
191 

 

Open Access 

 American Journal of Biology and Natural Sciences 
https://biojournals.us/index.php/AJBNS 

ISSN: 2997-7185 
 

Future of Agriculture under Climate Change and its 

Impact on Agricultural Production, Food Security, and 

Sustainable Adaptation Strategies 

 
Ibrahem Adnan Al-Taee1, Zakariya Ahmed Hussein2, Mohammed Jamal Hadi3, Mohammed Khalil 

Taha4, Sabir Talib Sabir5, Eder Dawood Shlemun6, Muna Hashim Taha/Al-Azzawi7 
 

1,2,4,5 Department of Animal Production, College of Agriculture, Kirkuk University, Kirkuk, Iraq. 

3 Department of Forestry, College of Agriculture, Kirkuk University, Kirkuk, Iraq. 

6 Department of Soil Sciences and Water Resources, College of Agriculture, Kirkuk University, Kirkuk, 

Iraq. 

7Veterinary Medicine and Surgery, College of Veterinary Medicine University of Kirkuk, Iraq. 
 

 

 

Received: 2025, 15, Nov 
Accepted: 2025, 21, Dec 
Published: 2026, 20, Jan 

 

 

Copyright © 2026 by author(s) and 

Scientific Research Publishing Inc. This 

work is licensed under the Creative 

Commons Attribution International 

License (CC BY 4.0). 

http://creativecommons.org/licenses/ 

by/4.0/ 

 

Annotation: Climate change is one of 

the key issues that face the agricultural 

systems and food security in the twenty-first 

century all over the world. The current 

research aims to analyze effects of climate 

change on agriculture, especially on crop 

production, water, soil degradation as well 

as interaction of pests and dise. The paper 

clarifies the negative effects of the high 

temperature, changes in the patterns of 

precipitation, and the rising numbers of the 

extreme weather conditions on the 

agricultural sector, thus threatening the food 

supply, access, and stability. The paper also 

examines the build of pressure on water 

resources whereby irrigation systems and 

the effectiveness of water use under the 

climate-stressed conditions play a central 

role. Adaptation and mitigation, such as 

climate-smart agriculture, sustainable 

agricultural methods, planting of climate-

resilient varieties of crops and incorporation 
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of renewable energy into agricultural 

systems are also addressed in the 

manuscript. The future outlook of 

agriculture is assessed with regards to the 

technological progress, precision farming, as 

well as the role of governmental and 

institutional assistance in the development 

of sustainable agricultural growth. It has 

been found that comprehensive and 

preventive measures are necessary to 

improve agricultural resilience, reduce 

exposure to climatic perturbations, and 

guarantee long-term food security. To sum 

up, research, policy frameworks, and 

investment in sustainable agricultural 

practices should be increased to build 

resilient food systems amidst the changing 

climatic conditions. 

 Keywords: Climate change; 

Agriculture; Food security; Water resources; 

Climate-smart agriculture; Precision 

agriculture. 

  

 

Introduction 

Climate change refers to the long-term and chronic changes in climatic patterns, including the 

changes in temperature, changes in precipitation and occurrence of extreme meteorological 

events, over the past decades. The empirical data show that despite the natural fluctuations in 

climate of the planet in the course of its history, the rapid rise in temperature observed since the 

middle of the twentieth century can be attributed to the anthropogenic emission of greenhouse 

gases through the burning of fossil fuels, deforestation, and industrialization (IPCC, 2021). 

Recent evaluations also demonstrate that even prior to the modern-day period of climate change, 

measurable effects on both natural and anthropogenic systems are becoming clearer, increasing 

the frequency and severity of heatwaves, droughts, floods, and other weather extremes, which 

increases the threat to natural ecosystems, livelihoods, and economic stability (IPCC, 2022). The 

issue of agriculture has become a highly important concern, as it is one of the most vulnerable 

human activities, considering its role as a foundation of food security. Being a source of food, 

fiber, and income worldwide, the agricultural production supports the livelihoods of rural 

communities, as well as the growth of economies of low- and middle-income states (FAO, 

