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			Healthy, wholesome nutrition in adequate quantities is a prerequisite for health and wellbeing and, thereby, human productivity. Eliminating malnutrition and food insecurity and increasing access to healthy food have become high priorities in the fight against poverty. In 2014, the Rome Declaration on Nutrition and the accompanying Framework for Action that were issued at the Second International Conference on Nutrition (ICN2) initiated a number of efforts towards a world without hunger (ICN, 2014a; ICN, 2014b), culminating in the proclamation of the United Nations Decade of Action on Nutrition 2016 to 2025 (UN General Assembly, 2016).

			Despite many efforts, the prevalence of hunger and undernourishment has remained high and has even slightly increased as a result of increasing conflicts, climate change and the global COVID-19 pandemic (FAO, IFAD, UNICEF, WFP and WHO, 2021). The current war in Ukraine, a major exporter of wheat, corn, and sunflower oil, threatens to further delay the eradication of hunger in the world, as volumes of these commodities are expected to decline and prices to rise significantly (FAO, 2022).

			At the same time, the problem of overnutrition has been increasing for many years. The number of overweight and obese people is now exceeding that of undernourished people and nutrition-related non-communicable diseases are currently the most common cause of death in all regions of the world (WHO, 2019a; WHO Global Health Estimates 2019).

			Against this background, the fight against malnutrition is also a central element of the United Nations’ Agenda for Sustainable Development 2030 to end poverty and promote global development. In addition to the Sustainable Development Goal (SDG) 2 that is directly aimed at ending hunger and all forms of malnutrition by 2030, other SDGs are related to nutrition, such as SDG 3 to improve health and wellbeing and SDG 12 to make consumption and production systems more sustainable (https://www.un.org/sustainabledevelopment).

			Making healthy, sustainable diets accessible for everyone requires profound changes in the current methods of producing and consuming food, also in the face of climate change. Therefore, the United Nations have convened a Food Systems Summit in September 2021 to offer a platform for exchange and cooperation between countries and actors in the food system (more detail can be obtained from https://www.un.org/en/food-systems-summit/).

			In alignment with the SDGs, the actions stimulated by the UN Food Systems Summit are organized into five Action Tracks as shown in Figure 1.

			
				
					[image: The five action tracks are shown with their respective logos and titles: Action Track 1 Ensure access to safe and nutritious food for all. Action Track 2: Shift to sustainable consumption patterns. Action Track 3: Boost nature-positive production. Action Track 4: Advance equitable livelihoods. Action Track 5: Build resilience to vulnerabilities, shocks and stress.]
				

			

			Fig. 1 The UN Food Systems Summit’s Action Tracks. Source: UN, 2021.

			True to its mission “to promote health, keep the world safe and serve the vulnerable — so everyone, everywhere can attain the highest level of health”, the World Health Organization has taken on a role as the anchor agency of Action Track 2: Shifting to Sustainable and Healthy Consumption Patterns.

			The focus of this Action Track is on three major objectives:

			
					Motivating and empowering consumers to make informed, healthy, safe and sustainable choices for their diets;

					Making sustainable and healthy food more available, accessible, and affordable; and 

					Reducing, measuring and regulating food waste in the food retail, service, and at household level.

			

			To support its member states in the realization of this goal, the WHO suggests a package of six ‘game changing’ food systems actions:

			
					
Fiscal policies for healthy and sustainable diets;

					Public food procurement and service policies for a healthy diet sustainably produced;

					Regulation of marketing of foods and non-alcoholic beverages, including breastmilk substitutes;

					Food product reformulation;

					Front-of-pack labelling; and

					Food fortification.

			

			These approaches were also promoted by the WHO Regional Office for the Eastern Mediterranean Region in its Strategy on nutrition for the Eastern Mediterranean Region, 2020–2030 (WHO EMRO, 2019a).

			The World Health Organization’s region of the Eastern Mediterranean encompasses twenty-two countries: the Islamic Republic of Afghanistan, the Kingdom of Bahrain, Djibouti, Egypt, the Islamic Republic of Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, the Kingdom of Morocco, Oman, Pakistan, the Occupied Palestinian Territories, Qatar, the Kingdom of Saudi Arabia, Somalia, Sudan, the Syrian Arab Republic, Tunisia, the United Arab Emirates, and Yemen.

			The region is characterized by a high diversity, especially with regards to economic development and income level, as it includes both, countries with low income like Afghanistan, Somalia, Sudan and Yemen, but also those with very high income like Oman, the Kingdom of Bahrain, Qatar, the Kingdom of Saudi Arabia, and the United Arab Emirates. This is also reflected in differences in the nutritional status and food security. Nevertheless, malnutrition in all its forms affects people in all countries of the region. Besides high prevalence of undernourishment in the countries with lower incomes, overweight and obesity are common in all countries and particularly in those with high incomes. The region is also characterized by a high dependency on food imports due to its environmental situation. This makes its countries vulnerable to global price volatility and supply insecurity for key agricultural commodities, as the war in Ukraine is currently demonstrating. Indeed, some countries in the region are among the main buyers of wheat from Ukraine, which will have unpredictable consequences for their food security while the war continues (FAO, 2022).

