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Abstract

:

The composition of food baskets can significantly influence the water consumption rate and society’s environmental impact. This study evaluates the sustainability of Iran’s food and nutrition security by evaluating five food baskets using water and carbon-footprint indices. These food baskets are the common Iranian food basket (CIFB), the vegetarian food basket (VFB), the Ministry of Health desired food basket (MHDFB), the Swiss Society for Nutrition food basket (SSNFB), and the Mediterranean food basket (MFB). This study also examines the role of Iran’s agricultural sector under the Paris Climate Change Agreement (COP21). The TOPSIS multi-criteria decision-making method was used to identify the most desirable food basket. The results of this study show that the VFB could be the most desirable alternative to the CIFB. Replacing the CIFB with the VFB causes a 10% and 21% lower water and carbon footprint, respectively. From a 30-year perspective (around 2050), choosing the VFB would reduce the blue water footprint by 19.7 BCM and the gray water footprint by 3.6 BCM compared to the CIFB. According to the provisions of COP21 regarding Iran’s voluntary program to reduce greenhouse gas emissions, the agricultural sector will be one of the sources of greenhouse gas emissions that will face an upward trend. Hence, to adhere to this voluntary commitment, these emissions should be reduced by changing the CIFB to the VFB or reducing emissions in other sectors, such as industry. Choosing the VFB can reduce 10.7 million tons of CO2 emissions, which can be a significant step for the agricultural sector in Iran in reducing greenhouse gas emissions. Overall, considering the characteristics of farm products (water and carbon footprints) in Iran, a country located in a semi-arid climate, the VFB is recommended.
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1. Introduction


Agriculture has a long history as a food production support for human nutrition and is critical in influencing the environment. Global agricultural systems with the goal of food production account for 19–29% of greenhouse gas emissions [1], 70% of water resources consumption [2], and 38% of land use [3]. Meeting the future demand for food is a significant challenge for current food production systems. To achieve the goal of providing adequate food, increasing the cultivation area, and enhancing crop productivity have always been proposed as critical solutions. Still, the direct and indirect effects of providing sufficient food on the environment have been neglected [4]. Evidence shows that livestock production is a chief factor in deforestation, biodiversity loss, and land degradation [5]. The production and consumption of these products are an integral part of people’s lives and need careful planning. Assessing the type of food consumed and its share in the food basket can be used to reduce harmful environmental effects. Appraising water and carbon footprint indices can examine the impact of agricultural production on the environment [6]. Water footprint refers to the volume of freshwater used directly or indirectly for various purposes [7]. Water footprint has been proposed as a link between water resources and the use of multiple goods [8]. Carbon footprint refers to the total amount of carbon dioxide and other greenhouse gases (GHGs) emitted during the product life cycle [9]. Awareness of agricultural products and, consequently, household food basket impacts on water resources and the environment, which can lead to the formation of a policy framework at the macro level of a country. This framework can provide detailed planning to achieve sustainable food and nutrition security.



The research conducted in recent years has emphasized the importance of the community food basket in the proper water and food governance [10,11]. One of the early research studies focusing on lifestyle impact on the environment is the study conducted by Friel et al. [12]. They pointed out that a vegetarian diet is preferable to meat-based meals because, in the food baskets, where meat is a priority, a lot of pressure is put on the biodiversity and ecology of animals and can affect the consumer’s health. This research was conducted solely based on qualitative information, such as the impact of meat consumption on environmental degradation, without utilizing indicators such as the ecological footprint. Van Dooren et al. [13], examined various food baskets’ nutritional values and environmental impacts through two greenhouse gas emissions and land occupancy criteria. The results revealed that the Mediterranean diet, compared to other diets that contain meat, milk, and extras, such as snacks, sweets, pastries, and beverages, is generally the health-focused option with a high sustainability score. Since agriculture and, consequently, the food production systems have the largest share of water consumption, the impact of the food production systems on the environment will not be possible without considering water consumption. Naja et al. [14], in addition to the amount of water consumed in the Lebanese–Mediterranean food basket, measured the amount of carbon and energy associated with their food basket and compared it with other protein-based and Western baskets. The results showed that the amount of water, energy, and carbon consumption in the Lebanese–Mediterranean food basket was lower than in different food baskets.



In research on food and nutrition security in Iran, various aspects of food and nutrition security have been studied. In a recent study [15], the role of population, energy intake, and changes in food consumption patterns in the carbon footprint of Iranian society was examined. The results indicated an inappropriate dietary pattern in Iran, leading to a 1.6-fold increase in carbon footprint between 1961 and 2019. A study using the Iranian dietary data in 2001 assessed the impact of the Iranian community’s diet on the environment. The results emphasized the significant impact of the diet on the environment and showed that a diet focused primarily on animal-based foods poses a risk to health and the environment [16]. Another study presented a dietary basket using a linear programming method to reduce the water footprint, carbon footprint, and cost while increasing the nutrient-rich food index [17].



