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Attention to addressing undernourishment in low-and middle-income countries has expanded notably since the beginning of the 21st century. Population growth increases the overall demand for food, while income growth affects consumption patterns. Using annual aggregate data from the World Bank in 2001–2020 and econometric approaches, this research investigates the changes in the growth rates in rural and urban populations and GDP per capita and the prevalence of undernourishment as % of the population in low-income countries, lower-middle-income countries, and upper-middle income countries. The main goal of the study is to convey a deeper understanding by quantifying the impacts of rural and urban population growth as well as GDP per capita growth on the prevalence of undernourishment. The robust regression models showed that the prevalence of undernourishment in these countries was strongly associated with rural and urban population growth. A positive impact of rural population growth on undernutrition was found in all three groups of countries, with the most significant positive effects found in upper-middle-income countries. The negative effect of urban population growth on undernourishment was largest for the upper middle-income countries. Furthermore, fully modified ordinary least squares results revealed that the changes in the prevalence of undernourishment are mostly associated with long-term changes in the rural and urban population growth. The Difference in Difference (DiD) estimation confirmed only the causal effect of rural population growth on the prevalence of undernourishment in the panel of these countries. The findings of this study have both methodological and policy implications.
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Introduction

Population growth, increasing urbanization, modern technology, and climate change are transforming the world at a rapid pace. One of the biggest challenges today is ending hunger and poverty while making agriculture and food systems sustainable (Kamal, 2017). This challenge seems difficult due to the continued population growth, profound changes in food demand, and the threat of extensive migration of rural young people in search of a better life. Over the years, the concept of food security has evolved through many concepts, from the idea of existing food stocks in the 1970s to the concept of self-sufficiency in food production during the 1980s, and to access to food (at the individual as well as household level) in the 1990s. Thus, according to Reddy et al. (2016), the latest concept used by the global food security panelists is the following: “the right to adequate food.” While Reddy (2016) also agrees with the evolution of the concept of food security since the 1960s, he also adds that during the mentioned period there was an extensive food deficiency in the world, particularly in developing countries. In explaining the concept of food security by Reddy (2016) and Reddy et al. (2016), its main four components were accurately stated: food availability, accessibility, stability, and utilization. The availability of food is necessary when speaking about food security. In the past, the measurement of the food stability component became important since more and more food shocks occurred as a result of extreme weather conditions (such as droughts, floods, and heavy stormy hails), human displacements, and increased war refugees that produced food security risks at the local level for their vulnerable individuals and households. These shocks intensified the variability of food supply and prices, resulting in unstable food access to vulnerable segments of society, e.g., children, women, the poorest of the poor, landless workers, and also urban informal workers. Also, food utilization is becoming much more important nowadays as the ultimate goal of mankind is the proper utilization of available food for a healthy life. The most broadly recognized definition of food security claims that food security exists when “…all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for a healthy and active life” (Ickowitz et al., 2019, p. 10). When households and individuals are lacking the means to acquire food, then there is a condition of food insecurity. Food insecurity as the most fundamental form of human poverty is an inability to access food of enough quantity and quality to meet minimum dietary needs (Hashmi et al., 2018). Among the existential problems of today's civilization is survival, with the most important being food supply (Ðordević et al., 2022). According to the UN FAO official definition, hunger is a condition when a person does not eat enough food to meet his/her energy needs for a healthy and active life (e.g., 1,800 kcal per day), (Ðordević et al., 2022). Additionally to this official definition, hunger may be defined also as undernourishment in a situation where a person does not consume enough macronutrients (fats, proteins, carbohydrates) or micronutrients (vitamins and minerals). An increase in agricultural production and a decrease in the quantity of wasted or lost food are ways to lessen the proportion of malnourished populations as well as mortality due to undernourishment (Ðordević et al., 2022). Therefore, nowadays, together with the availability and stability of food supplies, access to food is one of the key linkages of food security.

Already more than half of the world's population lived in urban areas in 2011 and it is estimated that by 2050, two-thirds of the population in the world will reside in urban areas (Tuffrey and Espeut, 2015; van Zutphen et al., 2023), consuming 80% of the food in the world and producing 85% of global economic products (van Zutphen et al., 2023). Low-and high-income countries are projected to represent a relatively small proportion of the total urban population. Most of the projected growth in the world's total urban population between 2015 and 2050 will be due to middle-income countries (Tuffrey and Espeut, 2015). Therefore, middle-income countries and Asia are expected to account for most of the growth in the number of global urban populations between 2015 and 2050. Nevertheless, growing concerns about rapidly expanding population dynamics and increased risks as a result of climate change require additional information to advise policymakers and provide effective means to support the most vulnerable communities. As a consequence, vulnerable communities living in rural areas, characterized by low income and low education levels, in need of technical know-how as well as appropriate policy responses and safety nets, are those most affected by the consequences of the interaction between climate change and non-climatic impacts (FAO, 2016).

On a global level, the attention to addressing undernourishment in low-and middle-income countries (LMICs) expanded notably since the beginning of the 21st century (Hambloch et al., 2022). The percentage of the population that is undernourished in low-income countries since 2014 constantly has grown, especially in Sub-Saharan Africa, where the prevalence of undernourishment raised from 18% in 2014 to 23.2% in 2021 (Hambloch et al., 2022), and the rise in Sub-Saharan Africa is to some extent driven by population growth. Improvement toward lessening undernourishment has been especially restrained in West Africa, particularly in Nigeria, which accounts for a significant portion of global malnutrition (Adeyemi et al., 2022). According to official data, 850 million people in the world (about 11% of the world's total population) are chronically undernourished, and yearly 5,642 million children under 5, and 959,000 children between ages 5–14 die of starvation (Ðordević et al., 2022). Thus, India has the highest number of children as well as pregnant women suffering from malnutrition, and a great number of children have insufficient food for good health and condition (Reddy, 2016). Accordingly, the paradox with India is that India is self-sufficient in food but has the highest undernourished population in the world. In addition, Ðordević et al. (2022) emphasize that nowadays about two billion people in the world are considered undernourished, which is often attributed to “hidden malnutrition.” For instance, as a developing country, official data for Nigeria in a household expenditure survey released that, 56.65% of the total household expenditure in 2019 was allocated to food, in comparison with the U.S. consumers where only 8.6% of Americans' disposable personal income was spent on food in 2020 and with Europe where 13% of household spending were on food 2019 (Salam et al., 2022). These findings just clearly show that a greater percentage of disposable income in the developing world is spent on food. Only 72 developing countries out of 129 countries that were monitored by FAO achieved the Millennium Development Goal (MDG) hunger target (MDG 1c) by the year 2015 which required a reduction by half the proportion of the chronically undernourished from the baseline (1990/1992) (Reddy et al., 2016). Coming after the period, the Sustainable Development Goal (SDG) 2030 agenda has provided the global panels with a continued opportunity to end starvation and all forms of undernourishment, through integrating connected objectives into a more comprehensive, holistic and proactive development agenda (Reddy et al., 2016; Fanzo et al., 2020).