			Like countries in many regions of the world, the nations of the Eastern Mediterranean Region have experienced or are still going through significant changes in their diets from traditional nutrition to more “Westernized” patterns, known as nutritional transition (WHO EMRO, 2019a). These changes are mainly driven by economic development and modernization, leading to increases in income, urbanization, digitalization, and altered lifestyles. While these are not generally negative and even improve food security and reduce undernourishment, the introduction of highly processed foods that replace traditional foods contributes to micronutrient malnutrition and increases the intake of sugar, salt, saturated and trans-fatty acids. Combined with reduced physical activity, this promotes the development of nutrition-related non-communicable diseases (Popkin, 2006 & 2015). Indeed, the burden of non-communicable diseases is high in the region, having caused an estimated 66.2% of all deaths in 2019. Although not all of these diseases are related to diet, cardiovascular diseases and strokes as well as some nutrition-related cancers contribute significantly to the death toll (WHO Global Health Estimates 2019). In the Diabetes Atlas 2021, the highest age-adjusted prevalence of diabetes mellitus (16.2% of the adult population) was reported for the Middle Eastern and Northern African Regions that correspond broadly to the WHO’s Eastern Mediterranean Region. In addition, this region is projected to have the second highest increase in diabetes prevalence from 2021 to 2045 at 87% (from 73 million to 136 million). Two of the region’s countries, Pakistan and Egypt, are among the ten countries with the highest number of diabetics (International Diabetes Federation, 2021).

			Improving the diets of people of all ages in the Eastern Mediterranean Region is a crucial step towards better health. After a short introduction into the concept of the food systems and nutritional situation in the region, this book outlines the status and progress of the WHO’s six game-changing actions within the frame of the UN Food Systems Summit, and looks at opportunities to make food systems in the Eastern Mediterranean Region healthier and more sustainable.

		

	
		
			Part 1: Food Systems: Concept, Definitions, and Approaches

			
1.1. The Food Systems Approach: Definitions and Concept
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			The concept of a food system involves the full food and nutrition chain from production to consumption, as well as their impact on the environment. A more comprehensive approach to efficiently combat food insecurity that would not just target primary food production but also social, political, economic and environmental aspects, among others, was suggested some years ago and has since gained increasing attention when it comes to making diets healthier and more sustainable. What people eat is indeed influenced by a multitude of factors, not just the availability of food. Efforts to improve not only food security but also diet quality with regards to healthiness must focus on the entire life cycle of food, from the field, farm or water in which it is produced to the disposal of the waste it creates, and including various influential factors and drivers and the sociocultural environment (UNEP, 2016; Global Panel, 2016 and 2020).

			Already in 2013, the Food and Agriculture Organization of the United Nations (FAO) dedicated its annual report on ‘The State of Food and Agriculture’ to the subject of ‘Food Systems for Better Nutrition’. Food systems were defined as:

			the entire range of activities involved in the production, processing, marketing, consumption and disposal of goods that originate from agriculture, forestry or fisheries, including the inputs needed and the outputs generated at each of these steps [and also involving] the people and institutions that initiate or inhibit change in the system as well as the sociopolitical, economic and technological environment in which these activities take place (FAO, 2013a).

			Food systems are variable and specific to the environment in which they are set. They also change over time with the appearance of new actors and situations. However, at the centre of each food system is a set of activities that constitute the food supply chain, ranging from production, processing, transforming, storage and transport to retail and consumption.

			The great variety of food system activities entails an equally large number of actors, beginning with food producers—including individual farmers and fishers—to large agribusiness enterprises, multinational food companies, large retailers that are also increasingly involved in food production, the transport and packaging sector, and finally the consumers. Besides these direct actors, others including governments, civil society, non-governmental organizations (NGOs), legislators, policy makers, counsellors and/or lobbyists shape the food environment by determining the regulatory and legislative background, as well as the infrastructure and the socioeconomic environment, and by raising awareness of specific issues. An important point to keep in mind is that, in the end, all actors are also food consumers (UNEP, 2016; van Berkum et al., 2018).

			The interaction of consumers with the food supply chain occurs within the food environment that constitutes the physical, social and economic conditions that determine food choices of the consumers. This environment includes the physical places where food is bought and eaten like markets, stores, restaurants etc., but it also involves regulatory elements such as the laws that regulate food quality, labelling, food prices and infrastructure elements that create an enabling environment for food system activities.

			A schematic representation of major activities, drivers and outcomes of food systems is given in Figure 2.

			
				
					[image: The upper half of the figure depicts the food system activities with the food value chain as the central part consisting of four boxes with food production activities: 1. farming, fishing, agroforestry,2. processing, transforming and packaging, 3. retail, markets and catering 4. consumption. Two more boxes above and below the chain contain the words Storage and waste disposal as further food system activities. Above the food activity chain schema, a lid-like structure containing the words Enabling environment: Laws and regulations, policies, infrastructure, research covers the image. The lower part of the figure shows the food system outcomes that are grouped in four blocks: 1. Food security that consists of food availability, access to food and food utilization,2. environmental effects like land use and quality, water availability and quality, biodiversity, climate, fossil fuel use and greenhouse gas emissions,3. socioeconomic outcomes such as income, livelihoods, wealth, health, human capital and social and political capital,4. health effects including nutritional status, diet quality, access to health care and environmental health. These two parts are linked by arrows to show the interactions between them. Environmental and socio-economic effects are acting as drivers of food system activities and there are trade-offs between conflicting elements of these two blocks represented by a large red double arrow.]
				