Furthermore, a review study emphasized the need for Iranians to shift to a sustainable diet by increasing the consumption of grains, vegetables, and dairy products while reducing the intake of red meat, bread, eggs, and fats [18]. In studies on the effect of targeting subsidies on food and nutrition security of households [19], the impact of the COVID-19 pandemic on food and nutrition security in families [20], and the study of agricultural mechanization in food and nutrition security [21], the technical and social dimensions of food and nutrition security in Iran have been taken into account. These include considering the inclusion of technology in farm mechanization and achieving self-sufficiency in the production of strategic products like wheat (technical dimensions), as well as issues such as water bankruptcy, declining investment interest in the production sector, and the costs of land ownership (social dimensions). In these studies [18,19,20,21], the scale was either at the family level or at the level of the environmental aspects of the food basket, and the impact on ensuring sustainable food and nutrition security has not been considered. In research on food and nutrition security in Iran, the environmental aspects that can pave the way for sustainable food and nutrition security have been left behind. Given the link between food and nutrition security and environmental issues, predicting the future of sustainable food and nutrition security in Iran as a country located in the Middle East and North Africa region (MENA) region and its alignment with Iran’s voluntary program in the Paris Climate Change Agreement (COP21) is also significant [22].



This study aims to identify the most desirable food basket that causes sustainable food and nutrition security in Iran. Accordingly, for the first time, using the carbon footprint index, greenhouse gas emissions of Iran’s agricultural sector in 2030 were quantitatively examined. In this study, in addition to studying and predicting the sustainability of food and nutrition security in Iran, the impact of food and nutrition security on the trend of Iran’s water resources withdrawal and greenhouse gas production in the agricultural sector is also investigated.




2. Materials and Methods


2.1. Data and Research Process


In the first step, information and data related to these food baskets’ compositions were collected (Figure 1). For the common Iranian food basket, the per capita consumption of each ingredient should be calculated. In this regard, the required data on products’ attributes, agricultural production systems, and cultivation information were collected from the statistics provided by the Ministry of Agricultural-Jihad [23]. Then, in the next step, each food basket’s impact on the environment and water resources was quantitatively evaluated by collecting the data needed to calculate the water and carbon footprints. After comparing the water and carbon footprints of food baskets, using the TOPSIS multi-criteria decision-making method, the most desirable food basket was determined. Afterward, the sustainability of food and nutrition was predicted by considering Iran’s population horizon in 2030 and 2050. Finally, greenhouse gas production in Iran’s agricultural sector was discussed under the Paris Climate Change Agreement (COP21). Figure 1 shows the research process.



Food Baskets


The food pattern of society is derived from people’s consumption habits and manifests itself as a food basket. In this study, five food baskets are examined (Table 1), including A: the vegetarian food basket (VFB) [24], B: the Ministry of Health desired food basket (MHDFB) [25], C: the Swiss Society for Nutrition food basket (SSNFB) [24], D: the Mediterranean food basket (MFB) [26], and E: the common Iranian food basket (CIFB), which reflects the present food pattern of the Iranian people. This food basket was determined through per capita food consumption in 2019 using Equation (9). Different weights for food consumption are included in each of the mentioned food baskets (Table 1). Therefore, selecting each of these food baskets is expected to have different environmental consequences. According to Table 1, in the CIFB, bread and grains have the highest consumption share (114 kg/capita/year), while the oils and fats (other) group have the lowest share (36 kg/capita/year). In the MHDFB, the consumption share of bread and grains has reached the highest share at 155.1 kg/capita/year, and other food groups like fruits and vegetables also play a more prominent role in providing the food basket. In the VFB, the consumption of dairy products has been reduced to zero, with a major emphasis on vegetable consumption (246.3 kg/capita/year). In the SSNFB, there is a significant increase in dairy consumption (120.4 kg/capita/year), while the consumption of bread and grains has decreased and is even lower than other food baskets (45.2 kg/capita/year). In the MFB, there is a major emphasis on vegetable (269 kg/capita/year) and fruit (175 kg/capita/year) consumption, with an emphasis on dairy in this food basket as well (71 kg/capita/year).


  F o o d  C o n s u m p t i o n   p e r  c a p i t a   =     P r o d u c t i o n + I m p o r t s − E x p o r t s − l i v e s t o c k  F e e d − L o s s     P o p u l a t i o n    



(1)




where   P r o d u c t i o n   is agricultural and livestock products which are produced in Iran (ton) [23],   I m p o r t s   is the amount of imported agricultural and livestock products to Iran (ton) [27],   E x p o r t s   is the amount of exporting agricultural and livestock products from Iran (ton) [27],   l i v e s t o c k  F e e d   is food is needed for feeding livestock and poultry (ton) [28],   L o s s   is product losses during planting, harvesting, and distribution (ton) [23] and   P o p u l a t i o n   is the population of the country in the considered year (million people) [28]. Table 1 shows the common Iranian and proposed food baskets regarding per capita consumption.





