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The Middle East and North Africa (MENA) region has seen remarkable population growth over the last century, outpacing other global regions and resulting in an over-reliance on food imports. In consequence, it has become heavily dependent on grain imports, making it vulnerable to trade disruptions (e.g., due to the Russia-Ukraine War). Here, we quantify the importance of imported grains for dietary protein and energy, and determine the level of import reductions at which countries are threatened with severe hunger. Utilizing statistics provided by the Food and Agriculture Organization (FAO), we employed a stepwise calculation process to quantify the allocation of both locally produced and imported grains between the food and feed sectors. These calculations also enabled us to establish a connection between feed demand and production levels. Our analysis reveals that, across the MENA region, 40% of total dietary energy (1,261 kcal/capita/day) and 63% of protein (55 g/capita/day) is derived from imported grains, and could thus be jeopardized by trade disruptions. This includes 164 kcal/capita/day of energy and 11 g/capita/day of protein imported from Russia and Ukraine. If imports from these countries ceased completely, the region would thus face a severe challenge to adequately feed its population. This study emphasizes the need for proactive measures to mitigate risks and ensure a stable food and feed supply in the MENA region.
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1. Introduction

The Middle East and North Africa (MENA) region faces significant food security challenges due to limited arable lands and water resources (1), changing dietary habits (2, 3), and ongoing geopolitical conflict (4). All these challenges have been intensified by rapid population growth (5), which has exceeded 2% annually, and is higher than the global average for middle-income countries (1.3%) (2).

The MENA region struggles with a shortage of arable land, having only about 1.07 hectares of agricultural land per person (including 0.16 hectares of cropland per person), which is lower than the global average (0.20) (1). Additionally, the region faces severe water scarcity, with each person having access to only 9 percent of the world average, and in about two-thirds of the countries, more groundwater is abstracted than is naturally replaced (1). Despite water scarcity, the region has low water prices, due to allocating a significant portion of its resources to water subsidies (amounting to around 2% of GDP), and has an overall water productivity that is only half of the global average (6).

Food security and water scarcity are interconnected challenges in the MENA region (7). Geopolitical issues and insufficient arable land and water resources hinder domestic food production, making the region one of the least self-sufficient in terms of food (8, 9). Climate change makes these issues worse by causing less water to be available overall, increasing temperatures and speeding-up the rate at which water evaporates from the land (10–12).

As a result, MENA is highly dependent on imports (13, 14), especially of grains, where imports account for most of the supply (15). The region is thus highly vulnerable to trade disruptions that limit the global supply of grain and/or increase the price. These disruptions can have multiple underlying causes, including armed conflicts (either locally, as in Syria, or in important exporters, such as Ukraine), pandemics, surges in energy/fertilizer prices, coordinated crop failures across global breadbaskets (e.g., due to extreme events related to large scale droughts or floods) and trade wars.

Recent studies have already highlighted the adverse effects of grain import dependency in MENA (16, 17) and shown that it is expected to increase in the years ahead (18), potentially hindering the region’s ability to address its food insecurity. They have also highlighted the region’s vulnerability to trade disruptions caused by the war in Ukraine and COVID-19 (19, 20). For example, focusing on stable crops, Al-Saidi (21) has illustrated the varying levels of vulnerability to challenges stemming from these crises, in particular in Lebanon, Libya, Sudan, and Yemen. Furthermore, Ben Hassen and El Bilali (22) emphasized the potentially far-reaching and lasting consequences of conflict-related disruptions to global food and fertilizer markets, and the challenges this poses to the MENA region.

However, to our knowledge, there is a lack of research on the quantitative link between imported grains and dietary energy and protein supply, and therefore on the potential for trade disruption to affect diets. Quantifying this link is complicated by the dual use of imported grains as both human food and as livestock feed for the production of meat, milk and eggs. We address this by determining country-specific values for per capita energy and protein consumption that is attributable to imported grains, and assessing the potential impact on diets of trade disruptions. We are thus able to estimate the level of import reductions that would tip whole countries into a state of a severe lack of food.



