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Introduction 

limate change is no longer a future prospect but a current 

reality that is reshaping the global health, nutrition, and 

food security profile. As the Earth's climate keeps getting 

warmer, both the indirect and direct effects on agricultural 

systems have become more evident. Rising temperatures, 

changes in precipitation, and the intensification of extreme 

weather events—such as droughts, floods, and heatwaves—

are all leading to lowered agricultural output [1]. These 

environmental shocks have placed immense pressure on food 

systems, undermining the capacity to produce the quantity 

and quality of foods needed to feed the global population. 

Further, the cascading effects of climate change are creating a 

feedback loop that exacerbates food insecurity and nutrition-

related health issues. The nutritional content of food being 

produced is also altering, with climate change leading to the  

 

 

 

degradation of essential nutrients in staple crops. For instance, 

rising levels of carbon dioxide in the atmosphere are reducing 

the nutritional content of major crops like wheat, rice, and 

maize by diminishing their protein, iron, and zinc content. As 

these nutrients are vital to human health, their decrease 

presents a great risk to public health, particularly in low- and 

middle-income countries where these crops form the mainstay 

of everyday diets. This alteration in the nutritional value of 

food is worsening the issue of malnutrition, which is plaguing 

millions of individuals globally [2]. 

At the same time, foodborne diseases are on the rise as 

climatic conditions conducive to the multiplication of harmful 

pathogens also change with climate change. Increased 

temperatures, high humidity, and unpredictable rainfall 

patterns can make it a breeze for bacteria, fungi, and viruses 

C 

Received 15 July 2025 

Accepted 9 September 

2025 

Available online 30 

September 2025 

Climate change is a global phenomenon of widespread significance with far-reaching implications for food security and human health. 

Climate change—indicated by rising temperatures, shifts in precipitation patterns, and events of extreme weather—is heavily affecting 

agricultural productivity, availability of nutritious foods, and food system resilience. While simultaneously decreasing staple food nutritional 

content is matched by an increase in incidents of foodborne disease, it further exacerbates public health issues. This review provides an in-

depth review of how climate change impedes food security and impinges upon human health, focusing on the multifaceted ways that climate 

variables affect nutrition. Focal areas of emphasis include a decline in crop productivity, a reduction in nutrient content of important crops, 

drought, and an intensified risk of pathogenic invasions of foods. Vulnerable populations including children, pregnant women, refugees, and 

those in low-income nations face a higher risk of undernutrition, stunting, micronutrient inadequacies, and an emerging dual threat of a 

potential obese-undernutrition dual burden. To address these challenges, this current review explores innovative and sustainable nutritional 

solutions. These measures include promoting plant-based diets, biofortification of major crops, reduction of waste, and integration of circular 

economy philosophy into food production systems. This work further explores the pivotal role of overarching global governance frameworks 

and policy drives led by international institutions like the WHO, FAO, and UN, while underscoring the role of climate-smart production 

methods. Future research directions underscore the urgent need for cross-disciplinary collaboration, integration of climate science with 

nutritional epidemiology, and application of emerging technologies such as AI and precision agriculture to create robust food systems. 

Finally, this review calls for a unified global effort to ensure food security, reduce health consequences of climate change, and promote 

sustainable nutrition in all populations, particularly against the growing climate crisis. 
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to multiply in farm ecosystems and food processing networks. 

As a result, foodborne diseases like Salmonella, E. coli, and 

cholera have gone up in many locations. These diseases 

disproportionately target vulnerable populations, including 

children, the elderly, and individuals with underlying health 

conditions, putting further pressure on public health systems 

and exacerbating difficulties in achieving global nutrition 

security [3]. 

The second fundamental element of the climate-health nexus 

is water scarcity, which is becoming a problem of increasing 

importance in most regions of the world. Water availability is 

not only critical for crop irrigation, but also for ensuring food 

safety and hygiene. As water scarcity increases, the battle to 

provide sufficient safe water for agricultural purposes and 

human consumption grows tougher. The deficit has severe 

consequences for food security, particularly in regions already 

facing drought or excessive use of water resources. Unhygienic 

sanitation conditions and contaminated water also enhance 

the risk of waterborne disease, further undermining nutrition 

and health status [4]. 

