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ABSTRACT

The global COVID-19 pandemic of 2020 triggered disruption in almost all areas of the Food Supply Chain (FSC). During this year many confounding factors contributed to the disruption of the normal FSC and impacted the system adversely. This includes the agricultural food production system, the first phase of the FSC, to the final delivery of food to consumers. Food was lost or wasted as farmers were unable to transfer and distribute the food to retailers. Food shortages became problematic and consumers were not able to obtain necessary staples. Then consumers started to purchase too much (hoard-ing), as they feared shortages, which resulted in both rises in food prices and in higher food waste by consumers. Several reports indicated that food waste during this period was remarkably more than in pre-pandemic times. These situations were worsened as the pandemic continued. In this paper we define food loss as occurring mostly during the agricultural food production and food waste that mostly happening during distribution of food at the retailer and consumer levels. The food loss and waste (FLW) both have been shown to add to the diminution of the natural resources and the rise in greenhouse gas emissions. The high level of greenhouse gas in turn can harm the environment. In the United States (U.S.), similar to other countries, natural resources such as land (about 50%) and water (67%) are used for agriculture and food production. The main objective of this paper is therefore, to emphasize some of the current findings on the potential impact of the pandemic on the FSC which resulted in more FLW. 

Many reports suggest every stage of the FSC can be a significant contributor of FLW and environmental resource depletion. Long-term strategies must be implemented to keep the FSC robust, stable and sustainable during unfavorable circumstances and crises. 
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1 INTRODUCTION 

According to the United Nations (UN) agencies, the COVID-19 pandemic is not only a health emergency, but it has also been threatening the food security of people globally. Since March 2020, UN agencies have worked within their own mandates to protect food systems and delivery of food to people in need. The current global pandemic (COVID-19) has disrupted food systems around the world [1]. The Food Supply Chain (FSC) from farm to table has been impacted negatively by this pandemic. Changes occurred such as farmers not being able to distribute and transfer the food to retailers. Consumers, therefore, experienced shortages of specific foods and many stockpiled foods as they were afraid that there will be broader food scarcities in the future. These alterations in consumers’ behavior, including their purchasing and eating practices, led to negative impacts on individual and global health status. 

Food waste increased as consumers were not able to consume all the food they purchased and led to massive spoilage and waste. It is important to note that these changes in the FSC 

were significantly different than the challenges created by previous natural disasters such as drought, floods and fires. In the case of natural disasters, the production of food itself is often severely disrupted. In the current pandemic however, food was produced at the source, but it was unable to move completely and normally through the FSC without major loss. A sustainable food system, including both adequate food production and a low food loss that provides sufficient food for all but more importantly for the food insecure population, thus becomes critical. The pandemic caused about 49 million people to move to extreme poverty [1]-[3]. 
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 Shahla M. Wunderlich, Int. J. Environ. Impacts, Vol. 4, No. 2 (2021) The global food loss and waste, even in the pre-pandemic era, is estimated annually to be about one-third or about 1.3 billion tons of total food produced [4], [5]. Furthermore, it is estimated that in 2050, when the global population is projected to reach about 9.8 billion from the current population of 7.8 billion, the additional people can be fed by reducing the FLW rate. The Food Loss and Waste (FLW) reduction becomes even more critical to assure enough food at the time of global crisis [3]. The Food and Agriculture Organization (FAO) of the United Nations (UN) reports that the food loss and waste (FLW) is a global concern, and all nations must be taking actions to lessen FLW [5]. Moreover, not only does reduction of FLW result in more food available for the population, it also safeguards the environment by not using too many natural resources. If FLW stays at the current level, both food availability and the environment will suffer in the future. The FAO estimated that global FLW is about 25-30% of the total available food. In addition, the FLW in different parts of the world and the type of food losses are wide-ranging [5]. For example, the manner of FLW in developed counties may be different from developing countries. 

