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Abstract:



The issue of climate change has been gaining widespread attention and concern as it has the ability to directly/indirectly affect our standard of living and quality of life. It has often been postulated that changes in climate would have a vast effect on food production systems and that food security might be threatened due to increasing climate change. However, it seems that research on climate change and food in/security has often been one-sided; with climate change being identified as the cause of food insecurity and not how the systems in place to ensure food security have exacerbated the issue of climate change. This paper thus seeks to give a more balanced view and thus understanding of the complex relationship between climate change and food security by critically examining both systems.
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1. Introduction


Climate change has always been a prevalent phenomenon. However, it is only in recent years that this issue has been given attention by international bodies, non-profit organizations, national bodies, corporations and individuals. As warned by the 44th President of the United States of America, Mr. Barrack Obama, climate change is no longer a problem of the future but rather a challenge that “will define the contours of this century more dramatically than any other” [1]. Climate change is defined as:


“The change in the state of the climate that can be identified (e.g., using statistical tests) by changes in the mean and/or variability of its properties, and that persists for an extended period of time, typically decades or longer. It refers to any change in climate over time, whether due to variability or as a result of human activity.”



—[2]







Climate change has not only resulted in increasing global-averaged mean annual air temperatures but also the increased amount of atmospheric greenhouse gases (GHGs) [3]. It has been reported that the global mean temperature has increased by 0.74 degree Celsius during the last 100 years and that the Gangtori glacier, one of the Himalayas’ largest glaciers, is rapidly disintegrating at 12–13 m a year [3,4]. The impacts of climate change such as the depletion of water resources and the rise in average global temperature have created conditions for a decline in agricultural production. This in turn leads to escalated food inflation globally as well as food shortages in the developing countries where the poor suffer greatly as they are unable to pay the upmarket prices for food [3].



According to the Food and Agricultural Organization of the United Nations (FAO), there are about 795 million people who are undernourished globally, with poor nutrition accounting for nearly 45% of deaths in children below the age of 5 annually. A further 13.5% of the population in developing countries are undernourished due to the lack of food availability; stability of food; and/or economic and physical access to food [5]. These findings are expected to be further exacerbated due to the rise in world population, projected by the United Nations to increase by 2.4 billion by 2050 [6]. The rise in population coupled with growing urbanization and increasing environmental problems such as pollution and deforestation, would have detrimental effects on food production, distribution and consumption. In addition, the inability of food producers to meet the demands of the population would cause food prices to escalate. This, together with the increased occurrences of climate-related disasters and further climate changes worldwide, would worsen the problem of food security faced by the already-at-risk individuals/populations as well as the global community. Food security is thus understood as:


“A situation that exists when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life.”



—[7]







In addition, with the recent signing of the climate agreement introduced in the Paris Climate Conference (COP 21) that seeks to limit global temperature rise to well below two degrees Celsius, more attention has been turned towards greening movements and alternative forms of actions to reduce their greenhouse emissions [8]. There has been a rise in alternative forms of eco-friendly food production processes such as the System of Rice Intensification (SRI), that can substantially reduce GHG emissions as compared to conventional forms of agriculture [9]. However, despite such alternative forms of food production, the FAO reported in 2014 that GHG emissions from agriculture, forestry and fisheries have almost doubled over the past 50 years. This figure is expected to increase by an additional 30% by 2050 if nothing is done to reduce it [10]. Thus, it can be seen that more knowledge and understanding of the effects of conventional procedures is needed before switching to alternative forms of sustainable and eco-friendly processes, so as to ensure that the changes lead to positive and meaningful outcomes.



Since the primary purpose and commonality between agriculture, fisheries and forestry is food production to achieve food security, this essay will thus focus on understanding the dialectic relationship between climate change and food security: precisely how climate change impacts food security and how food production impacts climate change. Upon establishing the link between the three factors (soil, water, and crops), a clearer picture and understanding of what needs to be done so as to achieve food security amidst climate changes will emerge. Though there are many ways to examine climate change, this paper would pay close attention to anthropogenic drivers of climate change.




2. Materials and Methods


This paper utilizes various qualitative approaches in understanding the relationship between climate change and food in/security. In order to gain a better insight of food production systems, climate change and food security, we have chosen to use both content and discourse analysis in order to gather the information needed for this research. These unobtrusive forms of methodology enabled us to sieve out helpful information that would have been otherwise obstructed by geographical restrictions, through the analyzing of a wide database of research papers and books on the topics of climate change, food production systems and food security.