The impacts of climate change are most intensely experienced 

in vulnerable populations, who also endure the brunt of its 

consequences. Children, pregnant women, refugees, and 

impoverished communities are all disproportionately affected 

by both climate-associated health hazards and food insecurity. 

Malnutrition, stunting, and maternal health issues are more 

prevalent in these groups, as they have less capacity to alter 

their food systems in response to evolving conditions or afford 

nutrient-dense foods. Particularly, refugees and displaced 

people, who are forced to live in precarious conditions, are at 

higher risk of malnutrition and negative health outcomes. 

Decreasing such inequalities requires urgent action to render 

climate change adaptation actions inclusive and reachable to 

the most vulnerable. The aim of this review is to present a 

comprehensive overview of the intricate interconnections 

among climate change, food security, and human health with 

the final objective of outlining sustainable nutrition 

possibilities for vulnerable populations. By understanding how 

climate change impacts agriculture, the nutritional content of 

foods, and the prevalence of foodborne pathogens, we can 

begin to understand the full scope of the problem. Moreover, 

the review will cover new methods of lessening the effects of 

climate change on food systems, including climate-resilient 

agro-technologies, sustainable diets, and biofortification, with 

a view to improving food security and health under a changing 

climate [5, 6]. 

Pathways between Climate Change and Human Nutrition 

and Health 

❖ Agriculture and Crop Yields 

Agricultural impacts of climate change are already evident, 

with rising temperatures and unpredictable rainfall patterns 

having major effects mainly on crop yields. Temperature-

increasing sensitivity crops such as wheat, maize, and rice are 

the most vulnerable to rising temperatures, leading to 

decreased productivity. For instance, studies have found that 

a 1°C increase in temperature could reduce wheat yields by 

approximately 6%. Increased temperatures condense the plant 

growth season and accelerate the crops' maturity, resulting in 

reduced yields and harvests. In addition, altered patterns of 

rainfall are creating droughts and floods, which also erode 

crop yields and agricultural stability. With the global climate 

warming up, all such issues are likely to increase, threatening 

food security and enhancing agricultural production volatility 

[7]. 

Severe weather conditions, including floods and droughts, will 

likely happen more frequently and become more intense in a 

changing climate, leading to crop damage and disruptions in 

the food chain. Droughts, however, shrink the ground to an 

extreme level, so that crops find it difficult to grow, 

particularly in rain-fed crops regions. Conversely, floods 

destroy crops to a complete level, erode the ground, and 

render land barren. This contributes to the lack of crops, thus 

causing a rise in food prices, resulting in making food less 

affordable, particularly in food-insecure areas. With climatic 

projections of an increase in the frequency and severity of such 

extreme events, agricultural production will be faced with 

increasingly daunting challenges. The synergistic effect of 

these climatic changes increases existing vulnerabilities, 

particularly where agriculture is most heavily dependent for 

livelihoods and diets [8]. 

❖ Reducing Nutrient Density in Staple Foods 

Climate change is also affecting the nutritional quality of crops 

by boosting the levels of carbon dioxide (CO₂) in the air. 

Elevated CO₂ levels have been observed to lower the protein 

content, iron, zinc, and other essential micronutrients of 

cereal staples such as rice, wheat, and maize. For instance, 

studies have found that increased CO₂ levels reduce the 

protein content by up to 10% in rice and wheat, and 

micronutrients such as zinc and iron also become lower. This 

reduction in quality of nutrition is the cause of significant 

issues for the world's nutrition because these crops are staples 

in the diet of over a billion individuals worldwide, particularly 

in the developing world. As the nutritional quality of these 

food staples suffers, the risk of malnutrition and deficiency 

increases, particularly among the vulnerable populations. 