The FLW can happen in any stage of the Food Supply Chain (FSC). Understanding of the main sources of FLW and systematic approaches to reduce FLW globally will help to provide enough food for all under different conditions: normal or during crises. This means that all who are involved in making food policy and agricultural sectors must work together to attain a sustainable food supply. It is also important to take lessons from other successful approaches and strategies that resulted in achievable and constructive solutions. This may help to reduce food loss and waste and support the protection of the natural resources and attainment of the United Nations sustainable developments goals for the future [6]. 

1.1  Food Supply Chain

The Food Supply Chain (FSC) defines the sequence of food production and distribution from farms to users. Figure 1 displays a simple model of the FSC. These interrelated steps bring food from farm to table, i.e., to the final users. That means that all the participants in this process impact each other and the movement of food across the supply chain [7]-[9]. The future will be more promising if the food system becomes more sustainable by using new Figure 1: The business model innovation in the food supply chain. Nosratabadi, et al 2020 [9]. 
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technology to achieve agricultural practices with higher crop yields and less food loss and waste (FLW) on all levels of the food chain. 

Food production processes, unfortunately, can be disrupted by many factors such as the pandemic in 2020 and extreme climate impacts like unfavorable temperature, drought and other natural disasters. These disruptions can also occur at any stage of the FSC. Disruptions can occur not only at the food production phase but also in food processing industries, distribution, and in consumers’ purchasing behaviors. For example, during the pandemic the enclosed food processing plants have been affected significantly by the mandate on social distancing, by shortages of personnel due to sickness, and by lockdown measures to prevent the range of the virus infection. In industries where the workers need to work in a closed and confined spaces, such as packing plants for fruits and vegetables or meat processing facilities, the mandate of social distancing, to ensure workers’ safety and health, has brought lower efficiency of operations. Therefore, staff availability was reduced in many meat processing facilities. These disruptions in the FSC affected the meat packing plants in many countries including the US, Canada, Spain, Ireland, Brazil, and Australia [10]. The more automated industries, such as grain handling and processing, which depend less on laborers, have experienced less disruptions. Furthermore, the harvests were reduced in some parts of the world, and as a result many seasonal workers lost their jobs, which also restricted, and sometimes even stopped, the transport of food to markets. High-income countries that have advanced technological recourses faced less impact than low-income countries that are more labor dependent. Low-income countries need to develop supply chain contingency plans in order to overcome basic FSC logistic challenges [11]. As mentioned before, many meat processing plants, and food marketplaces were obligated to halt due to widespread COVID-19 infections among employees. Some dairy producers had no choice but to discard milk and other perish-able crops as they could not transfer them to the distributers [10]. This resulted in breaks in the food supply chain. Both in developing and underdeveloped countries, where temporary or seasonal workers are used for agricultural food production, sorting, harvesting, processing, or transporting of crops to markets, the FSC was affected significantly. Therefore, consumers had a difficult time to obtain fresh vegetables and fruits, dairy, meat and fish in the initial phase of pandemic [1], [10], [12]. Consumers have also become inclined to compare the sustainable agriculture methods of food production as they became more aware of the issues of agricultural sustainability. Consumers were comparing the sustainability of conventional, organic and genetically manufactured food production in their food purchasing decisions 

[13-14]. There is a need to educate consumers not only about the sources and methods of food production but also about the sources of food loss and waste. Positive and constructive actions toward reducing FLW can make the world’s food more available, sustainable and protect the health of the environment as well [13]. 

2  FOOD LOSS AND WASTE

The global production of food is measured in billions of pounds of food so that the world’s population can be fed but unfortunately at the same time, much food is also lost and wasted. 

