable populations. However, 

gaps remain in infrastructure resilience, as many roads, bridges, and housing structures 

remain susceptible to flood damage. 

On an international level, Tanzania benefits from climate finance mechanisms, such as the 

Green Climate Fund and the Adaptation Fund, which provide funding for climate resilience 

projects. The government has also secured financing from development partners, including 

the World Bank, African Development Bank, and UNDP, to support sustainable development 

initiatives. At the same time, Tanzania is one of the developing countries that has been 

implementing climate change mitigation initiatives under the United Nations Framework on 

Climate Change (UNFCCC), with the aim of incentivising forest conservation through the 

Reduction of Emissions from Deforestation and Forest Degradation Plus (REDD+) 

programme. The REDD+ activities in the country began in 2008, with the support of 

international partners, particularly the Norwegian Government, and Tanzania successfully 

developed a National REDD+ Strategy in 2013. Despite these efforts, a major challenge 

remains in accessing sufficient climate finance, as funding allocations from developed 

nations often fall short of commitments. According to the UNFCCC (2023), Tanzania 

requires an estimated US$ 500 million annually to implement its climate adaptation and 

mitigation strategies effectively, but current funding levels remain inadequate. 
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Capacity building and research have also been prioritised to enhance Tanzania’s ability to 

address climate change. Institutions such as the University of Dar es Salaam’s Centre for 

Climate Change Studies and the Sokoine University of Agriculture are conducting research 

on climate adaptation strategies tailored to Tanzania’s unique environmental and socio-

economic conditions. Training programmes for farmers, policymakers, and local 

governments are being implemented to improve climate literacy and strengthen resilience-

building efforts. However, more investments in education and knowledge-sharing platforms 

are needed to ensure that climate adaptation strategies reach all levels of society. 

In conclusion, while Tanzania has made commendable efforts to address climate change 

through policy frameworks, disaster management initiatives, and international partnerships, 

significant challenges remain. The country continues to face financial, technical, and 

infrastructural limitations that hinder the full implementation of climate adaptation and 

mitigation strategies. Strengthening public–private partnerships, increasing access to 

climate finance, and enhancing research and development will be critical in ensuring that 

Tanzania effectively adapts to climate change and builds a sustainable and resilient 

economy. 
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4 Evidence from the empirical literature  

4.1 Youth employment and effects of climate change and climate variability  

Scholars increasingly agree that climate variability has significant consequences for youth 

employment in Africa (Diallo and Atangana Ondoa, 2025; Alfani et al., 2024; and Musungu et 

al., 2024). At the macro level, Diallo and Ondoa (2025) used panel data from 42 sub-Saharan 

African countries (1991–2020), combining employment by age and sector with temperature 

and drought indicators. They showed that higher temperatures reduce youth employment in 

agriculture and induce reallocation towards non-farm sectors. Their results highlight climate 

as a driver of structural labour shifts, but they do not clarify whether these transitions are 

sustainable or distress-driven. In contrast, Alfani et al. (2024) used national labour force 

surveys from Morocco, merged with drought indices, and found that droughts displaced 

about 6.5 percentage points of agricultural workers, with nearly half unable to find re-

employment. While Diallo and Ondoa suggest reallocation as adaptation, Alfani et al. show 

reallocation failure. The current study contributes to this debate by testing, with Tanzanian 

data, whether youth experience smooth transitions or long-term displacement. 

At the household level, researchers differ on whether variability encourages diversification or 

harmful coping. Musungu et al. (2024) employed three waves of Ethiopian rural household 

panel data linked to drought exposure and found that droughts reduce on-farm work while 

increasing off-farm self-employment, suggesting adaptive diversification. Similarly, Chegere 

and Mrosso (2022) used the TNPS (2008–2013) with rainfall and temperature deviations, 

showing that rainfall variability triggers temporary migration among maize-farming 

households, improving their welfare upon return. In contrast, Beegle, Dehejia, and Gatti 

(2006) applied the Kagera Health and Demographic Surveillance panel in Tanzania to 

examine agricultural shocks, finding that crop losses increased youth labour while reducing 

schooling, a harmful coping mechanism with long-term costs. Together, these studies reveal 

that climate variability can either foster adaptive reallocation or trap youth in negative coping 

responses. The current study builds on this by distinguishing whether Tanzanian youth’s exit 

from farming reflects adaptation or vulnerability. 

The FAO SERA team (2023) merged six nationally representative household surveys in sub-

Saharan Africa with daily weather data, showing that heat stress increases reliance on youth 

labour but disproportionately pushes young women into unpaid work. Asare-Nuamah, 

Botchway, Nuamah, and Anane-Aboagye (2025) used a cross-sectional survey of 511 youth 

in Ghana and found that 76.7% expressed willingness to engage in agribusiness, with climate 

perceptions and experiences strongly shaping participation decisions, especially across 

gender lines. Likewise, Bamwesigye et al. (2024) relied on a survey of 1,138 youth in Uganda 

and showed that optimism about climate adaptation predicts willingness to participate in 

agroforestry. These perception-focused studies underscore that climate influences not only 

labour allocation but also youth attitudes towards agricultural futures. The current study 
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differs by combining objective climate and labour panel data for Tanzania, thereby bridging 

perception-based findings with observed behaviour. 

Finally, time-series analyses provide insights into dynamic effects. Alehile (2023) used 

Nigerian national time-series data (1990–2020) within a non-linear ARDL framework and 

showed asymmetric impacts: short-term rainfall variability sometimes increases labour 

demand, but long-term climate change reduces agricultural jobs. Similarly, Brookes Gray, 

Taraz, and Halliday (2023) combined South Africa’s National Income Dynamics Study 

(2008–2017) with drought exposure, showing that droughts significantly reduce employment 

probabilities, though they did not isolate youth-specific effects. These findings highlight the 

importance of examining both short-term variability and long-term climate trends. The 

current study builds on this by explicitly modelling short-run and long-run effects of climate 

variability on youth agricultural employment in Tanzania. 

Overall, the literature presents three contrasting narratives: (i) climate variability reallocates 

youth labour into new opportunities (Diallo and Ondoa, 2025; Musungu et al., 2024); (ii) 

shocks displace youth and generate long-term vulnerability (Alfani et al., 2024; Beegle et al., 

2006); and (iii) perceptions, gender, and adaptation pathways mediate employment 

responses (FAO, 2023; Asare-Nuamah et al., 2025; Bamwesigye et al., 2024). Time-series 

evidence further shows that short-term and long-term effects diverge (Alehile, 2023; Brookes 

Gray et al., 2023). However, few studies rigorously analyse these dynamics in Tanzania using 

recent household panel data focused on youth farmers. The current study addresses this 

gap by testing whether climate variability leads to adaptive reallocation, harmful 

displacement, or gender-differentiated effects, thereby generating youth-focused, country-

specific insights that enrich the continental debate. 

4.2 Effect of climate change and variability on agricultural productivity  

A growing body of empirical evidence highlights the adverse effects of climate change and 

variability on productivity across agriculture, labour markets, and industry. Globally, climate 

change poses a significant challenge to human livelihoods, socio-economic activities, health, 

and food security, making it one of the most serious threats to agricultural productivity (Lemi 

and Hailu, 2019). Its impact on agriculture is particularly critical, as climate conditions are 

the primary determinants of crop yields and overall farm productivity (Berhane, 2018). 

Rising temperatures, shifting precipitation patterns, and the increasing frequency of extreme 

weather events negatively impact agricultural production and output, leading to reduced crop 

yields, water scarcity, and food insecurity (Gwambene et al., 2023). These challenges not 

only threaten rural livelihoods but also constrain employment opportunities and hinder 

economic development. The effects are particularly severe in tropical and subtropical 

regions, where agricultural systems are highly dependent on stable climate conditions and 

more vulnerable to climate fluctuations (IPCC, 2022). 
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Estimates suggest that climate-related economic losses in Africa could range from 0.13% to 

2% of GDP by 2100 (Mendelsohn et al., 2000). Sub-Saharan Africa, in particular, remains one 

of the most vulnerable regions due to its dependence on climate-sensitive agriculture and 

limited capacity for adaptation (Lemi and Hailu, 2019). Empirical evidence from Ringler et al. 

(2010) indicates that climate change will significantly impact crop area, yields, and overall 

agricultural production in the region, further threatening rural livelihoods. In Africa, rising 

global temperatures of just 2°C to 4°C above pre-industrial levels could lead to a significant 

decline in crop yields, estimated at between 15% and 35% (Ellis, 2008). Lobell et al. (2011) 

used panel data from multiple countries to demonstrate that a 1°C increase in global 

temperatures could result in a 6–10% reduction in yields of key staple crops such as wheat, 

maize, and rice. Similarly, Sultan et al. (2013) found that excessive heat stress shortens the 

growth period of staple crops in sub-Saharan Africa, leading to lower productivity. Similar 

Belloumi (2024), by using panel fixed-effects econometric models, revealed that the overall 

increase in annual mean temperature decreases agricultural productivity in countries in 

Eastern and Southern Africa. 

Climate-induced droughts have further exacerbated agricultural challenges by significantly 

reducing the productivity of staple crops like maize, sorghum, and millet, thereby limiting 

employment opportunities for young people in the agricultural sector (Bennett et al., 2020). 

Studies suggest that staple crop yields in Africa could decline by up to 30% by 2050, 

particularly in regions reliant on rain-fed agriculture, posing a serious threat to rural 

livelihoods (IPCC, 2022).  

Gwambene et al. (2023) identified a robust negative correlation between climate variability 

and the production of the leading food crops in Rugwe, Tanzania. Seo and Mendelsohn 

(2008) analysed farm-level data across several African countries and concluded that higher 

temperatures and lower rainfall negatively impact both crop and livestock productivity. Using 

climate modelling, De Pinto et al. (2020) predicted that without adaptation measures, 

agricultural productivity in sub-Saharan Africa could decline by up to 20% by 2050 due to 

climate variability. Furthermore, Bryan et al. (2017) illustrated how changes in temperature 

and rainfall patterns have decreased crop yields, limiting job opportunities for young people 

who depend on agriculture for their livelihoods. Kangalawe et al. (2016) found that climate 

change threatens agricultural livelihoods in western Tanzania due to decreasing productivity, 

food insecurity, and water scarcity, driven by irregular rainfall and rising temperatures. 

Overall, the combined effects of rising temperatures, erratic rainfall, and prolonged droughts 

pose a significant threat to agricultural productivity in Africa, including Tanzania. These 

challenges disproportionately affect smallholder farmers and young people in rural areas 

who depend on agriculture for their livelihoods. Without effective adaptation strategies, 

climate variability will continue to weaken food security, reduce crop yields, and limit 

employment opportunities in the agricultural sector, exacerbating economic instability and 

rural poverty.  
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4.3 Climate change and variability and poverty amongst youth  

The intersection of climate change, agricultural productivity, and youth poverty is a pressing 

global concern. Climate change is increasingly disrupting agricultural productivity, 

disproportionately affecting young farmers, who lack the resources to adapt (Rojas-Downing 

et al., 2017; FAO, 2018). Evidence shows there is growing engagement of youth in agriculture 

(FAO, 2023; Asare-Nuamah et al., 2025; Bamwesigye et al., 2024). However, disruptions due 

to climate variability heighten youth vulnerability to economic instability and food insecurity. 

Studies suggest that staple crop yields could decline by up to 30% by 2050, particularly in 

regions dependent on rain-fed agriculture, further threatening rural livelihoods (IPCC, 2022). 

Moreover, limited access to credit, financial support, and adaptive technologies prevents 

young farmers from mitigating climate-induced risks (FAO, 2018; Adger et al., 2022).  