Content analysis—a robust examination of relevant materials—was utilized for capturing and observing trends or patterns found in climate change, food production systems and food security. Through the employment of content analysis, various variables proposed by scholarly and academic journals as responsible or related to climate change and food in/security were also identified. Besides peer-reviewed credible sources, we also consulted and juxtaposed our analysis with other soft sources such as newspaper and Internet reports. In our examination, we analyzed the various findings in academic journals and research papers. This analysis helped to sieve out relevant information of climate change and food in/security through the use of reasoning and analytical thinking. Along with content analysis, discourse analysis was also utilized for studying text linguistics, i.e., tone, phonology, syntax, style and organization, in academic research papers. Through the deconstruction of texts, implicit or hidden contents in academic research papers were made more obvious, thereby helping in one’s understanding of climate change and food in/security. A combination of both content and discourse analysis was necessary to capture the complex dynamics and critical nexus between food in/security and climate change.




3. Research Findings


3.1. How Climate Change is Affecting Food Security


Although there are many factors affecting climate change, the main factor often flagged as the cause for worsening climate conditions is the increase of greenhouse gas emissions in the atmosphere. The increased concentration of GHGs in the atmosphere is expected to trap more heat on Earth which in turn results in an increase in global mean temperatures [11]. Climate change causes adverse impacts on both ecosystems and human societies as it increases the incidence of floods, droughts and other climate-related disasters that have the potential to affect farmlands, livestock and animal husbandry, which are essential for agricultural purposes [12]. In order to better understand the effects of climate change on food security, this paper will focus on three factors identified to have the most direct effects on food production: soil, water and crops [13]. These three factors are crucial in understanding the effects that climate change has on food security as they are the most basic and essential components of food production.



3.1.1. Soil


Soil resources are limited, unequally distributed and susceptible to degradation by land misuse, mismanagement and climate change [13]. Climate change, i.e., high atmospheric carbon dioxide concentrations (≥400 ppm), along with increasing air temperatures (2–4 °C or greater) that persist for an extended period of time, will significantly affect soil properties and fertility, food quantity and quality, and environmental quality [14]. This is because the atmospheric Carbon (C) Cycle is dynamic and responsive to climate change [13]. In addition, accelerated weathering of the rocks and minerals in soils are exacerbated by high atmospheric CO2 concentrations (≥400 ppm), temperatures, intensive rainfalls, heat waves and extended periods of drought [14].



Although weathering has the ability to decrease carbon dioxide concentration (through increasing the inorganic carbon (IC) pool in soils via carbonate mineral formation), it can also disturb the balance between biotic and abiotic C cycles within soils [14]. This disturbance affects the distribution of C into “less stable soil pools; increasing containment mobilization that might significantly alter soil microbial activity, plant productivity, life in soils, and C and elemental cycling… [as well as] the elemental balances in rivers, lakes and oceans” ([14], p. 117). Changes in the carbon dioxide concentration in soil affects the organic matter content of soils and soil quality, resulting in soil degradation. Soil degradation reduces the output of agriculture and the efficiency of inputs. In addition, this decline in soil quality might increase land’s vulnerability to degradation including “crusting, compaction, accelerated erosion and salinization” ([13], p. 10). Climate change thus leads to soil-related consequences that include “significant/dramatic changes in soil properties, surface water and groundwater quality, food (national) security, water supplies, human health, energy, agriculture, forests, and ecosystems” ([14], p. 114).



In addition, research has also shown that climate change causes adverse impacts on humanity and agro-ecosystems and thus food security, as it increases the likelihood of climate-related disasters such as droughts, floods and heatwaves [15]. This affects the drying–rewetting cycles of the land, which in turn, directly affects the “microbial nitrogen (N) turnover rates in soil by changing the water content and the oxygen partial pressure” ([16], p. 1). These changes might increase the likelihood of nitrification that will lead to nitrate formation, and depending on the soil type, nitrates might enter groundwater streams and significantly reduce the availability of N pools in soil [16]. The impoverished soil in turn affects food security as it causes a reduction in quality and quantity of crops, thereby lowering the availability of food for the population. Changes in the N content in the soil have the potential to affect soil nutrient levels that get taken up by plants, and this can result in yields having low tissue concentrations of trace elements [17]. This can, in turn, lead populations that rely solely on such crops for nutrients to suffer from micronutrient deficiencies as they lack alternative dietary choices to compensate for the lack of nutrient intake from these crops.



Research has shown that damage to soil is irreversible when beyond a certain threshold, as it is a non-renewable resource. Damaged soil might thus be a more imminent and immediate problem to society than the depletion of fossil fuels, as it not only affects food production but also the emission of greenhouse gases and the quality and quantity of water [18]. This is because the three systems i.e., land, water and atmospheric conditions, are interconnected and integrated. Thus, it is clear that the soil factor plays a vital role in ensuring food security. However, climate change has also altered the carbon concentration and the nutrients present in soil and this has in turn affected crop production (i.e., quality and quantity), water resources and hence food security.