These agricultural activities use natural resources and consequently, wasting food depletes and can harm the environment. Wunderlich [14] describes how the environment can be protected by reducing Food Loss and Waste (FLW). Food that is left on the farm after harvest for a period of time, and not consumed, refers as food loss in this paper. Further spoilage and food loss also can happen during transport, handling and storage as well. Even in the distribution centers and in the supermarkets food that is not stored or handled properly will be 
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 Shahla M. Wunderlich, Int. J. Environ. Impacts, Vol. 4, No. 2 (2021) lost. Food waste, on the other hand, mainly refers to the food that is not used and eaten and discarded at the consumer level either at home, restaurant or other places where people normally eat. These activities result in the loss of millions of pounds of edible food per year. At the same time there about 815 million people, largely in underdeveloped countries, who are in need of food and many are hungry and undernourished. It is estimated that in the United States alone, about 15.8 million households are food insecure [6]. It is estimated that with about a 15% reduction in food waste, all food insecure people in the U.S. could be fed. There are also estimated that if food losses could be lowered significantly globally, an additional 1 

billion people could have adequate food security [7], [15]. The situation of FLW worsened during 2020 due to the pandemic and many farmers, for example in the U.S., allowed their products to spoil at the farm since it was more costly for them to transfer and distribute when the subsequent delivery phase such as retailers, restaurants, consumers were not accepting deliveries of food. The FSC was broken [15]. 

An overview recently published, by Hamid El Bilali at the University of Natural Resources and Life Sciences (BOKU), Austria describes some strategies to improve the FSC and to prevent food loss and waste [16]. In this overview the author mentioned that reduction of FLW is one of the approaches in the United Nations ‘2030 Agenda for Sustainable Development’ which also includes the ‘Sustainable Development Goals’ (SDGs) in order to lessen the amount of food loss and waste. The author further presented some solutions to reduce FLW at all phases of the FSC from the pre-harvest/ production stage, and other phases of the food system including processing, packaging, transport, and delivery to the food retailers and ultimately reaching to consumers [16]. 

Moreover, Aldacoa, et al [17] published a paper describing the influence of the COVID 19  

pandemic on the Spanish food supply chain (FSC) at each phase and this is illustrated in Figure 2. 

Figure 2 illustrates how the COVID-19 pandemic triggered strong fluctuations and short-term changes in consumer eating habits that influenced the FSC. The FLW also changed Figure 2:  Overview of the Spanish food supply system influenced by the COVID-19 pandemic. Aldacao, et al 2020 [17]. 

  

 Shahla M. Wunderlich, Int. J. Environ. Impacts, Vol. 4, No. 2 (2021) 105

as the Spanish government-imposed lockdowns and the food production and consumption changed significantly. The household FLW increased 12%, the economic impact (+11%), GHG emissions (+10%), which all impacted FLW generation and management [17]. 

It is evident that the food supply chain must be improved in efficiency and resiliency so that disruption of food delivery during a pandemic or another emergency crisis can be minimized. 

At the same time, decreasing food loss and waste have been recognized as an important critical step to prevent food insecurity and reducing the negative impact on the planet earth’s natural resources [17]. 

2.1  Food Loss and Waste in Developing countries 

In 2018, the United Nations reports that in the underdeveloped countries, rate of the food insecurity is about 12.9% compared to the United States where the estimate is 15.8 million households that are food insecure (about 4.8%) [5],[6]. 

The FLW in underdeveloped countries occurs primarily on the farm and some at the storage facilities. Often, food has been left on farms after the harvest and before being transported to the distributors which results in food spoilage. In addition, storage facilities are not optimal which affects in food damage. These countries have limited financial resources, education and technical support to build an optimal food system process. Therefore, in areas of the world such as Sub-Saharan Africa and Southeast Asia, the efforts should focus mostly on training particularly at the initial phases (harvesting and storage) of the FSC. It is also important to provide resources, financial support and education to combat the food loss as there is a great need for food supply for the people living in these areas of the world [6]. The food loss in these countries could be reduced if farmers are trained in proper harvesting, transporting and storage practices to safeguard the harvested food which in turn would reduce food damage. 

Another factor that should be considered is the environmental protection and conservation of the earth’s resources. The health of the environment is critical in securing availability of the natural resources such water and soil. If these measures are not taken, the capability of the world to produce good quality and quantity food for all will be impaired [13], [14]. 

