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Explain how climate change, technology and innovation may impact safe food production and increase food security in reducing insecurity and food poverty in our current changing world.
Introduction 
According to FAO, IFAD, UNICEF, WFP and WHO, (2023), food security report, the world economic changes as a result of environmental climate changes, COVID-19, poverty and wars have contributed highly to the lack of adequate healthy food that communities can put on the table for their families, friends and neighbours. Food security simply denotes the presence of having economic, social and physical access to healthy and sufficient food. The food types also ought to meet dietary needs and food preferences for a healthy and active lifestyle. The need for food security opens a new and challenging chapter around the globe as approximately 9.3 billion individuals will require food by the year 2050. Solutions that will enhance food security include the use of technology and increased innovations, countering the effects of climate change, food preservation, among many others. The world needs to focus on progressive means of food security and avoid regressive tendencies by all means which causes the human family to find themselves desperate century in and century out. 
Food Security 

Food insecurity will in the coming decades become a major challenge as prices are likely to increase and sour because of an increasing global population, wars and disorders in the world, disease outbreaks and the effects of climate change. During these periods, nutritious foods might not be available for most people. According to Alaimo et al. (2020) approximately 3 billion people around the globe are affected by food insecurity, and these cohort falls under the ‘triple burden of malnutrition’. Their forms of malnutrition differ, and while all the three forms can easily occur in a simultaneous manner in a nation, they can also affect a single household.
Undernutrition denotes instances of insufficient food variety, that is not only little but is not nutritious, and this commonly leads to hunger, wasting, being underweight, and stunting. Obayelu (2019, p. 5) confirms that 815 million people globally fall under this category, and due to this 3 million children who are between the ages of 0 to 5 years die annually (Gustafson & Raven, 2019). However, a large portion of the world are able to access food, but most often it lacks minerals and vitamins, with a larger population lacking iodine, iron and vitamin A. Around 2 million suffer from such deficiencies of micronutrients (Colecraft et al., 2020). Another interesting fact is the type of fast unhealthy food seems to have fascinated the human family as it satiate its appetite while it does not supply the needed nutritional value of food. In the FAO, IFAD, UNICEF, WFP and WHO, (2023) report around 600 million people will fully be reported as chronically undernourished by 2030. This may not meet the SDGs target 2030 set by man himself. These values of undernourishment do not include the effect of the Ukraine-Russian as well as the Israel- Hamas Wars. Even with its natural environment Africa is listed among those continents facing hunger. 
Excess weight and obesity is also a challenge to most individuals (Jumrani & Rai, 2020). This has been occasioned by overall intake of wrong food combinations with increased amounts of calories while engaging in minimal forms of exercise. The prevalence of overweight and obesity seems to be outweighing other diseases that would be pandemic in the world today. When a person is overweight, he or she can easily suffer from high blood pressure, type 2 diabetes, various cancer types and heart disease. There are approximately 1.9 billion individual adults who are obese or overweight worldwide (Gupta & Garg, 2020, p. 216), and the number is even higher for children under 5 at a margin of 41 million (Lim et al., 2020). To date, the methods that have been used in the process of growing food cannot be able to feed the increasing population. There is a need to ensure sustainable and efficient approaches without affecting and compromising the quality of food. There are several ways by which the world can ensure food security and ensure increased security for purposes of having a positive effect to humanity as a whole while dealing with food security challenges.
Reducing Food Loss and Food Wastage

Around the world, a third of the total food productions are either wasted or lost. This translates to around $750 billion annually (Wang et al., 2021). While the reasons behind the lost and wastage vary, food wastage is caused by consumer preferences, methods of preparation that inefficient including inadequate facilities needed for food storage. There is a need for introducing new approaches that are improved when preparing food, for instance, making use of vegetable trimmings when dealing with soups. Also, food loss can be caused by incorrect storage and crop failures, and this can be altered with better packaging and improved storage mechanisms. The United States is known as a major culprit when it comes to food loss and wastage, and currently requires a land base larger than that of India for purposes of compensating for the wastage. Corrado et al. (2019, p. 92) indicate that reduced food wastages in regions like China, India and the United States could end up feeding more than 413 million individuals yearly.