Climate change has direct consequences for agricultural productivity, particularly for youth 

engaged in small-scale farming. Studies reveal that extreme weather patterns – such as 

prolonged droughts, erratic rainfall, and rising temperatures – adversely impact crop yields 

and livestock health, exacerbating food insecurity (Rojas-Downing et al., 2017). Young 

farmers, many of whom lack financial resources and institutional support, are 

disproportionately affected by these challenges. While some adaptation strategies, such as 

climate-smart agriculture, have been promoted, their implementation remains limited due to 

financial and infrastructural constraints (IFAD, 2021). The FAO (2018) notes that despite 

global efforts to introduce climate adaptation strategies, young farmers often struggle to 

access drought-resistant seeds, efficient irrigation systems, and weather forecasting tools. 

This results in decreased agricultural output and increased economic vulnerability. 

Land tenure insecurity further exacerbates these challenges, as many young farmers lack 

formal land ownership, making it difficult for them to invest in long-term climate adaptation 

strategies (FAO, 2018). Without secure land rights, young farmers are less likely to adopt 

sustainable farming practices or qualify for agricultural loans and government assistance 

programmes (IFAD, 2021). Additionally, poor infrastructure in rural areas limits access to 

markets, preventing young farmers from maximising their agricultural productivity and 

incomes. Addressing these barriers requires policy interventions that prioritise land rights, 

infrastructural development, and financial accessibility for young agricultural entrepreneurs. 

One of the most significant challenges young farmers face is limited access to financial 

resources, which restricts their ability to implement climate adaptation strategies. Adger et 

al. (2022) highlight that financial exclusion prevents youth from accessing agricultural 

insurance, credit, and investment opportunities that could help mitigate climate risks. 

Financial institutions often perceive youth-led agriculture as high-risk, leading to restrictive 

lending policies and high collateral requirements that many young farmers cannot meet 

(FAO, 2018). These barriers create a cycle of poverty where young farmers struggle to invest 

in climate-resilient farming techniques, further deepening their vulnerability to climate 

shocks. 
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While microfinance initiatives and government-backed credit programmes exist, many young 

farmers are excluded from them due to bureaucratic inefficiencies and rigid eligibility criteria 

(IFAD, 2021). Moreover, agricultural extension services, which play a crucial role in 

disseminating financial and technical knowledge, remain underfunded and inaccessible to 

rural youth (World Bank, 2020). The integration of financial tools – such as index-based 

weather insurance and flexible credit schemes – could improve youth resilience to climate 

shocks. Strengthening partnerships between financial institutions, governments, and 

development agencies is crucial to creating more inclusive financial ecosystems for young 

farmers (FAO, 2018). 

Despite financial and institutional barriers, youth are at the forefront of adopting innovative 

agricultural practices that enhance climate resilience. Adebayo et al. (2024) revealed that 

young farmers are increasingly utilising digital technologies and climate-smart practices, 

such as precision agriculture, hydroponics, and sustainable soil management techniques. 

These innovations optimise resource use, improve crop yields, and enhance resilience 

against climate-related shocks. Mobile-based agricultural applications also enable young 

farmers to access real-time market information, weather forecasts, and pest control 

strategies, significantly improving decision-making and productivity. 

However, access to these technologies remains highly uneven, particularly in rural and low-

income areas where digital infrastructure is limited. Many young farmers face financial 

constraints that prevent them from acquiring modern farming tools, while others lack the 

necessary training to use digital platforms effectively (FAO, 2022). Gender disparities further 

compound this issue, as young female farmers often experience greater difficulties in 

accessing technology, due to social and economic barriers (Pretty et al., 2020). The high cost 

of internet services and technological devices further excludes resource-poor farmers from 

benefiting from digital innovations. If these disparities are not addressed, the digital divide 

will continue to widen, undermining efforts to promote sustainable agriculture and rural 

development. 

Governments and international organisations must work collaboratively to expand 

broadband access, invest in rural electrification, and provide digital literacy training tailored 

to young farmers (IFAD, 2021). Additionally, financial incentives, such as subsidies for 

agricultural technologies and mobile banking solutions, could bridge the gap between 

innovation and accessibility. By fostering an enabling environment for technological 

adoption, stakeholders can ensure that all young farmers, regardless of their socio-economic 

background, benefit from advancements in agricultural sustainability. 

The effectiveness of current policy frameworks in addressing the needs of youth in 

agriculture amidst climate change remains a contentious issue. The UNDP (2025) notes that 

existing policies often overlook the specific challenges faced by young farmers, particularly 

in terms of access to resources and decision-making processes. Many agricultural policies 

focus on long-term adaptation strategies but fail to address immediate financial and 
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technical barriers faced by young farmers (FAO, 2018). A lack of targeted youth engagement 

in policymaking further weakens the implementation of inclusive agricultural policies. 

To bridge this gap, policymakers must adopt a more participatory approach that involves 

young farmers in the decision-making process. Integrating social, economic, and 

environmental considerations into agricultural policies can ensure that they are responsive 

to youth needs and aspirations (World Bank, 2020). Additionally, fostering youth-led 

agricultural innovation networks and cooperatives can provide platforms for knowledge 

exchange and mentorship, enabling young farmers to collaborate on sustainable farming 

solutions (IPCC, 2022). Furthermore, strengthening agricultural education programmes and 

investing in climate-smart farming curricula at secondary and tertiary levels could encourage 

young people to pursue careers in sustainable agriculture. 

The intersection of climate change, variability, and youth poverty in agriculture presents a 

multifaceted challenge that demands immediate attention. Climate change continues to 

disrupt agricultural productivity, exacerbating financial exclusion and economic vulnerability 

among young farmers. While technological innovations offer promising solutions, 

accessibility remains a major barrier, particularly in rural areas. Engaging in critical 

discussions around these issues is essential for developing effective strategies that 

empower young farmers and promote sustainable agricultural practices.  

4.4 Smallholder farmers’ coping strategies in relation to climate change and 
climate variability  

The agricultural sector in developing countries, including Tanzania, is dominated by 

smallholder farmers, who are highly vulnerable to climate change due to their reliance on 

rain-fed agriculture, limited financial resources, restricted access to adaptive technologies, 

and low adaptive capacity (IPCC, 2022; FAO, 2021). As climate conditions continue to shift, 

these farmers must adopt various coping strategies to sustain their livelihoods, ensure food 

security, and mitigate the adverse effects of climate variability (Bryan et al., 2017). 

To mitigate climate risks, smallholder farmers, including youth in Africa, are adopting various 

adaptation strategies to enhance resilience and sustain agricultural productivity. One key 

approach is climate-smart agricultural practices, including conservation agriculture, 

agroforestry, and the use of drought-resistant crops, which help improve soil fertility and 

water retention (Bryan et al., 2013). Crop diversification, soil and water conservation, and 

adjusting planting dates are also strategies that are widely used to cope with unpredictable 

weather patterns (Deressa et al., 2009; Bryan et al., 2013). Additionally, young farmers 

leverage digital tools and indigenous knowledge to make informed decisions regarding 

planting seasons, weather patterns, and soil conditions (Nyong et al., 2007). Water 

conservation techniques, such as small-scale irrigation and rainwater harvesting, further help 

address erratic rainfall and prolonged dry spells (Deressa et al., 2009). Given the economic 

uncertainties in agriculture, many smallholder farmers diversify their livelihoods by engaging 
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in off-farm activities, agribusiness, migration, and informal labour markets to reduce their 

dependence on farming (Mubiru et al., 2018). Moreover, collective action, through farmer 

cooperatives and groups, enables them to access credit, markets, and shared resources for 

climate adaptation (Mongi et al., 2010).  

Despite these efforts to adapt, smallholder farmers in Africa face significant challenges, 

including financial constraints, inadequate infrastructure, and weak institutional support, 

which limit the effectiveness of their coping strategies (Mongi et al., 2010). Limited access 

to climate information, weak extension services, and poor market linkages further hinder 

resilience. Addressing these challenges requires strengthening institutional support, 

promoting climate-smart agricultural practices, and improving access to finance, credit, and 

markets to enhance farmers’ adaptive capacity and long-term sustainability (FAO, 2021). 
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5 Methodology 

5.1 Overview  

This chapter explains the methodology used to investigate the effects of climate variability 

on youth participation in agriculture, as well as productivity and coping strategies, in 

Tanzania. It outlines the approach applied to data analysis, including data sources, sample 

size, the theoretical framework, and the specific models and variables used for each 

research objective. Through applying this structured methodology, the study aims to provide 

empirical insights into the impact of climate variability on youth in agriculture, supporting the 

development of effective policy recommendations. 

5.2 Data and sources  

The study relies on secondary data from the TNPS, a nationally representative dataset that 

covers various socio-economic aspects, including agricultural production, income-generating 

activities, and household expenditures. Specifically, it utilises data from the last two waves – 

Wave 4 (2014/15) and Wave 5 (2020/21) – selected based on data availability and the need 

to minimise attrition, as about 88 % of households in Wave 4 were also tracked in Wave 5 

(NBS, 2022). Conversely, about 18% of households in the first three waves were tracked in 

wave 4 because the sampling of households in the first three waves (1, 2, and 3) was based 

on the 2002 Population and Housing Census information, while that of the last two waves (4 

and 5) was based on 2012 Population and Housing Census information (NBS, 2016). 

The dataset provides comprehensive information on household characteristics, youth 

employment status, and agricultural productivity. To fully address the study’s objectives, 

climate-related variables, such as rainfall and temperature, were incorporated, with data 

extracted from satellite images using machine learning tools, covering the period from 1960 

to 2020. These machine learning tools provide monthly average data on temperature and 

rainfall, which were merged with the TNPS dataset based on agricultural seasons. The 

merging between the TNPS data and climate data was done using the cluster ID provided in 

the TNPS dataset, which includes latitude and longitude coordinates. Machine learning tools 

were applied to these latitude and longitude values to obtain climate data, which were then 

merged with the TNPS data using the cluster ID as the common identifier between the 

climate data and the TNPS dataset. This integration considered both the timing of the long 

rainy season and short rainy season, aligning climate data with the specific farming periods 

in different household locations recorded in the TNPS dataset. 

5.3 Sample size  

Tanzanian youth-headed households in rural areas serve as the study's unit of analysis. 

Youth are defined as those between the ages of 15 and 35 in the National Youth 

Development Policy (2007); however, because of data limitations, this study considered 
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those between the ages of 15 and 45(early adults). 0F0F

1 In the TNPS dataset, a total of 4,136 and 

4,164 households were interviewed in Waves 4 and 5, respectively, of which youth-headed 

households accounted for 47.6% and 61.6% of all households in Waves 4 and 5 (NBS, 2022). 

After data cleaning and merging the two waves, a balanced panel 1F1F

2 of 338 youth-headed 

households was retained for analysis, comprising 169 households successfully tracked from 

each wave, i.e. covering both periods of the study. Table 1 summarises the sampling 

process and the study sample. 

Table 1: Sampling process and sample size 

S/N Category of households   Wave 4  Wave 5  

i Total household (N) 4,136 4,164 

ii Household head aged 18 to 35 years (% of N) 1,085 (26.2%) 1,403 (33.7%) 

iii Household head aged 18 to 45 years (%) (N) 1,972 (47.7%) 2,566 (61.6%) 

iv 
Household head aged 18 to 35 who cultivated any 
plot/crop (% of ii) 

525 (48.4%) 613 (43.7%) 

v 
Household head aged 18 to 45 who cultivated any 
plot/crop (% of iii) 

1,071 (54.3%) 1255 (48.9%) 

vi 
Sample youth-headed households aged 18 to 45 
years who had a plot of maize in both waves (used 
for analysis) (% of v) 

169 (15.8%) 169 (13.5%) 

vii 
Youth-headed households aged 18 to 45 years who 
indicated farming is the main activity in terms of 
livelihood and time spent (farmers) (% of vi) 

153 (90.5%) 143 (84.6%) 

Source: Authors’ computation based on 2014/2015 and 2019/2020 TNPS dataset. 