3.1.2. Water


Similar to soil resources, water resources are also scarce and susceptible to pollution, contamination, eutrophication and changes in climate [13]. It has been reported by the United Nations Department of Economic and Social Affairs (UNDESA) in 2014 that existing climate change scenarios would result in almost half the world’s population living in areas of high water stress by 2030 [19]. The changing precipitation is altering the hydrological systems, affecting water quality and quantity [13]. Water availability is being threatened by climate change as it has the potential to decrease or cause fluctuations in temperature and precipitation in some regions of the world [20]. Fluctuations in rainfall and temperature can potentially cause crop failure especially for crops that require high temperature and rainfall conditions, e.g., rice.



As mentioned earlier, climate change affects the drying–rewetting cycles of the land, thereby changing the N content in soils. This in turn affects water resources when nitrates from the soil seep into groundwater systems and alter the nutrient concentration of water bodies. The increased N concentration in water bodies may lead to the process of eutrophication. Eutrophication is a process whereby nutrient overloads in the water body lead to an increase in floating plant communities and plankton [21]. In addition, increased production of floating plant communities is also facilitated by warmer water bodies, due to climate change, that encourages and prolongs the growing period. The increased growth in floating plant communities will have an adverse effect on submerged plant communities, as sunlight needed for these plants to photosynthesize is being blocked and absorbed by the plants floating on the surface. In order to grow, these floating plant communities compete with submerged plants and other marine animals for nutrients present in the water bodies.



The inability of submerged plant communities to photosynthesize, respire and absorb the necessary nutrients might eventually lead to the death of these plants. The deaths of submerged plant communities will alter the chemical balance in water bodies due to the increase in oxygen content in water bodies, as plants are no longer able to take in oxygen and convert it to carbon dioxide via the process of respiration. This in turn upsets the aquatic biodiversity as marine animals reliant on these plants for food are also affected by changes in the food chain. Animals which are not able to switch to alternative forms of food might either die or have nutritional deficiencies due to changes in nutrition uptake. Thus, increased nitrogen content in water bodies and warmer water conditions have led to the increase in floating plant communities at the expense of submerged aquatic plant diversity.



In addition, the high concentration of GHGs in the atmosphere together with the irresponsible disposal of chemicals into water bodies has altered water concentration, leading to ocean acidification and hypoxia that will influence the distribution and productivity of fisheries and aquaculture in many places [22]. The rising global temperature has also led to the rise in the temperature of water bodies, and marine animals that are unable to acclimatize or migrate to cooler water bodies will thus be affected. Studies have indicated that even a small rise of 1 °C in water temperature could greatly impact the mortality of fishes, breeding, geographical distributions, and harvests [23].



It has also been postulated that rising temperatures in water bodies have led to smaller body sizes of fishes such as herring and haddock [24]. This is because warmer water conditions have increased the anabolic oxygen demand underwater while simultaneously reducing oxygen solubility necessary for survival [24]. Thus, in order to adapt to the change in oxygen content underwater, fish species have evolved to have smaller bodies so that they have a larger surface area to volume ratio to balance their oxygen demand and uptake [24]. This biological change in fishes is worrying as it not only represents a decrease in per-capita reproductive rates and decreased resilience against predators and altered ecosystems, it also threatens food security [24]. With reduced per-capita reproductive rates, the fish species population will be significantly reduced. Warmer water conditions thus threaten food security, as these warmer conditions result in the reduction of food availability and stability—decreased fish species populations and smaller body-sized fishes.



In addition, rising global temperatures have also resulted in water bodies drying up, leading to the phenomenon of desertification. Desertification causes the loss of arable land as the lack of water causes the land to harden and make it unsuitable for crop production or livestock rearing. Clearly, climate change has a significant influence over water as it not only alters the physical conditions (e.g., temperature and land conditions) and chemical environment (e.g., acidity and oxygen content) in water bodies but also changes the biological environment, i.e., the decline in aquatic life and the shift in marine species distribution and abundance [25]. These changes will in turn reduce agricultural output and this, coupled with growing world population, food supply demands and consistent or worsening climatic conditions, will in turn result in detrimental impacts on food security.




3.1.3. Crops


Climate change has also increased the frequency of climate-related disasters such as floods and droughts. Both have direct adverse impacts on crop production and food security. Global temperature rise has resulted in floods due to increasing sea levels caused by the melting of glaciers and the expansion of oceans [26]. Sea-level rise (SLR) affects food security and food production as the rise in sea level can lead to increased flooding and saltwater intrusion into soil, groundwater and freshwater bodies [26]. SLR can result in crop failure when the crops become submerged by the floodwaters that prevent aeration of the soil. Saltwater intrusion can also result in salinization and water-logging which causes land degradation, thereby making affected land unsuitable for the cultivation of crops. It has been discovered that an SLR of 1.5 m in Bangladesh may flood about 16% of the country’s land area and make it unsuitable for rice production [26]. Droughts, many of which are caused by climate change, can result in crop failure as the lack of water available for agricultural production causes crops to die. This is evident in the significant drop in crop yields, i.e., maize yields in Italy and France dropped 36% and 30% respectively, during the severe heat season in Europe in 2003 ([27], p. 225). Droughts also affect soil quality, as they can lead to a decline in plant-available water capacity, making the land unsuitable for crop production.