			

			Fig. 2 A schematic overview of activities, drivers, and outcomes of food systems and their interaction with each other.

			Food system activities have a number of outcomes. Firstly, they affect the supply of food to the population, thereby determining food security. However, they have other effects on socioeconomic and environmental aspects that also influence food security and the sustainability of a given food system. All along the value chain, food production is a source of income and employment not only for farmers and fishers but increasingly for those working in the processing, transportation, packaging and retail sectors. In modern food systems, these latter constitute the largest fraction of employers within the food supply chain. Additional revenues arise from sales of inputs like seeds, plants, fertilizers, pesticides and herbicides (UNEP, 2016, van Berkum et al., 2018).

			In turn, climate and weather changes have effects on the food system, especially on crop production but also on storage and food loss. Socioeconomic factors and demographic trends such as population growth, changes in the age structure, increasing urbanization and rising income in many transition countries are other drivers of food activities, as are political and cultural aspects including food subsidies and other price policies, religious food laws and dietary trends. Scientific developments and new technologies have implications for different parts of the food chain, ranging from agricultural production (e.g., seed development, new varieties, harvest technologies etc.), processing, storage and transport to consumer choices and diets (UNEP, 2016, van Berkum et al., 2018).

			The interaction of the different components of a given food system is important: as with any system, it should not just be considered as the sum of its parts. Interactions and dynamics between the different actors create new emergent properties that cannot be found in and explained by the single components or subsystems alone, but are characteristic of the whole system. The interactions produce feedback loops that can be positive (reinforcing) or negative (balancing) (Radzicki, 2007). Socioeconomic and environmental factors act as drivers of food system activities, creating feedback loops and multiplier effects. Incomes, for instance, have a strong influence on food choices, besides demographic developments and political and cultural settings. A favourable natural environment with fertile soils, sufficient access to clean water and other inputs are required for crop production, while environmental degradation and weather extremes due to climate change pose serious threats to food security (UNEP, 2016). Therefore, changes to the food system, even and especially if they are intended to improve the health and wellbeing of a population, have to be made in a sustainable way to limit negative effects on the environment and to reduce the production of greenhouse gases.

			Food systems can be studied from different point of views, depending on the objectives and intended outcomes. However, some outcomes serve more than one purpose. For example, changes that would make a diet more sustainable and reduce its negative impact on the environment can also improve its healthiness, for instance by lowering the amount of animal products it contains. This will be discussed in more detail below.

			Another important aspect of food systems is their variability and close relationship to the regional environment. Generally, a food system always has to be seen in its environment and context. Food systems from different parts of the world can of course be highly diverse, but so can systems within the same country. This makes it difficult to develop general models and solutions to improve food systems by making them more resilient and sustainable, and it is even more the case as food systems are changing rapidly, especially in countries experiencing nutritional transition.

			Food systems are often categorized as “traditional“ and “modern,“ with many stages in between. A food system can be described as traditional when the use of external inputs (like fertilizers or energy) and technologies, as well as crop yields, are low on the production side and the products are in most cases used by the producers themselves or sold locally. Agriculture in such a system is generally labour-intensive and most people employed in the food sector work in food production. Diets are predominantly plant-based with small amounts of animal products, and their composition varies with seasons.

			On the other end of the spectrum are modern food systems that are dominated by industrial food production with high external input and degree of technologization. Farms are often large and tend to specialize in one or a few crops that are mostly grown in monoculture with high yields, and sold to processors or retailers. However, most incomes are generated through processing and retailing. Food reaches consumers in these systems mostly in a more or less processed or at least packaged state. The market is dominated by a few large retailers in the form of super- or hypermarkets that have their own brands of food. The distance between the site of food production and the place of its consumption is generally long, with the place of production often being located in other countries or on different continents. Modern food systems are therefore very sensitive to global price fluctuations and food crises, although these also affect more traditional food systems. Most food systems are intermediate forms between these two extremes with smaller food producers still playing a major role (Ericksen, 2008; UNEP, 2016).

		

	
		
			
1.2 Challenges to Current Food Systems
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			Until 2014, there was a steady decrease in the global number of undernourished people. Despite ongoing efforts to end world hunger, the numbers have stagnated since and have actually risen from 720 to 811 million undernourished people in 2020, corresponding to up to 161 million more people suffering from hunger (FAO, IFAD, UNICEF, WFP & WHO, 2021).