5.4 Theoretical framework  

The study is grounded in the livelihood framework, and human capital theory, each of which 

offers complementary perspectives for understanding youth participation in agriculture 

under climate variability. 

The livelihood framework emphasises how rural households, including youth, diversify their 

economic activities to sustain their livelihoods (Scoones, 1998). Agriculture remains a 

central pillar of these strategies; however, climate variability, manifested in erratic rainfall, 

prolonged droughts, and temperature fluctuations, disrupts agricultural productivity, thereby 

threatening household income and food security (Ellis, 2000). When agricultural returns are 

undermined, youth may adjust their participation levels, either by reducing the amount of 

land they cultivate or shifting to alternative non-farm activities. Evidence from Ethiopia 

shows that exposure to climate variability significantly influences livelihood choices, 

 

1 Early adults (youth up to 45 years) were included because limiting youth to 15–35 years left only 184 
households (92 per wave), resulting in a very small sample that weakened the reliability, power, and robustness of 
the econometric results. Although the definition of youth-headed households typically includes individuals aged 
15 years and above, in this dataset the age of youth household heads begins at 18 years. 
2 A balanced panel enhances the consistency and comparability of the analysis, allowing for more accurate 
assessment of changes in youth participation and other outcomes over time. 
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including decisions on farming intensity, migration, and off-farm employment (Deressa et al., 

2009). Within this framework, climate-induced reductions in productivity not only 

compromise livelihoods but also exacerbate poverty among youth-headed households that 

depend heavily on agriculture. 

Human capital theory complements this perspective by highlighting the role of education, 

skills, and access to productive resources in shaping agricultural participation and resilience 

to climate shocks (Becker, 1964). Youth with greater educational attainment and farming 

knowledge are better positioned to adopt adaptive practices, such as improved crop 

varieties, irrigation, and soil conservation methods, thereby mitigating productivity losses 

from climate variability (Asfaw and Maggio, 2018). Conversely, limited human capital 

restricts adaptive capacity, so that climate shocks are more likely to translate into yield 

declines and persistent poverty. A study in Uganda demonstrates that exposure to heat 

shocks adversely affects children’s learning outcomes, showing how climate variability 

undermines human capital formation and, by extension, long-term agricultural productivity 

and poverty reduction prospects (Knauer et al., 2024). 

Taken together, these frameworks suggest that climate variability impacts agricultural 

productivity both directly through reduced yields and indirectly through its influence on 

livelihood choices and human capital development. As productivity declines, the risk of 

poverty deepens, particularly for resource-constrained youth. Thus, investigating the link 

between climate variability, agricultural participation, and welfare among youth-headed 

households is crucial for designing policies that strengthen resilience and break the cycle of 

vulnerability. To establish this link, we need an analysis that can effectively capture the 

channel of effect climate variability on interlaced outcome variables. 

5.5 Data analysis  

To respond to the research questions, the study estimates four models using Stata software: 

i. Extent of the effect of climate variability on youth participation in agriculture 

Given the nature of this study, youth participation in farming is proxied by the individual’s 

main activity, with youth classified as farmers if their primary activity is farming, and non-

farmers otherwise. As such, the extent of participation (measured by the farm size 

cultivated) is not influenced by the participation decision. To appropriately account for both 

the decision to participate and the extent of participation, the study employs a two-part 

model. The first part uses a probit model to estimate the probability of participating in 

farming, while the second part applies a random effects model to examine the extent of 

participation among those who choose to engage in farming. 

In the first model, the dependent variable is binary, taking a value of 1 if a youth participates 

in agriculture and 0 otherwise. Key independent variables include climate variability 

indicators (such as rainfall variability and temperature variability), alongside control variables 

(like education, gender, age, marital status, access to land, finance and services, household 
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income, market access, and regional factors), to account for other influences on youth 

participation.  

A mathematical representation of the double-hurdle model is as follows: 

1. Participation decision (probit model) 

𝑌𝑖𝑡
∗ = 𝑋𝑖𝑡𝛽 + 𝜀𝑖𝑡                                    (1) 

where: 

• 𝑌𝑖𝑡
∗  is the latent variable for agricultural participation – a youth-headed household is 

considered to participate if agriculture is reported as the main economic activity and 

the youth spend most of their time in agriculture activities, serving as a proxy for 

youth participation, 

• 𝑋𝑖𝑡 is a vector of explanatory variables, including climate variability indicators 

(rainfall variability, temperature variability) and control variables (education, age, 

gender, marital status, access to land, finance and services, household income, 

market access, location of household, land slope, farm size), 

• 𝛽 is a vector of parameters to be estimated, 

• 𝜀𝑖∼N(0,1) is the error term. 

The observed binary outcome for youth participation in agriculture is defined as: 

𝑌𝑖𝑡 = { 
1, 𝑖𝑓 𝑌𝑖𝑡

∗ > 0

 0,    𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

2. Intensity of participation  

Given that a youth participates in agriculture ( 𝑌𝑖𝑡 = 1), the level of participation 

(measured by farm size cultivated) is modelled using a random effects model 2F2F

3 as 

follows; 

𝑍𝑖𝑡
∗ = 𝑊𝑖𝑡𝛾 + 𝜇𝑖 +  𝜀𝑖𝑡                                  (2) 

where: 

• 𝑍𝑖
∗ is the extent of participation for individual I at time t, 

• 𝑊𝑖 is a vector of explanatory variables affecting the extent of participation, 

•  𝛾 is a vector of parameter to be estimated, 

• 𝜇𝑖 ∼ 𝑁(0, 𝜎𝑢
2) is the individual-specific random effect capturing unobserved 

heterogeneity, 

• 𝜀𝑖𝑡  ~ 𝑁(0, 𝜎2) is the idiosyncratic error term. 

 

ii. Link between climate variability, youth agricultural productivity, and poverty 

 

3 The random effects model was chosen following the results of the Hausman test, which assesses the consistency 
and efficiency of estimators and guides the selection of the appropriate model between random effects and fixed 
effects. The test result indicated that the random effects model was the preferred specification for this analysis 
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Random effects 3F3F

4 and fractional logit models are employed to analyse the relationship 

between climate variability, agricultural productivity, and poverty.  

The random effects model is used to examine the effect of climate variability on crop yields 

among young farmers, as the dependent variable is continuous. The mathematical 

representation is as follows: 

𝑌𝑖𝑡
∗ = 𝜇𝑖 + 𝛽1𝑡𝐶𝑉𝑖𝑡 + 𝛽2𝑡𝐹𝐶𝑖𝑡 + 𝛽3𝑡𝐻𝐶𝑖𝑡 + 𝜀𝑖𝑡                         (3) 

where: 

•  𝑌𝑖
∗= crop yield per acre of land of youth farmer at time t, 

•  𝐶𝑉𝑖𝑡  = climate variability indicators (rainfall variability, and temperature variability), 

• 𝐹𝐶𝑖𝑡= farm characteristics (fertiliser, seeds, irrigation, soil type, soil quality, land slope, 

fallowing, intercropping, farm size), 

• 𝐻𝐶𝑖𝑡= household characteristics (gender, age, education, income of household, 

access to services, access to markets, marital status, access to land, location of 

household), 

• 𝜇𝑖 ∼ 𝑁(0, 𝜎𝑢
2) = individual-specific random effect capturing unobserved heterogeneity, 

• 𝜀𝑖𝑡  ~ 𝑁(0, 𝜎2) = idiosyncratic error term 

A fractional logit model is used to explore the impact of agricultural productivity on poverty 

levels, since the dependent variable (poverty level) is a proportion/fraction between 0 and 1 

(including 0 and values near 1), specified as follows: 

𝑃𝑖𝑡 =∝0+∝1𝑡 𝑌𝑖𝑡 +∝2𝑡 𝐻𝐻𝑖𝑡 + +∝3𝑡 𝐴𝐶𝑖𝑡 + +∝4𝑡 𝐴𝑀𝑖𝑡 + +𝜇𝑖𝑡 …………………..… (4) 4F4F

5 

where: 

• 𝑃𝑖𝑡= poverty level, measured using the Foster, Greer, and Thorbecke (FGT) index 

(depth, severity) as described in Section 5.6, 

• 𝑌𝑖𝑡 = agricultural productivity (crop yield per acre of land), 

• 𝐻𝐻𝑖𝑡 = household characteristics (education, household size, gender of household 

head), 5F5F

6 

•  𝐴𝐶𝑖𝑡= access to credit, 

•  𝐴𝑀𝑖𝑡= access to markets, 

• 𝜇𝑖𝑡= error term. 

 

4 The random effects model was chosen following the results of the Hausman test. 
5 A potential limitation of this study is the issue of reverse causality. Since only two panel waves are available, 
endogeneity cannot be fully addressed, and the results should be interpreted as associations rather than causal 
effects. Future research with richer panel data could better explore causal pathways using lagged or instrumental 
variables 
6 Some variables were excluded from this model, as in Model 3, to improve precision and ensure more reliable 
estimates. 
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iii. Coping strategies of youth farmers with the effects of climate variability 

The MVP model is used to analyse the coping strategies adopted by youth farmers in 

response to climate variability. The dependent variables represent various adaptation 

strategies commonly used by the majority of farmers, including intercropping, use of 

improved seeds, application of organic and inorganic fertilisers, migration, off-farm income, 

and non-adaptation. The independent variables include climate variability indicators, 

education, age, access to credit, market access, farm size, and distance from farm to road, 

which are expected to influence the likelihood of adopting specific coping mechanisms. 

The MVP model is particularly suited for analysing youth farmers' adaptation strategies due 

to the fact that these farmers often employ multiple strategies at once. This model 

effectively captures the interdependence among these decisions, offering a more accurate 

portrayal of their coping behaviours. Since youth farmers are likely to adopt several 

adaptation strategies simultaneously, the MVP model is ideal as it allows for correlations 

among the different strategies. By accounting for these relationships, this approach provides 

a more realistic and comprehensive assessment of how climate variability influences the 

adaptation decisions of youth farmers. However, it was not possible to use MVP model for 

panel data since there is no statistical software or package, such as Stata and R, that has 

been programmed to use such a model for panel data. Thus, we opted to analyse each wave 

as cross-sectional data and to compare the results of the two waves.  

5.6 Description and measurement of variables 

Table 2 summarises and describes both the outcome/dependent and explanatory variables 

that were used in the estimation in all objectives (models). It presents the names of the 

variables and how they were measured. Since determining the values or indices of climate 

variability and poverty variables necessitates a number of steps, further explanations are 

given below the table.  