 The issues that relate to hunger are founded on accessing food. There is a need to understand the requirements of both lower and higher income groups, while maximizing food chain resilience, more so in the current face of climate change, greenhouse gas emissions and social conflicts. There is also a need of creating a food system that is sustainable which makes use of low-tech tools, and applying fertilizer which is essential in ensuring increased production in areas that are food insecure (Flanagan et al., 2019). While Policy-makers are also required to stress more on less dependence of major breadbaskets, ensure minimal food waste, and reducing environmental effects, and this can be achieved by changing management practices and employ those that allow for increased efficiency every country’s leader must vigorously participate in hunger reduction, environmental protection and building safe environments for their countries  and ensuring for the preservation of economic development of their communities and societies with good governance. Overall, nutrition, access, and cultural preferences ought to be considered. Complex matters like food security is a major reason for the increased hunger in the 21st century. However, this is an area that can be dealt with through the use of both multi-disciplinary and dimensional approaches.

Improving Infrastructure

Ensuring and increasing food security can also be achieved through optimizing infrastructure. This can only be achieved if the entire food chain is considered. Both machines and people are to be available for purposes of harvesting and sowing, while crops ought to be protected from diseases, weeds and pests. Once this is achieved, nations are required to build on better storage facilities, with good transport systems which will ensure such foods reach their destined markets on time (Pawlak & Kołodziejczak, 2021). According to Aworh (2021) rural infrastructure has for many years been problematic, hence the need for increased financing to achieve the highest levels of food security, more so in the rural domain. Financing infrastructure in the areas of storage, roads and other available local energy grids will in the end assist in strengthening food security for individuals from hunger stricken regions (da Cunha, 2021).

Those who suffering from hunger hail mostly from the rural regions, and commonly work at their farms to provide food. It is also not a coincidence that these are the same people who lack basic needs and services like irrigation and energy supplements and this is due to the limited or poorly developed infrastructure. Their vulnerability towards hunger fully lies on their lack of better infrastructure. Ensuring better financed infrastructure will therefore enable those in hunger regions have food security. With new financial instruments, these people will have a robust and decentralized infrastructure base. Storage infrastructure will come in handy in such regions as one third of food productions are either wasted or lost across the globe, and this amounts to a total of 1.3 billion tonnes annually (Frantsisko et al., 2020). 

Better storage facilities including rice and grain silos, cold storages, including warehouses will thus help in ending hunger, and increasing food security for years to come. Governments have a mandate of creating funds to help in financing storage infrastructure to ensure success in this complex area of human suffering. They can also offer preferential loans using partner banks or infrastructure schemes and this extended to cooperatives or single farmer who can then invest in their infrastructures. Harvest loss in these areas can be curbed through quality practices and improved infrastructure.

Renewable energy infrastructure

While almost a quarter of the population in the world has not access to important energy sources like electricity, approximately 85% reside in the rural areas within communities that are dispersed, and often found within the sub-Saharan Africa (Mahlknecht et al., 2020). Higher energy prices lead to exorbitant food prices, and this hinders households that are poor to access this vital and basic commodity. Tax incentives which are placed at the decentralized renewable energy stages or transition like installing of wind turbines can easily lead to deployment both on the demand and supply segments, while concessional loans also play a critical part hence another option that is viable. Such loans which are offered for by international agencies or governments help projects to get financing at rates that are lower. When dealing with agriculture, energy is known as a game changer, and helps in almost every aspect from machine operations to lighting and powering other facilities and charging devices which can later be used for communication (Pawlak & Kołodziejczak, 2020).