The research study aims to fill the knowledge gap in the vast body of research on food security, its theoretical and empirical dimensions, and trends over the last twenty years observed in low and middle-income countries. The specific objective is to conduct empirical research work on food security from the perspective of investigating population growth in urban and rural areas as well as economic development in these countries. Therefore, the main goal is to convey a deeper understanding by quantifying how much the change in both rural and urban population growth as well as GDP per capita growth within these countries contributed to the prevalence of undernourishment. The prevalence of undernourishment is one of the indicators of food access. The prevalence of undernourishment is indicative of chronic food deprivation. Furthermore, it is also a known indicator of “hunger.” Therefore, it shows the percentage of the population that does not consume an adequate amount of calories to maintain an active and healthy life (Reddy, 2016; Reddy et al., 2016).

With an understanding of the importance of economic development and urban-rural differences in population growth, the key motivation to work on this research study is to raise the general level of knowledge for the low-income and middle-income countries concerning their food crises. The findings of this study have a great contribution given the importance of the wellbeing of the people and improving the global security of food. For a society, hunger and malnutrition have obvious economic importance, which is mostly reflected through increased health care costs, reduced work capacity of their working-age population, etc. Hence, the results extend their importance to the level of adequate contribution as the causality in our results is ensured. Such causal assessments can shed light on whether urbanization or development generates greater benefits or costs, and thus provide a useful guide to which policies are better for enabling food security. Further, key research questions were arising during the research study, such as: Is it possible to reduce the number of undernourished in the absence of significant economic growth? Should the undernourishment problem be solved through increased food production and a shift in consumption? Might the population in rural areas within the LMICs be a powerful force for changing patterns of agricultural production, food security, and labor market as well as the process of economic development? This paper is organized as follows: Section 2 presents a literature review on undernourishment links with population growth and economic performances; Section 3 explains the data and method used. In Section 4 the research findings are presented. Section 5 discusses the research results and Section 6 concludes and provides policy recommendations.



Literature review

This Section presents the literature review done in the area of food security-population growth and economic development. It explains the background of the undernourishment determinants. Therefore, it examines the literature to determine how relevant determinants such as urban and rural population growth as well as economic development and their mutual interaction affect food security. The debate on the urban-rural population growth in low-income and middle-income countries and their effect on undernourishment appears to remain far from resolved. By considering this gap in the scientific literature, this study proposes an original research approach to partially fill this gap to the extent possible with some key aspects of evaluation. Urbanization, population growth, and income growth are driving strong demand for food at a time when agriculture is facing unprecedented natural-resource limitations and climate change (Kamal, 2017).

The economic consequences of population growth, specifically, have been a long-lasting subject matter of debate. In 1798, Thomas Malthus, among the first of the population pessimists, claimed that there will be an exhaustion of the world's resources and the reason for this would be the pace of population growth (Bloom and Canning, 2006). Therefore, the thinking that food production would expand more slowly than population growth held sweep well into the 20th century. Furthermore, Bloom and Canning (2006) also emphasized Simon's view, accordingly the prices of natural resources decline as growing populations are making the technological advances necessary to make a response to increasing demand. Thus, for instance, the Green Revolution, where new, high-yielding crops drastically increased food production in much of the developing world, happened partly as a response to population growth. The period of the Green Revolution (1960–2000) marked a remarkable period of increased global food security. The period was characterized by a huge increase in world food production and distribution, particularly of grains such as wheat, rice, and maize, as a result of the intensification of rural agriculture (Armanda et al., 2019).

The concept of effective demand is extremely important to understanding the link between food security, population and development (Villarreal and Stloukal, 2005). Even though population optimists did not accept the automatic link between population growth and economic progress, they somehow were assured that advantageous policies could help shift increases in population into greater prosperity. The main factor in the development of population-food security links is the problem of access to food in terms of purchasing power, market, and regional distribution, and reducing food insecurity thus means eliminating poverty. According to Villarreal and Stloukal (2005), the patterns of food consumption are determined primarily by two major factors: population growth and growth in GDP per capita. With a world population that significantly will increase during the 21st century and with more urban than the rural population, the total demand for food will be greater and different than ever. The second question of great importance is the incidence of poverty and hunger and its association with food security. As stated by Reddy (2016), income inequalities and poverty can be the causes of undernourishment. Therefore, the very important question is whether it could be possible to reduce half the proportion of the world population living in absolute poverty. Much of the food insecurity in the world is chronic and poverty-based, consequently reducing poverty indirectly is the most effective way to make progress in poverty mitigation (Samia et al., 2021). According to these scholars, poverty is a cause and a result of a lack of food security as well as an absence of economic strengthening. Thus, reducing poverty should assure appropriate access to food (Samia et al., 2021). To a great extent, reducing poverty will be the result of development in the different regions of the world. The economic and financial crises that affected the world, especially in developing countries, caused many households to take decisions to minimize their expenses, even for basic needs, such as food quantity and quality (Salam et al., 2022). Consequently, in a period of inflation and unemployment, consumers are more likely to change the distribution of their expenditures; accordingly, there is a strong shift toward the consumption of cheaper articles with lesser nutritional value considering the level of income and family size (Salam et al., 2022).

As stated by Fanzo et al. (2020), food security and nutrition have been important characteristics of the international development agenda for decades. Nevertheless, over time, development priorities and challenges fluctuated, and the required investment has not been assisted. A wide consent emerged that ensures food security and brings an end to famine and undernourishment in all its forms when there will be prosperous economies, human and world health, and sustainable development (Fanzo et al., 2020). For economic growth to be successful in reducing poverty, it should be inclusive and move at a rate that is higher than the population growth rate. The fact that agriculture is the most important economic sector in most poor countries implies that efforts to fight extreme poverty should be aimed at increasing agricultural production and productivity (Ayoo, 2022). Promoting inclusive economic growth is vital not only in raising incomes but also in ensuring that the benefits of economic growth are widely shared. Some ways to promote inclusive economic growth are investing in infrastructure and technology; trade liberalization and expansion of export markets; providing incentives for small and medium-sized businesses; providing fiscal stimulation for the economy; ensuring macroeconomic stability; and improving public governance (Ayoo, 2022). Implementing these measures in an integrated way can have positive effects on the economy, incentivize the private sector, create much-needed employment opportunities and reduce the levels of poverty.

The topic of rural-urban population growth has much in common with food security. The process of urbanization is a demographic transition from rural to urban living, as well as an economic transition from an agriculture-based economy to an industry, technology, and services-based one (Tuffrey and Espeut, 2015). In addition, urbanization also has intense social, political, and environmental effects. By 2050, it is expected that approximately about 68% of the population in the world will live in cities, and consequently, agriculture will need to produce nearly 50% more food than in 2012 to meet the needs of an estimated 9.73 billion people then (Armanda et al., 2019; Fanzo et al., 2020). Some of the poorest countries, especially in Sub-Saharan Africa will experience high and sustained growth rates, and on the other hand, the population growth in Asia is decelerating, during which some countries are facing negative population growth and aging populations as a threat to their sustained economic growth (Fanzo et al., 2020). Therefore, food systems will have to feed this growing and changing population utilizing the same available resources, but with more pressure from climate change and environmental degradation. While rural poverty is anticipated to decrease more rapidly than urban poverty as a result of rural-urban migration, there is large poverty in poorly planned urban slums which most often go unnoticed (Fanzo et al., 2020).

