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Abstract
Climate change has become a real and systemic threat to global food security, especially in developing countries that are heavily dependent on the agricultural sector. This study aims to examine the impact of climate change on agricultural production through a Systematic Literature Review (SLR) approach on nine selected studies. The article selection process followed the PRISMA protocol, filtering 525 initial articles to nine articles that met the criteria of relevance, journal quality, and publication period. The synthesis results show that increasing global temperatures, climate variability, and unstable rainfall consistently lead to decreased agricultural production, decreased household income, and increased poverty risks. Countries such as Pakistan, Nigeria, Uganda, and Tanzania show a decrease in crop yields between 5% and 30% as well as decreased farmer incomes and widening welfare inequality. These findings underscore the importance of formulating structured, inclusive, and contextual climate adaptation policies, especially those targeting smallholder farmers as the most vulnerable group. This study also identifies gaps in previous studies, namely the limited micro and longitudinal approaches in understanding long-term adaptation dynamics. 
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1. Introduction
Global warming is one of the most crucial environmental issues facing the world today. This phenomenon is no longer predictive or theoretical, but has become a measurable and scientifically documented empirical reality in various parts of the world. The increase in the Earth's average surface temperature over the past few decades has been confirmed by various international scientific institutions, including the Intergovernmental Panel on Climate Change (IPCC), and has had multidimensional impacts on human life and the global ecosystem (Bandh et al., 2021; Chakraborty, 2023; Yuan et al., 2024).
The root of the problem of global warming largely stems from anthropogenic activities, especially greenhouse gas (GHG) emissions such as carbon dioxide (CO₂), methane (CH₄), and nitrous oxide (N₂O) which are produced from the burning of fossil fuels, deforestation, and intensive agriculture (Abbass et al., 2022; Petrov et al., 2023; Prakash & Verma, 2022). The accumulation of greenhouse gases in the atmosphere causes a greenhouse effect that intensifies heat retention at Earth's surface, disrupting the global energy balance. The involvement of the industrial sector, transportation, and massive energy consumption exacerbates the rate of climate change caused by global warming.
The impacts of global warming are systemic and interconnected. At the ecological level, rising temperatures disrupt the hydrological cycle, accelerate the melting of polar ice caps, raise sea levels, and increase the frequency and intensity of climate disasters such as floods, droughts, and heat waves (Jha & Dev, 2024; Valavanidis, 2022; Yildiz et al., 2022). On the other hand, the socio-economic dimensions of global warming cannot be ignored. Food security is compromised due to declining crop yields, increased climate migration, and vulnerable groups—such as coastal and agrarian communities—are increasingly exposed to high environmental risks (Muluneh, 2021; Nguyen et al., 2023; Saleem et al., 2024).
Geopolitically, global warming has shifted the development paradigm and forced the international community to formulate a collaborative framework for mitigation and adaptation. The 2015 Paris Agreement marked a significant milestone in the global commitment to limit global temperature rise to below 2°C, and even to 1.5°C. However, the gap between political commitment and policy implementation in many countries remains a major challenge in the transition to a low-carbon economy (Izuchukwu et al., 2024; Leal-Arcas, 2025; Rolland, 2024).
One of the most obvious negative impacts of global warming is the disruption of the availability and stability of world food stocks (Farooq et al., 2022; Siegel, 2021). Climate change, characterized by an increase in global average temperatures, has structurally disrupted food production systems, from cropping patterns and agricultural productivity to the distribution and accessibility of food, particularly in developing countries that are most vulnerable to climate change.
Rising global temperatures directly impact crop productivity. Many key commodities, such as wheat, rice, and corn, show decreased yields when their optimal growing temperatures are exceeded. Furthermore, changing rainfall patterns, increased extreme weather events such as droughts and floods, and shifts in planting seasons increase the risk of crop failure. These phenomena not only reduce production but also reduce the quality of food, which in turn impacts the nutritional security of the population.
Geographically, tropical and subtropical regions, which are food barns for the majority of the world's population, are the most vulnerable to the impacts of global warming (Carvajal et al., 2021; Singh & Ukey, 2024; Williams et al., 2023). Countries in Southeast Asia, Sub-Saharan Africa, and Latin America face dual pressures: their food production systems are highly dependent on climate conditions, while their technological capacity for adaptation and financial resources are limited. This imbalance increases the risk of a global food crisis that is both spatially and socially unequal.
Furthermore, disruptions to food stocks also have implications for socio-economic and political dynamics (El Bilali & Ben Hassen, 2024; Rojas-Reyes et al., 2024; Subramaniam et al., 2023). When food supplies are disrupted and prices rise, low-income communities are the first to be affected. This can trigger social instability such as famine, climate migration, and conflicts over resources. Globally, cross-border food supply chains are also affected, creating geopolitical tensions that can disrupt international trade and put pressure on the economies of food-importing countries.