Table 2: Description of variables used in the study  

Variable Unit of measurement Description of variable 

Age Years 
 A continuous variable, age of the household head in 
years 

Gender   1 if the household head is a male, 0 otherwise 

Hhsize Number of people Total number of people living in a household 

Education Level of school 
Highest level of education completed by household 
head (0=No school, 1=Primary; 2=Secondary; and 
3=Tertiary) 

Marital status  

Marital status of the head of the household 
(1=Monogamous ; 2=Polygamous; 3=Living together; 
4=Separated; 5=Divorced; 6= Never married; 
7=Widow(er)) 

Location   1 if household is located in a rural area; 0 otherwise 

Land_own  1 if the household head owned land, 0 otherwise 
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Distance_Mkt Km Distance from farm to market (km) 

Distance_road Km Distance from farm to road (km) 

Maize_value Tanzania Shillings (Tsh) Total value per area harvested (Tsh) 

 Area Acres Area cultivated maize (acres) 

Maize_Yield Kg per acre 
Measured as the quantity of maize harvest per acre in 
kg 

extension_ 
services 

 
1 if household has access to extension services, 0 
otherwise 

Off_farm  
1 if the household head engages in off-farm business, 
0 otherwise 

Improved_seed  
1 if improved seed was applied to the maize plot, 0 
otherwise 

Inorganic_ 
fertiliser 

 1 if inorganic fertiliser was applied to the maize plot 

Organic_fertiliser  
1 if organic fertiliser was applied to the maize plot, 0 
otherwise 

Intercropping  1 if the plot was intercropped, 0 otherwise 

Wconservation   
1 if maize plot applied water/erosion conservation 
methods, 0 otherwise 

Irrigation  1 if maize plot was irrigated, 0 otherwise 

Tmigration  1 if household Temporal migrated, 0 otherwise 

Fallow  1 if maize plot was fallowed, 0 otherwise 

Expenditure Tsh 
Total consumption, real, per 28 days, per adult 
equivalent 

Per_capita  Tsh Per capita expenditure per 28 days (Tsh) 

Poor  1 if household head is poor, 0 otherwise 

Bank_account  1 if access to bank account, 0 otherwise 

Land_slope  
Slope of this plot (1=Flat bottom, 2=Flat top, 3=Slightly 
sloped, 4=Very steep) 

Farmer  
1 if household’s main economic activity is agriculture 
and spends most of its time in agriculture activity, 0 
otherwise) 

soil_quality  Soil quality of this plot (1=Good, 2=Average, 3=Bad) 

soil_type  
Soil type of this plot (1= Sandy, 2=Loam, 3=Clay, 
4=Other) 

Credit_access  1 if receive inputs on credit, 0 otherwise 

Rainfall variability  mm 
A continuous variable that measures the deviation of 
the current average year rainfall from the long-term 
rainfall 

Temperature 
variability 

Centigrade (C) 
A continuous variable that measures the deviation of 
the current average year temperature from the long-
term temperature 

Poverty index Number 
Measures used to assess the level and severity of 
poverty in a population 
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5.6.1 Further description of the measurements of climate variability and the poverty 
index  

Climate variability 

Climate variability in this study is measured as the deviation of the annual average 

temperature and rainfall from the 30-year long-term averages for each location. The long-

term climate data for the respective survey year, for Wave 4 and Wave 5, were extracted 

using Python, a programming language that integrates machine learning, GIS, and satellite 

data extraction tools, utilising the latitude and longitude coordinates provided at the cluster 

level in the TNPS dataset to obtain the required climate data. This approach has been widely 

applied in climate–economy research (Dell, Jones, and Olken, 2014; Burke and Emerick, 

2016; Lobell, Schlenker, and Costa-Roberts, 2011) and is particularly appropriate because it 

captures short-term climate shocks relative to a location’s historical norm. Unlike absolute 

climate levels, which may not fully reflect stress on agricultural production systems, 

deviations directly quantify anomalies that farmers must adapt to, making them more 

relevant for assessing welfare and productivity impacts. Compared to alternative measures, 

such as rainfall variability indices, the coefficient of variation, or standardised indices like the 

Standardized Precipitation Evapotranspiration Index (SPEI), the deviation method is more 

transparent, less data-intensive, and more easily interpretable in econometric models, while 

still providing strong comparability across regions and time periods.  

Poverty index 

Poverty level in this study is measured using the expenditure based FGT index (Foster et al., 

1984), which captures poverty incidence, depth, and severity. The FGT approach is widely 

applied in Africa, where expenditure data are more reliable than income measures, including 

studies in rural Tanzania (Mager, 2024) and Kenya’s Hunger Safety Net Programme (FAO, 

2016). These applications demonstrate the methodological validity and policy relevance of 

the FGT index for poverty analysis. The FGT index is specified as follows: 

𝑃∝ =
1

𝑛
∑ (

(𝑚 − 𝑦𝑖)

𝑚
)

∝𝑞

𝑖=1

 

where n is the number of sample households, 𝑦𝑖 represents the consumption expenditure per 

adult equivalent for the i-th household, m is the poverty line, q is the number of households 

living below the poverty line, and ∝ is the poverty aversion parameter. For this study, poverty 

lines were adopted from official Household Budget Surveys, specifically 36,482 Tsh/month 

from the 2011/2012 Household Budget Surveys for TNPS Wave 4 households, and 49,320 

Tsh/month from the 2017/18 Household Budget Surveys for TNPS Wave 5 households. 

The poverty aversion parameter (α) takes values of 0, 1, or 2. When α = 0, the index measures 

the poverty headcount ratio, indicating the proportion of households living below the poverty 

line. When α = 1, it computes the poverty gap index (𝑃1), which captures the depth of poverty 
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by estimating the aggregate shortfall of the poor from the poverty line. Finally, when α = 2, it 

produces the squared poverty gap index (𝑃2), which reflects the severity or intensity of 

poverty by assigning greater weight to the poorest households. In this study, emphasis is 

placed on the poverty gap index (𝑃1) and the poverty severity index (𝑃2) to assess both the 

depth and severity of poverty among youth-headed households. 
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6 Study findings and discussion 

6.1 Descriptive results statistics for key variables 

6.1.1 Descriptive statistics for key variables 

Descriptive statistics of the variables used in this study are presented in Table 3, which 

reports the sample means, standard deviations, and minimum and maximum values for each 

variable. The findings reveal that the majority (85.8%) of youth-headed households are male 

and possess low levels of education, with 21% and 43.5% of the sample having no school 

and primary education, respectively. The average age of household heads is 34.9 years, 

verifying the study’s emphasis on young people and early adults engaged in agriculture. 

Most households in the study sample are located in rural areas (93.8%) and own land 

(85.8%), reinforcing the agrarian nature of the sample. These patterns are consistent with 

studies across Africa showing that rural youth are often concentrated in agriculture, face 

limited access to education, and are disproportionately male due to structural gender norms 

and land inheritance systems (FAO, 2018; Quisumbing et al., 2019) Additionally, the average 

household size of 5.7 members suggests extended family arrangements that are typical in 

rural Tanzanian communities. However, this figure is slightly higher than the average 

household size of 4.3 members reported in the 2022 Population and Housing Census (URT, 

2024), implying a recent decline in household size in Tanzania. 

The data further indicate that poverty is widespread among youth-headed households, with 

approximately 93% of respondents classified as poor based on national poverty thresholds. 

The mean per capita expenditure is 16,659 Tsh, or US$ 6.45, per month, reflecting significant 

economic vulnerability. 6F6F

7 Access to markets appears limited, as farms are located an average 

of 7.8 km from the nearest market – beyond the 5 km benchmark for good access – 

meaning that farmers face higher costs and reduced market participation, which limits their 

returns (Aggarwal et al., 2018). Furthermore, 41.7% of households engage in off-farm 

income-generating activities, likely as a coping strategy in the face of agricultural risk. 

Overall, the descriptive statistics provide a comprehensive overview of the characteristics of 

youth-headed farming households in Tanzania, highlighting their rural orientation, small 

landholdings, low educational attainment, limited adoption of modern inputs, and high levels 

of poverty. These contextual realities underscore the importance of targeted policy 

interventions and careful econometric modelling to address the structural challenges facing 

this demographic. 

  

 

7 Exchange rate of USD 1 = TSh 2,570.52 (OANDA, July 2025). 
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Table 3: Descriptive statistics of youth household head 

Variable Obs Mean Std. dev. Min Max 

Age (years) 338 34.902 5.98 18 45 

Gender (1 = 
male) 

338 0.858 0.35 0 1 

Hhsize 
(number) 

338 5.657 2.304 1 15 

Education 

No school 338 0.21 0.408 0 1 

Primary 338 0.435 0.496 0 1 

Secondary 338 0.346 0.476 0 1 

Tertiary 338 0.009 0.094 0 1 

Marital_status 

Monogamous 
married 

338 0.595 0.492 0 1 

Polygamous 
married 

338 0.124 0.33 0 1 

Living together 338 0.166 0.372 0 1 

Separated 338 0.053 0.225 0 1 

Divorced 338 0.006 0.077 0 1 

Never married 338 0.024 0.152 0 1 

Widow(er) 338 0.033 0.178 0 1 

Location (1 = 
rural) 

338 0.938 0.242 0 1 

Land_own 338 0.858 0.35 0 1 

Distance_Mkt 
(km) 

338 7.807 8.198 0 32 

Distance_road 
(km) 

338 1.694 2.483 0 18 

Maize_value 
(TSh) 

335 160,164.94 150,689.37 53.333 1,080,000 

Area (Acres) 338 2.433 2.605 0.01 16.35 

Maize_Yield 
(Kg/acre) 

335 469.962 387.83 25 2000 

Off _farm 338 0.417 0.494 0 1 

Improved_seed 338 0.423 0.495 0 1 

Inorganic_fertil
isers 

338 0.225 0.418 0 1 

Organic_fertilis
ers 

338 0.243 0.429 0 1 

Intercropping 338 0.607 0.489 0 1 

Wconservation 338 0.092 0.289 0 1 

Irrigation 338 0.003 0.054 0 1 

Tmigration 338 0.018 0.132 0 1 

Fallow 338 0.021 0.143 0 1 
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Expenditure 
(TSh) 

338 68,976.195 44,000.249 6,213.922 334,458.66 

Per_capita 338 16,659.072 19,016.081 2,097.474 131,727.98 

Poor 338 0.932 0.252 0 1 

Farmer 338 0.876 0.330 0.000 1 

Rainfall 
variability 
(mm) 

338 -11.710 25.443 -76.245 109.135 

Temperature 
variability (0C) 

338 -253.569 22.541 -295.104 -172.599 

Poverty index      

Head count 
ratio (index) 

338 0.932 0.252 0.000 1 

Poverty gap 
(index) 

338 0.649 0.274 0.000 0.982 

Severity gap 
(index) 

338 0.496 0.279 0.000 0.964 

Source: Authors’ estimation based on 2014/2015 and 2019/2020 TNPS dataset and climate data.  

6.1.2 Trend for youth participation in farming activities  

Figure 1 illustrates how young people participated in the economy between 2014 and 2020. 

In 2014, a vast majority of the surveyed youth-headed households reported farming as their 

primary economic activity. By 2020, the proportion of youth involved in farming had slightly 

declined, while participation in non-farm activities modestly increased. Despite these shifts, 

farming remained the predominant livelihood among youth-headed households, reflecting 

the continued reliance on agriculture as a primary source of income and economic 

engagement. 

The slight decline in youth participation in non-farm activities, alongside a partial return to 

agriculture, may be explained by limited non-farm employment opportunities and increased 

reliance on farming during periods of economic uncertainty. In many rural areas, young 

people face persistent challenges in accessing sustainable non-farm jobs, prompting some 

to reconsider agriculture as a viable livelihood option (ILO, 2023). 

Several interrelated factors help explain the overall shift from 2014 to 2020. Increasing rural 

to urban migration sees youth drawn towards urban centres in search of better employment 

opportunities (FAO, 2018). At the same time, climate variability – including changing rainfall 

patterns and extreme weather events – has reduced the reliability and productivity of 

farming (Rojas-Downing et al., 2017; Babyenda and Okoboi, 2023). Limited access to 

essential agricultural inputs, such as seeds, fertilisers, and modern equipment, further 

discourages youth participation in agriculture (World Bank, 2018). Finally, the pursuit of 

diversified income sources through small businesses and other non-farm ventures provides 

additional pathways for economic stability (Mercandalli, 2015). 
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Figure 1: Trend for youth participation in agriculture and non-agriculture activity 

 

Source: Authors’ computation based on 2014/2015 and 2019/2020 TNPS dataset. 