Food insecurity is strongly associated with poverty; around the world, rural poverty continues to exist more deeply and comprehensively than urban poverty (Tacoli et al., 2013). However, with the rapid urbanization in LMICs, more and more poverty is located in urban areas, and this will continue as almost all global population growth over the next two decades is expected to be in cities and towns in Asia and Africa (Tacoli et al., 2013). Overall, the data indicate a change toward a higher burden of malnutrition in all its forms in urban compared to rural areas. Thus, by 2035, half of individuals in extreme poverty with a daily income of < USD 1.25 will reside in urban areas, which means an increase in the number of people who cannot afford a healthy diet (van Zutphen et al., 2023). Labor-intensive, small-scale subsistence farming is the main source of income for the poor and thus a reason for food insecurity in rural parts of developing countries (Samia et al., 2021). Rapid urbanization has resulted in more than half of the global population living in cities, which means food security is a challenge for many people. Since urban consumers depend on being able to buy food, the food security of low-income urban populations is vulnerable to increases in food prices or unforeseen variations in food prices (Vågsholm et al., 2020).

Thus, periods of food insecurity are more likely to be associated with periods of low earnings, particularly for casual workers, fluctuations in food prices and high costs of other non-food things such as housing, heating and health, which are intensified by extreme weather conditions (Tacoli et al., 2013). To some degree, this is the case also in rural areas, and increasingly so, although rural food insecurity is still more in many cases connected to seasonal cycles. But as claimed by Tacoli et al. (2013) extreme weather events remain a major threat to low-income urban inhabitants, especially those living in non-formal settlements where environmental dangers tend to be more frequent than in rural areas. Rates of undernutrition among women and children are generally lower in urban areas than in rural areas; but in any case, urban regions are characterized by a particular set of vulnerabilities, especially for the poorest segments of urban populations (Tuffrey and Espeut, 2015). The determinants of nutrition in urban areas may differ from those in rural areas in terms of their importance and relationship with other circumstances (Darrouzet-Nardi and Masters, 2015), e.g., urban households do not have to rely as much on precarious natural resources and situations for their living as rural farmers do; or, urban areas may also provide more employment opportunities for men and women, including food service and retail opportunities. As rates of urbanization increase worldwide and there is continued pressure to decentralize decision-making to levels closer to the people being served, cities are taking on an increasingly important role in the global malnutrition crisis and providing points of transformation for the food system (van Zutphen et al., 2023). Although urbanization has become an unchanging phenomenon, some argue that solving the city's problems requires addressing the root causes of the problem, such as improving the socioeconomic conditions of the urban poor (Kuddus et al., 2020). Furthermore, Kuddus et al. (2020) add that until conditions in rural areas improve, the population will continue to migrate to urban areas. Therefore, given the challenges that rural development brings, the root causes are unlikely to be addressed nearby.

The right-to-food-based approach to food security proposes that human dignity, recognition of rights, transparency and government responsibility, citizen empowerment, food, and wellbeing should be considered in welfare programs (Righettini and Bordin, 2022). The right-to-food approach requires governments to adopt specific programs and fulfill exact commitments to fight poverty. According to this approach, the right to food is not only a means to attain food security and preferably it should be a wider, more encompassing, and specific goal. The debate about the interrelationship between food access and poverty reduction interventions during the 1980s meant whether food security was looked at as an integral part of social security, which was understood as the reduction of poverty and a deficient standard of living by social means, regardless of whether these conditions are the results of chronic impoverishment or temporary difficulties (Righettini and Bordin, 2022). Since the 1990s, the food security literature has highlighted that measurements can vary in their performance in different population groups and societies and that good practice and policy instruments are difficult to transfer across different contexts (Righettini and Bordin, 2022). One of the major issues in food security interventions is that it is not simple to indicate the target, e.g., households under the poverty line (Righettini and Bordin, 2022).

According to the paradigm of political economy, food and nutrition are considered purely composed of nutrients, disregarding the political-economic and socio-cultural circumstances that determine the economic and cultural value of food production (Hambloch et al., 2022). Within the scope of this paradigm, the delivery of private sectors and the whole food and nutrition systems as well as increasing nutrient-consuming efforts was significantly supported by many people. These views have been criticized for avoiding the complexity of the underlying drivers of nutrition and the determinants of undernourishment (Hambloch et al., 2022).

In contrast to these criticisms, there has been a growing consensus that the apparent causes of malnutrition are not technical per se, but instead reflect a composite lack of equity and power relations in food systems, i.e., transformation of food system perspective. According to this perspective, the demands in the sustainable food system discussion suggest that a fundamental process of transformation toward healthier, equitable and socially just ways of environmental development is needed (Hambloch et al., 2022). In addition, transformation should not only include a technological change agenda, but more importantly a social and political agenda.

Furthermore, the agricultural intensification approach is closely related to the perspective of the transformation of the food system. Donors, development experts, and national policymakers often look to agricultural intensification as a way to increase rural incomes and stimulate development (Ickowitz et al., 2019). Simply put, agricultural intensification refers to any process of acquiring more production with fewer means, but mostly its meaning is explained as increasing yields per unit of land. Proponents of a “second Green Revolution” are particularly dominant in the national and international discourse on agricultural development in Africa where supporters of the “African Green Revolution” proclaim that intensification is important not only for food production but also as an essential driver of economic development (Ickowitz et al., 2019). Consequently, economic development, population growth and increasing rates of urbanization create an importance that requires rapid action to accurately understand the role of food systems in sustainable food production, consumption, diets and nutrition in urban environments (van Zutphen et al., 2023).

Therefore, the major hypothesis for this research study is: There is a cointegration relationship and causal relationship between economic development and rural-urban population growth rate with the prevalence of undernourishment as a proxy indicator for food security in low-and middle-income countries of the world.



Data and methods

This Section covers detailed information about the dataset collected for this study, as well as the methods and techniques applied to make the data ready for analysis. Furthermore, the three methods used to analyze the results of the models and the reasons for using these methods are discussed. This research study paper is based on a macro analytical approach. Using annual aggregate data from the World Bank from 2001 to 2020, this research investigates the changes in rural population growth rate (RPG), urban population growth rate (UPG) and GDP per capita growth rate (GDPPCG), and its implications to the prevalence of undernourishment as the proportion of the population (UNDERNUR) in low-and middle-income countries. The estimation of the country's prevalence of undernourishment as the proportion of the population is based on the availability of the relevant data in the World Bank development database (World Bank, 2022). This indicator is also available from the Food and Agriculture Organization (FAO), (FAO, 2023). In addition, the annual time series data of the country's GDP per capita growth rate as well as rural and urban population growth rates were retrieved from the World Bank database (World Bank, 2022). Therefore, given the available official data, it is confirmed that our empirical research opens a reflection on comparative research in the aspect of the population-development-food security nexus. Figures 1–4 present the prevalence of undernourishment (% of the population), GDP per capita growth rate, and urban and rural population growth rates from 2001 to 2020 in low-income countries, lower-middle-income countries, and upper-middle-income countries, respectively.
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FIGURE 1
 Prevalence of undernourishment (% of population). Source: author's design based on World Bank data.
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FIGURE 2
 Annual growth rate of GDP per capita (%). Source: author's design based on World Bank data.
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FIGURE 3
 Annual growth rate of urban population (%). Source: author's design based on World Bank data.
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FIGURE 4
 Annual growth rate of rural population (%). Source: author's design based on World Bank data.