			At the same time, the number of overweight and obese people is even larger, amounting to almost 2 billion people and to over 650 million adults (people aged ≥18 years) in 2016. This corresponds to 39% and 13% of the global population respectively. It is an issue that includes young people, affecting 39 million children under 5 years (2020) and 340 million school-age children and adolescents aged 5 to 19 years (2016) (WHO, 2021) and the associated non-communicable diseases place a heavy burden on those affected and on health systems. According to the Global Burden of Disease Study 2017 using data collected from 1990 to 2017 from 195 countries, unhealthy diets that are low in vegetables, fruits, wholegrain and dietary fibre caused about 11 million deaths and 255 million disability-adjusted life-years (DALYs) (GBD 2017 Diet Collaborators, 2019).

			Adequately feeding a growing world population has become increasingly challenging. The latest report on the State of Food Security and Nutrition in the World by the FAO, IFAD, UNICEF, WFP and the WHO identifies three principal drivers of food insecurity: climate variability and weather extremes; conflicts; and economic slowdowns and downturns. The impact of the latter has become particularly apparent during the COVID-19 pandemic that has led a disruption of food supply chains and access to markets, as well as income losses during lockdowns (Al-Jawaldeh & McColl, 2020; FAO, IFAD, UNICEF, WFP & WHO, 2021; IFPRI, 2021). The Eastern Mediterranean Region has suffered repeatedly from political instability and conflicts that are also contributing to a decline in food security and increasing malnutrition.

			Climatic conditions and the scarcity of cultivable land in the region make many countries highly dependent on food imports, as exemplified by cereal import dependency ratios of over 90% in the Gulf Cooperation Council countries, Djibouti, Jordan, Lebanon, and Yemen (FAO, 2017a). The region is therefore vulnerable to disruptions in global food trade and market price fluctuations, as revealed during the COVID-19 pandemic and more recently against the background of the war in Ukraine. These incidents show how closely interconnected modern food systems are under the influence of globalization.. Both Ukraine and its aggressor Russia are among the largest producers and exporters of wheat, with respective combined shares of 14% and 28% of global volumes (wheat and maslin) (FAO, 2022).

			In 2020 and 2021, several of the top ten buyers of wheat from Ukraine were located in the Eastern Mediterranean Region (Egypt, Pakistan, Morocco, Tunisia, Yemen, Lebanon, and the Kingdom of Saudi Arabia), Egypt being the largest of all (UN Comtrade, https://comtrade.un.org/data/). Egypt, Sudan and Yemen, as well as many other countries from the Eastern Mediterranean and other regions, obtain more than 30% (and in some cases up to 100%) of their wheat imports from Russia and Ukraine (FAO, 2022). Some of these countries are already experiencing food insecurity, such as Yemen, Libya, Sudan, and Somalia.

			In addition to wheat, Ukraine and the Russian Federation also produce and export significant amounts of maize and barley that are important feed commodities, as well as sunflower seeds, which are used for cooking oil but also as animal feed. Reduced supply and higher prices result in price increases for animal food products, further decreasing the affordability of these nutritious products. This poses a threat to adequate micronutrient supply, especially for vulnerable groups like young children, adolescents and the elderly. Losses are not only caused by direct damage to fields and crops from military activities but also from the destruction of infrastructure needed for crop processing, storage, and transportation (FAO, 2022).

			The situation is further aggravated by the fact that the Russian Federation is also the largest exporter of nitrogen fertilizers and the second- and third-largest exporter of potassium and phosphorus fertilizers, respectively. The sanctions imposed on Russia will reduce the availability of fertilizers. In addition, the significant rise in prices for energy and gas will also increase the costs of fertilizer production in other countries. For 2022/2023, the global reference price for fertilizers is forecast to increase by 13% (FAO, 2022).

			A simulation by the FAO projects a rise in the number of undernourished people in 2022/2023 by 7.6 million to 13.1 million, based on a moderate or severe scenario respectively. These two scenarios differ in terms of expected price increases for wheat and corn, as well as livestock products, and compensation by other producers for the shortfall in export volumes from Ukraine and Russia. For both models, the highest increase is expected in the Asia-Pacific Region, ranging from 4.2 to 6.4 million people, followed by Sub-Saharan Africa and the Near East & North African Region with projected 2.6 to 5.1 million and 0.4 to 0.96 million people, respectively. High prices for staple foods like wheat, maize, and sunflower oil will also increase the costs of food assistance to countries affected by crises and emergencies, further slowing the eradication of global hunger (FAO, 2022).

			Current food systems have so far failed to address these challenges, both to ensure food security and the access to a healthy diet for everyone at affordable prices while at the same time providing sufficient incomes to food producers and limiting environmental damage (OECD, 2021). The situation is further complicated by the fact that it is not sufficient to supply the right amount of energy and nutrients, but to support a diet that is diverse, safe, healthy, sustainable, and also culturally acceptable (Global Panel, 2016).

			Besides the three factors mentioned above, other aspects cause changes in diet composition and can interfere with efforts to improve the nutritional situation. Food systems and diets are evolving rapidly, and while changes to food habits and the introduction of new foods and preparation techniques as such are nothing new, they are occurring faster than ever before and some of them have negative effects on health (Global Panel, 2020).