Linked to the descriptive statistics in Table 3, which show that most youth-headed 

households are male, Figure 2 indicates that a greater proportion of young men are engaged 

in farming as their primary occupation, compared to young women household heads. This 

pattern highlights a growing gender gap in youth participation in agriculture over time, 

reflecting the broader reality in which young women often face greater barriers to accessing 

land, inputs, and labour resources compared to their male counterparts (FAO, 2018; 

Quisumbing et al., 2019). 

Figure 2: Description of youth participating in agriculture as main activity, by gender 

 

Source: Authors’ computation based on 2014/2015 and 2019/2020 TNPS dataset. 

 

6.1.3 Climate variability trends  

Figure 3 reveals that rainfall variability decreased slightly in 2020 compared to 2014, with 
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years, though with persistent extreme values. The rainfall variability extreme outliers support 

the presence of climate shocks between 2014 and 2020, such as very high and low rainfall, 

leading to floods and droughts respectively, which are likely to affect both youth 

participation and productivity in agriculture. 

Figure 3: Rainfall and temperature variability by year 

 
Source: Authors’ computation based on 2014/2015 and 2019/2020 TNPS dataset. 

6.1.4 Poverty levels among youth farming households  

The results on poverty indicators, shown in Table 4, reveal that youth-headed households 

involved in farming as their main economic activity face higher levels of poverty compared to 

their non-farming peers. The t-test of means of poverty gap and severity gap between youth 

farmers and youth non-farmers is significant at t5 percent level of significance. They are not 

only more likely to be poor, but their poverty is also deeper and more severe, meaning they 

live much further below the poverty line and with greater hardship. This aligns with previous 

studies showing that agricultural households, especially smallholder farmers, often face 

higher poverty levels due to low productivity, market access constraints, and vulnerability to 

climate shocks (Rojas-Downing et al., 2017). Non-farm activities, on the other hand, may 

provide more diversified income sources and greater resilience against economic shocks, 

contributing to lower poverty incidence and severity (World Bank, 2018). 
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Table 4: Assessment of poverty by primary activity among youth 

Poverty measures Overall Farmer Non-farmer 
T- test (farmer 

and non-farmer) 

Poverty gap 0.649 0.668 0.513 -3.4891** 

Severity gap 0.496 0.517 0.351 -3.6662** 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Authors’ computation based on 2014/2015 and 2019/2020 TNPS dataset. 

6.1.5 Climate change coping strategies adopted by youth in agriculture  

Figure 4 illustrates the strategies adopted by youth-headed households, including modern 

farming practices aimed at improving productivity. Among youth farmers, intercropping 

emerges as the most widely adopted coping strategy, with approximately 60.7% of farmers 

using it, likely due to its low cost and minimal input requirements. In contrast, irrigation is 

rarely employed, with only about 3% adoption, largely because it requires substantial 

investment in infrastructure, technology, and maintenance, which is often prohibitive for 

smallholder farmers (FAO, 2018; Tesfaye et al., 2024; Chagomoka et al., 2019). 

Figure 4: Youth farmers’ coping strategies against climate change and climate variability  

 

Source: Authors’ computation based on 2014/2015 and 2019/2020 TNPS dataset. 
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6.2.1 Extent of the effect of climate variability on youth participation in agriculture in 
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temperature changes), while Model 2 extends the analysis by including a broader set of 

socio-economic, demographic, and regional control variables. This approach allows for a 

comparison of the direct impact of climate variability with the combined influence of other 

structural determinants. The results, as presented in Table 5, help us to understand not only 

how climate variability affects youth participation in agriculture but also how this 

relationship changes when other relevant factors are considered. 

Model 1: Climate variables only 

In the first model, which focuses solely on climate factors, temperature variability has a 

statistically significant negative effect on youth participation in agriculture. This implies that 

as temperature variability increases – potentially causing more frequent extreme weather 

events or unpredictable growing conditions – the probability that youth will participate in 

agriculture slightly decreases. This underscores the adverse influence of climate change and 

variability on agricultural participation, particularly among young farmers, who frequently 

face resource constraints that limit their capacity to implement effective adaptation 

strategies.  

The results indicate that temperature variability significantly reduces youth participation in 

agriculture compared to rainfall variability. This is because temperature fluctuations directly 

disrupt crop growth and impose physical stress on those engaged in labour, while adaptive 

strategies for rainfall variability are more common. This means that temperature extremes 

are harder and costlier to manage, thus discouraging risk-averse youth with higher 

opportunity costs. Evidence shows that a 1°C increase in mean temperature across sub-

Saharan Africa reduces crop production by 1.51%, while rainfall increases yield by only 0.62% 

(Omokpariola et al., 2025). Similarly, in Sudan, long-term increases in temperature have been 

shown to have strong negative correlations with yields, whereas rainfall generally has 

positive or neutral effects (Osman et al., 2021). These findings highlight how temperature 

extremes more directly undermine productivity in resource-constrained settings, 

discouraging youth participation in agriculture. 

Model 2: Extended model with control variables 

The results reveal that climate variability does not significantly influence youth participation 

in agriculture once socio-economic and regional variables are considered, suggesting that 

these factors play a more dominant role. Evidence from across Africa consistently shows 

that access to land, markets, credit, and supportive institutions outweighs climatic factors in 

shaping youth engagement in agriculture. For instance, studies from Ethiopia, Ghana, and 

Zambia highlight land constraints and structural barriers – such as poor access to finance 

and markets – as key drivers discouraging youth from participating in farming (Bezu and 

Holden, 2014; Sumberg et al., 2019; Yeboah et al., 2020). Similarly, evidence from Tanzania 

indicates that youth participation in agriculture is primarily influenced by access to land, 

markets, and financial institutions, rather than by climatic conditions (Isinika and 

Ndesamburo, 2017; Mwaijande, 2015).
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Table 5: Estimates of the probit model (factors affecting youth participation in agricultural activities) 

 MODEL 1 MODEL 2 

Variables Probit Marginal effect Probit Marginal effect 

Rainfall variability 0.00107 0.000152 -0.00247 -0.000274 

 (0.00443) (0.000629) (0.00540) (0.000595) 

Temperature variability -0.0127** -0.00180** -0.00501 -0.000555 

 (0.00610) (0.000839) (0.00668) (0.000733) 

Sex   -0.249 -0.0276 

   (0.489) (0.0536) 

Age   -0.00151 -0.000168 

   (0.0275) (0.00305) 

Land_own   0.293 0.0324 

   (0.381) (0.0415) 

L.Area   0.475*** 0.0526*** 

   (0.161) (0.0137) 

Bank_account   0.0658 0.00729 

   (0.552) (0.0610) 

Education = 1, Primary   0.322 0.0347 

   (0.425) (0.0472) 

Education = 2, Secondary   -0.0545 -0.00666 

   (0.432) (0.0524) 

Education = 3, Tertiary   -1.421 -0.248 

   (1.382) (0.294) 

Land_slope= 2, flat top   -0.784* -0.0868** 

   (0.403) (0.0432) 

L.Expenditure   -1.088*** -0.120*** 

   (0.325) (0.0320) 

Location   1.139** 0.126** 
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   (0.541) (0.0533) 

Distance_Mkt   0.0232 0.00256 

   (0.0186) (0.00202) 

extension_Service   0.960* 0.106** 

   (0.516) (0.0536) 

Marital_status= 1, Monogamous   0.317 0.0351 

   (0.306) (0.0343) 

     

Constant -1.536  10.90**  

 (1.492)  (4.350)  

Observations 338 338 338 338 

Number of ID 169  169  

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Authors’ estimation based on 2014/2015 and 2019/2020 TNPS dataset and climate data. 
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The study results underscore the importance of farm size, which emerges as a key variable 

with a strong positive impact on youth participation in agriculture. The results reveal that 

youth with access to more land are significantly more likely to engage in farming, as larger 

landholdings lead to more output and sometimes enhance productivity. This is because 

most smallholder farmers who are capital-constrained in developing countries rely on family 

labour and expansion of cultivated area to raise output (Jyne, 2014; FAO, 2015). Further 

evidence across sub-Saharan Africa shows that farm size is positively correlated with 

productivity, household welfare, and technology adoption (Chamberlin et al., 2014; Muyanga 

and Jayne, 2014). Specifically for youth, lack of access to land is consistently cited as one of 

the most binding constraints to agricultural participation. Bezu and Holden (2014) 

demonstrated that in Ethiopia, limited land access discourages rural youth from entering 

farming, pushing them instead towards non-farm livelihoods. Similarly, Sumberg et al. (2019) 

highlighted that secure land access remains a prerequisite for youth to perceive agriculture 

as a viable and rewarding career. These findings underscore that expanding land access for 

young farmers is essential in order to strengthen their participation in agriculture 

Conversely, household expenditure shows a significant negative effect on youth participation 

in agriculture, indicating that youth from wealthier households are less inclined to participate 

in agriculture – likely due to their having better access to urban employment and other non-

farm opportunities. In the African context, studies have shown that higher household income 

and wealth provide youth with the means to pursue education or migrate to urban areas in 

search of better-paying jobs, thereby reducing reliance on agriculture as a primary livelihood 

(Adepoju, 2020) 

The model also reveals a negative and statistically significant relationship between flat-top 

land slopes and agricultural participation, possibly because such landforms present fewer 

farming challenges, reducing the urgency for participation, or due to land-use constraints. 

Residing in rural areas is positively and significantly associated with youth participation in 

agriculture. This effect, however, is not solely due to agro-ecological suitability: instead, it 

likely reflects broader socio-economic and institutional factors, including higher dependence 

on farming for livelihoods, limited non-farm employment opportunities, and proximity to 

agricultural resources. These combined factors make agriculture more accessible and viable 

for rural youth than for their urban counterparts, highlighting that rural residence captures 

the influence of livelihood structures and local economic contexts (Msangi et al., 2024). 

Access to agricultural extension services significantly increases the likelihood of youth 

participation in farming, highlighting the critical role of institutional support in promoting 

agricultural engagement. Extension services provide youth with technical knowledge, training 

on modern farming practices, and guidance on input use, which can enhance productivity 

and reduce the perceived risks of farming (Asfaw et al., 2020). In the African context, studies 

have shown that youth with regular access to extension services are more likely to adopt 

improved crop varieties, climate-smart practices, and innovative technologies, enabling them 

to remain in agriculture despite alternative non-farm opportunities (Abate et al., 2017). These 
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findings underscore the importance of targeted policies and programmes that enhance 

extension outreach to young farmers, particularly in rural areas where access to information 

and technical support is limited. 

In summary, the probit model findings highlight that while temperature variability may have 

some impact on youth participation in agriculture, its effect is overshadowed by socio-

economic, institutional, and regional factors. Effective policies that improve land access, 

strengthen extension services, and invest in rural infrastructure are crucial to promoting 

meaningful and sustainable youth participation in agriculture in the context of a changing 

climate. 

Random effects model results – effect of climate variability on extent of youth participation 

in agriculture 

In analysing the extent of participation among youth-headed households in agricultural 

activities, this study uses the area cultivated as a proxy measure. Area cultivated is used 

both as a determinant of youth participation (since greater land access increases the 

likelihood of engaging in farming) and as a measure of participation intensity, reflecting the 

scale of production and labour allocation, consistent with household production theory 

(Becker, 1965; Ellis, 1998; Singh et al., 1986). This approach assumes a positive relationship 

between the extent of land cultivated and the intensity of agricultural involvement. 