Moreover, this decline in nutrient quality is not localized but 

rather a global phenomenon experienced by both developing 

and developed countries. As their crops become unhealthier, 

the population of the world will be required to make up for it 

in order to offset the effects of these deficiencies. For example, 

increased consumption of fortified foods or the cultivation of 

biofortified staple food crops may become a requirement to 

counter rising micronutrient deficiencies. These options, 

however, require high inputs of investment and infrastructure, 

and these may not be within everyone's reach, particularly 

those residing in resource-poor settings. The reduction in crop 

nutritional content, as well as declining agricultural 
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productivity, threatens global food security and nutrition in a 

twofold manner, and climate change is set to become a leading 

driver of future world health [9, 10]. 

❖ Food Safety and Foodborne Disease 

Climate change is also introducing growing foodborne disease 

through altered environmental conditions that favor the 

development and spread of pathogens. Higher temperatures, 

increased humidity, and atypical weather patterns all help 

create increasing cases of food-borne illness. Higher 

temperatures, for example, allow pathogens such as 

Salmonella, E. coli, and Listeria to develop more readily in 

food and water and trigger outbreaks. These illnesses 

constitute critical public health risks, especially in regions 

with limited sanitation and healthcare facilities. In addition, 

climate-induced flooding and precipitation changes also result 

in water sources with contaminants, further compromising 

food safety [10]. 

Climate change causes water scarcity and water quality 

deterioration, consequently resulting in waterborne disease 

transmission such as cholera and dysentery. Limited access to 

safe drinking water and water for food preparation 

compromises hygienic practices, with a high likelihood of 

gastrointestinal infection and malnutrition. In the majority of 

developing regions, in which there are already lax food and 

water safety checks, these health risks are particularly severe. 

With further increases in global temperatures and the 

frequency of extreme weather events, the potential for mass 

outbreaks of foodborne illness increases, placing additional 

burdens on healthcare systems and further threatening food 

security [11]. 

❖ Water Shortages and Sanitation 

Water scarcity is a significant and widening problem in the 

context of climate change with far-reaching effects on human 

health and nutrition. Rainfall changes induced by climate 

change and over-exploitation of freshwater resources are 

leading to water scarcity worldwide, particularly in arid and 

semi-arid regions. Water is used in agriculture, food 

production, and sanitation; thus, its shortage impacts the 

ability to produce food and remain clean directly. In regions 

where irrigation is necessary for maintaining agriculture, 

water shortage diminishes agricultural production and 

decreases the amount of food available, which makes food 

price increases possible and food insecurity more pronounced 

[12]. 

In addition to the above direct effects on agricultural 

production, water shortage intensifies sanitation problems. 

Lacking sufficient water for sanitation and proper waste 

management, the risk of food contamination and waterborne 

disease is increased, and public health is compromised. In the 

absence of proper sanitation and enough supply of water, 

there exists a vicious circle of poor health, which again triggers 

economic and social unrest. It is all the more alarming when 

regions of already weak environments come into the picture, 

such as in certain regions of Africa, Asia, and the Middle East. 

As global warming accelerates, water scarcity and sanitation 

will become even more critical, and thus clean water will be 

even more vital in the future to enable food security as well as 

guarantee human health as shown in Table 1 and Figure 1 [13]. 

Table 1. Pathways Linking Climate Change to Human Nutrition and 

Health 

Pathway Impact Health/Nutritional Implication 

Agriculture and 
Crop Yields 

Reduced crop yields due to 
higher temperatures, irregular 
rainfall, and extreme weather 

events 

Decreased food availability, higher food 
prices, food insecurity 

Nutrient Density 
Reduction 

Elevated CO₂ levels reduce 
protein, iron, zinc, and 
micronutrients in crops 

Increased risk of malnutrition, nutrient 
deficiencies, stunting, and anemia 

Foodborne Diseases 
and Safety 

Warmer temperatures and water 
stress increase pathogen 

prevalence in food and water 

Rise in foodborne illnesses such as 
Salmonella, E. coli, cholera 

Water Scarcity and 
Sanitation 

Decreased water availability and 
poor sanitation due to changing 

climate patterns 

Increased risk of waterborne diseases, 
poor hygiene, and malnutrition 

 

Figure 1. Impacts of Climate Change on Agriculture and Crop Production 

in Vulnerable Countries 

Vulnerable Groups 

❖ Vulnerable Groups 

Climate change hits disproportionately the most vulnerable 

groups, worsening existing health inequities in food security, 

health, and nutrition. As climate stressors escalate, worst-hit 

groups are struck by degrading challenges that substandard 

capacity to adapt and recover from. Due care must be 

exercised to recognize distinctive vulnerabilities of these 

groups, such as children, pregnant women, low- and middle-

income groups, and internally displaced persons, in a bid to 

devise focused interventions and policies aimed at protecting 

human health and nutrition under a changing climate [14]. 