In addition, the rise in global temperatures caused by climate change might result in an increase in the growth of weeds and consequent use of pesticides [28]. With rising temperatures, crops are faced with more intense attacks from pests and are more susceptible to diseases that threaten to wipe out the harvest [29]. This is because rising temperatures generally create more optimal conditions for disease-causing organisms and pests, which will have adverse effects on crop growth, as these factors affect the quality and quantity of crops [29]. It has been postulated by researchers from the Indian Agricultural Research Institute that there would be a “loss of 4–5 million tonnes in wheat production with every 1 °C rise in temperature throughout the growing period” ([23], p. 219). Climate change thus affects food security, as increasing temperatures and conditions detrimental to crop production affect the quality and quantity of crops.



Another effect of climate change affecting crop production is change in atmospheric conditions such as the rise in GHGs—rising carbon dioxide levels. It has been postulated that carbon dioxide concentrations will rise from current atmospheric levels of about 385 ppm to about 500–1000 ppm by 2100 [30]. Elevated levels of atmospheric carbon dioxide are said by some to be beneficial to the physiology, growth and chemistry of the plant. It has been postulated that “a twofold increase in CO2 will lead to a 10–15% increase in dry matter production provided that all other factors remain constant ([29], p. 363). This is because increased carbon dioxide allows for an increased rate of photosynthesis, thus allowing for an increased production of products (e.g., water, glucose and oxygen). However, it is important to note that the benefits of increased carbon dioxide levels, as mentioned earlier, are only possible if they are independent of any effects of climate change, i.e., rising global temperature and changes to nitrogen content in soil. Researchers at Stanford University have discovered that elevated concentrations of carbon dioxide in the presence of other effects of climate change will instead lead to a reduction in plant growth and nutrients [31].



Nitrogen changes in soil coupled with increased atmospheric carbon dioxide have the effect of making changes in plant tissue nitrogen and this can in turn affect the protein concentrations of plants. There is a lack of surface area for crops to take up other nutrients and minerals, as elevated levels of carbon dioxide encourage higher levels of photosynthetic activity that leads to the formation of more nonstructural carbohydrates. This in turn takes up the space needed for the uptake of other minerals and nutrients such as calcium, magnesium, nitrogen and phosphorous [30].



Furthermore, rising global temperatures can cause heat injury and physiological disorders in crops, thus affecting the quality and quantity of crops produced [29]. Climate change consequences affect carbon dioxide levels, as seen with the increased nitrogen concentrations in soils and rising global temperatures. It is evident that the effects of rising carbon dioxide levels are in fact detrimental to crop production. Crops are also adversely affected by climate change due to the altered weather conditions and seasons (due to increased global mean temperature) required to grow specific crops, e.g., growing of rice during the monsoon period. However, there are two sides of the effects of climate change on crop production. First, climate change can reduce the growing period of crops thereby allowing for more production cycles which in turn increases production output [20]. Climate change can also reduce crop rotation period and enable more crops to be produced in a year. However, one of the downsides of climate change on crop production is that though there may be increased output due to reduced crop rotation periods, the increase in output might not be from crops that are of greater demand. This is because some crops, especially rice, a source of staple in most Asian countries, requires specific growing conditions.




3.1.4. How all Three Factors Affect Food Security


The impact of soil, water and crops on food security will be measured using four components: food availability, economic and physical access to food, food utilization and the stability of food supply. Food availability refers to the physical presence of food available for consumption; economic and physical access to food refers to having the ability/resources to acquire food; food utilization refers to having the “appropriate nutritional content of food and the ability of the body to use it effectively”; and stability of food supply refers to the ability to ensure that there is sufficient food for individuals all the time ([32], p. 14).



Food Availability


If the soil lacks nutrients or is unable to support the growth of crops, there would be a lack of supply of crops and hence the availability of them. Likewise, if the water is contaminated due to its high acidic concentration, crops would die as the acidity of the water would kill the crops. In addition, the rise of natural disasters such as floods and droughts affect food security, as drought prevents the growing of crops and leads to crop failure or the delay of crop production, while floods cause crops to die or the land to be unsuitable for agricultural purposes due to the lack of fertile soil. Crops are sensitive to changes in temperature and precipitation, and a rise in global mean temperatures by 2 °C can destabilize agricultural practices and crop production periods [20]. In addition, food availability is further threatened as climate change leading to climate fluctuations has the potential to lead to the loss of local diversity and translate to lower variety of resources for both current and future generations [33].