Feeder roads

When access routes are not available inputs rarely reach their end destinations, while vital food security investments like access to finance and technical help underperform. A major approach used in financing roads is through the use of payment schemes where governments make use of private organizations to maintain and operate roads (Manda, 2020). This is a viable option leading to food security as it can also attract other international investors. When nations, and their agencies or development banks in those nations co-invest in various road projects, investors receive positive signals of the projects’ legitimacy. Once achieved, feeder road construction can not only lea to poverty alleviation, but increased growth and food security.

Irrigation infrastructure

Irrigation use leading to agricultural productivity is more than twice better when compared to rain fed production, and this is per hectare basis (Yacamán Ochoa, 2020). It, thus, indicates that an investment done in water distribution is crucial. This can be achieved through the use of public-private partnerships where the private sector in irrigation construction or maintenance is engaged to ensure increased agricultural productivity. Water sources should therefore be accessed as they can empower farmers via asset ownership with more control on their resources. In the end, this will translate to job creations in the local arena, better sanitation and overall food security.

Encouraging Trading Practices that are Fair

In the past, large commercial organizations were thought to be the only one that highly requires access to various food markets to endure any food insecurities. However, small farmers also need fair prices for all their products. Those farmers that work under cooperatives also have higher leverage when it comes to negotiating their sales and purchase prices leading to better human livelihoods after their harvests. Small scale farmers who have below two hectare holding offer 70% of the total world populations with food products (Vågsholm et al., 2020). They are actually the heart of the global agricultural system, but often growth their produce under conditions that are complex and challenging. They are always challenged due to pest infestations, climate change, limited land access and increasingly trading conditions that are not fair. This cohort is also subjected to high price volatility. It is, therefore, important for farmers to depend on incomes that are stable so that they can be able to depend on incomes that are stable for purposes of investing in their operations for long-term food security for not only their households but their communities at large.
SDG 2 has an overarching objective of ensuring zero hunger, achieve food security, promote agricultural operations that are sustainable and ensure improved nutrition (Bizikova et al., 2020). Fairtrade, for instance, has majorly contributed to Goal 2, and has always worked to achieve market access that is better for farmers, while campaigning towards trade policies that support farmers’ needs. Almost all Fairtrade producer firms are small scale, and have helped in ensuring improved living standards and lowering economic vulnerability.

Diversification 

When there is more focus on a particular type of crop, food producers not only make their crops vulnerable to various pests and diseases, but also exhaust the soil. When farmers find out that they lack other alternatives they often grapple with issue of crop failure. Moreover, this also lowers the nutritional value of food products, hence the need for diversification if food security is to be sustainable and guaranteed (Mustafa et al. 2019).

However, diversification only works with small scale farmers where they are offered an opportunity for resilient systems of agriculture which in the end contributes to food security among households (Mulwa & Visser, 2020). In relation to policy, current efforts by most nations in the process of promoting diversification should continually remain a priority direction because of the high levels of malnutrition, and more urgently the issues that surround food insecurity.  This is important in this particular period of climate variability which has in many ways put increased burden to small scale farmers.
Closing the Yield Gap

Using production approaches that are not efficient clearly means that land yields meant for agriculture are less than required in most regions. Using sustainable means of production and crop rotation, including new techniques and technologies can in the end ensure better production of crops that are nutritious. Other smart ways like artificial fertilizers, better seedlings and water can lead to better growth prospects and close the food insecurity gaps. In the developing world, more than 120 million hectares of land for natural habitats will be used for farming by the year 2050 (Senapati & Semenov, 2020). In many parts across the globe, the existing agricultural land does not support food security fully, hence low on its potential and this has led to 50% less of what the land should produce. Closing this vital gap of what could be produced and that which is already produced will now reduce the urgent desire and need to clear land and in the end lead to 850 million people being fed (Leitner et al., 2020). Such a gap can also be diminished by:

Efficient use of fertilizer and raising water productivity 

Synthetic fertilizers are not the desire for most farmers, but the reality is that they are common and widely used in large quantities around the globe. The use of fertilizers with phosphorous and nitrogen on maize, rice and wheat crops can easily be reduced by between 13% and 29% and still have production yields that are similar (Zahoor, 2019). Increased efficiency can be attained by adjustments in the type of fertilizer, placement and timing. Further, it is commonly known that water is a critical issue with farmers and their crops. Improved systems of irrigation while planting crops whose water consumption is low can also be an effective way of achieving food security. For instance, crops like sugar cane and rice require large amounts of water. While it is not possible to alter the crop types farmers can produce due to the available market values, the best way would be to ensure increased economic incentives, but this can change based on differences in regional and cultural tastes.
Targeting food for direct consumption

There is more caloric efficiency which is lost, and this is particularly true when crops are altered for animal feeds including other non-food use. If such crops are entirely for purposes of feeding people they can easily offer the required calories for more than 4 billion people across the globe. In most instances, this will require changing the places such crops are grown, but this cannot be easy or straightforward. Usually, crops are grown for purposes of ensuring food for families, and this can be wither direct consumption of selling to buy more food. There are several assumptions made on this front, and they include people altering their diets, reducing of food wastage by individuals from wealthy nations, and that developing nations have both the economic and political means to change yield gaps. It is unlikely that diets can change soon and as indicated by Gil et al. (2019) there is more meat consumption in most regions across the globe. However, the idea is that the total numbers of calories that are fed to animals after production are high; hence any minimal change in diet can in the end lead to a profound impact.

Tackling indirect causes of food insecurity 

Food insecurity in many cases is caused by export and import imbalances. Not every nation is able to grow its food, hence the need to have sufficient capital for purposes of importing food. There is also a need to have healthy food available for the masses. The other issues that lead to food insecurity regard to social insecurities and wars. When individuals focus on their survival but have limited time which they spend on producing food this leads to food insecurities. When such indirect issues are handled by governments, there can be increased levels of food security.
Tackling Climate Change 

In most cases, crop failure has been due to floods and droughts which are as a result of global climate change. When climate change is tackled, food safety can be assured as there will be reduced crop failures. Agriculture in itself can contribute towards a better climate. In the process of absorbing CO2 by crops greenhouse gases are reduced (Molotoks et al., 2021). On the other hand, farming practices that are poor lead to increased challenges with the climate. Sustainable agriculture combats climate change while absorbing its consequences. Impacts of climate change affect food production both at regional and local levels.

Changes in agricultural productivity

Climate change often makes conditions worse or even better for crops in various regions (Mbow et al., 2020). For instance, changes in frost-free days, rainfall and temperatures lead to longer seasons of growing crops. When in the process of raising food, longer growing seasons  have negative and positive effects. While other farmers are able to plant crops that take long to mature others may require irrigation for more periods, more so during hotter seasons of growing. Air pollution is also culprit in damaging forests, plants and crops alike. For example, when increased ground-level ozone is absorbed crops end up experiencing lower photosynthesis levels, higher disease sensitivity and slower growth.

There have also been instances where threats of wildfires have increased, and these pose a major risk to rangelands, grasslands and farmlands. Participation and temperature changes also expand the likelihood of weeds, insects, and diseases leading to a greater desire for pest and weed control. Further, pollution is crucial for crops. Changing precipitation and warm temperatures highly impact plants when they bloom and when pollinators like butterflies and bees come out. In the end, pollination can easily decrease in the event of a mismatch when pollinators emerge and plants flower.

