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Concerns about household food security of developing countries has been greatly intensified with rising food prices derives from various causes, such as market failure, climate change, political instability, the presence of poor financial institutions, and emerging challenges. It is very important, the development and evaluation of required policy responses such as income compensation policy to cope with foodstuff price increases. It is necessary to pay attention to different household groups regarding income, occupation, and urban/rural conditions in order to evaluate the effects of shocks and policies according to the different responses of households. This paper employes a multimarket equilibrium simulation model and evaluates the effect of price hikes with/without households' nominal income compensation policy on the calorie intake of different household groups. To this end, Iranian households that have suffered from severe food inflation and their nominal income compensation policy has always been the focus of government officials were investigated. First, we noticed that poor rural households with government occupations bear the brunt of ensuing the price hike of foodstuffs. Second, we found that households food security is highly reliant on the price of livestock products compared to other foodstuffs. Finally, we concluded that income compensation policy plays the role of a threat to food security for some households and a driver for others. Therefore, based on the different responses of households to foodstuff price and income increase, we recommended the design of more precise interventions in the market of foodstuff in a more targeted and efficient manner.
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1. Introduction

Food security has allocated a specific position in political and economic processes to itself since the 16th century (Abdelhedi and Zouari, 2020). According to the definition of the World Food Programme in 1996, food security is realized when family members can meet their minimum needs through physical and economic access to adequate, healthy, and nutritive food (Brinkman et al., 2020). Food security measurement is highly complex (Barrett, 2010) and has extended from focusing on food supply at national, regional, and global levels to analyzing food demand and access at individual and household scales (Leroy et al., 2015; Nébié et al., 2021).

Despite the surge in agricultural production between 1995 and 2016, the indices of food price and malnutrition have been increasing sharply in the world (FAO, 2022), such that the Food Price Index (FPI) reached 135.7 units in November 2022 (FAO, 2022). The unexpected global ascent of foodstuff prices derives from various causes, such as market failure (Timmer, 2017), climate change (Kalkuhl et al., 2016), political instability (Minot, 2014), the presence of poor financial institutions (Bora et al., 2011), and emerging challenges, like Covid-19 (Devereux et al., 2020; Rad et al., 2021). Of course, sanctions are also among the reasons for unexpected (sudden) changes in prices in Iran (Hejazi and Emamgholipour, 2022).

With respect to the rise of foodstuff prices, the concerns about the food security vulnerability of households, especially in developing countries like Iran, have increased extensively (Sheriff et al., 2020). Households consuming crops and food products tend to apply strategies to respond to various price and income shocks in a way that allows them to maintain their ordinary consumption levels (Nébié et al., 2021). However, the effects of shocks and the necessary coping strategies are significantly different among various groups (Lawlor et al., 2019).

The unexpected price hikes of foodstuffs may influence food security variously depending on the wealth level and revenue performance of households and their contributions to foodstuff production (Amolegbe et al., 2021). Engel's law indicates that the surge of income reduces the share of food in households' budgets, and this reduction is bolder for the less-privileged than high-privileged households (Engel, 1895; Deaton and Muellbauer, 1980; Deaton, 1989). Amolegbe et al. (2021) showed that the sharp rise in the price of main foodstuffs reduced households' purchasing power and raised the food expenditure share in the budget of less-privileged households more than their rich counterparts. On the other hand, according to Bennett's law, rich households' regimens are more diverse than that of underprivileged households (Bennett, 1941). This means that regimens first improve quantitatively with the rise in income and then qualitatively with the further surge of incomes. Hence, demand elasticity for high-quality food is higher among the rich than the poor and makes the regimen diversity of the underprivileged less vulnerable to price hike shocks (Hoddinott et al., 2018; Amolegbe et al., 2021). Thus, reactions to price shocks differ depending on the characteristics of households and foodstuffs. In this respect, it is extremely imperative to evaluate food security separately by the changes in various foodstuff prices and the reactions of different household groups to these changes.