Agricultural commodities play a fundamental role in human life, not only as a primary source of food but also as a pillar of the economy, society, and culture. The basic human need for food makes the agricultural sector the foundation of human survival. No social, economic, or political activity can operate stably without the certainty of food availability derived from agricultural commodities.
Beyond simply fulfilling nutritional needs, agricultural commodities such as rice, wheat, corn, soybeans, and vegetables are sources of biological energy that support labor productivity, public health, and demographic stability. In the context of developing countries, the agricultural sector even employs a large portion of the workforce and is a major contributor to gross domestic product (GDP), particularly in rural areas. Therefore, the strategic role of agricultural commodities is inseparable from the national and global economic development agenda.
On the other hand, human dependence on agricultural commodities creates systemic vulnerabilities, particularly when the sector faces environmental pressures such as climate change, land degradation, and limited water resources. Decreased productivity due to extreme drought or flooding, pest infestations, and plant diseases directly impact food supply and price volatility. This has serious implications for socio-political stability, particularly in countries with weak food security.
Agricultural commodities are also a key factor in the dynamics of international trade and geopolitics. Primary commodity-producing countries hold strategic bargaining positions in global markets, while importing countries seek to secure supplies through bilateral agreements and multilateral schemes. However, agricultural trade liberalization often leads to market distortions that disadvantage smallholder farmers in developing countries, exacerbate inequality, and hinder food sovereignty.
Amidst the intensifying climate crisis and the world's ever-increasing population growth rate, the sustainability of global food production is becoming a pressing multidimensional challenge (Kotwal & Singh, 2024; Luzzatto, 2021; Yadav et al., 2024). Global warming has caused major disruptions to agroecological systems, ranging from decreased soil fertility, disrupted rainfall patterns, to increased extreme weather events. Meanwhile, the world's population, projected to reach over 9 billion by 2050, demands a 60–70 percent increase in food production compared to current levels. This means the world must produce more food with increasingly limited resources and under increasingly harsh climatic conditions.
The combination of environmental and demographic pressures creates a complex production paradox. On the one hand, agricultural productivity must be significantly increased to meet the demand for food, energy, and industrial raw materials. However, on the other hand, conventional agricultural land expansion will actually exacerbate the climate crisis through deforestation and increased greenhouse gas emissions. Therefore, maintaining sustainable production is not only about increasing quantity, but also about efficiency, technological adaptation, and transforming food systems to a low-carbon, ecologically based one.
Production resilience also depends on the agricultural sector's adaptive capacity to address climate uncertainty. Developing crop varieties that are resistant to drought, flooding, and extreme temperatures is a top priority. Furthermore, precision agriculture technology, supply chain digitization, and energy- and water-efficient irrigation systems are crucial innovations for maintaining production output without overexploiting natural resources. Without these innovations, increased production risks creating long-term ecological impacts that undermine the very foundations of production.
However, production aspects cannot be separated from social and institutional dimensions. In many developing countries, smallholder farmers still face obstacles in accessing technology, capital, and climate information. Yet, they are key actors in the global food production chain. This inequality, if left unchecked, will widen the gap between global needs and local capacity. Therefore, inclusive and climate-justice-based public policies are essential for maintaining sustainable production amid increasingly complex global pressures.
There have been many studies that have reviewed the relationship between regional warming and agricultural production using inferential analysis, but there are still limited analyses that use comparability of research results (Bhatti et al., 2024; Liu et al., 2021; Zhu et al., 2022). This research is expected to elaborate on the results of research that has been conducted, so that it can produce conclusions that can compare conditions between regions.
2. Data and Methodology
This research uses a Systematic Literature Review (SLR). The systematic literature review (SLR) method is a structured and standardized scientific approach to identifying, evaluating, and synthesizing all relevant research evidence related to a particular research question, topic, or phenomenon (Cabrera & Cabrera, 2023). Unlike narrative literature reviews, which are descriptive and often subjective, SLRs are conducted using transparent, highly replicable procedures based on predetermined criteria. The goal is to minimize bias and produce a synthesis of information that is reliable and scientifically valid.
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Figure 1. PRISMA Diagram of Article Selection
The article identification and selection process for this study followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) process. A total of 525 articles were initially identified from the Scopus database. Of these, 237 articles were excluded prior to screening because they fell into the Q3, Q4, or were not well-indexed journal categories. After this initial stage, 288 articles remained, which were then screened based on their titles and abstracts. At this stage, 156 articles were excluded because their publication year did not fall within the year range specified by the researchers. Next, 132 articles were thoroughly evaluated through full-text reading. Of these, 123 articles were eliminated because they did not present relevant data related to regional temperature increases and decreases. Ultimately, only 9 articles met all criteria and were included in this systematic review.