2.2. Quantitative Impact Assessment of the Food Baskets on Water Resources and the Environment


2.2.1. Water Footprint


The world’s freshwater resources are increasingly threatened by increased water abstraction for various purposes and the pollution that follows [29,30]. Therefore, by using indicators, water consumption and product pollution can be quantified to manage them better. One of these indicators, which accounts for direct and indirect water use in a good production process, is the water footprint indicator [31]. Three types of water footprints have been defined in the literature: blue, green, and gray water footprints. The blue water footprint refers to the volume of water provided to the plant from surface or groundwater sources through irrigation. The green water footprint is the volume of water in the form of moisture in the soil that plants uptake. Finally, the gray water footprint is the volume of contaminated water that must be treated for reuse [32]. This study used two blue water and gray water footprints because, in recent years, local farmers in Iran have turned to irrigated cultivation. Since crop productivity and economic benefits of this method are more than rainfed cultivation [33], this has caused Iran’s irrigated cultivation level to reach 86.5% and 51.8% in horticultural and agronomical productions, respectively [23]. It is also noteworthy that a green water footprint is a positive indicator, which means that the higher the green water footprint, the less pressure on water resources. In contrast, increasing the volume of blue and gray water footprints means more pressure on water resources. Therefore, the green water footprint is ignored.



	
Water Footprint of Agricultural Products






	
Blue Water Footprint






The volume of water used for plant growth and harvest is used to calculate a crop’s water footprint. Determining the blue water footprint can be considered an important indicator in agricultural water management [34]. This indicator has been used to better manage agricultural water resources in various studies in arid regions [35,36]. In this study, instead of using the evapotranspiration parameter that has been used to calculate the water footprint [37], the Gross Irrigation Water Requirement (GIWR) parameter was used. This parameter considers irrigation efficiency when calculating the water footprint (Equation (1)). The advantage of considering the GIWR parameter is that the final water footprint value is more realistic. This means that under the same climatic conditions, impacts of field management and type of irrigation systems are considered in the crop’s water footprint. Therefore, by developing an equation for the blue water footprint, which is closer to the reality of plant water consumption, the blue water footprint index is calculated from the following equation:


    B W F   i   =     G I W R   i       Y   i      



(2)




where     B W F   i     is the blue water footprint (m3·ton−1),     G I W R   i     is the gross irrigation water requirement (m3·ha−1), and     Y   i     is the crop yield (kg·ha−1). The gross irrigation water requirement is calculated using Equation (2) [38].


    G I W R   i   =     N I W R   i     E    



(3)




where     N I W R   i     is the net irrigation water requirement (mm), and   E   is irrigation efficiency. According to [39], total irrigation efficiency for horticultural and agronomical productions was assumed to be 39% and 49%, respectively. The reference method for calculating the net irrigation water requirement is presented in Supplementary Materials.



	
Gray Water Footprint






The gray water footprint is an indicator that covers both the environmental and water resources aspects of production. Given the importance of pollution management in agriculture, the footprint of graywater has been investigated in various studies [40,41]. In the agricultural sector, chemical fertilizers are primary sources of water pollution. Therefore, nitrogen and phosphorus fertilizers have been studied as the most important chemical fertilizers. Information on the average application of nitrogen and phosphorus fertilizers was obtained from the Ministry of Agricultural-Jihad [23]. The method of calculating the gray water footprint is based on the method presented by [42,43]. In this study, the maximum permissible concentrations of nitrate and phosphate in terms of phosphorus (    C   M a x    ) are considered equal to 10 mg·L−1 and 50 mg·L−1, respectively [44]. Therefore, the effect of the agricultural sector pollutant sources (fertilizers) on water resources is identified by evaluating the gray water footprint. The equation used to calculate the gray water footprint is presented as follows [45].


    W F   g r a y   =     ∝   I r r     ×     F A R   I r r       C   M a x     ×   1     Y i e l d   I r r      



(4)




where     ∝   I r r     is the leaching coefficient which was calculated based on the framework presented by [46],     F A R   I r r     is the usage rate of nitrogen or phosphorus fertilizer (kg·ha−1) [23] and     Y i e l d   I r r     is the crop yield in irrigated cultivation (kg·ha−1) [23].



	2.

	
Water Footprint of Animal products







The water footprint value of livestock products equals the total volume of water used for livestock breeding. The amount of water consumed by an animal consists of three components, including water for drinking (    W   d    ), cleanliness of the animal housing (    W   m    ), and the forage water footprint (    W F   c    ), and its amount depends on various conditions such as environmental conditions and farm system (traditional or modern), type of ration used, farm management, and climatic conditions of the animal’s growing environment. Factors encompassing environmental conditions and farm system (traditional or modern), type of forage, farm management, and climatic conditions of the animal growing environment can impressively influence the volume of consumed water. With this explanation, the animal’s water footprint (    W F   a    ) is calculated as follows (Equation (4)) [30]:


    W F   a   =   W F   c   +   W   d   +   W   m    



(5)







The livestock forage water footprint consists of two main parts. The first is the water used to combine the feed (    W F   m i x i n g     in m3·year−1), and the second is the forage water footprint (    W F   c r o p     in m3·ton−1). The following equation shows the method for calculating the livestock-production water footprint [30].