			Middle-income countries in particular are seeing increases in incomes that are also mirrored in food demand and consumption, including increased consumption of animal products, vegetable oils and processed foods and, albeit to a lesser degree, in fruits and vegetables (Gouel & Guimbard, 2017). While these changes at first lead to a decrease of undernutrition due to higher energy consumption and better supply of essential nutrients, they often result in increased overweight and obesity prevalence, and even in micronutrient malnutrition if more highly processed foods are consumed. The associated increase in the prevalence of nutrition-related non-communicable diseases puts a heavy burden on health systems (Popkin, 2006; WHO, 2013).

			Increasing globalization and urbanization lead to greater distances between the producers of food and its consumers. Consumers thereby have less knowledge about the food they eat. This development also encourages the use of highly processed foods that have long shelf lives and are easier to transport than fresh commodities. It is also accompanied by the growing influence of some large-scale food producers, processors and retailers operating at regional or global level. Such actors are even harder to control by national policies and legislation. Globalization also exposes both producers and consumers to price variability and to global food crises. Urbanization has been associated with higher intake of processed foods and increased out-of-home consumption, especially among higher income groups, due to longer time spent working outside the home and less access to home cooking. However, urbanization and globalization also offer opportunities for improved nutrition, as residents of urban areas generally have access to a more diverse diet and also to refrigeration to allow for higher consumption of fresh products including fruits and vegetables. Globalization can contribute to a better and more stable supply of foods independent of national yields (UNEP, 2016; Global Panel, 2017).

			Over the last few decades, agricultural policies and subsidies have not been aligned with nutrition and health objectives but have been largely dictated by economic factors, including a high demand for feed for large-scale livestock production in high-income countries. This has led to large increases in the production of staple grain, sugar and oil crops while that of many nutrient-dense vegetables and fruits has stagnated or declined. As a consequence, today’s levels of food production would not support a healthy diet for the global population according to the recommendations of the WHO and nutritional entities. While there is greater awareness about this deficit, further efforts are needed to repurpose agriculture policies and reallocate subsidies to make diets more sustainable and nutrition-sensitive (UNSCN, 2014; FAO, 2017b; UNEP, 2020).

			The challenges that food systems have to face can also be seen as an opportunity to induce changes towards better food security, more sustainability and improved health. A recent report by the International Food Policy Research Institute (IFPRI) on the impact of the COVID-19 pandemic on food systems identifies five properties that could make future food systems successful in enabling healthy food environments (Fig. 3).

			With increasing threats from weather extremes and economic shocks, food systems have to be made more resilient. Solutions may for example be found in higher diversification, digitalization to improve information and communication, and investments in infrastructure for storage and transportation.

			The efficiency of food systems can be improved in many aspects, from obtaining higher yields in food production by developing and applying new, climate-smart agricultural techniques and crop varieties with optimized properties; better use of natural resources like water, soils and minerals; improved infrastructure for food transport and storage; to food consumption that avoids food waste.
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			Fig. 3 Characteristics of optimal food systems for the future. Based on IFPRI, 2021.

			Food systems should provide healthy diets for everyone, especially for marginalized groups that are at risk of malnutrition such as women of child-bearing age, children and adolescents, low-income groups and refugees. This is all the more relevant as women are to a large extent responsible for diet composition and food preparation as well as child nutrition (IFPRI, 2021).

			These properties help to make food systems more sustainable and facilitate access to a healthy diet. This will be treated in more detail in the following subchapter.

		

	
		
			
1.3 Food Waste and Losses and Water Use
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			Another factor contributing to the unsustainability of food systems is the high proportion of food that is lost or wasted. An estimated 20 to 30% of produced food, or about 1300 million tonnes of edible food per year based on estimates for the year 2007, is lost or wasted across the food value chain. Food loss occurs upstream of the food value chain, on the field or during harvest or transportation due to spoilage or spilling, before products are produced or sold. In turn, food waste means that foods that would be edible are discarded by processors or consumers because their quality does not meet certain expectations or because they have expired. This therefore happens downstream of the food supply chain. Food loss and food waste are subsumed under the term food wastage (FAO, 2011). An analysis of data from 2007 found that food losses and waste account for about equal parts of total food wastage (approximately 54% and 46%, respectively) (FAO, 2013b).

			However, more recent data suggests much higher food waste (931 million tonnes) that would also raise the total volume of food wastage (UNEP, 2016).

			Food waste is particular high in high-income countries, while in low-income countries, food losses dominate due to poor harvesting techniques, pest management, insufficient storage capacities and transport infrastructure (UNEP, 2016). Nevertheless, large volumes of food are lost before food reaches retail level in all world regions (Fig. 4). In the North American and European Region, in 2020, the estimated share of food lost on the way from production to distribution to the market amounted to almost 10%. In the Northern African and Western Asian Region that approximately corresponds to the WHO Eastern Mediterranean Region, food losses made up almost 15% (FAO, Food Loss Index, 2020).
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			Fig. 4 Food losses by region as a percentage of total food production. Source of data: FAO Food Loss Index, 2020.