To reveal a possible long-term relationship, a cointegration, or a causal relationship between a dependent variable and regressors, and to come up with a relevant conclusion, separately, three econometric approaches have been employed–robust ordinary least squares (OLS) method with MM-estimation, fully modified ordinary least squares (FMOLS) cointegration approach, and the difference in difference (DiD) estimation. Therefore, using separately three econometric approaches the study will determine whether significant and causal differences in outcome variables are evident between these groups of countries. In addition to the other methods, e.g., FMOLS, the difference-in-differences (DiD) approach explicitly was used also to provide a credible estimation focusing on the effects of the changes of the treatment on the outcome variable. Therefore, the challenge for causal inference with DiD is to come up with a reliable estimate of what the outcomes for the treatment group would have been in the absence of the treatment (Athey and Imben, 2017). Additionally, because robust OLS and FMOLS methods make assumptions of linearity and because our Difference in Difference (DiD) approach assumes linearity in the model (Athey and Imben, 2017), the DiD approach was used to estimate the average treatment effect as the difference between the change in average outcomes over time for the treatment group, with the subtraction of the change in average outcomes over time for the control group.

It is known that OLS estimators are sensitive to the presence of observations that lie outside the average for the regression model. The sensitivity of standard regression methods to these outlier observations could result in coefficient estimates that do not accurately reflect the underlying statistical relationship. Therefore, robust least squares refer to different types of regression methods created to be robust, or less sensitive to outliers. There are three different methods for robust least squares: M-estimation, S-estimation and MM estimation (IHS Global Inc., 2020). M-estimation addresses dependent variable outliers when the value of the dependent variable varies remarkably from the regression model. S-estimation addresses outliers in independent variables, i.e., when there are large residuals. MM estimation is a combination of S-estimation and M-estimation. The procedure begins by performing an S-estimation of the coefficients and scale and then uses the estimates acquired from the S-estimation as the starting point in iterating to find a solution for M-estimation. The second stage of M-estimation uses the Bisquare function with a default tuning parameter value. The summary statistics for MM-estimation are obtained from the second-stage M-estimation procedure. Since MM estimation is a combination of the other two methods, it addresses outliers in the dependent as well as independent variables. MM estimation was applied for all three groups of countries: low-income countries, lower-middle-income countries and upper-middle-income countries, For MM estimation, identical choices for all groups of countries in terms of the objective specification, scale estimator, and covariance type have been used. Computing the coefficient covariance matrix with all three methods taken from Huber provides unbiased estimates of the covariance matrix. In our case, Hubert Type II was used. Its form is presented in eq. (1):
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with
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where
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where ψc(·) = [image: image] and xij is the value of the j-th regressor for observation i, (IHS Global Inc., 2020). The estimation of long-run relationships has been the focal point of broad research work in time series econometrics (Breitung and Pesaran, 2005). Pedroni (2004) has considered the building of statistics which will be appropriate in the presence of heterogeneity in the dynamics and endogeneity of the regressors. Accordingly, the basic approach of Pedroni (2004) should first estimate the hypothesized cointegrating relationship for each unit separately, and then pool the resulting residuals in creating the panel test for the null of no cointegration. The research of cointegrating relationships has been an especially active field of investigation. Engle and Granger noted that a linear combination of two or more I(1) series may be stationary, or I(0), in which case it could be said that the series are cointegrated (IHS Global Inc., 2017). This kind of linear combination defines a cointegrating equation with cointegrating vectors of weights, indicating the long-run relationship between the variables. Within our research study, a fully modified OLS” (FM-OLS) weighted approach was applied. Thus, a conveniently pooled OLS estimator for heterogeneous cointegrated panels is described where the long-run variances differ over cross-sections. To obtain the residuals, it is needed to estimate the long-run variance [image: image] and regressors [image: image]equations (IHS Global Inc., 2020); (see eq. 3–4),
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Here β0 is the preceding estimate of the long-run coefficient. The structure of the weighted variables is given in eq. (5):
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The estimator and asymptotic covariance are presented in eq. (6–7), respectively, (Pedroni, 2000; IHS Markit, 2022):
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DiD estimation (difference-in-difference) is a popular method of causal conclusion that enables the estimation of the average effect of a treatment or a policy on an outcome by comparing the difference in the outcome variable before and after treatment (Athey and Imben, 2017; Goodman-Bacon, 2021; IHS Markit, 2022). DiD is a seemingly-experimental model that uses longitudinal data from treatment and control groups to obtain an appropriate counterfactual to estimate the causal effect of the treatment (Bhavani et al., 2022). Therefore, DiD is usually used to assess the effect of a specific intervention or treatment by comparing changes in outcomes over time, thus focusing on changes rather than absolute levels. Even though DiD may be estimated on cross-sectional data, most research in econometrics has focused on the estimation of DiD models in panel data samples. The DiD estimation uses cross-section cluster-robust standard errors. On a single treatment date, D* some of the subjects in the study are given the treatment. The remaining part of subjects never receives treatment. The treated subjects belong to group T, and those not treated subjects belong to group NT. Besides data on whether a subject is treated, there is also time series data on an outcome variable, Y with periods before and after the treatment date, for all subjects. To estimate the average effect of treatment on Y, there should be a comparison of the difference in the mean of Y between the treated and never treated subjects before and after the treatment date. Thus, the ATET can be estimated using a fixed effects model with fixed effects in cross-section for given time dimensions, and a dummy variable appropriate to whether the observation is treated in the treated group, individual or otherwise, (eq. 8), (IHS Markit, 2022).
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where g is constant for an individual i, and g is associated with treatment (g = 1) and for non-treatment (g = 0), Dg, t has a value of 1 when a treatment observation is treated. In this identification, the ATET is equivalent to the value of δ. The estimate of δ is the same as the result obtained in the panel two-way fixed effects regression, i.e., eq. (8). As the TWFE is estimated using OLS regression, all assumptions needed for an OLS model are needed for DiD estimation with TWFE as well. The computation of the ATET may be placed in an OLS regression structure, as presented in the model in eq. (9):

[image: image]

where D is a dummy variable identical to 1 if the observation lies after D*, and T is a dummy variable identical to 1 if the observation is in the treated group (IHS Markit, 2022). In addition, it is obvious to note that the ATET is equal to the value of β3, which quantifies the marginal effect of being a part of the treatment group after D*. For the estimates of δ to be unbiased for the ATET, there is a key DiD requirement for an additional parallel trends assumption. Treatment and control groups have parallel trends in outcomes (Bhavani et al., 2022). The parallel trends assumption is important and requires that in the absence of treatment, the difference between the treatment group and the control group is constant over time (Bhavani et al., 2022; IHS Markit, 2022). For this reason, the DiD approach is suitable for impact assessment and the results will be robust. This means that when comparing a treatment group to a never-treated or always-treated control group, unbiased estimation seeks that the change in outcomes for the control group before and after the treatment date be a good measure of the unobserved untreated change in the treatment group (IHS Markit, 2022).