    W F   c   =     ∑  p = 1   n        F e e d   a   ×   W F   c r o p     +   W F   m i x i n g         P o p   a      



(6)




where     F e e d   a     is the amount of consumed forage in a year (ton·year−1), and     P o p   a     is the weight of a carcass in the slaughterhouse or the weight of livestock and poultry products such as milk and eggs (ton).



Given the high share of other protein sources, such as white meat and eggs in food baskets, it is also essential to study this type of animal production’s water footprint. Calculations of water footprints of poultry products are the same as those of other livestock. Regarding the fish-meat water footprint, the values obtained by Yuan et al. [47] were used. In this study, the farmed-fish water footprint was evaluated using the Von Bertalanffy growth model [48], and these values were used.




2.2.2. Carbon Footprint


	
Agricultural Production Carbon Footprint






Greenhouse gas emissions will change the available water resources in the long term. Agriculture as a source of greenhouse gas emissions, with chemical fertilizers, energy, and fossil fuels, can have a significant impact on the climate, water resources, and the environment. Therefore, to quantify and better understand the impact of agriculture on greenhouse gas emissions, an index called the carbon footprint can be used. In this research, the framework presented by [49] has been used to calculate the carbon footprint of the agricultural sector. The carbon footprint of a product (    C F S   i    ) is defined as Equation (6).


    C F S   i   =       e C O   2   i     G   i     ×   W     C O   2       +       e N   2   O i     G   i     ×   W     N   2   O     +     e   C H   4   i     G   i     ×   W     C H   4        



(7)




where     e C O   2   i   is     C O   2     emission during crop   i   life span (kg·ha−1),     e N   2   O i   is     N   2   O   emission during crop   i   life span (kg·ha−1),   e   C H   4   i   is     C H   4     emission during crop   i   life span (kg·ha−1), and     W     C O   2      ,     W     N   2   O     and     W     C H   4       are the global warming potential (GWP) values, which according to [50] are equal to 1, 298 and 25, respectively.     G   i     is the yield of crop   i   (kg·ha−1). The emission parameter calculation is presented in Supplementary Materials.



	2.

	
Animal production Carbon Footprint







The carbon footprint content of animal products (    C F   A    ) (kg CO2-eq.kg−1) consists of four sections [51]:


    C F   A   =   C F   f o r a g e   +   C F   m a n a g e m e n t   +   C F   r u m i n a t e   +   C F   m a n u r e    



(8)




where     C F   f o r a g e     is the animal forage carbon footprint (kg CO2-eq·kg−1),     C F   m a n a g e m e n t     is the carbon footprint from farm management (kg CO2-eq·kg−1),     C F   r u m i n a t e     is the carbon footprint of methane emissions from enteric fermentation (kg CO2-eq·kg−1) and     C F   m a n u r e     is the carbon footprint of manure treatment (kg CO2-eq·kg−1). Assuming the production conditions of aquaculture products are the same, the values mentioned in the research of [52] were used as the carbon footprint of fish meat. The calculation of parameters in Equation (7) is presented in Supplementary Materials.



In the final step, the carbon footprint of each unit of livestock product (    C F   p    ) (kg·CO2·kg−1) is calculated using Equation (8).


    C F   p   =     C F   a     P    



(9)




where     C F   a     denotes the animal carbon footprint (kgCO2), and   P   is the produced product (kg).





2.3. TOPSIS Multi-Criteria Decision-Making Method


Multi-criteria decision-making (MCDM) is a topic that deals with the decision-making process in the presence of different and sometimes contradictory criteria [53]. Solving decision models can either determine the absolute best answer or choose an option closest to the solution (ideal option). In this study, the best answer is a food basket that ensures food and nutrition security and environmental sustainability. In this regard, according to the various criteria that exist in this study to determine the optimal food basket (i.e., blue water footprint, gray water footprint, and carbon footprint), there is a requirement to choose the best option (one of the considered food baskets) through multi-criteria decision-making methods. One of these approaches is the TOPSIS ranking method. This method, introduced by Hwang and Yoon (2011) [54], has been widely used as the most famous multi-criteria decision-making method in water resources and environmental studies [55]. In the study by Radmehr et al. (2022) [56], the TOPSIS model was utilized to determine the best option for agricultural water management in an extensive irrigation network. Studies on evaluating environmental carrying capacity [57], ranking risk in water distribution networks [58], and assessing the potential of groundwater [59] have also emphasized the high performance of this model. The TOPSIS technique can be used for ranking and comparing different options, selecting the best choice, and determining the distances between options and grouping them. One of the advantages of this method is that the criteria or indicators used for comparison can have different measurement units and positive and negative natures [60]. In other words, negative and positive indicators can be combined in this technique. In the TOPSIS method, the distance of each option from the ideal solution is considered. The option is selected with the minimum distance from the positive ideal solution and the maximum distance from the negative ideal. In other words, the ideal solution has the highest benefit and the lowest cost, while the non-ideal solution incurs the highest cost and yields the lowest benefit [61]. The computation method is presented in Supplementary Materials.