2. Materials and methods


2.1. Study area

The study area includes the 18 countries that make up the MENA region, which range from low-income countries such as Yemen to high-income oil-exporting countries such as the Arab states of the Persian Gulf. The countries are shown in Figure 1 along with their income class according to the World Bank classification (23). Over the past six decades (2020 compared to 1961), the livestock population (including cattle, dromedaries, sheep and goat) has more than doubled. During this period, meat production (from all livestock) also witnessed a surge from 1.1 million tons to 11.4 million tons. In the majority of MENA nations, the livestock sector’s share of the agricultural Gross Domestic Product (GDP) exceeds 30%, and, in certain countries, it reaches as high as 50%. The average livestock population during the period from 2015 to 2020 is presented in Figure 1.
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FIGURE 1
 Income level classifications of MENA countries (2022–2023) according to the world bank (23). Human population and livestock numbers in MENA countries [average over 2015–2020; (15)].




2.2. Data analysis

The steps taken to address the specified research question are outlined below.


2.2.1. Step 1: examining the sources of grain supply for food and feed sectors - local production and imported grains

Using the Food and Agriculture Organization’s (FAO) Food Balance Sheets (FBS) data on total production, export, import, and stock variations, the total domestic supply for each desired grain product was quantified, and the outcomes evaluated according to their allocation information [i.e., Food, Feed, and Other (non-food/industrial, seed and losses); Figure 2; Supplementary Figure 1]. In the case of grain import reductions, our strategy was to prioritize the allocation of imported grain to the food sector. We assumed no changes in both the quantity and the allocation of locally-produced grain. The FAO category ‘Other uses’ was deducted from locally-produced and imported grain according to its percentage of the total supply.

[image: Figure 2]

FIGURE 2
 Domestic grain supply in MENA countries: insights from 2015 to 2020 FAOSTAT data (15).


Data from FAO-FBS on the allocation of the 12 major grain crops in the region (Wheat and products, Rice and products, Barley and products, Maize and products, Rye and products, Oats, Millet and products, Sorghum and products, Soybeans, Rape and Mustard seed, Beans, and Peas) was used to see how grain production (averaged over 2015–2020) in a given country was split between food and feed usage. These grain products cover ∼93% of all crop-based feed usage in the region (and, at the same time ∼40% of crop-based food usage). We have then broken down the production to different usages (i.e., food vs. feed) using a crop allocation dataset (24, 25).



2.2.2. Step 2: estimating feed demand using livestock production as a basis

In order to calculate livestock feed usage, country-specific data for meat, milk, egg, pork, and mutton production from cattle, sheep, goats, pigs/swine, and chicken for the period 2015–2020 was obtained from the FAOSTAT database (Supplementary Table 1). The production was then apportioned to grid cells based on the FAO’s spatially disaggregated livestock-source food supply dataset (26), which gives estimates of the share of production within a country. The dominant livestock production system (LPS) in each grid was then used to determine the total production of each livestock commodity in each LPS. Livestock production in each LPS was transformed into grain fodder and foliage demand via a fraction of grain forage in total feed dry matter and the feed conversion ratio (FCR) (27, 28). FCRs give the quantity of feed (kg-dry-matter) required to produce a given amount of livestock commodity at the herd level (i.e., they consider the need to also feed unproductive livestock, such as juveniles; Supplementary Table 2). This step is important, because in the subsequent stage we will need to backtrack and convert the feed deficit into livestock production.



2.2.3. Step 3: conversion to energy and protein supplies and conducting scenario analysis

Information on the average dietary and nutritional value of each commodity (i.e., kcal/kg food and g protein per kg food; Tables 1, 2) was calculated to answer the question of what is the role of each food commodity in supplying energy and protein, and also to see how disturbing the balance of the grain trade can affect food and livestock production and consequently protein and energy supplied. For the scenario analysis, we have used the FAOSTAT trade matrix, the observatory of economic complexity (29), and the united nations commodity trade statistics (UN COMTRADE) (30) databases to obtain grain trade volumes to the region from Russia and Ukraine (Supplementary Figure 2).



TABLE 1 Food energy and protein supply from grain-dependent commodities (2015–2020).
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TABLE 2 Food energy and protein supply from different commodities.
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3. Results


3.1. Current import dependency

The MENA region currently consumes 156 Million ton (Mt) of grain for food and feed per year (Figure 3), of which 68 Mt is produced locally, and 88 Mt. is imported. 94 Mt is directly consumed by humans, predominantly wheat (62 Mt), and the remaining 61 Mt. is fed to livestock, predominantly maize (28 Mt) and barley (20 Mt; Figure 3). Grains are particularly important for livestock production due to the importance of poultry in the region (poultry meat and eggs make up 29% of livestock production and consume 74% of total grain usage in the livestock sector) and constitute 33% of daily protein intake by weight and 12% of energy intake (compared to a global average of 31 and 15%; excluding offals, butter, and fat). Imports comprise 45% of food and 74% of feed (Figure 4).