According to the Statistical Center of Iran's prediction, the country's population has increased by 5.5% in 2021 relative to 2016. Besides, based on the most optimistic scenario estimated by demographers, Iran's population will annually increase by 1.6% in the next two decades (Statistical Center of Iran., 2021). This growth of population will raise the demand for foodstuffs and supply of deficits through imports, change consumption patterns, and erode natural resources. The average consumption of households in Iranian cities and villages in income expenditure estimation of the Statistical Center of Iran reveals that; for example, the consumption rate of meat was reduced by 4.3 kg in urban households and 5.3 kg in rural households in 2017. In particular, the per capita milk consumption was 127 liters in 2011 while reduced to 110 liters in 2021. The degressive consumption of different meat types and dairy products in recent years can be a serious threat to food security in Iran. Another report of this center shows that the annual inflation rate in December 2022 equaled 45% for urban households and increased by 1% compared to the earlier month. The annual inflation rate is 44.3 and 48.6% for urban and rural households and has increased by 1% for urban households and 1.2% for rural households (Statistical Center of Iran., 2022). For example, the price of chicken meat, as a chief product in households' food baskets in Iran, has experienced excessive growth since 2017, such that per kilogram of it has increased from 74,000 (current LCU) in 2,017 to 130,000 (current LCU) in 2,019 and 600,000 (current LCU) in 2022 (Statistical Center of Iran., 2022).

On the other hand, Iran suffers from an inappropriate nutritional pattern, which can worsen due to the effects of variations in prices and incomes. For example, according to the data released by the Statistical Center of Iran (2018), the per capita consumption of (red and white) meat equals 37 kg in the world food security basket, while this rate is about 36 kg in Iran. The per capita milk consumption is 70 kg in Iran, while the average milk consumption equals 190 kg in the world and 300–450 kg in European countries. This statistic amounts to 500 kg in some developed countries of the world. The per capita egg consumption equals 190 eggs in Iran, and the global average amounts to 250 eggs. This is while the per capita consumption of sugar is 21–24 kg in Iran, and the determined global average consumption in the food security basket is just 14 kg (Statistical Center of Iran, 2018).

In addition, the consumption rate of foodstuffs differs in Iranian urban and rural households from the first to the tenth decile. For example, the per capita cereal consumption equals 23 and 78 kg in the first and tenth deciles of rural households and 39 and 57 kg in the first and tenth deciles of urban households (Statistical Center of Iran, 2018). Due to the different cereal consumption rates, the degree and severity of the effects of shocks also vary per decile of urban and rural households. Hence, the establishment of food security in Iran has changed into a basic concern for decision-makers and challenged food security in different household groups in the country more than ever.

Review studies evaluating food security can be classified into two groups. The first group analyzes the effect of different factors, such as climate change and various market crises and policies, on the price and production of foodstuffs and food security in societies (Van Campenhout et al., 2018; Sheriff et al., 2020; Amolegbe et al., 2021; Kansiime et al., 2021; Nébié et al., 2021; Sileshi and Gebeyehu, 2021; Lin et al., 2022; Louie et al., 2022). For example, Kansiime et al. (2021) and Louie et al. (2022) investigated the effect of Covid-19 on foodstuff prices and production. Nébié et al. (2021) recognized climate change as a main factor and assessed its impacts on foodstuff prices and production. Sileshi and Gebeyehu (2021) investigated the effects of emerging plant diseases on foodstuff price and production. Amolegbe et al. (2021) found that trade policies and changes in the imported rice price reduced food diversity and raised the food share in households' budgets. This group of studies has evaluated effective factors in food security indices by not considering the market of products and simulating the behavior of consumers and foodstuff suppliers but exploiting econometric or macroeconomic models. The second group involves studies that have simulated the market, evaluated consumption/supply changes due to price or inventory variations in the market by identifying the consumer/supplier behavior and market supply/demand functions, and analyzed food security and welfare in society (Haggblade et al., 2017; Thome et al., 2017; Dick and Wilson, 2018; Brizmohun, 2019; Sheriff et al., 2020; Yu and Kim, 2020; Fathi and Bakhshoodeh, 2021). For example, by identifying supply and demand functions and a multimarket equilibrium model, Haggblade et al. (2017) examined the effects of global price and production shocks on households' calorie intake as a food security index. The results showed that a 20% decline in cereal production decreased the calorie intake of poor rural households by 15%, which was almost four times higher compared to other income groups. Furthermore, a 50% surge in the global rice price has hurt underprivileged urban households more intensely and reduced their calorie intake by 8%. Fathi and Bakhshoodeh (2021) investigated the effects of the targeted policies of energy subsidies in the Iranian meat market on economic welfare. The authors of this study employed a multimarket equilibrium model to evaluate the economic welfare of players, including producers, consumers, and government, and concluded that eliminating the energy subsidy and redistributing the resulting income for the technological promotion of producers could be a suitable approach to improving the economic welfare of the entire society and enhancing production and consumption conditions in the meat market and food security.