As mentioned earlier, climate change has the potential to alter the geographical distribution of some marine animals such as oil sardines, due to increased temperatures in water bodies that make the water conditions unsuitable for their continual survival. This migration can increase the number of fisheries in those areas and thus increase employment opportunities as well as food. Some might view the migration of fishes to other regions in a positive light as it would increase food availability and physical access to food in those regions. However, the original habitats from which these fishes originate would be greatly affected. Fisheries and local fishermen would notice a substantial drop in catch as fishes that are unable to adapt to changing water conditions shift to other water bodies. The drop in catch would thus result in a decrease in food availability, employment and a rise in prices due to the drop in supply. This would in turn affect food security as now these places would have reduced access and availability of food.




Economic and Physical Access to Food


When crops fail due to climate-related disasters, farmers are unable to sell their crops to earn money to support their families. Between 2003 and 2013, these disasters affected more than 1.9 billion people in developing countries and resulted in about half a trillion US dollars in estimated damages [5]. FAO estimates that the “agricultural sector absorbs approximately 22 percent of the total economic impact of these disasters” which in turn affects its capability to support food security [34]. Evidently the effects of climate change are unequal. The poor (developing countries) are more affected by climate change and crop failure, being mainly agricultural economies, as compared to the rich (developed countries), as poor countries lack the knowledge and skills to deal with such changes, i.e., the ability to stockpile sufficient food for their people when crises strike.



In addition, farmers in developing countries often live from one harvest to another, and thus the failure of one harvest might cause them to lose all their savings. As such, they no longer have the financial means to buy food or obtain food from their harvest. This is especially so in developing countries where the governmental supports for farmers are not as strong as those in developed countries. Thus, when crops fail, these farmers are often left without a safety net to recoup from their losses or the ability to provide food for their family. It is postulated that with increased climate change, rice production in the Philippines might decrease as much as 75% by 2100 [35]. This decline might result in many Filipinos having to settle for meals with little or no rice due to the rice shortage as well as the lack of economic access to food. This problem can however be lessened if the government intervenes and implements climate adaptation programs, i.e., increased use of technology for agricultural purposes, to help prevent such significant losses in rice production [35].



Climate change might increase the frequency and intensity of climate-related disasters that can further exacerbate the existing problems that climate change has brought upon food security as it further disrupts crop production, livestock rearing and trade. This might in turn result in premium prices for food, thus worsening the problem of food insecurity. Climate-related disasters might also cause infrastructural damages, thus trapping individuals in areas where they have limited or no physical access to food. In addition to this scenario, natural disasters might create conditions that prevent the transportation of food from producers to customers. The inability of food exports to reach their final destinations might lead to food shortages in such communities, thereby leading to food insecurity.




Food Utilization


Climate change affects the variety of foods with higher nutritional value that are available for people, due to disruptions in trade and crop production. As indicated earlier in Section 3.1.1, climate change can alter the nutritional value in the crops produced as it changes the nutrient levels in soil. Individuals whose main diet consists of crops produced under impoverished soil conditions are susceptible to malnutrition and nutrient deficiencies due to decreased nutrient content in the foods they are consuming. Therefore, the full nutritional value of food cannot be fully absorbed if climate change causes changes in food production factors, i.e., soil and water, that decrease the nutritional value found in food yields. Food utilization is thus negatively affected, as nutritional content of food is insufficient for the body to use it effectively to meet the dietary needs for a healthy lifestyle [16,17].



In addition, climate change might affect the safety of the food, as the use of contaminated water to grow crops might indirectly cause consumers to consume toxic products. Climate-related disasters such as flooding might also cause harmful substances to enter water sources such as wells, thus polluting water sources that are used for hydration and agricultural purposes. Flooding might also lead to large pools of stagnant water in communities that can increase the chances of vector-borne (e.g., malaria and dengue) and water-borne (e.g., cholera) diseases that affect the health of individuals and their ability to utilize food properly [36].



In times of climate-related disasters, people might not have the luxury to pick foods that are rich in nutrients due to the shortage in food availability. Instead, they might turn to rationing consumption to prioritize calorie-rich but nutrient-poor foods, which will lead to a decrease in dietary quality, resulting in the loss of health, productivity capacity and low incomes [22]. Thus, food security is threatened, as food cannot be utilized as effectively due to the decline in nutritional value of food and food safety.




Stability of Food Supply


Climate change affects the stability of food due to changing anthropogenic conditions, drying–rewetting cycles and global mean temperatures, that would affect livestock rearing and crop productions. Some governments and farmers have turned to technological advances and developments in hopes of reducing the effects of climate change on food stability. However, there is a possibility that technological advances used to mitigate the effects of climate change might further exacerbate the issue of food security and climate change.