Research findings

Before continuing with the estimation results, the orders of integration of our series were studied as well. The specification of the integration orders was performed by a cross-sectionally independent unit root test. The test was performed directly by the ADF-Fisher Chi-square and ADF- Choi Z-stat tests on the levels of the series. Since the null hypothesis of this test is the presence of a unit root, tests that have p-values close to zero will reject the null and identify the series as I(0). In other ways, tests with p-values significantly away from zero will fail to reject the null and identify the series as I(1). Table 1 sums up the results of this test. Table 1 shows that each variable's null hypothesis for the unit root tests in levels failed to reject the null at the 5% level of significance, and for that reason, the variables were identified as non-stationary time series in levels. Only the variable undernourishment in upper-middle income countries and GDP per capita growth in low-income countries were identified as stationary time series at levels at the 1 and 10% levels of significance, respectively.


TABLE 1 Unit root test.

[image: Table 1]

Three separate econometric approaches (robust OLS method; cointegration panel FMOLS method; and DiD- the difference in difference approach) have been used to test for the effects of urban and rural population growth as well as economic development through a proxy GDP per capita growth on the prevalence of undernourishment as the proxy measure indicator of food security. Given that the prevalence of undernourishment within the population depends on the available foods that can be purchased in markets and their ability to be afforded, it was hypothesized that the percentage of undernourishment in the country is quite a good indicator of the existence of food security. Determining the significance and direction of these multiple impacts is important to understand the differences and synergies that different factors have on food security and that is at the core of the debate and discussion in the next Section of this study. The results of this research provide valuable information on the link between urban and rural population growth, GDP per capita growth and the prevalence of undernourishment trends in three groups of countries in the world: low-income countries, lower-middle-income countries and upper-middle-income countries. The sample in each applied method consisted of annual data for the three groups of countries for the years 2001–2020.

Referring to the MM-robust results (Table 2), it is noted that the results from the MM-estimation are generally with roughly comparable coefficient standard errors across the models of the three groups of countries. The MM-estimate of the scale for the robust model in the upper middle-income countries is considerably larger than that obtained from the MM-estimation of the model of the low-income countries as well as lower middle-income countries. Largely, goodness-of-fit measures and [image: image] statistics as well as test results are rather similar to the MM-estimations, with the highest values for the lower-middle-income countries and lowest values for the upper-middle-income countries. The findings with the MM robust method have shown a positive significant effect at a 1% level of rural population growth (RPG) on the prevalence of undernourishment variation in low-income countries and with a 10% level of significance in lower-middle-income countries. The effect of RPG was found to be significant for the prevalence of undernourishment in upper-middle-income countries at 5 % but with negative effects. Thus, the results from the upper middle-income countries showed the largest effect of urban population growth (UPG) on undernourishment (UNDERNUR). Most importantly, this research study has found that the positive effect of urban population growth (UPG) on undernourishment (UNDERNUR) was largest for the upper middle-income countries at 1% and then for low-income countries at 5%. The effect of UPG in the lower middle-income countries on UNDERNUR was insignificant at even 10%. The MM-estimator produces a quite large negative impact of GDP per capita growth (GDPPCG) on undernourishment (UNDERNUR) at 1% only for the lower middle-income countries. Accordingly, the effect of GDP per capita growth (GDPPCG) on UNDERNUR was statistically insignificant for low-income countries and upper-middle-income countries, as well as a negative sign.


TABLE 2 Robust-MM results for low-income, lower-middle, and upper-middle-income countriesa,b.

[image: Table 2]

The analysis of long-run cointegrating relationships has received considerable attention in modern time series analysis. Furthermore, panel cointegration analysis was applied to the study of the prevalence of undernourishment by estimating the cointegrating relationship of the first difference of rural and urban population growth as well as GDP per capita growth. The weighted estimation method of the panel FMOLS estimator was considered for the cointegrating vectors as can be seen in Table 3. The fixed effect specification is assumed with UNDERNUR as the dependent variable and UPG, RPG and GDP per capita growth as the cointegrating regressors. To tackle the fixed effect, a Constant (Level) is specified in the Trend specification. A panel is said to be balanced when every cross-section is observed for the same period (Startz, 2015). Within the FMOLS panel model (Table 3) the data are balanced since there are observations for all four variables from 2001 to 2020 for each three groups of countries. Table 3 shows that the panel estimates are based on a weighted estimation using the constant C as a deterministic regressor which is included in the regression equation but excluded from the cointegrating equation. The individual deterministic coefficients obtained from the FMOLS regression equation show that they have the lowest value for upper middle-income countries (5.0467) and the highest value for low-income countries (29.711). The value of deterministic coefficients for the lower middle-income counties is (14.285). The coefficient covariance matrix computation uses an estimator of the long-run covariance estimates using a Bartlett kernel by putting a user-specified bandwidth value at 6. The coefficients of rural population growth and urban population growth are significantly associated with the prevalence of undernourishment and both at a 1% level. Rural population growth has a negative effect and urban population growth has a positive impact on the prevalence of undernourishment (Table 3).


TABLE 3 Panel cointegration estimation with FMOLS method for prevalence of undernourishment.
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A Pedroni panel cointegration test was performed with an automatic selection for lag length. This test provides several Pedroni panel cointegration test statistics which evaluate the null of no cointegration against both the homogeneous and the heterogeneous alternatives (Table 4). The test showed that six of the eleven statistics reject the null hypothesis of no cointegration at the conventional level of 1%. Thus, the Pedroni test indicates cointegration regression using the FMOLS method. The results of the Pedroni panel cointegration test indicate that there is cointegration between rural population growth, urban population growth and GDP per capita growth with the prevalence of undernourishment (% of the population) in the panel sample for these three groups of countries. In addition, by performing Pairwise Granger Causality Tests, there was one-way direction causality from urban population growth to the prevalence of undernourishment at a 5% level of significance. Causality that runs one-way from the prevalence of undernourishment to GDP per capita growth was found at 5% as well. Granger causality and feedback are important aspects of applied time series and panel data analysis. In 1969, Granger developed a statistical concept of causality between two or more time series variables, according to which, a variable x “Granger-causes” a variable y, if the variable y can be better predicted using past values of both x and y than using only past values y (Xiao et al., 2021). The Granger testing started with the pair of UPG, RPG and GDPPCG Granger causes UNDERNUR. Subsequently, univariate tests were considered by modeling UNDERNUR as a function of UPG, RPG and GDPPCG separately. Throughout, it was allowed for a maximum of 2 lags of the dependent variable and the covariates. The null hypothesis that urban population growth does not Granger-cause undernourishment was rejected at the 5% level of significance.