Thus, simulating the market and analyzing the behavior of foodstuff consumers and suppliers are reckoned as effective steps toward accurately measuring food security changes relative to variations in different factors, especially foodstuff prices. However, the effects of changes in commodity price and production on the food security of household groups can vary (Haggblade et al., 2017; Wossen et al., 2018). Van Campenhout et al. (2018) discovered that the welfare of poor rural households increased in high foodstuff prices, while Haggblade et al. (2017) reported that the decreased calorie reception of underprivileged urban and rural households resulted from the decreased production and increased global price of rice. Hence, this difference in findings highlights the need for considering various household groups in analyzing food security, such that in a review study, Akbari et al. (2022) found that investigating the evaluative indices and techniques of food security and identifying high-risk groups should be prioritized. Although analyzing the effect of households' reactions to negative shocks on food security, e.g., price hikes, has been addressed in the topic literature, a few studies have tackled the relationship between nominal income compensation and responses to these shocks (Wood, 2011; Lawlor et al., 2019).

Hence, the present study aimed to evaluate the effects of the price hike of various foodstuffs and nominal income compensation policy on the food security of different households in Iran. To this end, we employed a multimarket equilibrium model to simulate the market of various foodstuffs and evaluated the effect of price hikes with/without households' nominal income compensation on the food security of different household groups regarding income, occupation, and urban/rural conditions. The review of the topic literature shows that this study is sufficiently original due to considering numerous foodstuffs of the household basket and detailed information and classifying households into different groups. Therefore, it can identify vulnerable households to food security accurately and assess the contribution of nominal income rise to these households. This study, which evaluated the effects of the price hikes of different foodstuffs in Iran on the food security of various household groups, can be attractive to other countries that possess similar conditions to Iran and suffer from foodstuff inflations and present reliable findings at the international level. In the end, this study seeks to answer the following two questions:

What are the effects of the price hike of different foodstuffs on the food security of various household groups? In other words, which households are the most vulnerable, and what are the most sensitive foodstuffs in households' food baskets?

Can the surge of nominal income moderate the negative effects of the price hike of different foodstuff groups on the food security of various household groups?

What is the consumption pattern of different household groups?



2. Materials and methods


2.1. Multimarket equilibrium model

Unimarket partial equilibrium and general equilibrium models are typically employed to investigate the effects of economic shocks in different studies. However, Unimarket models neglect the substitutive and supplementary possibilities of foodstuffs due to disregarding other related markets in the foodstuff spectrum. On the other hand, general equilibrium models fail to present reliable outcomes for examining the effects of production, income, and price shocks on various household groups due to regarding numerous constraints for the response parameters of consumers (Haggblade et al., 2017). It is expected that the multimarket equilibrium simulation model is a suitable model for the purpose of the present research. It is worth mentioning that the multimarket equilibrium model in this study has been adapted from Haggblade et al. (2017) study. This model considers all effective variables in the consumption and food security of various household groups, e.g., imports, exports, domestic production and supply, domestic and foreign prices of products, the income of households, price and income elasticities of households' demands, and the interrelationships of different markets. On the other hand, concerning the reviewed literature, the present study employed the calorie intake derived from the consumption of the examined foodstuffs as the food security index (Hoddinott and Yohannes, 2002). The multimarket equilibrium model encompasses relations tied to domestic supply and production (Eqs 1, 2), household income and demand (Equations 3 and 4), foreign trade involving exports and imports (Eqs 5–10), market equilibrium (Eq 11), and the maximization of calorie intake objective function (Eq 12) (Table 1). Table 2 also presents the definitions of the sets, parameters, and variables used in the model.