3. Results


3.1. Evaluation of Studied Food Baskets from the Perspective of the Blue Water Footprint


Appraising and identifying the water footprints of food basket ingredients can be considered a criterion for quantifying the impact of agriculture and food production on available freshwater resources. Therefore, the water footprints of the five food baskets considered in this study were compared (Figure 2 and Figure 3). In these diagrams, the water footprint of food baskets is determined based on Iran’s current population (84.9 million people). The effect of food consumption or food groups from a macro perspective can be examined from two dimensions. The first is the water footprint of a product unit, and the second is the amount of food consumed. In other words, the high water footprint for each unit of a food item and its high share in the food basket creates a synergy that multiplies its impact on water resources. On the other hand, there is also a different situation. For instance, among the studied food baskets, the fruits and vegetables food groups have the highest consumption share (Table 1), while their water footprint is not the highest among other food groups (Figure 2A and Figure 3A) since the water footprint in each food item is low. The consumption of bread and cereals in the CIFB (as a food basket with a high water footprint) is 114 (kg·year−1), and the amount is 70 (kg·year−1) for the VFB (Table 1). The difference of 44 kg in this food group’s consumption causes the CIFB to withdraw 11.5 billion cubic meters (BCM) more water than the VFB (Figure 2A). In the VFB, the per capita consumption of fruits and vegetables is 163.2 (kg·year−1) more than in the CIFB (Table 1). Nevertheless, the VFB has only a 7.3 BCM higher blue water footprint than the CIFB (Figure 2A). Accordingly, a simultaneous review of food’s water footprint and the amount consumed can indicate the food basket’s effect on water resources. The weight of a food cannot show the impact of the food basket on water resources individually. The blue water-footprint analysis results show that the SSNFB selection for Iran’s current population required 50.9 BCM of surface and groundwater resources, the lowest amount among the studied food baskets (Figure 2B). In contrast, selecting the CIFB by devoting a 60.8 BCM blue water footprint will put the highest pressure on Iran’s water resources (Figure 2). Also, the blue water footprint of the MHDFB, the VFB, and the MFB are 59.4 BCM, 56.3 BCM, and 60.2 BCM, respectively (Figure 2B). This indicates that the CIFB is less desirable than the other four food baskets. Overall, since the blue water footprint is lowest in the SSNFB, the priority is to change the common food basket for the SSNFB.




3.2. Evaluation of Studied Food Baskets from the Perspective of the Gray Water Footprint


In addition to indicating the volume of water that should be used to treat polluted water [43], the gray water footprint is an environmental indicator that can also illustrate a decrease in water quality. Therefore, a food basket with a lower gray water footprint than other food baskets has priority in selection. The CIFB, the MHDFB, the VFB, the SSNFB, and the MFB have gray water footprints equal to 3.2, 3, 1.6, 2.4, and 2.7 BCM, respectively (Figure 3B). According to Figure 3A, the food group of meat, eggs, legumes, and nuts has the largest share in the production of the gray water footprint (except the VFB). In the MHDFB, the contribution of this food group to the gray water footprint production is more than others and results in a 1.4 BCM gray water footprint. Therefore, according to Figure 3B, the VFB has been introduced as the best food basket because it causes less environmental pollution and impact on water resources. The cause of this issue is that in the VFB, animal products such as eggs and various types of meat (with a high gray water footprint) are eliminated, and the focus is on fruit and vegetable consumption.




3.3. Evaluation of Studied Food Baskets from the Perspective of the Carbon Footprint


The carbon footprint as an environmental indicator can quantify the effects of food baskets on greenhouse gas emissions. Therefore, the carbon footprint index can be a meaningful criterion in determining the best food basket. Our examination revealed that the Swiss Society’s for Nutrition food basket with a carbon footprint equal to 27 (million tons CO2·year−1) has the lowest carbon footprint value among the studied food baskets (Figure 4). The CIFB, with a carbon footprint of 46.7 (million tons CO2·year−1), is the most undesirable food basket. Other food baskets, including the MHDFB, Vegetarian, and MFBs, have carbon footprints equal to 41, 37, and 33 (million tons CO2·year−1), respectively (Figure 4). The change from the CIFB to other food baskets decreases the produced carbon footprint, which is a reduction for the food basket of the Swiss Society for Nutrition of 19.7 (million tons CO2·year−1), which is more than others. As can be seen in Figure 4, considering the high consumption of bread and cereals in the two MHDFB and CIFB food baskets has led to the allocation of 50.6% and 61% of carbon emissions to these food groups (equivalent to 20.7 and 28.5 million tons CO2. year−1, respectively).