Climate change is a complex matter and the full extent of its effects is still being unraveled today. It remains to be seen if the technological advancements incorporated into food production systems will indeed lead to reduced climate change effects and increased food stability, as many of these advances are still in their infancy period. More research and time is thus needed to gain a better understanding of these advances.



Stability of food supply is not only affected by climate change but also by other factors such as food distribution and transportation. It has often been reported that climate change increases the frequency and intensity of climate-related disasters, and this in turn affects the stability of food supply as food trade is hindered when planes and ships are grounded/docked due to poor visibility as a result of harsh weather conditions or access roads that are destroyed by earthquakes or flooding.



Instability of food supply is felt mostly in developing countries that do not practice stock-piling. Often, these countries lack the technical expertise and financial resources to bring in experts and engineers to help build infrastructures that can withstand the impact of natural disasters, and storage conditions that allow for food to be stored for an extended period of time. Stability of food supply is thus affected when major infrastructure and transportation hubs such as airports/ports are closed or food storage buildings collapse during such disasters. In addition, developing countries lack the monetary funds and technological advancements necessary to help mitigate crises such as the acidification of oceans and salinization of the soil, to ensure constant production and supply of food for their people.



Therefore, based on the components of food security—food availability, economic and physical access, utilization and the stability of food, it is obvious that climate change has both a direct and indirect impact on food security. The inability of people to get their hands on nutritious food to meet their dietary needs and food preferences for an active and healthy life goes against the very definition of food security. The examples given have shown the current and future challenges that climate change will bring to agricultural and livestock-rearing methods that are used to meet the food demands of the population.



Numerous research studies on the effects of climate change on food production have led to many governments or farmers incorporating various adaptation methods to their agricultural practices so as to reduce the effects of climate change on yields. However, many researchers fail to see that there is a connection between food production systems and climate change, e.g., “rice farming is responsible for approximately 10% of the methane released” into the atmosphere ([35], p. 189). In order to gain a better understanding of the issue of food in/security, it is essential that both systems be examined without prejudice. As such, this paper would now examine the impact of food production systems on climate change in hopes of providing a more balanced view of the issues of food in/security and a greater understanding of the issue of climate change and food in/security.



Food production systems would be examined instead of the components of food security as the latter is the by-product of the former. Without food production systems, there would not be a concept of food security as there would be no production of food to allow all people, at all times, to have physical, social and economic access to sufficient, safe and nutritious food [7].






3.2. How Food Production Systems Are Affecting Climate Change


The world’s population in 1990 was 5.3 billion people, and over the span of 15 years this figure increased by 2 billion [37]. The projected population growth for 2050 is said to be 9.4 billion according to a report released by the U.S. Census Bureau in 2015. In order to keep up with the growing population, it is necessary that food production be increased manifold. There are many components of food production systems, however, for the purposes of this paper, food production will be defined as the system which encompasses the growing, processing, distribution and consumption of food products.



The increased demand for agricultural produce has led to many food producers turning to artificial means such as the use of fertilizers (e.g., the input of inorganic and organic nitrogen in agro-ecosystems) to increase soil fertility for crop cultivation and hence increased harvests, instead of waiting for the land to rest and fallow between crop rotation and harvests. According to studies, agriculture sectors have been identified as being responsible for 13.5% of the global GHG emissions, and one factor apart from deforestation that plays a significant role in these relatively high GHG emissions in the atmosphere is the excessive use of synthetic fertilizers, pesticides and insecticides [18]. Though the use of fertilizers, pesticides and insecticides has reduced the amount of crops being lost to pests and diseases and increased the overall yield of crops, the mismanagement and misuse of these synthetic means to achieve food security can instead reduce the efficiency of plants to take up nitrogen. This in turn leads to an increase in N2O (and NOx) emissions in the atmosphere [38].



The use of N fertilizer for agricultural purposes has led to “emissions of N2O from food systems account[ing] for 77% of total anthropogenic emissions” ([38], p. 474). In addition, the production of nitrogen fertilizers leads to the release of GHGs such as methane, carbon dioxide and nitrous oxide, thus increasing the concentration and percent of GHGs in the atmosphere [39]. N2O exacerbates climate problems as it depletes the stratospheric ozone, increases anthropogenic discharges into the atmosphere and causes global mean temperature to increase [38]. In addition, changes in global mean temperatures lead to rising sea levels due to the melting of polar caps and alteration of weather cycles, which might result in climate-related disasters such as flooding.



In addition, in order to increase the amount of food to meet the ever-growing demands of the world’s 7.3 billion people, large conglomerates have been buying out small, family-owned agricultural businesses to convert them into huge food production enterprises. This results in large amounts of forest area being deforested to increase arable land for crop production and livestock rearing. As of 2012, cattle ranchers, loggers and soya farmers had stripped 17% of the Amazon forests in Brazil, and at the peak of clearance, 10,723 square miles were deforested in a year [40].