❖ Children and Maternal Health 

The health and nutrition of pregnant women and children are 

especially vulnerable to climate change. Nutritional 

deficiencies in early childhood and in pregnancy have lifelong 

health implications. Undernutrition in the first 1,000 days of 

life results in stunting, which erodes body and brain 

development, lowering future education potential and 

economic productivity in adulthood. These children are also 

at increased risk of developing chronic diseases, compromised 

immune function, and delayed motor skills. Undernourished 

or food-insecure pregnant women are also at increased risk of 

complications such as anemia, preeclampsia, and low birth 
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weight, which have significant long-term maternal and child 

health implications [15]. 

Prenatal nutritional stress impacts fetal growth, and scarcity 

of food caused by climate variability heightens the risk of 

maternal malnourishment. In areas where food security is 

already sensitive to climatic events like drought, floods, and 

shifting agricultural seasons, pregnant women's chances of 

achieving a satisfactory diet are further restricted. The dietary 

demands of young children and pregnant women must be 

addressed as a priority within any climate adaptation policy in 

order to cut down on the long-term healthcare costs to future 

generations [16]. 

❖ Low- and Middle-Income Countries 

Low- and middle-income countries (LMICs) are most 

vulnerable to the effects of climate change based on their 

limited adaptive capacity and dependence on agriculture, 

which in turn is highly vulnerable to climate variability. These 

areas are most prone to food insecurity, relying on rain-fed 

agriculture for livelihood as well as production of food. 

Changes in climatic conditions of rain patterns, high-impact 

weather events, and land degradation of agricultural land 

through erosion and desertification are rendering these 

individuals more incapable of producing amounts of food 

adequate to cover their diet requirements [17]. 

Most LMICs lack infrastructure, health care, and social 

protection that further aggravates vulnerabilities. With less 

agricultural production and increased food prices, 

consumption in these countries cannot afford adequate and 

nutritious food, resulting in escalating malnutrition, stunting, 

and micronutrient deficiencies. The economic constraints are 

also exacerbated by the absence of climate-resilient 

technologies and funding, hence making it challenging for 

such communities to cope with the changing climate. In the 

future, this vicious cycle will continue to instill poverty and 

malnutrition in the communities [18]. 

❖ Refugees and Displaced Populations 

Climate displacement is a new global phenomenon, and 

millions of people have been displaced due to severe weather 

patterns like hurricanes, floods, and droughts. Refugees and 

displaced populations usually suffer from extreme difficulties, 

with limited access to food, clean water, and medical care. 

Displacement imposes a "double burden" on such groups: they 

are not only denied houses and sources of livelihood but also 

resettled in overcrowded camps or in huts made of makeshift 

materials with limited resources and poor sanitation [19]. 

Insufficient stable food sources within refugee camps, 

combined with inadequate nutrition and reduced access to 

medical services, greatly raises the risk of malnutrition and 

foodborne illness. Food aid is usually the primary source of 

food for displaced people but is likely to be inadequate in 

terms of quantity or quality. Their weakened immune system 

also exposes them to illness, which again weakens their 

resistance to recover from climate stress. All these efforts 

towards ensuring sustainable sources of food, sanitation, and 

healthcare for displaced people need to be incorporated into 

humanitarian response and climate adaptation planning 

according to Table 2 and Figure 2 [20, 21]. 