TABLE 1 Equations of the multimarket equilibrium model.
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TABLE 2 Definitions of sets, parameters, and variables of the multimarket equilibrium model.
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2.2. Data collection

The examined foodstuffs were considered within four groups of basic commodities lying on top of the table of food security as the main food products. The examined groups were cereal products (bread, rice, and macaroni), livestock products (red meat, white meat, dairy, and egg), agricultural products (potato, vegetables, fruit, and grains), and other basic foodstuffs (sugar and oil). We extracted the data on urban and rural households' expenditures and incomes in the 2008–2018 period from the Statistics Center of Iran, the data of production, consumption, and domestic prices from the Iranian Ministry of Agriculture, the data on import and export quota from the Islamic Republic of Iran Customs Administration, and the data on the exchange rate from the Central Bank of the Islamic Republic of Iran. The research area was at the national level, and the cross-sectional data were collected from the base year (2018). The Quadratic Almost Ideal Demand System (QUAIDS) was used to estimate different demand elasticities from the data on price and households' consumption, expenditure, and incomes during the 2008–2018 period, extracted from the Statistics Center of Iran. The multimarket equilibrium model was solved in the GAMS software, and the F and T statistics in the SPSS software were used to compare the means. The data on the calorie intake degree from various products were obtained from the book entitled the Iranian Foodstuff Ingredients Table and the Health Journal website. After collecting the data and solving the base model (without applying price shocks), we evaluated the effects of applying price and income shocks on households' calorie intake separately for urban and rural income deciles with governmental and freelance jobs. The income data of different household deciles were extracted from the Statistics Center of Iran, and all deciles were analyzed thoroughly. However, to sum up the results, we considered the first three deciles as the poor, the four central deciles as the middle-income, and the last three deciles as the rich communities to present a thorough and perceivable analysis of the results.




3. Results and discussion

At first, it is necessary to extract the scenarios associated with the price shock of food products with regard to the price change trends. Based on the average price change of the selected products in households' food baskets in the past 10 years (from 2008 to 2018), we considered the 30% price hike scenario separately for the examined foodstuff groups. Furthermore, to define the scenario of households' nominal income compensation policy, we investigated the average nominal income change of government employees and freelancers in the 2008–2018 period and thus considered a 14% rise in the nominal income of government employees and a 20% surge in the nominal income of freelancers as households' nominal income compensation policy (Table 3).


TABLE 3 Defining price shock scenarios with/without nominal income compensation policies.
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3.1. Outcomes of price hike scenarios

Table 4 display that the price hike of cereal products is not counted as a serious threat to food security since all calorie intake variations are below 4%. The biggest threat due to the increase in the price of cereal products is directed at poor households with government jobs, such that a 30% increase in the price of these products decreases the calorie intake of the mentioned households by 3.51%. According to the results of Table 5, a 30% price hike in livestock products considerably impacts the calorie intake of various household groups, though poor rural households are the most vulnerable group in this respect. A 30% surge in the price of these products brings about a 50.59% reduction in the calorie intake of these households. The severe vulnerability of poor rural households' food security to the price hike of livestock products is rooted in their highly low incomes (for not possessing livestock) and their sharply reduced purchasing powers. Furthermore, the food security vulnerability of rich urban households can be due to the high share of livestock products in their consumed food baskets besides their low contributions to producing these products. With respect to the variations in the calorie intake of various households, we cannot recognize the price hike of agricultural products as a serious threat to the food security of households. As shown by the Table 6, poor households with government jobs are the most vulnerable group to the price hike of agricultural products. A 7.42% decline in the calorie intake of these households due to the 30% hike in crop prices is the proof of this outcome. The food security vulnerability of poor households with governmental occupations to increased crop prices is rooted in the very low income of these households. The variations in the calorie intake of different household groups reveal that a 30% increase in the price of other basic products (sugar and oil) does not cause a serious threat to food security since the bulk of calorie intake variations is below 1%, and this value is slightly above 1% only for poor households with government jobs (Table 7). The results indicate that middle-income households, especially the rural freelance group, will enjoy food security during the price hike of different foodstuff groups. The reason for the surge in the calorie intake of middle-income households due to the price hike of different foodstuff groups can lie in the high contribution of these households to producing agricultural products. Finally, Table 8 presents the effects of the price shocks of different product groups on variations in the calorie intake of households.