2022). However, climatic stressors confronting farming systems are on the increase: heat 

stresses, water shortages, changing rain regimes, increased pest and disease pressure, and each 

adversely impacts crop yield, livestock performance, and food quality (Wheeler and von Braun, 

2013). Although the agricultural sector faces technological and managerial innovations, climate 

change provides much uncertainty in production, affecting the time of planting and harvesting 
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and increasing the risk of the production of commodities. This risk is disproportionately applied 

to vulnerable societies and smallholders (World Bank, 2021). The subsequent upheavals 

represent a significant risk to the planetary food security since climatic shocks may undermine 

the size of food availability, access, utilization, and stability, thus overturning progress in the 

reduction of hunger and poverty (FAO, 2022). Therefore, a thorough study of the effects of 

climate change on agriculture, in combination with the creation of the sustainable strategies to 

adapt to the changes, maintaining the resilience, and at the same time keeping the productivity, is 

a vital research need. The fact that scientific evaluations have shown that the effectiveness of 

adaptive measures relies on the timeliness of the actions, the mobilisation of the necessary 

resources, and strong institutional capacity- factors that are particularly important in areas with 

low adaptive capacity underlies the urgency of solving these challenges (IPCC, 2022). Recent 

analyses of Iraq’s economic and social landscape highlight variations in industrial efficiency and 

broader economic performance dynamics (Palani, 2025a; Palani, 2025b). These factors 

collectively shape the socioeconomic environment within which agricultural systems operate, 

(Palani & Hussen, 2022) influencing resource allocation, development trajectories, and the 

capacity to respond effectively to climate-related challenges. 

This project will further the insight of contemporary issues by looking at the interplay of climate, 

agriculture and food security hence bring into the evidence based practice of having a resilient 

and sustainable agricultural system to address the various climatic conditions. 

Climate Change and Its Causes 

Climate change refers to long, statistically significant changes in the state of the climate system, 

i.e., changes in temperature, precipitation and other atmospheric variables which remain long-

lasting and have extended time scales. Despite the fact that history and observations have 

provided evidence of natural variability in the climate of earth, it has been empirically proved 

that the extent and pace of change that has taken place since the middle of the twentieth century 

is unprecedented and cannot be attributed to natural processes alone (Bindoff et al., 2013). 

Analysis and attribution experiments continuously reveal that the recent climatic changes are 

mainly caused by the anthropogenic processes, which is a significant shift in the forces that 

regulate the global climate system. One of the key processes that contribute to the modern 

climate change is the increase in greenhouse gases concentrations in the atmosphere. The 

greenhouse gases absorb and release infrared radiation thus trapping heat to the atmosphere on 

earth thereby regulating the surface temperature. Among these gases, carbon dioxide (CO 2 ) has 

a dominating role because it has a large concentration and atmospheric lifetime and its radiative 

forcing can be very strong. The scientific examination has shown that an increase in CO 2 levels, 

most of which is due to the burning of fossil fuels as well as a change in land use, is the major 

factor that determines the global temperature both in the short and in the long term (Lacis et al., 

2010). Enhanced greenhouse effect disrupts the balance of energy on the Earth, which causes a 

sustained rise in temperature in the atmosphere and oceans. The temperature aspect of climate 

change called global warming is specifically the maintenance of increased average global surface 

temperature. They have estimated the strong causal relationship between high levels of 

greenhouse-gas concentration and the current trend of warming as shown by empirical 

observations and simulations of climate models. Attribution research confirms the fact that 

natural causes of warming in the recent past, including variations in solar radiation and volcanic 

eruptions have played a minor part in the rise in temperatures, with most of the rise being a result 

of anthropogenic emission of greenhouse gases (Bindoff et al, 2013). This warming has triggered 

far-reaching climatic effects, such as the melting of ice sheets, increase in sea level, changes in 

precipitation patterns, and more frequent extreme weather events. The cause drivers of climate 

change are normally categorized into natural and anthropogenic. Natural factors include volcanic 

eruptions, changes in solar radiation and the internal variability of the climate which in the past 

has led to climate change on geological time scales. However, extensive evaluations prove that 

all these natural causes are not sufficient to account for the fast warming that has been witnessed 
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over the past few decades (Bindoff et al., 2013). On the other hand, the impact of anthropogenic 

processes, especially greenhouse-gasses associated with energy generation, industrialization, 

deforestation, and agriculture, is currently being credited to be the major cause of modern-day 

climate change. Therefore, the contemporary climate change is majorly seen as a consequence of 

human intervention with the climate system, and the mitigation and adaptation measures are 

needed, particularly in the economic domains that are vulnerable to climate change, including the 

agricultural industry. 