Nevertheless, carbon emissions were distributed among other food groups in the other three food baskets, with a reduced concentration of bread and cereal consumption (Figure 4). For instance, in the SSNFB, the emphasis is mainly on consuming fruits, vegetables, and dairy products, while the production of these food groups leads to 12.4 (million tons of CO2·year−1). Therefore, increasing the share of fruits, vegetables, and dairy products in food baskets and reducing the consumption of bread and cereals (primarily wheat and barley in the Iranian food basket) can significantly reduce the carbon footprint. As choosing a food basket with a lower carbon footprint is preferable, the SSNFB, which has the lowest carbon footprint, can be considered a suitable option for an Iranian food basket.




3.4. Selection of the Most Desirable Food Basket Using the TOPSIS Method


On the one hand, according to the existence of different indicators (blue and gray water footprints and carbon footprint) for evaluating the studied food baskets and, on the other hand, the various results obtained from their evaluation, a desirable food basket from the perspective of the studied indicators should be selected as the ideal option. At this stage, the TOPSIS decision-making method is used. To apply the TOPSIS method to determine the most desirable food basket for Iranian society, three decision criteria, including blue water footprint, gray water footprint, and carbon footprint with an equal weight of 0.33, and five options encompassing the CIFB, MHDFB, VFB, SSNFB, and MFB are considered. The results showed that the VFB, with the highest preference coefficient (CL = 0.701), is the priority for food basket selection for the Iranian community (Table 2). Therefore, according to the TOPSIS results, choosing the VFB can lead to sustainable food and nutrition security in Iran. This food basket is recommended for planning sustainable food and nutrition security in Iran.




3.5. Predicting Water and Carbon Footprints of Food Baskets Based on Demographic Scenarios


3.5.1. Evaluating the Trend in, and Effects of, the Desired Food Basket (VFB) and CIFB on Water Resources from the Perspective of the Water Footprint in 2030 and 2050


Given the increase in Iran’s population and the growing need for food, predicting food baskets’ water and carbon footprints can provide a worthy perspective on sustainable food and nutrition security. To predict the sustainability of Iran’s food and nutrition security, the water and carbon footprints of the two CIFB and VFB (desirable food baskets) for the population of Iran are predicted and compared in the years 2030 and 2050. Predictions indicate that in 2030 and 2050, Iran’s population will increase by 15 and 19 million people, respectively, compared to 2021 [62]. Therefore, predicting sustainable food and nutrition security status for the future population will be crucial.



According to Figure 5, the selection of the VFB for the time horizons can significantly diminish the agricultural sector’s pressure on water resources and the environment of Iran. Replacing the VFB with the CIFB will reduce the farm water footprint for 2030 and 2050 by 63.3 and 70.9 BCM, respectively, compared to the common Iranian basket. Therefore, choosing the VFB can reduce the severity of Iran’s water scarcity in the coming years. According to the Ministry of Energy report, programmable water resources for agriculture are 62 BCM·year−1 [63]. A study conducted by Soltani et al. (2019) predicted that the amount of programmable agricultural water for 2030 and 2050 would equal 70 and 66 BCM, respectively [63].



According to Table 3, selecting the CIFB in 2021 and considering the time horizons will cause water stress in Iran. However, the food basket of the Swiss Society for Nutrition alone in 2050 cannot provide food and nutrition security in Iran. As specified in the previous sections, all water needs for crop production are assumed to be met through surface and groundwater resources. If rainfed (green water) production is considered, the amount of this water stress and the shortage will be reduced. However, by 2030, only the selection of the VFB can guarantee the sufficiency of agricultural water resources. By selecting the VFB and enhancing the share of rainfed production and import of farm products with a high water footprint, the expansion of conserved water resources can be increased, and the water balance of food production (presented in Table 3) can be positive. According to previous research [64,65,66,67,68], it is worth noting that different parts of Iran will face a decrease in precipitation and an increase in temperature during the future time horizons. Thus, shifting to the VFB can also be a practical step towards adapting to climate change.




3.5.2. Evaluating the Trend in, and Effects of, the Desired Food Basket (VFB) and CIFB on Water Resources from the Perspective of the Carbon Footprint in 2030 and 2050


Increasing the carbon footprint of a food basket means producing more carbon and accelerating climate change. Therefore, determining the agricultural sector’s carbon footprint can indicate this sector’s contribution to producing greenhouse gas emissions and climatic consequences. Continuing the present food consumption trend, which means selecting the CIFB, the share of Iran’s agricultural activities in CO2 production will reach 51 and 57.2 million tons of CO2 by 2030 and 2050, respectively. By selecting the VFB, the food basket’s carbon footprint will decrease by 10.7 million tons of CO2 in 2030, compared with the CIFB. Meanwhile, this abatement will reach 12 million tons of CO2 by 2050 (Figure 6). Since 1992, the International Climate Change Summit has been established in Rio de Janeiro, Brazil, where member countries have discussed climate change and its control and management mechanisms. At the 21st Summit in Paris, France, in 2015 (COP21), Iran followed the agreement and supported international efforts to reduce greenhouse gas emissions and implement adaptation measures [22].