TABLE 4 Variations in calorie intake of different household groups due to applying scenario 1.
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TABLE 5 Variations in calorie intake of different household groups due to applying scenario 2.
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TABLE 6 Variations in calorie intake of different household groups due to applying scenario 3.
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TABLE 7 Variations in calorie intake of different household groups due to applying scenario 4.
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TABLE 8 Effects of price shocks of different product groups on households' food security.

[image: Table 8]

As Table 8 shows, the maximum absolute value of every column is highlighted in yellow and indicates the most vulnerable household in food security terms for the considered scenario. The maximum absolute value in every row is highlighted in blue and denotes the most sensitive product for the respective household given the food security dimension. The green color arises when the most vulnerable household per scenario has a similar value to the most sensitive product per household, and the maximum absolute values are the same in the column and row of the table. Hence, by taking a columnar glance at Table 8 and considering the maximal number of colored cells and the green color in every row, we can discover that government-employed poor rural households are the most vulnerable group to the price hikes of foodstuffs. This finding reflects the fact that poverty and government careers are the two main criteria for individuals' vulnerability to price shocks. It is a proven fact that the urban and rural poor in most societies bear the most severe pressures during food crises (Haggblade et al., 2017). Also, Meanwhile, different results have been proven for some societies. In those societies, poor households have a high share in agricultural production, and increasing the price of these products can improve the purchasing power of these households and guarantee their food security (Van Campenhout et al., 2018).

On the other hand, by looking at the rows of Table 8, we conclude that the food security of all household groups, except for the urban poor with government occupations, depends on the price of livestock products. This is while the food security of poor urban households with government occupations is more dependent on the price of agricultural products than other product groups. Thus, with respect to the high number of colored cells and the green color in every cell, we can perceive that the price of livestock products is more sensitive, and price shocks to this group of products can lead to extreme variations in the food security of society. Nonetheless, this price hike becomes a serious threat to some households and a food security-improving driver for others. For example, the surge in the price of livestock products is counted as a serious threat to the food security of poor rural and rich urban households since poor rural households lose the capacity to purchase and consume cheaper livestock products desirably due to their lower incomes and reduced purchasing power resultant from the price hike of these products. Therefore, the food security of this group of households is enfeebled. Likewise, we can attribute rich urban households' food security vulnerability to the high share of livestock products in the consumed food baskets of these households and the low contribution of rich urban households to their production. However, the price hike of livestock products is an excellent driver for some other households, such as middle-income households with freelance jobs to improve their food security. The reason for the increased calorie intake of these households, especially those with freelance jobs, due to the price hike of livestock products is their high contribution to producing these products.



3.2. Outcomes of the nominal income compensation scenario

Table 9 presents the effects of the rise of nominal incomes to compensate for households reduced purchasing power derived from the increased price of various foodstuffs.


TABLE 9 Effects of income shocks with price of various product groups on households' food security.
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With regard to the status of the blue and green colors in Table 9, we can deduce that scenarios 5, 6, and 7 maximally impact the calorie intake of poor, middle-income, and rich households, respectively. That is to say, if the price of cereal products rises, it will be highly influential and efficient to adopt a nominal income change policy toward the food security of underprivileged households. This is while the nominal income change is useful for rich and middle-income households when applied to compensate for the price hike of livestock and agricultural products.