Impacts of Climate Change on Agriculture 

The impacts of climate change on agricultural systems are extensive and complex and it has an 

effect on crop production, soil health, and the biological processes upon which food production 

depends. The increasing global temperatures coupled with the increase in climate variability has 

been empirically associated with reduced crop yields in many areas, especially the major staple 

crops like wheat, maize, and rice whose probability of favorable climatic conditions is more 

often than not surpassed (Lobell and Gourdji, 2012). One of the most dangerous problems is heat 

stress; high temperatures may interfere with photosynthesis, shorten the period of the 

development of crops, shorten the time of grain-filling, and eventually decrease the yield and 

quality (Hatfield and Prueger, 2015). Even short and severe heat waves can cause irreparable 

harm at some of the most crucial growth phases like flowering and grain development thus 

increasing the chances of crop failure (Wheeler and von Braun, 2013). In addition to 

temperatures stress, climate change is changing the pattern of rainfall patterns around the globe, 

which is creating a serious level of droughts in certain parts and too much rainfall and flooding 

in others. These changes influence the availability of soil moisture, stability of irrigation, and 

planting dates thus leading to yield volatility and increased uncertainty in production (IPCC, 

2022). Continuous drought leads to increased land-degradation processes, and excessive rainfall 

increases soil erosion, nutrient runoff, and the disappearance of organic matter, which 

deteriorates long-term soil fertility and agricultural sustainability (FAO, 2015). Climate extremes 

which cause soil degradation reduce the ability of soils to retain water and nutrients, thus making 

the agricultural systems more susceptible to climatic pressures. Besides, climate change 

significantly changes the dynamics of pests and diseases by changing their geographical 

distribution, survival, and reproduction cycles of insects, pathogens, and weeds. Higher 

temperatures and changing humidity regimes have been linked to the extension of pest 

populations to new inappropriate environments and subsequently higher costs and losses of crops 

have been realized (Deutsch et al., 2018). These interacting effects together go to show that 

climate change is a severe menace to agricultural productivity and sustainability and thus there is 

a need to have integrated approaches to adaptation that will at the same time deal with the 

climatic, soil and biological hazards. 

Climate Change and Water Resources 

One of the most important factors that would be employed in gauging the impact of climatic 

changes is the water resources, which has significant impacts on food security and agricultural 

viability. High temperatures, the increase of evapotranspiration and the alterations in the existing 

pattern of precipitation have also led to climate change and generated a water shortage in a great 

number of regions thus, decreasing the surface and groundwater resources relied upon by crop 

production (IPCC, 2022). The water resources of dry and semi-arid areas experience acute 

pressure on the already meager resources because of the loss of precipitation and prolonged 

droughts, which threaten agrarian economies, which use irrigation (FAO, 2017). The withdrawal 

of freshwater in agriculture is a prominent barrier to water scarcity in the world, and the ratio is 

estimated to be 70 percentage of all freshwater as one of the greatest limiting factors to the 

forthcoming agricultural output (FAO, 2021). In addition, climate change has impacts on 

irrigation systems in terms of undermining water supply stability and increasing the tension 

between agricultural, industrial, and household consumers. The shrinking river flows, shrinking 

reservoir, and lowering water tables endangered the sustainability of the conventional irrigation 
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techniques, and it would need more management and modernization responses (World Bank, 

2019). The improvement of water-use efficiency has, in turn, become one of the strategies of 

adaptation; drip and sprinkler irrigation, advanced procedures of schedules, and the production 

of water-saving varieties of crops are the technologies that are incorporated here. The empirical 

data demonstrates that reducing the loss of water is possible when making irrigation more 

efficient, and, moreover, the yields can be raised even in climatic stress (Jägermeyr et al., 2016). 