Table 2. Climate Change and Impact on Vulnerable Groups 

Vulnerable 
Group 

Climate Change 
Impact 

Health/Nutritional 
Implication 

Challenges 

Children and 
Maternal Health 

Increased 
malnutrition due to 

food insecurity, 
stunting, and 

pregnancy 
complications 

- Stunted growth and 
cognitive impairment in 

children.  
- Maternal complications such 

as low birth weight and 
anemia. 

- Limited access to 
nutritious food.  

- High vulnerability 
to long-term health 

effects. 

Low- and 
Middle-Income 

Countries 

Reliance on climate-
sensitive agriculture, 
increased food prices, 
and decreased crop 

yields 

- Micronutrient deficiencies.  
- Increased stunting and 

obesity rates. 

- Limited access to 
climate-resilient 

agriculture.  
- Poor infrastructure 

and lack of social 
safety nets. 

Refugees and 
Displaced 

Populations 

Displacement due to 
extreme weather, 
lack of access to 
nutritious food, 

water, and healthcare 

- Higher rates of malnutrition, 
foodborne diseases, and 

infant mortality. 

- Overcrowded 
shelters, inadequate 

sanitation, and 
dependency on food 

aid. 

 

Figure 2. Vulnerability to Climate Change: Impact on Vulnerable 

Population 

Nutrition Insecurity Health Consequences 

❖ Undernutrition and Stunting 

Undernutrition, especially in children, is likely to be one of the 

best-documented consequences of nutrition insecurity, and 

stunting is its most obvious expression. Stunting is the slowing 

down of growth as a result of chronic poor intake of nutrients 

resulting in lower height-for-age in children. Climate change 

worsens undernutrition via lowering farm yields, especially in 

nations that rely strongly on rain-fed agriculture. Reduced 

calorie and protein intake from staple foods constrain energy 

and nutrient intake required for regular development. Stunted 

children are also at greater risk of developing infectious 

illnesses like diarrhea, pneumonia, and malnutrition-related 

diseases. This compound vulnerability also weakens growth, 

retards intellectual growth, and lessens school attendance and 

learning performance, hence impacting long-term socio-

economic development [22]. 
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❖ Deficiencies in Micronutrients 

While calorie deficiency is rampant, micronutrient deficiency 

is also present and has far-reaching effects on health. Chief 

micronutrients like iron, vitamin A, iodine, and zinc play 

significant roles in immune function, intellectual 

development, and general health. But climate change is the 

reason behind stripping micronutrients from crops. For 

example, increases in atmospheric CO₂ levels are found to 

reduce the levels of essential micronutrients in cereals such as 

rice, wheat, and maize. In addition, extreme weather 

conditions such as floods and droughts can flatten crops and 

decrease the variety of food, thereby worsening the situation. 

Consequently, iron deficiency anemia, compromised immune 

systems, and impaired cognitive function affect 

undernourished children and childbearing women [23]. 

❖ Double Burden: Undernutrition and Obesity 

A new and seemingly paradoxical trend in much of the 

urbanizing world is the double burden of malnutrition, in 

which undernutrition and obesity occur in the same 

population groups. This is because, in spite of a prevalence of 

high-calorie foods, there is restricted availability of nutrient-

dense, healthy foods. Urban populations' adoption of high-fat, 

sugar, and salt-rich processed food is typically a product of 

economic constraints, urbanization, and marketing. These 

diets result in obesity, but other portions of the population are 

still malnourished because of substandard diets. This double 

burden of malnutrition becomes especially apparent within 

low-income communities, where quality foods at reasonable 

prices are not available. It creates a vicious cycle in which both 

types of malnutrition lead to diseases like chronic diseases of 

diabetes, cardiovascular diseases, and micronutrient 

deficiency as shown in Table 3 [24]. 