[image: Figure 3]

FIGURE 3
 Grain utilization for food and fodder in MENA countries: 2015–2020 analysis.
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FIGURE 4
 The allocation of the net grain trade and local production per country to the feed and food sectors in the MENA region; averaged over the 2015–2020 period (All numbers are in 1,000 tons).


The import dependency of individual countries is heterogeneous and can be split into three broad categories: (1) Syria (10% imported) and Iran (37%) rely primarily on domestic production; (2) Egypt (41%), Iraq (42%), and Morocco (44%) import approximately half their grains; and (3) The remaining 11 countries import the majority of the grain they consume. This includes relatively wealthy countries such as Bahrain, Kuwait, UAE, and Qatar, which are almost entirely dependent on imports, but also poor countries such as Yemen (Figure 1).

The vulnerability to trade disruption depends not just on the import ratio, but also on the grain dependency of diets and to what extent current diets exceed minimum requirements for energy [1,800 kcal/capita/day (31)] and protein [60 g/capita/day (32)] consumption. Across the MENA region, 59% of total dietary energy (1,832 out of 3,116 kcal/capita/day) and 79% of protein (69 out of 87 g/capita/day) is derived from grains, meaning 40% of energy and 63% of protein are from imported grains. Again, the region is heterogeneous. At current import levels, Yemen, on average, only just receives the daily minimum dietary requirements (2,025 kcal/capita/day and 53 g-protein/capita/day) and has a high grain dependency (92%), while Iran produces 63% of its grain demand.



3.2. Impact of grain-trade changes on food security

Reducing grain imports to the MENA region will affect energy and protein supply differently, depending on how the impact is shared between the food and feed sectors. Our assumption is that food is prioritized, meaning that even small import reductions have a large effect on the livestock sector. Thus, dietary protein would fall faster than energy for small reductions in imports due to the importance of livestock for protein (Figure 5). With increasing import reductions, there comes a point at which the livestock sector may no longer receive imported grains, and further reductions fall exclusively on the food sector, resulting in a rapid decrease in dietary energy.

[image: Figure 5]

FIGURE 5
 Possible consequences of change in total grain import to the MENA region on supplied protein and energy per capita per day as compared to the 2015–2020 average. c: % of import reduction at which dietary protein (∙) and energy (*) fall below the minimum per capita requirement.


The level of import reduction at which the average energy or protein supply per capita falls below the minimum requirements varies between countries (Figure 5). For Yemen, dietary protein is already below the minimum, and dietary energy would fall below the minimum in the case of an 18% import reduction. On the other hand, Syria’s remarkable domestic grain production means that even if imports were reduced to zero, sufficient dietary protein and energy would remain available. Other countries fall between these two extremes, with, for example, Jordan falling below the minimum level for protein/energy at a 32/85% reduction and Oman at a 57/86% reduction. However, it should be noted that comparing the average dietary energy/protein to minimum requirements is a very conservative estimate for the point at which a country experiences severe food shortage. Due to the unequal distribution of food supplies, a large fraction of the population will experience shortages well before this point.

The actual impact of trade disruption on diets in the MENA region will also depend on the mitigation steps taken within each country. For short-term disruption, depleting grain reserves could allow diets to be maintained. However, the region as a whole has only 64 Mt. of reserves, equal to 73% of yearly grain imports. Per capita grain stock is estimated at 131 kg per person per year, ranging from 36 kg per person in Yemen to about 285 kg per person in Saudi Arabia (Supplementary Table 3). For longer-term reductions in import availability or affordability, adaptation would soften the impact on diets. However, lack of good quality arable and grazing land due to water and other constraints would limit the ability of most countries in the region to considerably increase domestic production. More drastic adaptions, such as large-scale emigration, would negatively affect people within the region and potentially on a broader scale.