2.2  Food Loss and Waste in Developed Countries 

In the developed countries, the main problem is that a large amount of edible food is wasted by consumers at home and at establishments such as restaurants [18]. Recent movements are underway to try to reduce food waste, by encouraging people to accept foods that are not aesthetically perfect but nonetheless are edible and nutritious. Selling the not fine-looking (ugly) but still nutritious produce cheaper (about 40% lower) than perfect ones to consumers, and proper food labeling and portion control at restaurants are therefore becoming more popular in some countries such as the U.S and Japan [18]. A review of food loss and waste in both developing countries and developed countries was published by the author(s) previously that indicates that reducing FLW will help to conserve natural resources mainly at the initial phases of the FSC [7]. In the most recent paper published in the Journal of Science of Total Environment in 2020 during the early stages of pandemic, in Spain FLW was reported to be more than 12% higher than normal [17]. 
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The impact of FLW on the environment must be recognized and not ignored. As mentioned earlier, the agriculture sectors and consumers’ behavior utilize natural resources and subsequently increase the rate of global climate change through green-house gas (GHG) emission. 

A report from the National Aeronautics and Space Administration (NASA) indicates that the earth’s temperature has risen by almost 2° Fahrenheit from 1880 to 2018. This is mostly due to the large amount of carbon dioxide and other GHGs that have been released into the earth’s atmosphere by industrial pollution and the usage of fossil fuel as well as FLW [19]. 

North America unfortunately is considered a major source of per capita food loss and food waste. The U.S. is the 2nd largest contributor in the world of GHG due to food production. 

This could be the equivalent of 37 million vehicles a year [20]. It is therefore evident that human lifestyles and behaviors must change to reduce FLW and with that the environment will be more protected and at the same time the rate of climate change globally will decrease. 

3.1  Management and Policies 

In order to manage and reduce FLW, governments and policy makers must be involved and establish practical strategies in all areas of food production and usage. For example, in the U.S. in 2013, the United States Department of Agriculture (USDA) and the Environmental Protection Agency (EPA) launched the US Food Waste Challenge [21]. This joint effort brought the topic of FLW to the public and set a national goal to cut food waste in half by 2030. This goal aligns with targets set by the United Nations’ Sustainable Development Goals [6]. The U.S Congress enhanced food donation tax incentives in 2015 and about 400 

retailers and manufacturers, committed to reduce food waste by 2025 [7]. 

4  MATERIALS AND METHODS

This paper is primarily a review study of relevant published journal articles in English with majority of the publication dates between 2018-2020 and a few in the last 10 years. Main focus was on 2020 publications during the time of the COVID-19 pandemic. The databases used for this review were Science Direct, Sage Premier, US National Agriculture Library, Public Health Database and Google Scholar using keyword searches. The main objective is to learn about the scope of the food loss and waste issue globally and the impact of the 2020 pandemic on the food supply chain. Therefore, policy reports and efforts to lessen food loss and waste were explored. The reports and publications from governmental, international and private agencies and organizations, in addition to published journal articles were reviewed. Primary sources from the United Nations agencies and the Food and Agriculture 

Organization (FAO) as well as the United States Department of Agriculture (USDA), the US 

Environmental Protection Agency (EPA), the National Aeronautics and Space Administration (NASA) were used to retrieve the most current information. Also, reports by the research groups that are committed to global sustainability such as the World Resources Institute and the Natural Resource Defense Council also were reviewed. The online platforms, Google Scholar, and databases like Public Health were also considered [7]. 

Moreover, to explore the impact of COVID 19 on the food supply chain, the recent study conducted in Spain by Aldacoa, D. Hoehna, J. Lasoa, et al in 2020 and other pertinent published papers about the pandemic in 2020 [10]-[12] have been used to evaluate the FSC 

changes during the pandemic. The goal of the Spain study was to assess the economic, nutritional and environmental (i.e., climate change) consequences along the Spanish food supply 
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chain in terms of FLW during the COVID-19 epidemic from the production to consumption of different typical Spanish foods [17]. The authors used two scenarios, pre- COVID-19 

and during the outbreak. Pre-COVID was during the time that the state of emergency was not declared in Spain during 2019. This   time period was used to baseline the food supply chain in Spain. The scenario during pandemic included from food production to household consumption, since consumption outside of the home was not allowed due to the lockdown. 