Table 3. Health Outcomes of Nutrition Insecurity 

Subsection 
Health 

Outcome 
Impact 

Causes/ 
Mechanisms 

Affected 
Populations 

Undernutrition 
and Stunting 

Growth 
retardation, 

increased 
susceptibility 
to infections, 

cognitive 
impairments 

Reduced height-
for-age, 

weakened 
immune system, 
stunted cognitive 

development 

Reduced calorie 
and protein 
availability, 

climate-induced 
food insecurity 

Children 
(especially in 
low-income 

regions), 
pregnant 
women 

Micronutrient 
Deficiencies 

Iron, vitamin 
A, iodine, and 

zinc 
deficiencies 
leading to 
impaired 
immune 

function and 
development 

Weakened 
immune systems, 

anemia, poor 
cognitive 

function, delayed 
growth 

Reduced nutrient 
content in crops 
due to elevated 
CO₂ levels, poor 

diet diversity 

Children, 
women of 

reproductive 
age, low-income 

communities 

Double Burden 
of Malnutrition 

Coexistence of 
undernutrition 

and obesity, 
leading to poor 
diet quality and 

chronic 
diseases 

Increased rates of 
both stunting 
and obesity, 

rising chronic 
disease rates 

(e.g., diabetes, 
hypertension) 

Increased reliance 
on processed foods, 

lack of access to 
healthy foods 

Urban 
populations, 
low-income 

groups, 
children, elderly 

Sustainable Nutrition Strategies 

Sustainable nutrition strategies are essential in the prevention 

of climate change impacts on human health and food security. 

These strategies are focused on securing nutritional adequacy 

but minimizing damage to the environment. As the concern 

over climate change continues to rise, it is now clearer that the 

future of food systems must be more resilient, equitable, and 

sustainable. Sustainable nutrition not only focuses on 

providing the nutritional requirements of world populations 

but also on mitigating the underlying environmental, 

economic, and social causes that influence food production 

and delivery. The measures explained herein are essential for 

building long-term food security and health, particularly for 

vulnerable people who are severely hit by climate-related 

issues. 

❖ Plant-Based Diets and Protein Diversification 

Adhering to plant-based diets and fluctuating protein sources 

is one of the most successful methods for sustainable 

nutrition. Emphasizing the consumption of legumes, nuts, 

seeds, and other plant proteins not only reduces the 

environmental cost of food production but also provides 

essential nutrients that support health. Livestock production 

accounts for a vast majority of global greenhouse gas 

emissions, and reduced animal protein intake can slow down 

climate change. Plant foods are more nutrient-denser in terms 

of calories, offering a healthy and sustainable alternative to 

animal foods. Plant proteins and legumes are also rich in fiber, 

vitamins, and minerals that promote overall health and reduce 

the risk of chronic diseases such as heart disease and diabetes. 

Food security and agricultural resilience are further promoted 

by incorporating diversified plant-based proteins into diets. 

For example, pulses like lentils, chickpeas, and beans are 

employed to diversify proteins in a manner that tames 

dependency on cereals most susceptible to climate change, 

such as wheat and maize. The legumes are not only 

wholesome but also exert less impact on the environment as 

they require less water and land compared to animal rearing. 

The use of plant protein foods in traditional diets can be a 

crucial measure towards guaranteeing sustainable food 

systems and improving global health outcomes [25, 26]. 

❖ Biofortification and Fortification Strategies 

Biofortification and fortification are viable mechanisms to 

increase the nutritional quality of food, particularly in high 

burden areas of nutrient deficiencies. Biofortification 

encompasses the process of fortifying the nutritional quality 

of crops through traditional breeding practices or genetic 

transformation. By biofortifying staple foods such as rice, 

maize, and wheat with increased quantities of crucial 

micronutrients such as vitamin A, iron, zinc, and folate, 

biofortification has the potential to address widespread 

micronutrient deficiencies that result in conditions such as 

anemia, blindness, and stunting. Such enriched foods can be 

delivered to vulnerable populations, particularly in low- and 

middle-income countries, where consumption of a diverse 

variety of nutrient-dense foods might be poor. 

Fortification, on the other hand, is the addition of 

micronutrients to commonly consumed foodstuffs, for 

example, salt, wheat flour, and vegetable oil. It has been 

implemented and realized with success in many countries for 

preventing deficiencies of important vitamins and minerals. 

Fortification and biofortification are both cost-effective 
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interventions that can be scaled up, reaching large populations 

without requiring huge changes in diets. These strategies are 

particularly important in the case of climate change, as they 

provide for the enhancement of the nutrient value of foods 

that are already being grown and consumed by communities 

such that individuals are able to gain required nutrients even 

during times of varying agricultural productivity [27]. 