Besides the water shortage in the long run, climate change poses the threat of causing extreme 

hydrological processes such as droughts and floods. Droughts introduce the aspect of deficiency 

in soil moisture, poor crop growth and increased risk of crop failure on the other hand, floods 

lead to loss of crop, soil erosion and water pollution (IPCC, 2022). This escalating frequency and 

intensity of these extremes demonstrate how vulnerable water resources are to climatic 

alterations and the need to embrace integrated water-management systems to develop resilience, 

efficacy and mitigate risks to agricultural systems. 

Climate Change and Food Security 

Climate change is one of the biggest threats to food security since it has both direct and indirect 

impacts on food availability, accessibility and stability as well as agricultural productivity. 

Empirical research indicates that high temperatures, more frequent extreme weather, and 

changed regimes of precipitation reduce the yields of major staple products and food systems in 

many areas and especially in developing nations with limited adaptive capacity (Wheeler and 

von Braun 2013). This results in decreased agricultural output, which in turn causes decline in 

food supply both locally, nationally and globally, making food systems susceptible to market 

fluctuations (IPCC 2022). In addition to availability, the issue of climate change also affects food 

access significantly by affecting food prices, household incomes, and livelihoods, particularly 

smallholder farmers and vulnerable populations, the buying power of whom is directly correlated 

with agricultural performance (FAO et al. 2022). Climate variability may cause production 

shocks that raise the cost of food and the inability to access sufficient and nutritious food, thus 

poverty and inequality. Additionally, climate variability and extreme events are damaging food 

stability by forcing production, supply chains, and distribution networks, which lead to frequent 

food shortages and increase a risk of food crisis (IPCC 2022). It has been scientifically 

postulated that without strong adaptation measures and resilient food systems, climate change 

will continue to worsen food insecurity by disrupting all four pillars of food security which are 

productivity, availability, accessibility and stability, posing enormous obstacles to the 

international endeavors of ensuring sustainable development and eliminating hunger (Wheeler 

and von Braun 2013; FAO et al. 2022). 

Adaptation and Mitigation Strategies 

The mitigation and adaptation strategies play a critical role in ensuring the negative effects of 

climate change on the agricultural sector are minimized and that the food systems are 

strengthened and made resilient. One of the most common paradigms that has been spread 

successfully is climate-smart agriculture (CSA) which is meant to increase agricultural 

productivity, curb the effects of climate and where possible, lower or eradicate the emission of 

greenhouse-gases (FAO, 2013). CSA has implementation which include better crop and 

livestock management, better utilization of resources, and risk-management measures that are 

intended to allow the farming systems to overcome variability caused by climatic conditions and 

long-term change. This is especially relevant to conservation agriculture, crop diversification, 

agro forestry, and refined soil management to restore lost soil fertility, improve water 

availability, and reform degraded soils, hence, improving their resilience to climatic stressors 

(Lipper et al., 2014). Another important adaptation measure is the development of crops that 

have resistance to heat, drought and salinity. This adaptation has the capacity to make production 

stable during extreme conditions and minimize exposure to extreme events (Challinor et al., 

2016). Other than adapting, mitigation in the agricultural sector has been identified as an 

imperative aspect of lessening its role in climate change. The use of renewable energy sources 
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(photovoltaic-powered irrigation systems and biogas units, or wind turbines) can significantly 

reduce the number of fossil fuels and constrain the emission of greenhouse gases related to 

agriculture (IPCC, 2022). All these adaptation and mitigation measures highlight the need to 

combine complementary measures that can help to boost productivity, protect natural resources, 

and reduce climate change, and thus make agricultural systems more sustainable in the long run 

and under changing climatic conditions. 