The pandemic scenario was recorded during weeks 11-15 (from March 9, 2020 to April 12, 2020) [17]. 

In another study by Vázquez-Rowe et al. [22] the Nutrient Rich Foods (NRF9.3) score was used as an indicator of the nutritional content of FLW. The economic FLW (E-FLW) index was also used to consider the economic value (profit or loss) of FLW caused for each food product and category. Both indicators, together with the Green House Gas emissions linked to FLW in food production and consumption (GHG-FLW) were established by the multivari-able framework for potential decision-making [19]. 

5  RESULTS AND CONCLUSIONS 

There are multiple stakeholders that influence sustainable food supply. Some efforts by stakeholders to keep the overall food supply chain normal and operational came to an abrupt halt when the pandemic occurred in the beginning of year 2020. Spain was a country hit hard by the pandemic and many routines and practices changed. A comprehensive study by Aldacoa, et al, which took a holistic approach and analyzed the consumer behavior changes that resulted in a more than 12 % increase in the household FLW during in the initial phase of outbreak [17]. During this time adverse economic and environmental impacts occurred while nutritional quality was reduced. The study comparing pre and during COVID-19 

during weeks 11-15 (from March 9, 2020 to April 12, 2020), showed that the food purchases increased by 29.8%, in the first week of the emergency (Week 11 of 2020), compared to the pre-COVID time in 2019. The following week of the emergency, (Week 12), the food purchase increased by 10.9% compared to the baseline. This behavior may indicate that consumers initially purchased a large amount food and as a result there was no need to buy the same amount the following week (Week 12) and therefore the percentage was lower. In the subsequent week, (Week 13) food purchase was lower, and the reduction of food purchase was even more significant (20.3%) [17]. These findings indicate that consumers’ behaviors change greatly during the pandemic which impacted the food supply system significantly. 

This will be a warning for governments and policy makers to plan and respond accordingly. 

Also, in order to reduce FLW all stakeholders, including farmers, human resources, food industries, governments, policy makers and consumers must coordinate their efforts, behaviors, and practices to overcome these challenges. The pandemic also resulted in demanding human resource management. The working environment had to change in order to adopt new workplace policies and to reduce human contact [23]. It is valuable to learn and follow from successful initiatives and practices that are currently in place in some parts of the world. 

Having adequate food supply contingency plans is essential and crucial. Thus, as soon as a crisis is anticipated, such as a pandemic, they can respond appropriately to prevent another FSC breakdown. 

The 2020 pandemic was and is a global concern. It has demonstrated that maintaining global food sustainability to feed the growing population and preserving the wellbeing of the environment is challenging unless coordinated efforts are devoted to market research and promotion of the concept that the FLW rate must be reduced so that it does not further 
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[24]. Achieving the goal of attaining FLW reduction by 50% by 2030 will need this form of global partnership among governments and policy makers. Furthermore, establishing a more standardized labeling and correct date for food products which are easily understandable and reduce consumers’ confusion about whether a product is safe to consume must be encouraged and promoted [25]. 

The 2020 pandemic brought more attention to the topic of FLW as it is not only affecting the food supply system, but it also depletes natural resources. The FAO issued a report in 2019, stating that protection of the world ecosystem and its diversity is a priority in order to safeguard the agriculture and food supply system [26]. There are many sources of food loss and waste along the food supply chain. Actions by all stakeholders along the supply chain are needed to sustain a robust food supply system, which is resilient during emergencies, and at the same time preserves natural resources [7],[27]. Therefore, in order to achieve constructive outcomes, the assessment and examination of food loss and sources of food waste and possible actions must be explored. The evaluation should consider the facts that each region of the world requires different interventions as the geographical and agricultural practices vary due the regional conditions including weather and the availability of technological and other resources. Examples of potential methods to reduce food waste could be storing and salvaging and distributing to food banks [18]. These actions during a pandemic became vital in order to feed a large number of people in need of basic food supplies. 