TABLE 4 Pedroni cointegartion results.
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Furthermore, using the common two-way fixed-effects (TWFE) method, a single treatment date approach was applied to the average treatment effect for the treated (ATET). The average impact of the treatment on Y (the prevalence of undernourishment) was estimated by comparing the difference in the mean of Y between the treated and never treated groups before and after the single treatment date. As in the previous models, the dependent variable consists of annual percentage rates of prevalence of undernourishment for low-income countries, lower middle-income countries and upper middle-income countries between 2001 and 2020 (Table 5). It is important to note that the estimation of the DiD method was only obtained for rural population growth as a treatment dummy variable, probably because of the panel structure of the available data in the sample. Results of urban population and GDP per capita growth as a treatment dummy variable were either not valid, as was the case for GDP per capita growth (GDPPCG), where probably there was a biased positive coefficient that may have sloped upward and biased the overall TWFE coefficient or statistical insignificance was found, as was the case with the urban population growth (UPG), i.e., no causality was detected. In addition, both variables (GDPPCG and UPG) could not be computed as an estimate for trend values, and as such, the results were not able to be adequately interpreted. In contrast, causality at the 1% level was found only in the impact of rural population growth on the prevalence of undernourishment. As can be seen from Table 5, the adjusted R-squared is 0.992. Therefore, the model can explain more than 99% of the variance in the UNDERNUR response variable. It is a great result. It is noted that the RPG coefficient is statistically significant as indicated by its p-value, which is < 0.01 and leads us to conclude that the model variable is significant and explains well the variance in UNDERNUR.


TABLE 5 DiD estimation results on prevalence of undernourishment.
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All over this period, several countries categorized within these three groups of countries at different times faced the increase or decrease in rural population growth. The data on the rural population growth in the series RPG, a binary series, is equal to 1 if an observation has an increase and zero if no increase has been noted, i.e., the same level as the previous year or a decrease as well as cross-section (countries) and date (year) series. To determine the effect of an increase in rural population growth on the prevalence of undernourishment, a simple difference-in-difference was performed with a single treatment time estimation (Table 5). The estimate of the effect of an increase in rural population growth on the prevalence of undernourishment is 0.90. Figure 5 and Table 6 present the aggregations by treatment date as well as parallel trends of always and never treated.


[image: Figure 5]
FIGURE 5
 DiD estimation results: means of UNDERNUR treatment date. 2011 represents the average single treatment date of rural population growth (RPG) on the prevalence of undernourishment (UNDERNUR). Always and Never represent the always-treated and never-treated control group. Source: author's design based on World Bank data.



TABLE 6 Trends summary: means of UNDERNUR.

[image: Table 6]



Discussion

The study is data-driven and after validating our models by performing a variety of diagnostic tests, this study provides empirical results that are very valuable for the scholars as well as policymakers and others concerned. The reports of the Pedroni cointegration test statistics and its p-values, as well as regression results concerning the DiD estimation, confirmed the long-term cointegration between all four variables included in the model. The causation was found only for urban population growth and rural population growth in the prevalence of undernourishment in the population within these three groups of countries, respectively, with the use of Granger univariate tests and DiD estimation per se. If we disregard the fact that no causal relationship was found only between GDP per capita and the prevalence of undernourishment, we can confirm as fairly relevant our main hypothesis that: There is a cointegration relationship and causation between economic development and rural-urban population growth with the prevalence of undernourishment as a proxy indicator for food security in low-and middle-income countries of the world.

The empirical results from MM robust estimator show us clear evidence that during the last two decades, the prevalence of undernourishment as a percent of the population in these three groups of countries has been characterized by a strong significant effect of the urban and rural population growth, respectively (Fanzo et al., 2020; Samia et al., 2021). More precisely, a positive impact of the rural population growth was found in all three groups of countries, with the most significant positive effect in upper-middle-income countries and then in low-income countries at 1% and with a positive effect in lower-middle-income countries at 10%. The robust regression results show that the negative effect of urban population growth on undernourishment was largest for the upper-middle-income countries and the positive impact of the urban population growth was revealed for low-income countries, both at 5%. The effect of urban population growth in the lower middle-income countries was insignificant. Only for the lower-middle-income countries was found a strong statistically negative effect of GDP per capita growth on undernourishment at 1% level. This is a good and relevant signal from our robust regression results and has a direct link with the findings of Tuffrey and Espeut (2015), which stressed that middle-income countries and Asia are expected to account for most of the growth in global urban populations between 2015 and 2050, and it is in line with the reasoning of Ayoo (2022) about promoting of inclusive economic growth. Consistent with the available theoretical literature, in general, our empirical findings are in line with the population-development-food security link of Villarreal and Stloukal (2005). Consequently, the patterns of future food consumption will be determined mainly by two key factors: population growth and growth in GDP per capita. In addition, the new patterns of development may have important implications for these societies. As stated by Samia et al. (2021), providing food security networks and related social assistance programs, improving farming production, fostering rural development, supporting agrarian research and investing in human capital and essential infrastructure components are the five basic options that could be considered to enhance economic development.

From the FMOLS results in Table 3, it can be confirmed that the regressors are with the expected signs and are highly significant. The cointegration that was found using the panel FMOLS model simply confirms the existence of a long-run relationship between these four variables. It should be noted that both coefficients of the rural and urban population growth represent the elasticity of the prevalence of undernourishment concerning each variable. The results suggest that the annual decrease in rural population growth leads to an increase in the prevalence of undernourishment in the population. Also, the annual increase in urban population growth leads to an increase in the prevalence of undernourishment in the population. In other words, looking at the coefficients of the regressors and their p-values from the panel cointegration FMOLS method in Table 3, it can be revealed that the changes in the explanation of the prevalence of undernourishment are under the long-term significant negative influence of the changes in the rural population growth and under the long-term positive impact of the changes in the urban population growth. There is a long-term relationship between rural population growth, urban population growth and GDP per capita growth with the prevalence of undernourishment (percent of the population) within these three groups of countries. From the causality results obtained, only relevant causation conclusions can be drawn between urban population growth and the prevalence of undernourishment in the population. Accordingly, this claim based on the causality test is much stronger. This tells us that urban population growth is a “Granger cause of the prevalence of undernourishment” because past urban population growth values explain the prevalence of undernourishment and also contain statistically significant information about the future values of the prevalence of undernourishment in the population within all three groups of countries. This finding also implies that past values of UPG contain information that helps to predict UNDERNUR over and above the information contained in past values of UNDERNUR.

Indeed, these findings give strength to the results of the FMOLS estimation as it verifies the causation effect between the dependent variable and urban population growth. Hence, the levels of prevalence of malnutrition will continue to be sensitive to differences in the future rates of urban population growth as they were also from their past values. This finding is in direct line with the claims of Tacoli et al. (2013), Tuffrey and Espeut (2015), Fanzo et al. (2020), which emphasize that those living in non-formal settlements and the poorest segments of urban populations are under a higher burden of undernutrition. Such causal estimations from FMOLS allow us to make a valid assessment of which policies to consider because urbanization or development can generate greater costs to enable food security in these countries. Urbanization presents a set of challenges and opportunities for addressing under-nutrition in low-and middle-income countries. Thus, given the further expected population growth in urban areas in low-and middle-income countries, it is time for policies to address the challenges but also seize the opportunities of these key demographic, social, and economic changes (Tacoli et al., 2013).