Considering the yellow and green cells in Table 9, we can conclude that the most sensitive households to the surge of nominal incomes are poor rural households with freelance jobs. Thus, if the price of food products goes up, the government can play a significant role in preventing the food security withdrawal of poor households, especially the rural poor with freelance jobs, in society by raising nominal incomes.

The results also show that the calorie intake of poor (especially rural) severely increases and middle-income households (urban and rural) decreases, by raising incomes and the price of cereals, crops, and other basic products (sugar and oil). This result stems from the consumption pattern of the households of these two groups. Concerning the consumption pattern, we can reason that the surge of incomes firstly steers poor households to consume livestock products more; of course, if the price of these products remains constant. Secondly, it directs middle-income households to consume agricultural products more even if their prices hike. In study of Lawlor et al. (2019), it has been proven that the food security of poor rural households is greatly improved due to the increase in cash income. Fathi and Bakhshoodeh (2021) argued that the compensatory policy in the form of redistribution of the income obtained from eliminating energy subsidy carriers in the production process can result in the improvement of economic wellbeing.

In the end, we can conclude that the policy of increasing nominal incomes to compensate for the price hikes of livestock products can radically change the food security of society compared to other products. Likewise, this shock plays the role of a threat to food security for some households and a driver for others. Hence, changing nominal incomes when the price of livestock products increases is reckoned as an effective and, at the same time, risky approach for policy-makers.




4. Conclusion and suggestions

Today, the price hikes of foodstuffs have increased the concerns about the foodstuff security of households, especially in developing countries. Depending on households' wealth levels, consumption patterns, and contribution to foodstuff production, the expensiveness of foodstuffs can differently impact their food security. Thus, accurately identifying households vulnerable to the expensiveness of various foodstuffs can provide policy-makers with an inclusive map to determine efficient compensation policies toward guaranteeing food security at different social levels. The present study attempted to examine the effects of the price hikes of various foodstuffs on the food security of households accurately by classifying them from different aspects, including incomes (various income deciles), occupations (government and freelance jobs), and residences (urban and rural), to guide policy-makers in adopting proper political approaches.

For this purpose, Iran, a developing country always facing foodstuff inflation, was considered as the examined region. At first, products with high shares in households' food baskets were selected and classified into four groups, including cereal products (bread, rice, and macaroni), livestock products (red meat, white meat, dairy, and egg), agricultural products (potato, vegetables, fruit, and grains), and other basic foodstuffs (sugar and oil). Furthermore, we defined scenarios for a 10% hike in the price of foodstuffs and 14 and 20% surges in the incomes of households with government and freelance jobs considering the trend of variations in the selected foodstuff prices in the past 10 years (from 2008 to 2018). Then, we estimated the demand function of the selected foodstuffs with high shares in households' food baskets using the Quadratic Almost Ideal Demand System (QUAIDS) and calculated demand elasticities separately for various household groups. Afterward, the multimarket equilibrium model was employed to evaluate the degree of variations in the calorie intake of different urban and rural households with government and freelance jobs as a result of applying hikes in foodstuffs' prices and households' incomes.

The results showed that the food security of society was more sensitive to the price of livestock products than other foodstuffs. On the other hand, poor rural households with government occupations were the most vulnerable community to the price hike of various foodstuffs. Moreover, poor households, in general, and poor rural households, in particular, were more sensitive and reactive to the increase in nominal incomes. Therefore, we can introduce the income rise of this household group as an efficient tool for improving food security. Lastly, it was confirmed that the consumption patterns of households in various income groups differed, and the reactions to the price hikes of various foodstuffs were extensively variable, such that the surge in incomes led poor households to consume livestock products more if their prices remained constant and middle-income households to consume agricultural products more despite the rise in their prices. Therefore, we cannot evaluate all households together as a whole unit when analyzing the food security of a society and need to assess the effects of different scenarios on separate households.
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