Future Perspectives of Agriculture 

Technological innovation, favorable policy frameworks, as well as a long-term dedication to 

sustainable agricultural development are all likely to have immense impact on the future of 

agriculture in response to changing climatic conditions. Recent accelerated developments in 

agricultural technologies, such as digital tools, remote sensing, artificial intelligence, and 

decision-support systems, are altering the way farmers respond to crops, soils, and water using 

more informed and timely reactions to climate variability (Wolfert et al., 2017). Precision 

agriculture has become one of such innovations that have brought about a turning point in terms 

of improving productivity and resource-use efficiency as a result of site-specific application of 

inputs like water, fertilizers, and pesticides. The practice minimizes the effects on the 

environment and also retains or enhances the yields (Zhang et al., 2002). Climate adaptation is 

also enabled through precision agriculture technologies which enhance monitoring of crop 

conditions, the optimization of irrigation schedules, and reduction of risks in production in the 

face of unpredictable climatic conditions. However, advancement in technology cannot be 

effective without effective policy and institutional backing. Governments and organizations have 

a determining role in defining the future of agriculture through investments in research and 

development, extension services, infrastructure and climate-resilient agricultural policies 

promoting the use of innovations and equitable access to resources (World Bank, 2021). Strong 

institutional structures are needed especially to serve the smallholder farmers, to boost 

knowledge flow and to incorporate climatic factors into agricultural planning. Lastly, sustainable 

agricultural development requires a multi-faceted approach that balances the increase in 

productivity and environmental protection and social justice. Sustainable agricultural 

development aims to meet the modern food needs and protect natural resources and ecosystem 

services to the future generation, which is becoming more urgent due to climate change and the 

growing world food needs (FAO, 2022). All of these, technological innovation, precision 

agriculture, friendly policies, and sustainability-focused development pathways, provide 

optimistic opportunities of building a resilient and productive agricultural system in the future. 

Conclusion  

This paper has explored the effects of climate change on agriculture and the food system in 

general and defined the complex interplay between the stressors caused by climate, natural 

resources, and socio-economic factors. The results reveal that climate change poses significant 

threats to agricultural output in terms of rise in temperatures, changed precipitation patterns, 

increased water shortage, poor soils, and changing pest and disease patterns. These consequences 

endanger food security by disrupting its availability, accessibility and stability especially in areas 

with limited adaptive capacity. The paper also showed that climate change is placing an ever-

increasing strain on water resources, thus undermining irrigation infrastructure and forcing a 

need to improve water efficiency in use to maintain agricultural productivity. To address these 

threats, adaptation and mitigation strategies, such as climate-smart agriculture, sustainable 

agricultural methods, usage of climate-resistant crop varieties, and implementation of renewable 

energy technologies have been suggested as major ways of enhancing agricultural resilience. 

Additionally, the future projections emphasize the relevance of technological change, precision 

farming as well as a sound policy and institutional backing of sustainable agricultural growth 

under changing climatic conditions. 
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Recommendations 

These results prove the necessity to offer a set of recommendations. First, policymakers should 

focus on integrating climate change concern in national agricultural and water management 

policy frameworks with special emphasis laid on the support of smallholder farmers and 

vulnerable communities. Thereafter, there is a need to increase investment in agricultural 

research, extension services and climate-resilient infrastructure to facilitate the prevalence of 

innovative and sustainable farming practices. In addition, resources pressure and greenhouse-gas 

emission can be mitigated by promoting efficient water management and using renewable energy 

in the agricultural systems, and simultaneously, improve productivity. Finally, the 

institutionalization of the institutional structure and the development of regional cooperation are 

critical steps towards the management of climate risks and the long-term food security. Future 

studies should focus on creation of region-specific adaptation plans which clearly factor in the 

local climatic, environmental and socio-economic factors. More empirical studies are needed to 

determine the effectiveness of climate-and sustainable farming methods that apply under a wide 

range of climatic conditions. Also, cross-disciplinary studies that will bring together climate 

science, agronomy, economics and the social sciences will be crucial in clarifying the overall 

implications of climate change on food systems and coming up with inclusive and equitable 

solutions. The net effect of such research efforts is that it will help develop sustainable food 

production systems that would meet the food needs in the future under a changing climate. 
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