The DiD estimation revealed causality at 1% only for the impact of rural population growth on the prevalence of undernourishment. It means that through this time rural population growth is a cause of the variation in the prevalence of undernourishment within the three groups of countries. The estimate of the impact of the increase in the population growth rate on the prevalence of undernourishment was 0.90. This overall finding reveals that raising the rural population growth in low-income countries, lower middle-income countries and upper-middle-income countries in the world in effect led to an increase in their prevalence of undernourishment. In other words, simply putting an increase of the rate of rural population growth in these three groups of countries by 1% led to an average increase in the prevalence of undernourishment by about 0.90 percent. This finding is consistent with the work that has already been done by Tacoli et al. (2013) and (Fanzo et al., 2020), which claim that food insecurity is under strong pressure and the influence of rural poverty. Therefore, implementing interventions to reduce poverty among the rural poor should imply well-founded information about the effectiveness and more broadly about the positive and negative, as well as desired and not desired impacts of interventions (Joffe, 2007).

Overall results, especially results obtained from FMOLS and DiD models, are in coalition with the reasoning of Samia et al. (2021). According to them, the pace of reducing poverty will be the result of development in these regions of the world. Since poverty is seen as a cause and a result of a lack of food and considering that a long-term relationship was found and cointegration as well as causation, it seems that the process of reducing poverty will have a long-lasting effect through both urban and rural population growth on the prevalence of undernourishment as long as food security will be assured. Given current estimates of a rising average prevalence of undernourishment over the next period, the likelihood of a very high effect by the rural population growth within these groups of countries is persistent. However, this situation could reflect the future government spending on innovative measures in response to undernourishment within these countries, e.g., through the perspectives of transformation of the food system and agricultural intensification (Ickowitz et al., 2019; Hambloch et al., 2022). Hence, Vågsholm et al. (2020) allude that novel ways of looking at food security and sustainability are needed. The novel ways of thinking about food and sustainability should include changing the perspectives as well as responsible production and consumption of food (Vågsholm et al., 2020).

In the context of estimating the impact of policies, when causal interpretations of estimates are more plausible, the inference of causality can enhance the credibility of policy analysis. Therefore, the greater sophistication in the use of methods like differences-in-differences (DiD) estimation provides important new tools to improve the estimation of causal effects (Athey and Imben, 2017). Thus, Difference-in-differences estimation is one of the ways to estimate the effects of new policies. For instance, the new laws regarding rural development can be estimated by comparing how the prevalence of undernourishment in these three groups of countries changes before and after their implementation. Hence, Kuddus et al. (2020) seek to address the root causes of the problem. Therefore, according to them, governments and development organizations should focus on adapting to the challenges of urbanization while striving to reduce unplanned urbanization and improve the conditions in rural areas. Finally, as stated by van Zutphen et al. (2023), urban planners and policymakers have a very important role in the global malnutrition crisis and in providing ways of transformation for the food system as well as promoting inclusive economic growth (Ayoo, 2022). Therefore, the structural and rural transformations underway in low-income countries can show how an agro-sector planning approach can leverage food systems to drive sustainable and inclusive rural development (Kamal, 2017). Environmental sustainability is considered one of the essential points of the SDG and also part of social and economic sustainability as well as food security. Accordingly, the pursuit of one goal must not be at the expense of other goals (Vågsholm et al., 2020).

Despite these three econometric approaches used, our study also discusses some limitations. Even though this does not diminish the evidential value of our analysis, further research may improve the empirical methodology that was proposed in this study. To further investigate the complex process of food security and its determinants, longer data panels with more environmental information would represent valuable research qualities. Due to the available data only up to 2020, the study was not able to provide a more complete investigation into how COVID-19 has affected food security on a country-by-country basis or around low-income or middle-income countries in general. Thus, the only thing that can be observed is the trend of these variables in 2020, when the COVID crisis started and it is shown in Figures 1–4.



Conclusions and policy recommendations

The topic of food security of rural populations in low and middle-income countries has gained more cross-sectorial importance in academic and policy circles, especially related to public health, economics, and social issues (Bellon et al., 2022). The findings of this research have important implications for academic research as well as for the governments, policy debate and people to recognize and categorize high-impact food security components, enabling proper and well-informed decision-making. Particularly, the findings of this study have both methodological and policy implications. Considering the growing number of empirical attempts to offer methodological frameworks to evaluate food security, following this direction, this study provides important implications for the research methods in the social sciences field. Moreover, the implemented econometric approaches provide a different comparison between low-income, lower-middle-income and upper-middle-income countries as well as common effective responses of the same type and at the same time. The determinants found to affect food security in this study can be used as test hypotheses for other food security research studies. Therefore, the findings conclusively demonstrate the significance of the differences in rural and urban population growth in food security.

The prevalence of undernourishment as a phenomenon related closely to the food security concept exists throughout the developing world. To reduce the rate of undernourishment, policies should be targeted at the poor. Understanding long-run and causal linkages between urban population growth, rural population growth, GDP per capita growth and prevalence of undernourishment plays a decisive role in policy formulation. Three most important policy implications arise from the findings of the empirical models: (1) government support programs to help target households in securing food, (2) policy implementation to improve market access in more distant areas of the country by investing in infrastructures or by attracting private investment in the agricultural sector, (3) the presence of informal institutions, such as social networks that provide financial support, support the formation of these networks, encourage the participation of households in agricultural cooperation, agricultural associations, or community projects. It also involves greater cooperative planning between rural and urban regions to improve food security, such as subsidies to farmers who provide locally produced, unprocessed and cheap food to urban centers. Therefore, policies should take into account the distribution of undernourishment across all socioeconomic groups within these countries. Further, addressing global food insecurity and undernourishment can be achieved only in the context of wider food systems and policymaking, especially in a world that will be increasingly influenced by interconnected and multispectral risks.

For future studies, researchers can draw on a more complete, the latest, and wider range of data that will include data with environmental features. Therefore, it would be necessary to collect additional information and apply different techniques to understand the impact of environmental indicators on undernourishment in these groups of countries, including using some other proxy-dependent/outcome variable for undernutrition. In addition, a more in-depth investigation of how different key socio-economic indicators affect food security can be conducted using country-specific data if such data is available. Furthermore, future research could also examine different algorithms, including unsupervised learning algorithms, as the main method for developing predictive models to perceive if results differ. However, future research studies will need a more comprehensive database as well as qualitative information to address these topics. Finally, the effect of these indicators on food security can be modeled also in terms of asset accumulation, simulation or even household spending, provided the data is of adequate quality.
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Treatment date

Obs. date 2011 Always Never

2001 9.00 37.00 18.00 21.33
2002 9.00 36.00 19.00 2133
2003 8.00 35.00 19.00 20.67
2004 7.00 34.00 19.00 2033
2005 6.00 33.00 18.00 19.33
2006 5.00 32.00 17.00 18.33
2007 4.00 31.00 16.00 17.67
2008 4.00 31.00 15.00 17.00
2009 4.00 29.00 15.00 16.00
2010 4.00 29.00 14.00 15.67
2011 4.00 29.00 13.00 1533
2012 4.00 29.00 13.00 1533
2013 4.00 28.00 13.00 15.00
2014 4.00 27.00 12.00 14.33
2015 4.00 27.00 12.00 14.33
2016 4.00 27.00 12.00 14.33
2017 4.00 27.00 11.00 14.00
2018 4.00 27.00 11.00 14.00
2019 4.00 29.00 12.00 15.00
2020 4.00 31.00 13.00 16.00
All 5.30 30.40 14.60 16.77

2011 represents the average single treatment date of rural population growth (RPG) on the
prevalence of undernourishment (UNDERNUR). Always and Never represent the always-
treated and never-treated control group. All represent both treated and non-treated. Included
observations: 60. Source: author’s work based on World Bank data.
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Dependent variable: prevalence of undernourishment, % of population (UNDERNUR)

Method: difference-in-difference

Periods included: 20

Cross-sections included: 3

Total panel (balanced) observations: 60

Source: author’s calculations.