To ensure the reliability of the statistical analysis, a normality test was conducted. The 

results presented in Figure 5 indicate that the distribution of the area cultivated is not 

normally distributed in its raw form. To address this, the variable was transformed using its 

natural logarithm, thereby improving its distributional properties and meeting the 

assumptions required for regression analysis. Accordingly, in the subsequent analysis, the 

log of area cultivated is used as the dependent variable to represent the extent of youth 

participation in agriculture. 

Figure 5: Normality test of area cultivated  

 
Source: Authors’ computation based on 2014/2015 and 2019/2020 TNPS dataset. 
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A random effects model was used to examine the factors influencing the extent of youth 

participation in agriculture, measured by the logarithm of area cultivated. Two models are 

estimated: Model 1, which includes basic variables (mainly climate and primary economic 

activity); and Model 2, which extends the analysis to include socio-economic, demographic, 

and institutional controls. The results are presented in Table 6. 

Model 1 

Youth-headed household who is a farmer 7F7F

8 show a positive and statistically significant 

association with the extent of participation in farming. This indicates that when agriculture is 

the main occupation of a youth-headed household, they are more likely to cultivate larger 

areas of land, reflecting a higher level of commitment to and a deeper participation in 

agricultural activities. In contrast, temperature variability exhibits a negative and statistically 

significant effect on the extent of participation. This suggests that. Increased fluctuations in 

temperature, including extreme heat or unseasonal weather patterns, introduce risks and 

uncertainties that can reduce the area cultivated by youth, as smallholder farmers are 

particularly vulnerable to climatic shocks (Mendelsohn and Dinar, 2009; Babyenda and 

Okoboi, 2023). 

Model 2 

The analysis reveals that the positive and significant effect of youth’s primary activity being 

agriculture remains consistent across models, reinforcing the notion that youth who identify 

farming as their main occupation are more deeply engaged in agriculture, as demonstrated 

by the cultivation of larger land areas. Additionally, temperature variability continues to have 

a negative and significant effect, confirming the sensitivity of youth agricultural participation 

to climatic uncertainty or variability. Specifically, a 1°C increase in temperature variability is 

associated with a reduction of approximately 0.006 acres in the area of land cultivated, 

holding all other factors constant. As temperature fluctuations increase, youth are likely to 

be discouraged from expanding the land under cultivation due to the associated production 

risks. 

  

 

8 Main economic activity is agriculture and spend most of their time in agriculture activity, 
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Table 6: Estimates of the random effects model (intensity of youth participation in agricultural 
activities) 

 Model 1 Model 2 

Variables Random effect 1 Random effect 2 

Farmer 0.754*** 0.780*** 

 (0.170) (0.175) 

Rainfall variability 0.000357 -0.000193 

 (0.00181) (0.00192) 

Temperature variability -0.00698** -0.00636* 

 (0.00354) (0.00354) 

Sex  0.226 

  (0.217) 

Age  -0.000544 

  (0.0115) 

Land_own  0.216 

  (0.155) 

Education = 1, Primary  -0.0400 

  (0.170) 

Education = 2, Secondary  -0.109 

  (0.187) 

Education = 3, Tertiary  -0.403 

  (0.706) 

land_slope=2, Flat top  0.148 

  (0.163) 

Log of Expenditure  0.247** 

  (0.105) 

Location  0.777** 

  (0.323) 

Distance_Mkt   0.00357 

  (0.00393) 

Extension_services  -0.398*** 

  (0.148) 

Marital_status=2, Polygamous  0.423** 

  (0.174) 

Constant -2.085** -5.740*** 

 (0.898) (1.666) 

Observations 338 338 

Number of ID 169 169 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Estimation based on 2014/2015 and 2019/2020 TNPS dataset and climate data. 

Furthermore, the results from Table 6 indicate that household expenditure (log-transformed) 

is positively and significantly associated with land cultivated, suggesting that youth-headed 



THE EFFECT OF CLIMATE VARIABILITY ON AGRICULTURAL EMPLOYMENT, PRODUCTIVITY, AND POVERTY AMONG THE 
YOUTH IN TANZANIA 

© Data & Evidence to End Extreme Poverty  41 

households with higher household expenditure are more likely to cultivate larger areas of 

land, reflecting their increased financial capacity to invest in and manage expansive farming 

operations. It is worth noting that the results in the probit model show low participation in 

farming by wealthier youth-headed households because it is not their main activity, but since 

they have more income, they can invest more in agriculture than youth-headed households, 

who depend mainly on farming and who are relatively poor (see results in Table 4). This 

relationship underscores the pivotal role of economic resources in facilitating access to 

essential agricultural inputs, labour, and technology, thereby enabling youth to scale up 

agricultural activities. Studies across sub-Saharan Africa have consistently shown that 

wealthier households can afford improved seeds, fertilisers, and mechanised tools, which 

are critical for enhancing productivity and expanding cultivated areas (Deotti and Elisenda, 

2016; Adepoju, 2020). 

The study further reveals that rural residence exerts a positive and statistically significant 

influence on the extent of youth participation in agriculture, highlighting the role of 

geographical and contextual factors in shaping participation in farming activities. Youth in 

rural settings are more actively involved in farming, likely due to stronger land-based 

livelihoods and fewer alternative employment opportunities. In sub-Saharan Africa, 

agriculture remains the primary source of livelihood for many rural youth, who face limited 

access to formal employment and fewer non-farm opportunities (Begho and Daubry, 2025). 

Additionally, rural youth often possess better access to land, which facilitates their 

involvement in farming activities (Deotti and Elisenda, 2016). 

Interestingly, access to extension services shows a negative and statistically significant 

relationship with the extent of land cultivated. This counterintuitive finding may indicate that 

extension services are often targeted at less active or resource-poor farmers, or that there 

are inefficiencies or mismatches in how these services are delivered and utilised by youth. A 

study in South Africa highlighted that extension services are sometimes more accessible to 

farmers with lower levels of activity or resources, potentially due to targeting strategies 

aimed at reaching those most in need (Sihlobo, 2025). Moreover, the effectiveness of 

extension services can be compromised by factors such as inadequate resources for 

extension practitioners, multidimensional work requirements, and a lack of self-efficacy 

among farmers, which can hinder their engagement with and utilisation of these services 

(Raidimi and Kabiti, 2017). 

Additionally, polygamous marital status is positively associated with greater land cultivation. 

In polygynous households, the presence of multiple wives and their children can provide 

substantial family labour, enabling the cultivation of larger areas of land and the 

diversification of agricultural activities. This arrangement allows for a more efficient division 

of labour, with different family members specialising in various tasks, thereby increasing 

overall production (Dauphin, 2013) 
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The results from the random effects models indicate that key determinants of the extent of 

youth participation in agriculture, as measured by area cultivated, include youth occupation 

(farming), household wealth, rural location, and marital structure. While temperature 

variability negatively influences participation, other climatic and demographic factors are 

less significant. Overall, the findings highlight that structural and socio-economic factors 

play a more decisive role than climate alone in shaping the depth of youth engagement in 

agricultural livelihoods. This suggests the need for policies that enhance youth access to 

land, improve economic resilience, and strengthen institutional support, particularly in rural 

areas, to promote sustainable agricultural participation among young people. 

6.2.2 Climate variability, youth agricultural productivity, and poverty  

Effect of climate variability on youth agricultural productivity 

This study employs a random effects model to analyse the crop yield per acre performance, 

with a focus on the influence of climate variability alongside other socio-economic and 

agronomic factors. In both analyses, two models are estimated. Model 1 in each case 

includes core variables, primarily climatic factors (rainfall and temperature variability) and 

primary economic activity, while Model 2 extends the analysis to account for a broader range 

of variables, including socio-economic, demographic, institutional, agronomic, and plot-level 

characteristics. The random effects model results are presented in Table 7. 

Model 1 

The results reveal that, when considered independently, climate variability variables – 

specifically rainfall and temperature variability – do not have a statistically significant effect 

on maize yield, but the rainfall variability coefficient has a negative sign. This indicates that, 

in the context of this study, variations in climatic conditions alone do not account for the 

observed differences in yield per acre outcomes among youth farmers. Other structural and 

management-related factors likely play a more influential role in determining maize 

productivity. 

Model 2 

The analysis shows that several socio-economic and agronomic factors significantly 

influence crop yields among youth farmers. Log-transformed household expenditure is 

positively and significantly associated with maize yields, suggesting that wealthier 

households are better positioned to invest in productivity-enhancing inputs, technologies, 

and risk mitigation strategies. In sub-Saharan Africa, studies have shown that households 

with greater financial resources are more likely to adopt improved agricultural practices and 

sustain higher productivity, highlighting the critical role of economic capacity in shaping 

agricultural outcomes among youth farmers (Deotti and Elisenda, 2016; Tesfaye et al., 2024). 

These findings underscore the importance of policies and programmes that enhance 

financial access, credit facilities, and input availability for young farmers, to improve 

productivity and food security.  
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In contrast, primary education shows a negative association with maize yields, suggesting 

that minimal formal education alone may not be sufficient to improve agricultural 

productivity. Basic education provides limited technical, managerial, or problem-solving 

skills, which are necessary for adopting improved farming practices, managing inputs 

effectively, and responding to climatic and market challenges (Okoboi and Okello, 2020; 

Doss et al., 2011). Studies in sub-Saharan Africa have indicated that while higher education 

levels, such as secondary or tertiary education, can enhance farmers’ ability to adopt new 

technologies and increase productivity, primary education alone often fails to equip youth 

with the practical skills required for significant yield improvements (Alene et al., 2008). This 

finding underscores the need to complement formal education with targeted agricultural 

training, extension services, and hands-on skill development programmes to enhance 

productivity among youth farmers. 

Table 7: Estimates of the random effects model (effect of climate variability on crop yields among 
young farmers) 

 (1) (2) 

Variables Random effect 1 Random effect 2 

Farmer 0.141 0.130 

 (0.153) (0.168) 

Rainfall variability -0.00210 -0.00138 

 (0.00180) (0.00197) 

Temperature variability 0.00316 0.00148 

 (0.00251) (0.00262) 

Sex  0.140 

  (0.151) 

Age  -0.00122 

  (0.00933) 

Education = 1, Primary  -0.229* 

  (0.137) 

Education= 2, Secondary  -0.138 

  (0.151) 

Education = 3, Tertiary  -0.0292 

  (0.555) 

Log of Expenditure  0.207** 

  (0.0955) 

Log of area   -0.000261 

  (0.0479) 

Location  0.0335 

  (0.236) 

Distance_Mkt  0.00333 

  (0.00378) 

Extension_service  0.00944 

  (0.148) 
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Marital_status=2, Polygamous  -0.124 

  (0.157) 

Soil quality = 2, average  -0.0547 

  (0.109) 

Soil quality = 3, bad  -0.415** 

  (0.186) 

Soil type = 2, loam  0.0756 

  (0.139) 

Soil type = 3, clay  0.304 

  (0.190) 

Soil type = 4, OTHER (SPECIFY)  -0.249 

  (0.283) 

Tmigration  0.181 

  (0.405) 

Wconservation  0.105 

  (0.177) 

Fallow  -0.556 

  (0.368) 

Intercropping  -0.242** 

  (0.103) 

Irrigation  1.428 

  (0.897) 

organic_fertiliser  0.161 

  (0.121) 

inorganic_fertiliser  0.299** 

  (0.141) 

Improved_seed  0.282*** 

  (0.106) 

Land_slope = 2, Flat top  0.00335 

  (0.163) 

Land_slope = 3, Slightly sloped  -0.0445 

  (0.125) 

Land_slope = 4, Very steep  -0.0603 

  (0.972) 

land_own  -0.262* 

  (0.144) 

Constant 6.464*** 3.953*** 

 (0.634) (1.467) 

Observations 335 335 

Number of ID 169 169 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Estimation based on 2014/2015 and 2019/2020 TNPS dataset and climate data.  
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Interestingly, land ownership exhibits a negative and marginally significant relationship with 

maize yields, which may seem a counterintuitive result. This finding could reflect challenges 

such as poor soil fertility on owned plots, limited access to complementary inputs, 

insufficient investment in productivity-enhancing practices by landowners, and the use of the 

land in other high-paying alternative investments (Okoboi and Okello, 2020; Alene et al., 

2008). Previous studies in sub-Saharan Africa have shown that mere land ownership does 

not guarantee high productivity; rather, yield outcomes depend on land quality, access to 

inputs, and proper management practices (Muriithi and Matz, 2019). Consistent with 

expectations, poor soil quality is found to significantly reduce maize yields, emphasising the 

critical role of soil health and fertility management in sustaining agricultural productivity 

(Vanlauwe et al., 2014). These results highlight that interventions targeting yield 

improvements must go beyond just land tenure and address soil quality, input access, and 

effective farm management. 