The effects of deforestation have a huge impact on climate change. Trees are natural air purifiers of the Earth— a tree takes in carbon dioxide for photosynthesis and releases oxygen back into the atmosphere; it also stores carbon within its leaves, thereby reducing the carbon concentration in the environment that contributes to GHGs. In addition, a tree’s transpiration and canopy reduces temperature, as it affects “radiation absorption and heat storage, wind speed, relative humidity, turbulence” [41]. Thus, when trees are cleared to increase food production, the Earth loses its natural air-purifiers and natural air-conditioners, which results in large amounts of carbon dioxide being released into the atmosphere. This increases the GHG concentrations exponentially, which exacerbates climate problems, i.e., the rise in global mean temperatures.



Deforestation also increases the likelihood of salinization, soil erosion, acidification and desertification as it alters the natural landscape and the normal functionalities of the systems, e.g., deforestation removes tree roots that would otherwise hold the soil together and prevent it from being washed away during heavy rainfall. In addition, when topsoil is washed away, the nutrients and minerals that make the soil fertile for cultivation are also removed.



The introduction of synthetic means of increasing soil fertility and productivity through the use of fertilizers with high levels of inorganic or organic N might alter chemical compositions in water bodies as these fertilizers are washed into rivers and lakes. The introduction of these natural and artificial nutrients and minerals can lead to water pollution (i.e., acidification and eutrophication) and the death of aqua flora and fauna that are unable to adapt to this change.



Studies have also shown that the effects of deforestation (e.g., salinization, acidification, desertification, and soil erosion) and the excessive use of artificial fertilizers have rendered once productive arable crop land into infertile, unusable land [42]. Thus, it can be seen that food production systems, the effects of climate change and food security are all closely linked and integrated, as changes to one system can lead to substantial effects on the other systems.



In addition, other than clearing land for food processing and distribution purposes, food production systems are also heavily dependent on fossil fuels for transportation, creation of artificial fertilizers and pesticides and the running of various machineries needed for packaging, producing and distributing food [42]. It has been discovered that the production of nitrogen fertilizers uses large amounts of fossil fuels such as coal that “can account for more than 50 per cent of total energy use in commercial agriculture” and 1.2% of all anthropogenic GHG emissions [43]. A life-cycle study in the United States of America found that “agricultural transport as a whole contributes 11% of all agricultural GHG emissions from agriculture” ([44], p. 5). However, the actual contribution of agricultural transport emissions is higher than the stated figure as it fails to include emissions from agricultural inputs.



Agriculture is reliant on transportation, as food needs to be exported or imported to areas where consumers can have access to it. The total distance food travels from the original production site to its place of consumption is termed as ‘food miles’ [44]. For most cases, higher food miles would equate to greater GHG emissions as more fossil fuels are required to be combusted for transportation purposes. Thus, food supplies that are transported overseas via air freight often account for a high amount of GHG emissions. The estimates of the various forms of transportation are as follows: air transport contributes 1.093 CO2 equivalent/t/km, truck transport contributes 0.15 CO2 equivalent/t/km and rail transport at 0.01 CO2 equivalent/t/km [44].



In the World Urbanization Prospects: The 2014 Revision published by the UNDESA [45], it was reported that 54% of the world is now urbanized. This means that there is less land available for agricultural purposes or that more land needs to be cleared in order to meet the agricultural demands of the ever-growing population. Countries like Singapore which lack land area for food production are thus reliant on other countries for food import. Singapore imports more than 90% of their food, e.g., 73% of eggs are imported from Malaysia, and 63% of frozen chickens are imported, of which 84% are imported from Brazil [46]. The importing of food contributes to climate change as transportation of food from one place to another requires energy that is usually generated by the burning of fossil fuels. With rising world population and an approximation of two-thirds of the world being urbanized by 2050, the carbon footprint associated with the transportation of food will certainly increase from the current rate of 11% [45,47].



This reliance on fossil fuel has a direct impact on climate change as the burning of fossil fuels for energy not only releases toxic substances into the atmosphere but also leads to land degradation as more ores are extracted from the ground. The combustion of fossil fuels will increase anthropogenic conditions that will further exacerbate the issue of climate change and its consequences, i.e., food security [48]. This is because elevated levels of carbon dioxide can cause “protein content [in grain quality to decrease] by 10–14% in non-leguminous grain crops and concentrations of minerals, such as iron and zinc [to] decrease by 15–30%” ([49], p. 109). Changes in food nutritional properties would in turn affect the quality of food being produced and hence the utilization of food. Hence, not only does food production and food processing contribute to GHG emissions that are detrimental to the environment but food miles also contribute to the increased concentration of atmospheric GHGs that worsen climate change.