Variable Coefficien Prob.

Rural population growth (RPG) 0897 024 3.68 0.00
Summary statistics

R-squared 0.995 Mean dependent var 16.767

Adjusted R-squared 0.992 S.D.dependent var 10.777

S.E. of regression 0.942 Akaike info criterion 3.002

Sum squared resid 32.862 Schware criterion 3.805

Log likelihood —67.076 Hannan-Quinn criter. 3316

F-statistic 349.025 Durbin-Watson stat 0.557

Prob (F-statistic) 0.000 Parallel trend stat —2436

Prob (P.trend) 0.015
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Null hypothesis: unit root (individual unit root process). series: GDPPCG, RPG, UNDERNUR, UPG

Exogenous variables: individual effects

Automatic selection of maximum lags

omatic lag length selection based on S|

Cross-sections included: 4

tol

Low income

wer middle

Upper middle

Method Statistic Pr Statistic Pr Statistic Prol
ADF-fisher chi-square 8.591 0378 1210 ‘ 0.996 18.345 0.019
ADF choi Z-stat —0.183 0.427 2.442 ‘ 0.993 —0.450 0.326
Series ‘

GDP per capita growth 0.079 ‘ 0.930 0420
Rural population growth 0908 ‘ 0.960 0229
Undernourishment 0.360 ‘ 0.705 0.001
Utban population growth 0530 ‘ 0.867 0999

Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution. All other tests assume asymptotic normality. Source: author’s calculation.
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a (o] eighted ob
Panel v-statistic —0.291 0.615 —0.407 0.658
Panel rho-statistic 0.189 0575 0.229 0.590
Panel PP-statistic —5.298 0.000 —4.699 0.000
Panel ADF-statistic —5.019 0.000 —4.876 0.000
Group rho-statistic 1162 0.877
Group PP-statistic —4.960 0.000
Group ADF-statistic —5.249 0.000

Source: author’s calculations.
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Dependent variable: log of prevalence of undernourishment (UNDERNUR)

Method: robust least squares (MM-estimation)

Sample (adjusted) 2002-2020

S-settings: tuning = 2.937, breakdown = 0.25, trials = 200, subsmpl = 5, refine = 2, compare

M-settings: weight = Bisquare, tuning = 3.44

Variable (low-income countries) Coefficient Std. Error z-Statistic

Constant C 2.006 034 596 0.00
Log of rural population growth (RPG) 0.806 0.14 565 0.00
Log of urban population growth (UPG) 0.546 024 225 0.02
First difference of GDP per capita growth (GDPPCG) —0.001 0.00 —0.14 0.8
Variable (lower middle-income countries) Coefficient Std. Error z-Statistic

Constant C —0.086 125 —0.07 094
Rural population growth (RPG) 0.681 0.37 1.85 0.06
Urban population growth (UPG) 0793 0.56 142 0.16
First difference of GDP per capita growth (GDPPCG) —0.030 0.01 —2.68 0.01
Variable (upper middle-income countries) Coefficient Std. Error z-Statistic

Constant C 0235 0.42 056 057
First difference of rural population growth (RPG) 1.554 0.50 312 0.00
Log of urban population growth (UPG) —1.128 0.57 -1.99 0.05
First difference of GDP per capita growth (GDPPCG) —0.000 0.03 —0.01 0.99
Robust statistics

Low-income countries Lower-middle income Upper-midle income

R-squared 0.608 0.715 0.448
Adjusted R-squared 0530 0.658 0338
Rw-squared 0.790 0.925 0.659
Adjusted Rw-squared 0.790 0.925 0.659
Akaike info criterion 15.788 16.007 16.021
Schwarc criterion 23.442 23488 23.131
Deviance 0.033 0.054 0.524
Scale 0.053 0.068 0.215
Rn-squared statistic 38.572 114.749 18.810
Prob (Rn-squared statistic) 0.000 0.000 0.000
Non-robust statisticss

Mean dependent var 3399 2652 1.586
S.E.of regression 0.052 0.066 0.200
S.D. dependent var 0.093 0.188 0.294
Sum squared resid 0.041 0.066 0599

2Random number generator: rng = kn, seed = 1,053,536,724 for low-income countries; seed = 649,653,210 for lower middle- income countries and seed = 779,073,905 for upper middle-
income countries. ® Huber Type II Standard Errors and Covariance. Source: author’s calculations.
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Dependent variable: prevalence of undernourishment, % of population (UNDERNUR)

Method: Panel Fully Modified Least Squares (EMOLS)

Sample (adjusted): 2003-2020

Periods included: 18

Cross-sections included: 3

Total panel (balanced) observations: 54

Panel method: weighted estimation

Cointegrating equation deterministics: C

Long-run covariance estimates (Bartlett kernel, User bandwidth = 6.0000)

Variable t-Statistic

D (Rural Population Growth) (RPG) —1.076 0.23 —4.63 0.00
D (Urban Population Growth) (UPG) 2.360 0.16 14.79 0.00
D (GDP Per Capita Growth) (GDPPCG) 0.268 0.19 143 0.16

Summary statistics

R-squared 0954
Adjusted R-squared 0.949
S.E.of regression 2391
Long-run variance 4.493
Mean dependent var 15.259
S.D. dependent var 10.580
Sum squared resid 274327

Source: author’s calculations.






OPS/images/math_8.gif





OPS/images/cover.jpg
& frontiers | Frontiers in Human Dynamics

Impacts of population growth and
economic development on food
security in low-income and
middle-income countries





OPS/images/math_7.gif
% i)
 TLEL
Lk Y
o= (T T

(6)





OPS/images/math_9.gif
Yigs

A+ yr +0Dgs +€igs

(8)





OPS/images/fhumd-05-1121662-g001.gif
e —
[
e~

°)&llli&lf~'¢‘éid’4"4‘&’4’v°#





OPS/images/math_4.gif
(3)





OPS/images/fhumd-05-1121662-g002.gif
—





OPS/images/math_6.gif
©






OPS/images/math_5.gif
= — ol in — oyly (@12 X,

(@2Xa) ) o (@)





OPS/images/math_10.gif





OPS/images/math_1.gif
AN OTE e ¥e () s
Tam s, wn]





OPS/images/math_3.gif
Z_IvN
V=g, v

5o
DI






OPS/images/math_2.gif
P |

A=1+2

@)