3. Results and Discussion
A synthesis of nine cross-country studies shows that climate change has had a significant impact on the agricultural sector, primarily through reduced production and incomes for rural households. This pattern is consistent across regions, from Pakistan and Nigeria to Ethiopia and Tanzania. For example, in Pakistan, a 1°C increase in temperature leads to a 3.3% decrease in agricultural income, while in Nigeria and Uganda, production declines range from 6% to 30%. These impacts are even more pronounced for vulnerable groups, such as smallholder farmers and low-income households, who rely heavily on agricultural products for their primary livelihoods.
The disparity in impacts between the agricultural and non-agricultural sectors is also a key finding in various studies. The non-agricultural sector has proven more resilient to climate change, as seen in Pakistan, where non-agricultural income declines by only 0.4% for every 1°C increase in temperature—much lower than that of the agricultural sector. This phenomenon indicates structural vulnerabilities in rural economic systems, where income diversification is an adaptive strategy that is not evenly distributed across all levels of society. Furthermore, climate change also triggers shifts in income patterns, as seen in Nigeria, where households are increasingly relying on livestock farming and wage employment to offset losses from declining crop yields.
The impact of climate change on agricultural productivity not only threatens food security but also exacerbates social inequality and poverty. In Nigeria and Uganda, for example, declining crop yields not only reduced income but also increased poverty by 35% and 29%, respectively. This means that climate change is not a neutral impact but instead exacerbates the welfare gap between social groups. These findings make it clear that climate resilience is not simply a matter of technical adaptation on agricultural land, but also a matter of social justice and the unequal distribution of economic risks.
Despite autonomous adaptation efforts by farmers in some countries, such as Cameroon and China, their impact remains limited. In Cameroon, for example, even though farmers have made climate adjustments, incomes still decline by 4.3% to 7.3% depending on the temperature increase scenario. This suggests that without structured and measurable policy support, local adaptation can only mitigate a small portion of the increasing climate pressures. Therefore, a systemic adaptation strategy is needed that focuses not only on agricultural technology but also targets institutional aspects, social protection, and the transformation of food systems to be more resilient to climate extremes.
Table 1. The Impact of Global Warming on Agricultural Production
	No.
	Title and Author
	Findings
	Country (Region)