Under the agreement, Iran has announced that it will voluntarily reduce 4% of its conventional greenhouse gas emissions by 2030. According to Iran’s third report under the United Nations Framework Convention on Climate Change (UNFCCC), Iran’s total CO2 equivalent emitted from all pollution sources was approximately 832,043 Gg in 2010 [69]. As shown in Figure 7, the share of CO2 equivalent production in the agricultural sector is five percent of total CO2 production, equivalent to 44.9 million tons of CO2 [69]. Therefore, if Iran wants to implement an equivalent four-percent voluntary reduction in CO2 in the agricultural sector with regards to the COP21 agreement, it must decrease its equivalent agricultural CO2 production to 43.1 million tons by 2030. Based on the results obtained from this study, the trend for the carbon footprint and, consequently, CO2 production in the agricultural sector is upward. By changing the CIFB to the VFB, CO2 production in the agricultural sector could be on a declining path and reach 40.3 and 45.2 million tons in 2030 and 2050, respectively (Figure 6). Therefore, the VFB could facilitate Iran’s movement to reach an agreement to reduce carbon emissions.



According to the results of the food baskets’ water-footprint evaluation and the TOPSIS method, the VFB generally helps Iran achieve sustainable food and nutrition security more than other studied food baskets. Therefore, introducing solutions to reduce the VFB’s carbon footprint is more important than for other food baskets. A detailed survey of the factors affecting the carbon footprint (Equations (S4)–(S11) in Supplementary Materials) found that the most influential parameters in a product’s final carbon footprint are the amount of applied nitrogen fertilizer and the final productivity of the product. In the equation used to calculate the final carbon footprint (Equation (6)), the global warming potential number for nitrogen was 298, about 12 and 298 times more than the equivalent number for methane and carbon dioxide. Hence, reducing nitrogen emissions can significantly detract from the final carbon footprint from other greenhouse gases. One of the most effective methods to reduce nitrogen emissions and, ultimately, the carbon footprint of agricultural products, is by using diversified cropping systems [70]. In this study, other methods, such as using pulse products (N2 stabilizer in soil) in crop rotation or enhancing soil carbon sequestration, were also mentioned.



Gan et al. (2014) showed that pulse plants (such as lentils) in wheat rotation could reduce CO2 emissions by up to 28% [71]. Also, in research conducted by Wang et al. (2020), it was found that by subtracting the nitrogen fertilizer application, there is a potential to reduce 62% of the carbon footprint in each unit of area or production by 19.5% [72]. Therefore, meeting the plant’s nutrient needs through other fertilizers can significantly reduce the final product’s carbon footprint. From the perspective of increasing the yield of agricultural products and thus reducing the final carbon footprint, various approaches are emphasized, such as tillage methods of agricultural lands (such as [73]), the effect of superabsorbent (such as [74]), and the selection of high-yield plant varieties [75]. Therefore, by adopting the methods mentioned for decreasing the carbon footprint and using the benefits of the VFB in terms of water-resource saving, the carbon footprint of this food basket can be reduced, and the desirability of the VFB can be increased more than ever. Given the importance of sustainable food and nutrition security provision, reducing more than 10 million tons of CO2 emissions in the agricultural sector by 2030 is possible by changing the CIFB to the VFB. It is worth noting that the agreed 4% reduction in the total reduction in CO2 emissions in the five sectors of polluting sources (Figure 7), in addition to the stated methods for reducing the carbon footprint of the agricultural sector and shift towards green and smart agriculture, means that the possibility of compensating for increased CO2 production in the farming sector exists in other pollutant sources, such as industry.






4. Discussion


Quality of life is an important indicator of development, and it depends on various factors such as nutrition, food, and food and nutrition security. Establishing food and nutrition security can reduce the quality of life if it poses a risk to environmental elements. This study uses blue- and gray-water footprints and carbon footprint indicators to examine the impacts of five different food baskets on Iran’s water resources. The results of this study can be recommended for areas with conditions similar to Iran’s in terms of climate and agricultural production systems. As a result, the optimal food basket for Iranian society can be considered desirable for MENA countries to establish sustainable food and nutrition security. The food baskets’ water-footprint assessment results showed that the SSNFB, with a 50.8 BCM blue and 2.4 BCM gray water footprint, results in 17% less pressure on Iran’s water resources and the environment than the CIFB. On average, the carbon footprint indicator-studied food baskets could decrease the CIFB’s carbon footprint by 19%, while this reduction is 42% for the SSNFB. Because the VFB has the lowest gray water footprint among the studied food baskets (1.6 BCM), there is a conflict between the desirability of food baskets and the choice of food. To solve this challenge, the TOPSIS multi-criteria decision-making method is used, and finally, the VFB with Cl = 0.702 was identified as the best alternative to the CIFB.