❖ Minimizing Food Loss 

Food loss is a significant issue that not only deepens food 

insecurity but also contributes heavily to greenhouse gas 

emissions. It is estimated that one-third of the food produced 

worldwide is wasted, which translates to massive wastage of 

resources like labor, water, energy, and land. Saving food from 

wastage is important to enhance food availability, render the 

food system more productive, and minimize environmental 

imprints. Green food systems must make efforts to avoid 

wastage at all levels of the food supply chain, from production 

and distribution to consumption. Food waste reduction 

initiatives can help reallocate valuable food resources to 

vulnerable groups, contributing to better food security while 

also lowering the carbon footprint of the food system. 

Different methods can be employed in reducing the amount 

of food waste, including enhanced food handling and storage, 

consumer awareness in terms of portion sizes, and 

redistribution of excess food. In addition, supply chain 

management, food preservation, and packaging technological 

advances can prevent food loss and waste. It is not the sole 

responsibility of any one of us, but rather it is a collective effort 

that involves governments, food producers, retailers, and 

consumers. Food waste reduction does not only improve food 

security but also contributes to preventing climate change, 

hence making it a human-and-earth win [28]. 

❖ Circular Economy Strategies 

The application of circular economy models in food and 

agriculture systems is a crucial method for improving 

sustainability and productivity of resources. The circular 

economy is based on minimizing waste, extending the lifespan 

of resources, and maximizing the utilization of renewable 

materials. To agriculture, it involves recycling agricultural 

waste such as crop residue, food waste, and animal manure 

into resources for use, such as compost, biogas, or animal feed. 

The loop in food consumption and production is achieved 

through circular economy strategies that help to reduce the 

environmental impacts, avoid waste, and conserve resources, 

thereby making food systems sustainable. 

Circular economy approaches also improve the resilience of 

food systems by reducing reliance on external inputs such as 

synthetic pesticides and fertilizers. Domestic and industrial 

food waste, for example, can be composted and returned to 

the soil to improve soil quality and agricultural yields. 

Additionally, with the utilization of food waste for energy or 

the recycling of food waste into other products, circular 

economy systems reduce pressure on landfills and 

incineration, which contribute to environmental degradation. 

Circular economy systems offer an opportunity for creating a 

more sustainable, equitable, and resilient food system that can 

deal with the challenges of climate change while ensuring food 

security for the future generations based on figure 3 [29]. 

 

Figure 3. Sustainable Nutrition Strategies: A Holistic Approach to 

Addressing Climate Change and Food Security 

Policy and Global Governance 

Global policy frameworks have a significant role to play in 

addressing the interconnected challenges of climate change, 

food security, and nutrition. The World Health Organization 

(WHO), Food and Agriculture Organization (FAO), and 

United Nations (UN) provide strategic direction with 

initiatives like the Sustainable Development Goals (SDGs) and 

the UN Decade of Action on Nutrition. These programs guide 

governments, organizations, and stakeholders toward holistic 

solutions for food security attainment and nutrition 

enhancement while minimizing climate impacts. The SDGs, 

notably Goal 2 (Zero Hunger) and Goal 13 (Climate Action), 

demand food systems that are climate-resilient and 

sustainable and can feed populations without contributing to 

environmental degradation. The UN Decade of Action on 

Nutrition seeks to improve global nutrition, particularly for 

vulnerable populations, by aligning food systems globally with 

sustainability [30]. 

At the national level, governments are increasingly adopting 

sustainable diet approaches that diversify diets, encourage 

climate-resilient staples, and foster local food production. 

National policies that encourage diversification of agriculture, 

as opposed to relying on a limited number of staple crops, 

enhance the resilience of food systems to climate shocks. Also, 

policies that aim at climate-resilient crops, such as drought-

tolerant crops, ensure food security even in the event of 

changing climatic conditions. Encouraging local food 

production also reduces the carbon footprint due to food 

imports, besides fostering economic growth in rural 

communities. By establishing a policy framework that 

encourages sustainable agriculture and nutrition, countries 
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can improve food security, reduce malnutrition, and enhance 

their resilience to climate change [31]. 