3.3. Possible consequences of the Ukraine war

Russia and Ukraine are both large grain exporters and were in 2015–2020 responsible for 34% of imports to the MENA region (17% from each; Supplementary Figure 1). In the case of a complete loss of all imports from Russia and Ukraine, and assuming no substitution from elsewhere, dietary protein in MENA countries would be reduced by 11 g/capita/day and dietary energy by 164 kcal/capita/day. This would be sufficient to tip Lebanon and Yemen 51 and 47% below the minimum protein requirements, even in the case of only Ukrainian grain being unavailable. There would also be severe consequences for Israel, Libya, Oman, and Tunisia, which would approach the minimum dietary requirements, potentially leading to a large fraction of the population experiencing severe hunger (Table 3).



TABLE 3 Potential energy and protein loss (%) due to complete loss of all imports from Russia, Ukraine, and both.
[image: Table3]

Finally, it should be remembered that grain import reductions may either be accompanied by a decrease in domestic supply (for example, due to an increase in energy/fertilizer prices), or may cause a drop in domestic supply by sparking armed conflict. In either case, dietary protein/energy availability would take an additional hit, further pushing countries toward the precipice of severe food shortages. For example, one of the short-term causes of the Arab Spring of 2010–2013 is widely believed to be a sharp rise in food prices (33), and the resulting civil wars in Syria and Libya significantly reduced domestic grain production (34). This study shows the vulnerability of the region to reductions in grain imports. Possible mitigation actions would be to build up stocks, reduce the dependency on animal-derived food and to diversify the source of imports.




4. Discussion

The MENA region heavily relies on grain as a significant source of calories and protein for its population. This dependence on grain imports poses a risk to domestic food security, as disruptions in grain trade can lead to reduced availability of calories and protein, potentially pushing some MENA countries below the minimum per capita requirements. Disruptions in exports from the Black Sea region, along with elevated prices, might accelerate the ongoing critical food situation in these regions.

Strategies for reducing the region’s vulnerability to trade disruptions are country specific, and depend on the country’s current reliance on imported grain, as well as logistical complexities. Possible strategies include trade control and diversification, subsidizing domestic agriculture, fostering international cooperation and aid initiatives, as well as establishing collaborative mechanisms within the region (21).

Our study is part of a growing body of literature that has begun to investigate the impact of trade disruptions on food security, often motivated by the Russian-Ukrainian war and the COVID-19 pandemic. Previous studies predominantly focused on price dynamics in specific regions [e.g. (35, 36)] or developed indicators for the vulnerability of regions to trade shocks [e.g. (37)]. For example, Prantner and Al-Naggar (38) investigated the consequences of the Ukraine-Russia conflict in Yemen and warned that, given the current circumstances, an extended food crisis and potential suspension of humanitarian aid could endanger the survival of millions. Abay et al. (13) classified countries into 10 risk categories, with a particular focus on the short-term impact of crises on regional and national food security. Our results are qualitatively similar to these findings.

However, our research diverges from earlier investigations in two critical aspects. Firstly, we provide a quantitative assessment of the repercussions of trade disruption on both the food and feed sectors, and the resulting reductions in dietary energy and protein consumption. Secondly, our study offers a regional overview of the entire MENA region, which allows countries individual circumstances to be put in a regional context, and highlights possibilities for collaboration.



5. Conclusion

The recent global food crisis, whose origins include higher costs of essential resources such as fuel and fertilizers, climate change, COVID-19 and conflicts, has hit many countries hard. This includes many countries in the MENA region, some of which were already facing critical food shortages.

Here we have quantified the extent to which MENA countries rely on imported grains, both in general and from Russia and Ukraine in particular. This included determining the importance of imports for energy and protein supply, and identifying at what level of import reduction countries may face severe food shortages. The country-specific analysis shows strong variation in the vulnerability of different MENA nations to import reductions and provides a starting point for understanding how adaption and mitigation measures could make the region more food secure.

It would be valuable in future work to analyze the food-feed system in the MENA region dynamically, considering how economic and societal drivers could spur adaption to reductions in the quantity of imported grain. For example, via increasing the quantity of imported animal products, conversion of suitable grazing land to arable production or reduction in food waste. Alternatively, the effect of trade disruptions on the food supply could be amplified if they lead to economic collapse, for example due to civil war. The ability of countries to adapt will critically depend on the strength and duration of trade disruptions, as well as economic and societal factors, land availability and government policies.
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