Among farming practices, intercropping exhibits a negative and significant effect on maize 

yields in the context of this study. This suggests that, without proper management, 

intercropping can lead to competition for nutrients, light, and water between crops, 

potentially reducing productivity (Garrity, 2004; Tadesse et al., 2016). While intercropping is 

often promoted as a climate-resilient and risk-reducing strategy, its effectiveness depends 

on crop combinations, spacing, and timing, which may not be optimised among youth 

farmers (Tesfaye et al., 2024). Conversely, the use of inorganic fertilisers and improved seed 

varieties is positively and significantly associated with higher yields. Access to quality inputs 

enhances soil fertility, improves crop establishment, and increases overall productivity, 

reinforcing the importance of input adoption in achieving higher agricultural outcomes 

(Abate et al., 2017). These findings highlight that while traditional practices like intercropping 

have benefits, optimal management and complementary input use are essential for 

maximising yields among youth farmers.  

The findings indicate that climate variability, in terms of rainfall and temperature, does not 

have a statistically significant direct impact on crop yields among young farmers in the 

models estimated. Instead, factors such as socio-economic status (expenditure), input use 

(inorganic fertilisers and improved seeds), and soil quality are the primary drivers of yield 

performance. These results suggest that youth farmers may be partially buffered from the 

effects of climate variability through their management practices, or that the current degree 

of climatic fluctuation is not yet severe enough to significantly disrupt yields. 

To support youth agricultural productivity, policy interventions should prioritise improving 

access to quality inputs, promoting soil fertility management, and enhancing the financial 

capacity of young farmers. Simultaneously, there is a need to strengthen their long-term 

resilience to climate change through the promotion of climate-smart technologies, resilient 

seed varieties, and well-targeted extension services. 

Effect of climate variability on poverty among youth farming households  
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The analysis in this section aims to show how climate variability contributes to youth-headed 

households’ poverty, through its effect on the main sources of livelihood, including 

agriculture. Agricultural productivity (maize yield per acre) is considered to be one channel 

through which climate variability transmits its effects on poverty. The empirical results, 

presented in Table 8, reveal that maize yield per acre, the primary variable of interest, exhibits 

a negative but statistically insignificant relationship with both poverty depth and poverty 

severity. This finding suggests that increases in agricultural productivity alone may not be 

sufficient to reduce poverty levels among rural households. One plausible explanation is that 

the benefits of yield gains may be diluted by market inefficiencies, limited price incentives, 

weak institutional support, or unequal access to agricultural resources. These constraints 

could prevent households from fully translating productivity improvements into income 

growth or poverty alleviation. These results resonate with a broader strand of literature in 

sub-Saharan Africa emphasising the limited welfare impacts of productivity-focused 

interventions (Aliber and Hall, 2012; Jayne et al., 2018; Chibwana et al., 2014. 

Complementing these findings, a meta-analysis by Mwongera et al. (2025) shows that while 

climate-smart agricultural practices consistently improve yields and farm incomes, they do 

not produce statistically significant reductions in poverty depth or severity. On the other 

hand, several studies provide evidence that productivity gains can reduce poverty when 

supportive conditions are present (Asfaw et al., 2012; Walker and Alwang, 2015). For 

example, Asfaw et al. (2012) reported from Ethiopia that adoption of improved maize 

varieties significantly reduced poverty incidence, depth, and severity, though the poorest 

households benefited less due to land constraints (Asfaw et al., 2012). Furthermore, Burrett 

(2008) underlined that when productivity gains are combined with favourable market access, 

institutional support, and enabling services, they can have significant welfare impacts. The 

present findings point to the importance of complementary policy interventions that 

strengthen markets, reduce transaction costs, and improve access to financial and 

institutional support, as has been highlighted by Mwongera et al. (2025). 

The results show that household size is strongly and positively related to poverty depth and 

severity, meaning that larger households are more likely to experience higher levels of 

poverty. This finding is consistent with recent evidence in Tanzania showing that larger 

families face greater welfare pressures because income and resources must be shared 

among many members (Aikaeli et al., 2021). Similarly, studies have linked high fertility and 

large family size to persistent poverty through limited per capita consumption and high 

dependency ratios (Theodory and Kitole, 2024). 

Other factors, such as the size of land cultivated, participation in off-farm activities, 

education of the household head, and gender, are negatively associated with poverty, though 

their effects are not statistically significant in this analysis. The negative signs suggest that 

these variables may be likely to reduce poverty, but their impact is limited by broader 

economic and institutional challenges. For example, off-farm income has been shown to 

contribute a significant share of rural household income in Tanzania, accounting for 43–50% 
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in some areas, thereby helping households to cope with agricultural risks (Lupia, 2024). 

Similar findings across East Africa confirm that diversifying into non-agricultural activities 

and adding value to farm products can improve household welfare, especially for households 

that already have some productive assets (Hammond et al., 2023). Education of the 

household head also emerges as a factor that could influence poverty (Charles et al., 2023), 

but does not have a significant effect in the current study.  

Overall, these findings suggest that while household size remains a clear and significant 

driver of poverty, other factors, such as land, off-farm activities, education, and gender, show 

potential for poverty reduction, but supportive policies and institutional improvements are 

required to make them more effective. 

Table 8: Fractional panel models (impact of agricultural productivity on poverty depth and 
severity) 

Variables Poverty depth Poverty severity 

Log of yield -0.0744 -0.0744 

 (0.145) (0.145) 

Rural 0.481 0.481 

 (0.577) (0.577) 

Age 0.0193 0.0193 

 (0.0250) (0.0250) 

Log of area -0.105 -0.105 

 (0.123) (0.123) 

Off_farm -0.136 -0.136 

 (0.261) (0.261) 

Education=1, primary -0.126 -0.126 

 (0.290) (0.290) 

Marital_status=2, Polygamous -0.220 -0.220 

 (0.410) (0.410) 

Hhsize 0.487*** 0.487*** 

 (0.0859) (0.0859) 

Gender -0.248 -0.248 

 (0.419) (0.419) 

Credit_access -0.643 -0.643 

 (0.737) (0.737) 

Distance_Mkt -0.000284 -0.000284 

 (0.00913) (0.00913) 

Constant -2.198* -2.198* 

 (1.303) (1.303) 

Observations 335 335 

Number of ID 169 169 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Estimation based on 2014/2015 and 2019/2020 TNPS dataset and climate data. 
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6.2.3 How youth farmers cope with the effects of climate variability  

Youth-headed households adopt multiple coping strategies (as shown in Figure 4) in 

response to the multifaceted challenges they face, including climate variability. In this 

section, we test what factors may lead to the adoption of these strategies, in combination or 

simultaneously, using a multivariate model analysis, which (unlike binary models) takes into 

account the interrelationship between the variables. As noted in the methodology section, 

the analysis and results are presented and compared for each wave as cross-sectional data 

(see Table 9), since there is currently no statistical software or package that can handle the 

analysis of panel data using an MVP model. 

The results highlight that youth-headed households adopt a variety of coping strategies in 

response to climate variability, with many farmers employing more than one strategy at the 

same time. This simultaneous adoption points to a multidimensional approach to risk 

management, where youth do not rely on a single practice but instead combine options to 

buffer against uncertainty. Similar findings are reported by Below et al. (2012) in Tanzania 

and Asfaw et al. (2024) in East Africa, who show that farmers often combine several 

practices to manage production risks. Bryan et al. (2013) also emphasise that the 

simultaneous use of multiple coping strategies is a rational response to the complex and 

overlapping nature of climatic risks. However, Deressa et al. (2009) caution that such 

combinations are not always feasible, especially among poorer households with limited 

resource endowments, highlighting that multidimensional coping may vary depending on 

household vulnerability. 

Improved seeds  

The adoption of improved seeds illustrates the evolving influence of human capital and 

farming experience over time. In 2014, completion of primary education had a positive and 

marginally significant effect, underscoring the role of basic education in enabling technology 

adoption. Similar patterns were reported by Kassie et al. (2013) in Uganda, where farmer 

education strongly influenced the uptake of improved varieties. By 2020, farmer status and 

age became the dominant factors, with older and more experienced youth significantly more 

likely to adopt improved seeds. This is concurrent with Mutsami et al. (2020), who in a multi-

country East African study found that farming experience and institutional access were 

decisive in technology adoption. Evidence from Kenya also indicates that seed diversity and 

institutional support enhance resilience by increasing uptake of new varieties (ResearchGate, 

2025). However, education did not matter (had an insignificant effect) in 2020, but being a 

farmer and the age of the farmer were significant and positively affected the adoption of 

improved seeds, unlike in 2014. This implies dynamic behaviour on the part of farmers, and 

that the environment and conditions change over time. On the other hand, Ndamani and 

Watanabe (2016) in Ghana found that rainfall shocks and temperature extremes directly 

stimulated adoption of improved seeds, suggesting that, in some contexts, climate is the 
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main driver of such strategies. This is in contrast to this study’s finding that climate factors 

are insignificant. 

Inorganic fertilisers 

The adoption of inorganic fertilisers demonstrates clear sensitivity to both socio-economic 

and climatic conditions. In 2014, being a farmer and residing in rural areas significantly 

reduced the likelihood of adopting inorganic fertilisers, reflecting affordability constraints 

(Aryal et al., 2021; Zegeye and Meshesha, 2022). However, access to extension services had 

a strong positive and significant effect on the adoption of inorganic fertilisers. This aligns 

with Nkuba et al. (2019), who highlighted the importance of extension services in supporting 

fertiliser uptake in Tanzania. Temperature variability in 2014 positively influenced fertiliser 

use, suggesting that climate stress encouraged investment in inputs. In 2020, however, 

rainfall variability was negatively and significantly associated with adoption, indicating that 

rainfall shocks deterred fertiliser use. This finding aligns with Di Falco et al. (2011) in 

Ethiopia, who showed that farmers reduced input application when climatic risk increased, 

reflecting risk aversion. Recent evidence from climate-smart agriculture adoption studies 

across Eastern Africa also confirms that extension support increases adoption, but 

perceptions of risk tied to rainfall variability may limit uptake (Frontiers in Sustainable Food 

Systems, 2025). Furthermore, soil quality had a negative and significant effect on the 

adoption of inorganic fertilisers in 2014, a result that concurs with that of Kapari et al. (2023), 

Chen et al. (2024), and Kapari et al. (2023) (Aryal et al., 2021; Chen et al., n.d.; Kapari et al., 

2023). Contrasting perspectives, however, point to the role of credit access (2014) and 

education (2020) as stronger determinants of fertiliser use, compared to climate variability 

(Abebe and Madalcho, 2021), suggesting drivers are context-specific. 