			While losses at the level of agricultural production vary comparatively little, ranging from about 27 to 40% of total food wastage, large differences are seen at the post-harvest and storage phases that contribute significantly to food wastage in Sub-Saharan Africa and South and South-Eastern Asia. Together, agricultural and post-harvest losses make up the major part of total food wastage, accounting for 54% globally and higher contributions in less developed regions. In turn, in industrialized countries, a high proportion of food wastage occurs at consumption level (31–39% in middle- and high-income regions vs. 4–16% in low-income regions) (FAO, 2013b). The total amount of food wastage in industrialized regions is particularly high on a per-capita basis, amounting to about 300–340 kg/year compared to about 160 kg/year in South and South-Eastern Asia and 200 kg/year in Sub-Saharan Africa (FAO, 2013b).

			A quantification of food waste at the global level as well as for individual countries was recently attempted by the United Nations Environmental Programme (UNEP) to provide a basis for the monitoring of progress on Sustainable Development Goal 12.3 to “halve per capita global food waste at the retail and consumer levels and reduce food losses along production and supply chains, including post-harvest losses by 2030” (https://www.un.org/sustainabledevelopment). The results published in a Food Waste Index Report show that an estimated 931 million tonnes of food are wasted each year by households, retail establishments and the food service industry worldwide, with households accounting for the greatest part, corresponding to nearly two thirds (almost 570 million tonnes or 61%). On a per capita basis, on average 74 kg of food are wasted every year, and it is notable that this number varies little between countries with high and middle income levels (UNEP, 2021). An overview of estimated annual food waste levels in the countries of the WHO Eastern Mediterranean Region is shown in Table 1. However, measured data was only available for a small number of countries, so that most of these values are based on extrapolations and have only a low confidence level. Nevertheless, it is apparent that the greatest share of food waste occurs at the household level. This shows the importance of consumer education measures on the one hand to raise awareness about the issue of food waste and impart knowledge on how to avoid it, and on the other hand, of improving food storage at household level. The latter applies particularly to low- and lower-middle-income countries, where access to refrigerators and other technologies as well as regular power supply is low.

			Different food commodities contribute differently to food wastage. Cereals have a high share due to the large production volumes of these crops. In turn, in the case of fruits, vegetables and starchy roots, their high perishability especially in warmer climate zones as well as high quality standards of importers, retailers and consumers in high-income countries are the main reasons for high wastage in this category (FAO, 2013b).

			Table 1 Estimated amount of food waste in the countries of the WHO Eastern Mediterranean Region at the household, food service and retail level. Source of data: UNEP. Food Waste Index Report 2021.
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							Afghanistan

						
							
							82

						
							
							28

						
							
							16

						
					

					
							
							Bahrain

						
							
							132

						
							
							26

						
							
							13

						
					

					
							
							Djibouti

						
							
							100

						
							
							28

						
							
							16

						
					

					
							
							Egypt

						
							
							91

						
							
							28

						
							
							16

						
					

					
							
							Iran

						
							
							71

						
							
							28
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							Iraq

						
							
							120

						
							
							28

						
							
							16

						
					

					
							
							Jordan

						
							
							93

						
							
							28

						
							
							16

						
					

					
							
							Kuwait

						
							
							95

						
							
							26

						
							
							13

						
					

					
							
							Lebanon

						
							
							105

						
							
							28

						
							
							16

						
					

					
							
							Libya

						
							
							76

						
							
							28

						
							
							16

						
					

					
							
							Morocco

						
							
							91

						
							
							28

						
							
							16

						
					

					
							
							Oman

						
							
							95

						
							
							26

						
							
							13

						
					

					
							
							Pakistan

						
							
							74

						
							
							28

						
							
							16

						
					

					
							
							Palestine

						
							
							101

						
							
							28

						
							
							16

						
					

					
							
							Qatar

						
							
							95

						
							
							26

						
							
							13

						
					

					
							
							Saudi Arabia

						
							
							105

						
							
							26

						
							
							20

						
					

					
							
							Somalia

						
							
							103

						
							
							28

						
							
							16

						
					

					
							
							Sudan

						
							
							97
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							Syria

						
							
							104
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							91

						
							
							28

						
							
							16

						
					

					
							
							United Arab Emirates

						
							
							95

						
							
							26

						
							
							13

						
					

					
							
							Yemen

						
							
							104

						
							
							28

						
							
							16

						
					

				
			

			Colours of cells mark the level of confidence that the authors had in the respective data: green = high, yellow = medium, orange = low, red = very low.

			Food waste and losses also contribute to the carbon footprint of food production and consumption. Based on data for the year 2007, it has been estimated that global food waste and loss produce about 3.3 Gtonnes of CO2 equivalents, which would rank third in the list of countries that contribute most to greenhouse gas (GHG) emissions (FAO, 2013b).

			The high-income regions account for two thirds of the emissions, with the highest contribution coming from industrialized Asia. In turn, the carbon footprint for food waste in the North African, Western and Central Asian Region, which includes the countries of the WHO Eastern Mediterranean Region, is comparatively small, amounting to slightly above 200 Mtonnes CO2 equivalents per year. Emissions per capita are close to the global average of 500 kg CO2 equivalents per year.