Impacts to water and soil resources 

Heavy precipitation in most cases is increased due to climate change and this not only depletes soil nutrients but also erodes farm soils (Kopittke et al., 2019). Heavy rains also lead to agricultural runoff into lakes, oceans and streams leading to adverse effects on the water quality. With warm temperatures such runoff can deplete the levels of oxygen in the water bodies a process referred to as hypoxia. Hypoxia kills fish, and also affects their ability to find food sources and this harms costal economies and societies who usually depend on such ecosystems. Storms and sea level rise are also a threat to coastal communities who fully depend on agriculture.  Such threats include agricultural land losses, soil erosion and intrusion of saltwater that end up contaminating water supplies (Michalk et al., 2019). With climate change, such threats become worse and adversely affect food production.
Livestock and agricultural workers

Workers in farms also face varied climate related health problems. They include increased exposure to high temperatures, disease carrying pests, for instance ticks and mosquitoes, pesticide exposure and low quality air, and these risks are compounded by lack of health care access. Humidity and heat affects the productivity and health of animals, more so those that are kept for eggs, milk and meat.

Technology and Innovation and Food Security 

Technology is vital and known to advance increased agricultural activities, thereby ensuring food security. Agricultural technology like drip irrigation, precision farming including mechanization not only improves productivity, but enhances food quality and reduces overall farm costs (Mok et al., 2019). For example, precision farming makes use of technology in the process of optimizing crop production. This is achieved by managing and monitoring various variables that are important in plant growth like nutrients, temperatures and soil moisture. It is a technology that reduces the common use of fertilizers and pesticides reduce environmental impacts and increases crop yields.

Innovation, on the other hand, has managed to drive advanced agriculture thereby ensuring food security. Innovation is a process of coming up with new products, ideas including processes that are able to address the challenges farmers face in the process of producing crops. In the long-term, the new products, ideas and processes improve productivity, efficiency and food quality. Innovation has helped in dealing with soil degradation, water scarcity and climate change (Barrett et al., 2021). For instance, developments in the area of crops that are drought-tolerant like wheat and maize has helped farmers increase their levels of productivity and this has been managed in areas that are commonly prone to droughts.

Preservation of Food 

This is the process of handling and treating food in a way that allows food shelf life through the reduction of spoilage. It prevents micro organisms from growing, for instance fungi and bacteria while slowing the levels of oxidation of fats which leads to rancidity in food (Bradford et al. 2020). Rancidity usually allows for bad smell in food products leading to consumer diseases. For a long period now, there have been several food preservation methods under use, and these have helped in increasing the shelf life of food commodities while ensuring minimal changes to their nutritional content and quality.
Most people are known to preserver vegetables and fruits by freezing and drying them under short spans of time. Foods are preserved using different approaches like pickling, freeze-drying, dehydration, canning, freezing, fermentation, pasteurizing among many others. At the industrial levels such foods are stored for longer periods for purposes of exporting such food materials to other regions to ensure food for all, and in these way issues of food security is secured. All foods that are preserved work efficiently by slowing the growth and activities of disease causing bacteria or by killing them. Enzyme actions are also stopped or slowed to ensure food quality. During the preservation process, temperatures are increased, and this allows for decreased food ph and water availability aiding to longer periods of preservation (Quinto et al., 2019).
The techniques used to preserve food are crucial in ensuring food security. They, therefore, allow for extended shelf life, improve food safety and quality, while reducing food wastage. New innovations and advances in regards to food preservation like freezing, refrigeration, drying and canning have become common and have not only led to food availability, but increased food diversity. For example, the use of new materials for packaging like modified atmosphere packaging help in extending fresh food shelf life while reducing any spoilage.

Conclusion

Ensuring food security is now a major challenge which needs a multidimensional approach. The ultimate goal of doing away with food insecurity ought to focus on sustainable and local food systems that are stable. In the event of tackling hunger around the globe, there is a need to have more efforts that relate to agricultural production, trade, processing and individuals’ finances to get nutritious foods. All the major ways discussed, and those that aid in food security including innovation, technology and science have managed to play a pivotal role in dealing with issues surrounding food insecurity. They have also helped in improving the levels of productivity, enhanced food availability and reduced losses and wastages. However, there is a need for more policy actions so that these solutions are available to all, more so small scale farmers residing in the rural areas.
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