Organic fertiliser  

Organic fertiliser adoption showed limited responsiveness, with only temperature variability 

in 2014 exhibiting a marginal effect on this. This aligns with Mmbando and Baiyegunhi 

(2016), who argued that manure use in Tanzania is culturally embedded and is often shaped 

by livestock ownership rather than climate signals. A review of sustainable agricultural 

practices across Eastern Africa (MDPI, 2025) similarly concluded that the use of organic 

inputs, such as manure and compost, is widely practised as a baseline strategy, primarily 

due to their low cost and compatibility with smallholder systems. Conversely, Teklewold et 

al. (2013) in Ethiopia found that organic inputs were increasingly promoted as part of 

climate-smart agriculture, with adoption linked to exposure to climatic stress, suggesting 

that under certain policy conditions organic practices can be climate-driven. Further, residing 

in rural and having good soil quality negatively affected the adoption of organic fertilisers in 

2020, implying that rural people cannot afford to invest in expensive technologies/strategies, 

such as the adoption of organic manure, especially those farmers who do not own livestock. 

A farmer who owns land that is productive because it has good soil quality has no incentive 

to incur expenses to apply other soil nutrient-enhancing materials. 
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Intercropping 

Intercropping also emerges as a strategy that has remained stable across time, showing no 

statistically significant determinants in either 2014 or 2020. This stability indicates that 

intercropping is a deeply entrenched traditional practice that is widely used across youth 

households, regardless of socio-economic or climatic conditions. Its persistence reflects its 

low-cost nature and risk-spreading benefits. Giller et al. (2011) and Mafongoya et al. (2017) 

similarly argued that intercropping is a baseline practice embedded in African farming 

systems. Push–pull systems implemented in Kenya, Uganda, and Tanzania, adopted by more 

than 68,000 smallholders, further demonstrate how intercropping is entrenched and 

promoted through farmer field schools (Khan et al., 2014). On the other hand, some studies, 

such as Wainaina et al. (2016), have found that intercropping increases in response to 

rainfall variability, implying that in some settings it functions as a reactive coping measure. 

Off-farm business  

Finally, off-farm business adoption reflects both continuity and change in its determinants 

over time. In 2014, poverty depth was positively and significantly related to diversification 

into non-farm activities, suggesting that vulnerable households turned to alternative income 

sources to compensate for low farm revenues. This is consistent with Bezu and Barrett 

(2012), who found that diversification into non-farm work is often a poverty-driven coping 

response. By 2020, however, demographic and climatic factors became more influential. 

Youth who were primarily engaged in farming were less likely to diversify, while older male 

youth were more likely to engage in non-farm enterprises. Rainfall variability further 

discouraged diversification, possibly because labour was redirected to farming activities 

during periods of climatic stress. This resonates with Djurfeldt et al. (2019), who argued that 

diversification is gendered and shaped by demographic factors. Broader adaptation studies 

also underscore the role of youth entrepreneurship in building resilience (GCA, 2023). In 

contrast, Lay et al. (2008) stress that diversification is more strongly linked to rural–urban 

linkages and market opportunities than to climate variability, highlighting the importance of 

context in shaping livelihood choices. 
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Table 9: MVP model (coping strategies adopted by youth farmers in response to climate variability)  

 2014 2020  

Variables 
improved_

seed 
inorganic_ferti

lisers 
organic_fertil

isers 
intercropi

ng1 
off_farmbus

iness 
improved_

seed 
inorganic_ferti

lisers 
organic_fertil

isers 
intercropi

ng1 
 

off_farmbus
iness 

Farmer 0.0883 -1.074*** 0.414 -0.358 0.0619 0.647* -0.465 0.495 -0.0643 -0.626* 

 (0.366) (0.394) (0.469) (0.401) (0.373) (0.348) (0.422) (0.363) (0.325) (0.334) 

Gender 0.405 0.144 -0.350 -0.115 0.0310 0.194 0.555 0.346 -0.269 0.553* 

 (0.314) (0.426) (0.332) (0.309) (0.307) (0.310) (0.398) (0.341) (0.299) (0.316) 

Age 0.00742 0.0171 0.0232 0.0235 0.0261 0.0699*** -0.00885 0.0366 -0.0283 0.0469** 

 (0.0217) (0.0322) (0.0261) (0.0223) (0.0225) (0.0231) (0.0299) (0.0239) (0.0215) (0.0229) 

bank_account 0.518 -0.346 -0.586 -0.418 0.914* 0.0642 0.348 0.217 0.308 -0.217 

 (0.475) (0.592) (0.639) (0.468) (0.479) (0.354) (0.412) (0.391) (0.352) (0.357) 

Rainfall 
variability 

-0.00606 -0.00240 -0.0122* -0.00194 0.00541 0.00926 -0.0477*** 0.0148** -0.00323 -0.0151** 

 (0.00474) (0.00692) (0.00693) (0.00418) (0.00445) (0.00571) (0.00944) (0.00598) (0.00544) (0.00592) 

Temperature 
variability 

0.00126 0.0146** 0.0111* -0.00117 0.0128** -0.00624 0.00732 0.0101* -0.00344 0.00267 

 (0.00533) (0.00645) (0.00629) (0.00519) (0.00546) (0.00493) (0.00663) (0.00533) (0.00486) (0.00504) 

location -0.0989 -1.281** 0.576 0.00775 -1.211** -0.214 -0.649 -0.940* -0.0487 -0.0938 

 (0.465) (0.584) (0.591) (0.470) (0.549) (0.505) (0.528) (0.482) (0.470) (0.493) 

dist_market -0.0138 0.00816 -0.00211 0.00682 -0.00404 0.00619 0.0181 0.0118 -0.0109 -0.00445 

 (0.00862) (0.0114) (0.0116) (0.00838) (0.00797) (0.00973) (0.0119) (0.0101) (0.00956) (0.0107) 

Extension_ac
cess 

0.471 1.202*** 0.272 0.0683 0.474 0.206 0.397 -0.189 -0.443 -0.336 

 (0.295) (0.356) (0.356) (0.307) (0.314) (0.348) (0.409) (0.372) (0.334) (0.359) 

Education 
2=primary 

0.378* 0.204 0.230 -0.115 0.283 0.205 0.921*** 0.116 0.368* 0.287 

 (0.217) (0.295) (0.253) (0.224) (0.224) (0.216) (0.334) (0.229) (0.211) (0.219) 

Soil_quality 0.00359 -0.710** -0.205 0.123 0.363 0.0700 -0.414 -0.425* 0.320 0.417* 
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 (0.216) (0.326) (0.252) (0.223) (0.221) (0.231) (0.307) (0.252) (0.222) (0.232) 

Land_slope 
2= flat top 

-0.292 0.653 -0.573 0.581 -0.429 -0.522 0.186 -0.167 0.228 0.516 

 (0.409) (0.511) (0.548) (0.502) (0.468) (0.338) (0.425) (0.326) (0.298) (0.325) 

Credit_acces
s 

0.307 1.604** -4.074 -0.130 0.138 2.682 0.812 -4.769 0.0787 -4.773 

 (0.586) (0.700) (142.8) (0.611) (0.638) (6.713) (1.073) (196.7) (0.792) (203.9) 

fgt1 0.643 -0.221 1.264 -0.826 2.838* -0.801 3.673 -1.070 1.775 0.405 

 (1.386) (1.764) (1.646) (1.401) (1.463) (1.858) (2.409) (2.041) (1.818) (1.805) 

fgt2 -0.764 -0.987 -1.412 1.017 -2.862* -0.112 -3.724* 1.044 -1.228 -0.851 

 (1.495) (2.043) (1.772) (1.511) (1.551) (1.672) (2.198) (1.823) (1.634) (1.637) 

Constant -0.746 4.416** 0.352 -0.0998 2.502 -4.263** -0.633 1.211 -0.319 -1.602 

 (1.595) (2.129) (1.933) (1.546) (1.594) (1.792) (2.311) (1.822) (1.730) (1.800) 

           

Observations 169 169 169 169 169 169 169 169 169 169 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Source: Estimation based on 2014/2015 and 2019/2020 TNPS dataset and climate data. 
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7 Conclusion and policy recommendations  

The study concludes that youth-headed farming households in Tanzania are predominantly 

composed of low-educated rural males who face significant economic vulnerabilities, 

including poverty, lack of market access, and reliance on off-farm activities. Their 

agricultural engagement is further constrained by small landholdings and limited use of 

modern technologies, highlighting structural challenges that weaken both productivity and 

livelihood sustainability. This reflects broader patterns observed in rural Africa, whereby 

structural and institutional constraints often overshadow the potential of youth to transform 

agriculture into a viable livelihood pathway.  

Against this background, the study sought to answer three research questions. The first 

research question examined the extent to which climate variability impacts youth 

participation in agriculture. The findings show that participation is influenced more strongly 

by socio-economic and institutional factors (such as farm size, household wealth, rural 

residence, and extension access) than by climatic variability. Although temperature 

variability initially appeared to negatively affect participation, its influence diminished when 

structural and institutional controls were included in the analysis. This suggests that while 

climate plays a role, the decision by youth to engage in agriculture is primarily determined by 

access to land, financial resources, and institutional support. These results underscore the 

need for policies that expand land access for youth, provide credit and financial services, 

and strengthen extension delivery systems to ensure that young farmers can sustain 

agricultural participation in the face of climatic stressors. 

The second research question explored the relationship between climate variability, 

agricultural productivity, and poverty levels. The analysis indicates that maize productivity 

(yield per acre) among youth farmers is more strongly influenced by socio-economic status, 

input use, and soil quality than by climate variability, which currently shows no direct 

significant effect. This suggests that youth farmers may already be employing management 

practices that buffer yields against moderate climatic fluctuations, or that the current level 

of climate variability is not yet severe enough to directly disrupt productivity. Nevertheless, 

yield gains alone are not sufficient to reduce poverty, as structural barriers limit the extent to 

which higher productivity translates into improved welfare. Poverty among youth-headed 

households remains widespread, exacerbated by large household sizes that intensify 

dependency ratios and reduce per capita incomes. These findings highlight the importance 

of a dual strategy: promoting agricultural productivity through enabling greater access to 

quality inputs and soil fertility management, while also addressing demographic pressures 

and structural barriers that prevent productivity gains from reducing poverty. 

The third research question focused on how youth cope with the effects of climate change 

and variability. The study finds that coping mechanisms are multifaceted and shaped by 

demographic, institutional, and environmental factors. Less costly strategies – such as 

intercropping and use of organic fertilisers – are widely adopted because they are aligned 
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with the financial constraints of youth households. More capital-intensive strategies – such 

as the use of improved seeds and inorganic fertilisers – are adopted when institutional 

support, such as extension services, is available and when climatic stress creates a 

perceived need for investment. Off-farm diversification is also used as a coping mechanism, 

but this strategy is often driven more by poverty and demographic pressures than by 

climate, and remains vulnerable to climatic disruptions that increase labour demands on the 

farm. These findings suggest that without targeted support, youth farmers will remain reliant 

on low-cost, less effective strategies, limiting their adaptive capacity. 

Taken together, these results emphasise that while climate variability poses challenges, the 

deeper constraints facing youth in agriculture are structural and institutional. Climate-smart 

policies must therefore go beyond addressing environmental stressors to also tackle the 

barriers of land access, credit, education, and demographic pressures. Supporting youth 

farmers with subsidies for effective adaptation strategies, improving market access, and 

strengthening rural institutions will not only enhance productivity but also reduce poverty 

and improve resilience to climate change. 
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