This study examines the potential of replacing several diverse and internationally acceptable food baskets with the CIFB ones. Most studies aiming to provide a desirable food basket for Iran have used a limited number [16,18,76]. According to the results of this research, the VFB food basket was introduced as a desirable food basket in which the consumption of dairy and other animal-derived foods is zero. However, for example, in a recent study [17], it was mentioned that a food basket resulting from an optimization model with various constraints, such as environmental and nutritional factors, could be proposed as a substitute for the current food basket, where dairy is an essential component. Additionally, in another study [18], dairy was identified as a critical food for achieving a desirable food basket in Iran. Various studies show animal-derived products like milk as environmentally undesirable food products [77]. The results of the current study suggest a VFB (without animal-derived foods), which is more realistic. The current research indicates that dairy is one of the food groups significantly impacting the environment (Figure 2, Figure 3 and Figure 4). For instance, in the SSNFB, dairy consumption accounts for 22.2% of the food basket (Table 1). This amount has led to a blue and gray water footprint of 9 BCM and 0.5 BCM, respectively (Figure 2 and Figure 3) (higher than all the food baskets examined). These values are zero for the VFB. Additionally, dairy consumption in this food basket (SSNFB) produces 6 million tons of CO2·year−1, with the VFB excluded from this amount (Figure 4).



The findings of this study align with the necessity of changing the CIFB, as seen in recent studies like [16,18], to protect the environment. Therefore, transitioning to the VFB in countries similar to Iran in terms of climate, production system, and culture (primarily the countries in MENA) is recommended for environmental conservation.



Various studies have reviewed different methods of reducing water and carbon footprints. These measures can be categorized into technical and non-technical approaches.



Regarding non-technical approaches, in countries located in dry and semi-dry regions (such as Iran), water–land management and the prioritization of agricultural production [78,79] and the development of rainfed agriculture [80] have been discussed for reducing the water footprint, as well as organic farming [81] and applying plant protection [81] for reducing the carbon footprint. In the technical approach, to reduce the water footprint, improving irrigation systems [82], using various mulches [82], and reducing carbon footprint, techniques to increase energy consumption efficiency [83] and the implementation of smart farming [84] have been mentioned. Therefore, there are opportunities to enhance the appeal of the VFB as a preferred choice by reducing the environmental impacts of agricultural products.




5. Conclusions


The water resources situation in dry and semi-dry regions, especially in the Middle East, will create numerous challenges in the near future, threatening the well-being of millions. A practical plan for better resource management can help prevent humanitarian crises [85]. Another important aspect of this research is forecasting and analyzing Iran’s food and nutrition security sustainability in 2030 and 2050. At this stage, the water and carbon footprints of the VFB (as the most desirable food basket) are compared with the CIFB. Results show that selecting the VFB and replacing this basket with the CIFB could diminish the agricultural sector’s water footprint by 6.5 and 7.3 BCM by 2030 and 2050, respectively, compared to the situation if the common basket of Iranians had been selected. Examining the participation of Iran’s agricultural sector in the COP21 program, the carbon footprint indicator showed that if the VFB is chosen in 2030, the farming sector’s carbon footprint will reach 40.3 million tons of CO2 equivalent. Therefore, Iran can reach its voluntary amount (fewer than 43.1 million tons of CO2) with this amount. However, if the common food basket is adopted, this number will reach 51 million tons of CO2 equivalent.



Finally, it was proposed that through management strategies, the carbon footprint of the VFB in the agricultural sector can be reduced, and this saving could offset excess emissions in other sectors, such as industry. On the one hand, given the importance of establishing sustainable food and nutrition security in countries facing water stress, and on the other hand, the achievement of facilitator goals in environmental protection, such as Iran’s voluntary participation in the COP21 international agreement, the necessary infrastructure to start changing the eating habits of the people (common food basket) to the desired food basket (VFB) should be created by coordination among national and international organizations and institutions. Therefore, export and import policies should consider environmental aspects such as the water footprint of goods. Using new techniques and methods, water consumption and the carbon production of agricultural products in the production chain stage should be reduced to decrease the environmental impacts of the VFB more than over.
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Figure 1. Research process flowchart. 
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Figure 2. Comparison of blue water footprints of studied food groups (A) and food baskets (B). 
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Figure 3. Comparison of gray water footprints of studied food groups (A) and food baskets (B). 
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Figure 4. Comparison of the carbon footprint of studied food baskets. 
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Figure 5. Comparison of the water footprints of CIFB and VFB for years 2030 and 2050 (red arrows indicate the possibility of increasing the stored water volume (BCM) when using VFB instead of CIFB). 
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Figure 6. Comparison of the carbon footprints of CIFB and VFB for years 2030 and 2050 (red arrows indicate a decrease in carbon footprint (million tons CO2·year−1) if VFB is adopted instead of the CIFB). 
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Figure 7. The share of Iran’s different CO2 emission sources in 2010 [69]. 
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Table 1. Characteristics of studied food baskets.
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