In developed nations, it has been shown that education to raise the knowledge of consumers about the food production methods and environmental impacts of each method has been effective. This approach has shown that consumers have improved the acceptability of cosmetically suboptimal foods. Some actions such as by Misfits (https://www.misfitsmarket. 

com) have been taken in the USA to sell cosmetically suboptimal produce at lower prices, thereby reducing food waste. 

Nosratabadi,  et al (2020) define changes during COVID-19 and challenges and lessons learned and the probable solutions to lessen some of the global food unavailability in the future [9]. They propose some solutions for refining the business model that vary based on the situation of a business in the FSC. The authors suggested that in order to close the gap between food supply and food demand for the next 50 years, is that all stakeholders in the FSC should optimize the value they are creating and delivering to their customers. The study also recommended approaches such as involving all investors in value creation processes and compatibility with the social and environmental factors as being critical in this method [9]. A report developed by the Economic Research Service (ERS) of the United States Department of Agriculture (USDA) in 2020 additionally describes that the “drivers of food loss on the farm and other pre-retail sectors, with a focus on economic incentives that underlie the way fresh foods are grown, processed, and marketed in the United States” [28]. The information in this report largely emphasizes foods such as fruits and vegetables which should be included in a healthy and balanced diet. Furthermore, another study indicates that the reduction of food loss and waste is not a responsibility of one nation, but it is a global obligation that requires actions by all nations in order to make enough food available for the world’s population and safeguarding the earth’s resources and economic security [29]. They proposed strategies to reduce FLW along the FSC and actions that have been taken in different countries to reduce FLW and to improve environmental health. Clearly, to be most effective in these actions, policy makers and regulators must be directly engaged in the process. FLW reduction policy must include protections against future crisis to safeguard food security and economic health. 
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Nosratabadi, et al [9] also added the impact of the 2020 pandemic on the food supply chain at all levels of the chain. There are some recent published papers in this area that are mentioned in this review as well. The disruption on all stages of FSC during the initial months of COVID-19 was significant. As mentioned before, the major disruption came when farmers had difficulties to send their products to distributors, retailers and therefore there was shortages of food in local food shops and supermarkets. Consumers subsequently changed their shop-ping habits and purchased more food than they could eat, as they dreaded that there will be a sustained shortage of food in the future. They also preferred food takeaway and home delivery options as a result of social distancing recommendations and the closing of restaurants [30]. 

These practices ended up in creating substantial food loss and waste at several stages of the FSC. Later, the market stabilized again, and food unavailability was alleviated [9]. 

The Organization for Economic Co-operation and Development (OECD), representing 37 

countries, met in June 2020 to analyze the impact of the COVID-19 pandemic on health and the economy and planned some strategies to prevent future crises. The organization also emphasized impacts on the environment, sustainability and preservation of natural resources and the linkage of environment and economic wellbeing “green recovery”. Green recovery is resilient and sustainable and believed to be a win-win option to safeguard the environment and improve economic wellbeing. It is also considered to be the best relationship between COVID- 19 response and environmental health [ 31], [32]. 

6 RECOMMENDATIONS

The current pandemic has presented a challenging situation that shows how critical it is to be prepared and invest in a more inclusive, environmentally sustainable and resilient food supply system. This practice additionally needs to be continued after the crisis is over as well, so that the food system is well equipped in the face of global adversity and crisis including, and not only from a health pandemic, but also in the face of extreme climate change consequences. 

Long term policies should be in place to combat the future emergencies. The results are that the most recent estimates of overall food supply chain performance are highly variable from source to source which reflects the complexities involved with these estimates and as there are also ongoing research studies in this area that have not been published yet. This review attempts to shed some light on the food and environmental situation during the recent pandemic of 2020. Food producers and consumers were suddenly faced with an unprecedented global situation which took some time to be stabilized. This has been shown that the food supply chain can be vulnerable during a global crisis, either health or environmental. Therefore, a robust strategy must be implemented in order to secure the normal FSC which ensures food security, while reducing pressure on natural resources. Policies and management to reduce food loss and waste (FLW) have been identified as an effective approach to meet some of these objectives among other considerations. 