Climate-smart agriculture initiatives have gained popularity 

over the last few years as a means of tackling the double issue 

of climate change and food security. Among the practices that 

are an integral part of climate-smart agriculture are 

conservation tillage, precision irrigation, and crop rotation. 

Conservation tillage reduces soil erosion and enhances the 

water-holding capacity of the soil, making the crops more 

tolerant to drought. Precision irrigation ensures that water 

resources are used efficiently, reducing wastage and water 

stress, particularly in regions where water is scarce. Crop 

rotation, on the other hand, aids in maintaining soil fertility 

and removing the threat of pest infestation, which can 

compromise crop yields. These practices are not just climate-

smart but also help maintain crop yields, food security, and 

adaptation to the threats of climate change [32]. 

Future Directions and Research Needs 

The intersection of climate science and nutritional 

epidemiology represents a priority frontier for advancing our 

understanding of the consequences of climate change for food 

security and nutrition. By linking climate models and 

nutrition data at the population level, researchers can identify 

potential impacts of climate change on nutritional status. This 

pairing facilitates preparatory responses with the potential to 

pre-empt food insecurity problems before they develop into 

crises. For example, by anticipating areas at risk of impaired 

crop yields or nutrient deficits, responsive policies and 

nutrition programs that cushion against these risks can be 

established. This will allow decision-makers to implement 

climate adaptation strategies that are both effective and 

timely, to be better prepared for future climate-related food 

system shocks [33]. 

The role that technology-based solutions can play in building 

food security and climate change resilience is becoming ever 

more evident. Advances in artificial intelligence (AI), precision 

agriculture, and blockchain technology offer promising 

opportunities to increase the efficiency of agricultural systems. 

AI has the potential to maximize crop production by 

predicting optimal planting times, detecting pest infestation, 

and improving overall farm management practices. Precision 

farming techniques, such as drones and sensors, enable 

farmers to make better use of resources, reducing wastage of 

water and fertilizers and improving yields. Blockchain 

technology can help supply chains become more transparent 

so that food is produced, transported, and distributed more 

efficiently, with reduced waste, and so that food gets to those 

most vulnerable. All of these technologies can help build more 

resilient agricultural systems that are better able to buffer the 

impacts of climate change [34]. 

Cross-sectoral collaborations will be critical to building the 

resilience of global food systems to climate change. 

Addressing the interconnected, complicated challenges of 

food security, climate change, and public health requires 

collaboration among diverse stakeholders, including 

governments, the private sector, and NGOs. Multi-stakeholder 

partnerships can leverage the knowledge, resources, and 

influence of different sectors to tackle systemic challenges in 

food systems. For example, governments can create enabling 

policy environments, the private sector can innovate, and 

NGOs can ensure that vulnerable populations are included in 

global solutions. All these partnerships will be needed to 

create and implement scalable solutions to decrease the 

impacts of climate change on food security and nutrition 

towards a more equitable and sustainable food system in the 

future [32-35]. 

Conclusion 

Climate change also brings forth immediate and intricate 

threats to food security and human health, whose impacts are 

already being felt globally. As the climatic conditions 

transform, agricultural productivity is decreased, food 

nutrition is lost, and vulnerable populations are subjected to 

higher levels of malnutrition and disease vulnerability. In 

order to counter the challenges, integrated and sustainable 

nutrition strategies are needed. These interventions, 

comprising the promotion of plant-based diets, 

biofortification, reduction of food losses, and adoption of 

climate-smart agricultural technologies, can successfully 

mitigate the dangers of climate change. Their successful 

implementation, however, requires policy, research, and 

practice to coordinate. The governments, researchers, private 

sector, and civil society must come together to develop and 

implement policies for food security, improved health, and 

protection of the environment. Balancing environmental 

sustainability and best health outcomes is central to ensuring 

global nutrition security, particularly as the world grapples 

with increasingly apparent implications of climate change for 

food systems and health. 
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