			Greenhouse gases related to food wastage originate from different sources. At the level of agricultural production, emissions from the utilization of nitrogen fertilizers come from the direct release of nitrous oxide as well as the use of fossil energy for their production. Fossil fuels are also used in farming activities like ploughing and harvesting and for cultivation in heated greenhouses in colder climate zones. A major contributor to the carbon footprint of agriculture is the production of animal foods, which require fossil fuels and fertilizers in feed production and for animals’ housing in some regions. Methane and nitrous oxide emissions from ruminants during enteric fermentation and animal manure are another direct source of GHG.

			As the carbon footprint increases along the food value chain, it is highest when food is wasted during consumption, accounting for about 50% of the total food-waste-related carbon footprint in medium and high-income regions. However, agricultural food production is still the largest contributor in this phase too (FAO, 2013b).

			By commodity, emissions are highest for wasted cereals, followed by vegetables and meat. However, cereals and vegetables also contribute the largest volume of food waste whereas it is much smaller for meat. Overall, animal products account for 33% of food-waste-associated GHG emissions, but only for 15% of food-waste volume, and while their relative contribution to the carbon footprint of food waste is highest in Latin America and North America and Oceania, it is notable across all regions (FAO, 2013b).

			The environmental impact of food wastage is not limited to its carbon footprint but also affects land use, water and biodiversity. For 2007, the area of land used for the food wasted and lost globally was estimated at 1.4 billion ha, corresponding to about 28% of the total area of arable land or the second largest country of the world. It even exceeds the farmland of all countries. The highest land use by commodity results from wasted meat and dairy products. Most of this land is non-arable pasture. The region of North Africa, Western and Central Asia stands out as the region with the highest use of non-arable land for food wastage and most of this is related to meat and milk. The reason is that, due to the natural environment in this region, only a small part of the area is agricultural land (about 5% in the MENA region) and non-arable grasslands have a low productivity (Zdruli, 2014; FAO, 2013b). However, food wastage from meat and milk also uses much arable land for feed production, especially in industrialized regions. Notably, land use related to the wastage of vegetable food alone is highest in Sub-Saharan and North Africa as well as Western and Central Asia due to the low productivity of agriculture in these parts of the world (FAO, 2013b).

			Deforestation and the conversion of natural landscape into farmland also pose a threat to biodiversity. This is much more apparent in developing countries and in tropical and subtropical regions. Crop farming also has a higher impact than animal husbandry, with the former threatening 70% of all endangered species compared to 33% for keeping livestock. Intensive crop monocultures are especially harmful.

			Moreover, food wastage results in a high water footprint. Indeed, food production and processing are major contributors to water use, and the sustainability of food systems is thus also determined by their impact on water resources. Agriculture alone accounts for about 70% of global freshwater extractions with much higher proportions in certain regions (FAO, 2011 and 2017b). The water footprint is defined as the volume of fresh water used directly and indirectly over the entire production and supply cycle of a product. It also includes water pollution, as grey water, and differentiates between use of ground and surface water and the consumption of rainwater (blue and green water, respectively) (Hoekstra et al., 2011).

			In 2007, the blue water footprint of global food wastage amounted to about 250 km3, more than twice the volume of the Dead Sea, and exceeding the blue water footprint for the consumed agricultural products of every single country (FAO, 2013b). Cereals and fruits were found to be the greatest contributors with 52% and 18% respectively, being both water-intensive crops. Regionally, North Africa and Western Asia have one of the highest blue water footprints, particularly considering this region’s relatively small contribution to food wastage volume. Wastage of cereals accounts for the major part of the water footprint. Per capita, the region of North Africa, Western and Central Asia even has the highest food-waste-related blue water footprint with over 90 m3 compared to the global average of about 38 m3. This is all the more relevant considering the high water scarcity in this region (FAO, 2013b).

			In addition to its environmental impact, food wastage leads to important economic losses and negative effects on public health. Based on food market prices for the year 2012, the cost of global food wastage was estimated at US$ 936 billion, corresponding to the GDP of the Netherlands or Indonesia. Food-wastage-related GHG emissions cause additional costs of about US$ 411 billion (FAO, 2015). The large amounts of food lost and wasted would be more than sufficient to eliminate hunger and malnutrition worldwide. A high proportion of wasted food consists of vegetables, fruits and meat. The loss of these nutrient-rich foods exacerbates the high prevalence of micronutrient deficiencies in many regions of the world (Miller &Welch, 2013).

			In low-income countries, major causes of food wastage vary and include poor cultivation and harvesting technologies as well as inadequate storage facilities leading to spoilage of foods in the field or during post-harvest processing and storage. Lack of or poor access to transportation, processing and market infrastructure also results in food loss, especially at times of seasonal crop gluts. In high-income countries, on the other hand, food produced in excess to anticipate damage from adverse weather or pests is sometimes not harvested, or sold as feed to prevent price slumps. At the consumption level, exaggerated quality and aesthetic standards lead to the outgrading i.e., discarding of edible food. The ambition to always offer a wide range of products, even just before closing time, results in significant food wastage in retail (FAO, 2011).