	1
	Climate Change Impacts on Household Income in Pakistan: An Empirical Analysis (Maqbool et al., 2023)
	Agricultural sector: 3.3% income decline (1°C rise), 4% (temp. variability), 3.3% (0.1°C rainfall rise)
Non-agricultural: 0.4% (1°C rise), 4% (variability), 0.1% (rainfall rise)
	Pakistan

	2
	Climate change, income sources, crop mix, and input use decisions: Evidence from Nigeria
(Amare & Balana, 2023)
	- Production decline: 5-22% decrease in agricultural productivity due to a 10-15% increase in harmful degree days
- Income decline: Decrease in income share from crops and non-farm self-employment; increase in income share from livestock and wage employment (no specific percentages or nominal values provided)
	Nigeria

	3
	Variability in agricultural productivity and rural household consumption inequality: Evidence from Nigeria and Uganda
(Amare et al., 2021)
	- Production decline: Nigeria - 6%; Uganda - 30%
- Income decline: Nigeria - 3.7%; Uganda - 5.2%
- Poverty increase: Nigeria - 35%; Uganda - 29%
	Nigeria and Uganda

	4
	Climate Change and Impact on Agricultural Productivity in Bangladesh (Rana, 2023)
	Production decline: 13.74% loss of net cropped area
	Bangladesh

	5
	How does temperature affect rural income: Channels and implication of adaptation (Gai et al., 2024)
	- Income decline: 0.12% reduction in rural income per capita for each additional day with a daily average temperature above 30°C
	China

	6
	Private farmland autonomous adaptation to climate variability and change in Cameroon (Molua, 2022)
	Revenue decline:• 1.5°C warming: 4.3% decline• 2.5°C warming: 7.3% decline
	Western and northern Cameroon

	7
	Smallholder Farmers Vulnerability Level to Climate Change Impacts and Implications to Agricultural Production in Tigray Regional State, Northern Ethiopia (Addisu et al., 2019)
	- Production decline: Average decrease between 16.59 and 25.83- Income decline: Not mentioned- Poverty increase: Not mentioned
	Kolla Temben District, Tigray Regional State, North Ethiopia

	8
	How pro-poor are productivity gains in agriculture? The case of the national agricultural investment plan of Benin (Grethe et al., 2020)
	- Production decline: Not mentioned (the abstract mentions a 17% increase in agricultural production)- Income decline: The poorest rural households experience an income loss (no specific percentage mentioned)- Poverty increase: Not mentioned (the abstract does not provide information on poverty increase)
	Benin

	9
	Agricultural Shocks on household stability: A Case study of Tanzania Maize Farmers (Ndlovu, 2023)
	Production decline: 18%–20% decrease in yearly harvest due to a 1°C increase in temperature
	Tanzania



The policy implications of these cross-country findings suggest that climate change adaptation can no longer be considered a purely technical response, but rather a structural necessity for agricultural and rural development. Governments need to develop climate adaptation policies that are decentralized, based on local data, and tailored to the characteristics of agro-ecological regions and the vulnerability of smallholder farmers. Social protection schemes such as climate-based agricultural insurance, adaptive input subsidies, or minimum income guarantees need to be developed to mitigate the economic risks associated with yield fluctuations. Furthermore, rural development strategies should focus on expanding farmers' access to adaptive technologies, climate information, and markets, as well as empowerment through entrepreneurship training and strengthening local institutions. At the same time, the transformation of food systems is urgent: not only increasing productivity but also creating systems that are climate-resilient, equitable in distribution, and ecologically and economically sustainable.
However, significant challenges remain for the future research agenda. Most existing studies are aggregate and quantitative in nature, thus failing to capture the dynamics of vulnerability and adaptive capacity at the household level holistically. A more micro- and contextual research approach is needed, for example by combining long-term quantitative data with participatory qualitative approaches. Furthermore, many studies still use cross-sectional data, which cannot capture the long-term impacts of climate change on farmers' livelihood strategies. Panel data and longitudinal survey-based research will be crucial for understanding adaptation dynamics over longer timescales. Furthermore, the relationship between climate change and labor mobility, urbanization, and cross-sectoral influences such as rural-urban migration remains largely unexplored. Therefore, the development of predictive models capable of simultaneously combining biophysical, social, and economic variables is crucial for generating more precise policy scenarios. Finally, evaluating the effectiveness of adaptation policies implemented in various developing countries also requires further development to ensure that public policies are truly evidence-based and oriented toward climate justice.

4. Conclusion
The overall results of this study clearly demonstrate that climate change has become a major determinant of global agricultural productivity, particularly in developing countries with a high dependence on the agroecological sector. Rising temperatures, climate variability, and extreme weather events not only reduce crop yields but also reduce household incomes, increase the economic vulnerability of smallholder farmers, and deepen social disparities. Autonomous adaptation efforts undertaken in various countries have proven insufficient to withstand the systemic pressures of climate change, especially in the context of limited access to technology, information, and social protection. Therefore, the climate crisis in the agricultural sector is not simply an ecological issue, but a structural one that demands an integrated, justice-based policy response grounded in rigorous scientific data. This study emphasizes the importance of transforming sustainable food systems as a foundation for production resilience amidst the increasingly unavoidable global climate crisis.
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