Another factor of food production that affects climate change is the food we are producing. The increasing affluence of middle-class consumers and the rising urban population have led to changes in food preferences towards more meat-based diets. Global meat consumption has increased 325% from 1961 to 2011 [50]. This increase in meat consumption is accompanied by increases in livestock-rearing producers and meat-based processing systems that seek to maximize profit through catering to the growing population’s changing food preferences. However, the rise in global meat consumption has led to increased climate change effects, as it can take 10–20 times more energy and greenhouse gas emissions to produce certain meat-based foods than grains and vegetables [13].



According to the FAO [34], the livestock sector emits about “7.1 gigatonnes of carbon dioxide equivalent per year, representing 14.5 percent of all human-induced emissions”. This significant amount of GHGs being emitted into the air has negative effects on climate change as it raises the global air temperature and affects the compositions of the atmosphere, which results in the increased occurrences of natural disasters. Thus, changing food consumption patterns play a significant role in influencing climate change.



In addition, land area required for livestock rearing is more significant than for crop producing. This is because “an area of 200 m2 can produce 142 kg of wheat or 9.6 kg of beef. The number of persons which can be fed in one day is 210 for the vegetarian diet and 13 for the beef diet” ([13], p. 14). It becomes clear that though both crop producing and livestock rearing requires the same amount of input—200 m2 of land, the food outputs from crop producers are more substantial than for livestock rearing. However, changing consumption patterns favoring meat-based diets have created a market and need for producers to produce more poultry and this has resulted in more natural ecosystems being converted into agro-ecosystems.



Livestock rearing can also lead to soil erosion and desertification due to overgrazing. As mentioned earlier, the effects of soil erosion would affect the soil health which in turn affects the quality and quantity of produce and hence food security. In addition, soil erosion and desertification affects the soil carbon sequestration and reduces the soil’s ability to remove atmospheric carbon dioxide that helps mitigate climate change. Carbon sequestration according to United Nations Convention to Combat Desertification (UNCCD) is “the process by which CO2 sinks (both natural and artificial) remove carbon dioxide from the atmosphere, primarily as plant organic matter in soils” ([51], p. 1). Soil plays an important role in mitigating climate change as after all, it holds more organic carbon than atmospheric CO2 and vegetation combined [50]. Poor soil health would thus affect the ability of soil to act as a sink to remove atmospheric carbon and thus results in higher levels of carbon dioxide concentration in the atmosphere, exacerbating climate change.



Based on the examples highlighted above, it can be seen that food production systems have a direct/indirect influence on climate change. The increased release of anthropogenic gases into the atmosphere not only increases the concentration of GHGs but also increases the rate of warming in the atmosphere, as there are more GHGs to trap heat. In addition, food production can also affect food security as damage to the land through soil leaching, deforestation and salinization converts fertile, arable land into land that is unsuitable for crop production or livestock rearing.





4. Conclusions


In sum, food security, food production and climate change are all interlinked and intertwined. Changes in one factor would have negative impacts on the other factors. Take for example, the lack of food security. This would lead to the rise in food production, which would in turn lead to the worsening of climate change due to factors such as the clearing of land to support growing production systems. In addition, the energy used (burning of fossil fuels) and pollutants released during production processes might exacerbate the climate change issue. The three systems are intricately connected and hence changes to any system would have a domino effect on the other two systems.



The first thing that needs to be done is to kick-start substantial changes in one of the systems. It would probably be best not to change all the systems at the same time as this might result in chaos and confusion that might worsen the problems within each system. Solving the problem of the effects of food production systems that have increased global carbon footprints and exacerbated climate change, might be easier than the other two systems. This is because food production systems are managed and controlled by people. Changing production systems to adopt more environmentally-friendly production processes is easier compared to addressing climate change effects on food security that involves not only economic interests but also political interests.



With a projected increase of 2.4 billion people by 2050, it is vital that current food production systems should adopt an environmentally-friendly system so that Malthus’ prophesy of geometric growth of population and arithmetic growth of food production leading to inevitable food insecurity does not come true. The wider adoption of environmentally-friendly food production systems would allow for sustainable development and progress for current and future generations to come and a higher chance of achieving both food security and better management of climate change. This is because with more environmentally-friendly food production systems and the introduction of environmental certification regimes, the current levels of GHG emissions can be reduced or maintained at levels where we are still able to seek solutions to mitigate and adapt to this phenomenon and address the problems in the other systems. The reduction of climate change effects will help to improve the food security problem as it reduces the likelihood of crop failure or the deaths of livestock due to natural disasters and climate change.



It is also important to note that the factors identified for causing climate change and the lack of food security in this report are limited and there remains a huge range of other factors that can or are contributing to climate change and threatening food security such as political instability and economic interests.
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