			Besides investments in better technologies and storage infrastructure, food loss can be reduced by facilitating market access for farmers, especially smallholders, through contract farming for retailers but also public food procurement (FAO, 2011). Recently, a number of retail chains have started campaigns to make suboptimal foods that are edible but do not meet aesthetic standards more acceptable to consumers and to sell them at lower prices (https://www.thelocal.de/20131013/52371/; https://www.ecowatch.com/french-supermarket-limits-food-waste-by-selling-ugly-produce-1881928868.html#toggle-gdpr). Consumer education plays an important role in preventing food waste to eliminate misconceptions about food expiry dates and product quality, and to raise awareness about food waste.

			In 2014, on the occasion of the 32nd FAO Regional Conference for the Near East (NERC-32) a Regional Strategic Framework for Reducing Food Losses and Waste in the Near East & North Africa Region was issued to “assist member countries in addressing the key challenges of reducing food waste and losses by conducting comprehensive studies on [the] impact of food losses and waste on food security in the region and in establishing a plan to reduce food losses and waste in the region by 50% within 10 years”. While linked to the FAO’s Global Initiative on Food Loss and Waste Reduction, the framework takes into account the unique characteristics of the region in its recommended actions, including the socio-economic context, specific barriers to combating food losses and waste as well as the available resources, and efforts and achievements accomplished so far. National initiatives were already adopted in Egypt and the Kingdom of Saudi Arabia, and some very important measures were taken in Iraq, Iran, the United Arab Emirates, and Tunisia. Reducing food waste was also recognized in Oman as a central approach to improve the availability of healthy nutritious foods, namely fruits and vegetables and fish, and to enhance the country’s self-sufficiency level in these commodities (Al-Jawaldeh et al., 2020a).

			The Regional Strategic Framework includes four different components: 

			
					Data gathering, analytical research and knowledge generation;

					Awareness-raising and promotion of good practices at all levels of the supply chain;

					Developing policies/regulations, and strengthening collaboration and networking; and

					Promoting investment and specific projects.

			

			The aim is the development of well-coordinated multisectoral national action plans that adapt the regional strategy to the local circumstances. To support member states in this undertaking, the Regional Food Loss and Waste Network will provide a platform for information sharing and networking between national authorities and at the regional level, and it will assist with the monitoring of progress in the reduction of food loss and waste (FAO, 2015). Lebanon has established a food bank to collect wasted food of good quality and distribute it to charities and needy people (https://lebanesefoodbank.org/).

			The water footprint of food systems is not only determined by food wastage. With the need to produce more food for a growing population under the pressure of climate change, water use is expected to increase globally. While it is generally assumed that water availability will suffice to produce food for a population of nine to ten billion people, water scarcity will occur and worsen in certain regions (FAO, 2015). Sustainable use of water is of particular importance for the Eastern Mediterranean Region, where arid climate zones predominate, especially in view of climate change. Key to sustainable water use is its efficiency. In agriculture, water use efficiency can be defined as the amount or value of crop being produced per volume of water applied. The use of inefficient irrigation techniques leads to large losses of water that often reach 50%. Unsustainable and inefficient water use results in the depletion of aquifers and non-renewable water resources, making them unavailable for current users like farmers and for future generations, and it forestalls the full exploitation of crop yield potential (UNEP, 2016).

			Agriculture is also one of the largest contributors to water pollution, mainly due to the leakage of nutrients like nitrogen and phosphates that are applied as fertilizers or excreted by livestock into ground and surface water, causing eutrophication. Contamination of water with pesticides and herbicides, as well as hormones and drugs applied in livestock farming, poses a serious threat to human and animal health as well as to biodiversity (Mateo-Sagasta et al., 2017).

			Making water use in food production more sustainable is a prerequisite for ensuring food security in the context of climate change. This involves the use of efficient irrigation using drip and trickle techniques that apply water more precisely to where it is needed. However, this requires investments to be made available to farmers and must be adapted to the local environment to prevent unwanted negative effects. For instance, higher yields from improved irrigation may instigate farmers to increase production, resulting in higher water withdrawals and overexploitation of aquifers (FAO, 2015; FAO, 2017c). Another approach is the devolvement of authority and responsibility for irrigation management from public entities to non-governmental institutions such as farmer associations. This approach, termed as irrigation management transfer, has been implemented in a number of countries with more or less success. While it can result in reduced bureaucracy, greater self-reliance of farmers, increased productivity and better efficiency of water use, property rights to land and water must be well-defined and legally ensured by governmental institutions (Garces-Restrepo et al., 2007; FAO, 2017c). Increasing competition for limited water resources requires innovative water governance to regulate water allocation and ensure its equitable distribution, while at the same time limiting contamination. This involves reducing the use of pesticides and herbicides as well as of animal density in livestock keeping, the promotion of organic farming, and improved manure management and fertilizer application (FAO, 2015). Importantly, free access to clean, safe water and adequate sanitation infrastructure is key to the prevention of infections and better health, which also improves nutritional status as poor access to safe drinking water and insufficient sanitation are contributors to high anaemia prevalence (Al-Jawaldeh et al., 2021a).
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