The world has previously encountered numerous natural disasters, such as droughts, floods and fire among others which disturbed agriculture and food production in the past. However, the global pandemic of 2020 impacted the food supply in a different manner. Food was produced on the farm but could not reach the consumers due to lockdowns in many countries. 

Transport of food from farms was stopped because the movement of food by vehicles (trucks, for example) and air freight (planes were grounded) was reduced or paused. Lessons must be learned from these experiences to keep the FSC strong and resilient in order to withstand the future crises and keep the agriculture, food supply and economic security normal as much as possible. 
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The importance of food sustainability and food security for all, and protection of the environment must become a higher global priority. More education and provision of resources are necessary in order to reduce food loss and waste and prevent another disruption of the food supply during global crises such as the pandemic of 2020. These goals can be accomplished only when all the participants in the food supply chain join forces to attain these objectives. 
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FOOD SUPPLY CHAIN DURING PANDEMIC: CHANGES IN
FOOD PRODUCTION, FOOD LOSS AND WASTE

SHAHLA M. WUNDERLICH
Nutrition Optima LLC Princeton New Jersey, United States of America

ABSTRACT

The global COVID-19 pandemic of 2020 triggered disruption in almost all areas of the Food Supply
Chain (FSC). During this year many confounding factors contributed to the disruption of the normal
FSC and impacted the system adversely. This includes the agricultural food production system, the first
phase of the FSC, to the final delivery of food to consumers. Food was lost or wasted as farmers were
unable to transfer and distribute the food to retailers. Food shortages became problematic and consum-
ers were not able to obtain necessary staples. Then consumers started to purchase too much (hoard-
ing), as they feared shortages, which resulted in both rises in food prices and in higher food waste by
consumers. Several reports indicated that food waste during this period was remarkably more than in
pre-pandemic times. These situations were worsened as the pandemic continued. In this paper we define
food loss as occurring mostly during the agricultural food production and food waste that mostly hap-
pening during distribution of food at the retailer and consumer levels. The food and waste (FLW)
both have been shown to add to the diminution of the natural resources and the rise in greenhouse gas
emissions. The high level of greenhouse gas in turn can harm the environment. In the United States
(U.S.), similar to other countries, natural resources such as land (about 50%) and water (67%) are used
for agriculture and food production. The main objective of this paper is therefore, to emphasize some of
the current findings on the potential impact of the pandemic on the FSC which resulted in more FLW.
Many reports suggest every stage of the ESC can be a significant contributor of FLW and environmen-
tal resource depletion. Long-term strategies must be implemented to keep the FSC robust, stable and
sustainable during unfavorable circumstances and crises.

Keywords: Environment, pandemic, consumer; Food Supply Chain, food loss and waste, sustainability.

1 INTRODUCTION

According to the United Nations (UN) agencies, the COVID-19 pandemic is not only a health
emergency, but it has also been threatening the food security of people globally. Since March
2020, UN agencies have worked within their own mandates to protect food systems and
delivery of food to people in need. The current global pandemic (COVID-19) has disrupted
food systems around the world [1]. The Food Supply Chain (FSC) from farm to table has
been impacted negatively by this pandemic. Changes occurred such as farmers not being able
to distribute and transfer the food to retailers. Consumers, therefore, experienced shortages
of specific foods and many stockpiled foods as they were afraid that there will be broader
food scarcities in the future. These alterations in consumers’ behavior, including their pur-
chasing and eating practices, led to negative impacts on individual and global health status.
Food waste increased as consumers were not able to consume all the food they purchased
and led to massive spoilage and waste. It is important to note that these changes in the FSC
were significantly different than the challenges created by previous natural disasters such as
drought, floods and fires. In the case of natural disasters, the production of food itself is often
severely disrupted. In the current pandemic however, food was produced at the source, but it
was unable to move completely and normally through the FSC without major loss. A sustain-
able food system, including both adequate food production and a low food loss that provides
sufficient food for all but more importantly for the food insecure population, thus becomes
critical. The pandemic caused about 49 million people to move to extreme poverty [1]-[3].
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