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Abstract

Being at the core of sustainable growth, food insecurity is one of the most important issues
in determining a country’s level of development. The first aim of this paper is to compare
food insecurity in different subpopulations across countries. The second goal is to assess
which factors affect individual food insecurity in the world, while taking into account the
level of a country’s development. This has not been possible until very recently. Through
the FAO Food Insecurity Experience Scale (FIES) module of the Gallup World Poll, the
same information has been collected with an identical methodology and instrument all over
the world of more than 150 thousand individuals from 147 countries. Food insecurity pre-
sents marked differences depending on the level of development of the country under con-
sideration. To take this into account, countries have been grouped together using a cluster
analysis, based on the indicators from the UN Human Development Index. The model was
estimated by means of an ordered logistic regression, both at the global level and for each
group of countries. The model permits identification of the economic, social, and demo-
graphic characteristics related to food insecurity. Level of education, composition and
number of children in the household, and location of dwellings had a significant impact on
the risk of food insecurity. These results provide valuable insight into the phenomenon and
can support policies aimed at ending hunger and improving the well-being of population.
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1 Introduction

Food insecurity is still one of the most significant development challenges that low-income
countries face (UN 2015). In the 2030 Agenda for Sustainable Development, food secu-
rity is a very ambitious, stand-alone goal: ‘Goal 2. End hunger, achieve food security and
improved nutrition, and promote sustainable agriculture’.

Food insecurity is a concern in most developing countries, in particular in Africa, where
one out of four people remain undernourished. In fact, after a decade of decline, there
was an increase in the number of undernourished people in 2016. The number of chroni-
cally undernourished people in the world is estimated to have increased up to 815 million,
up from 777 million in 2015, but still below the high of 900 million in 2000. Economic
growth alone is not sufficient to ensure food security. Public action to promote food secu-
rity is also necessary, particularly in the areas of women’s education, health, and expansion
of household entitlements for food (FAO 2017).

This study will extend our understanding of social and personal risk of food insecurity.
The study analyses an innovative measure of food insecurity based on self-stated informa-
tion: the FAO’s Food Insecurity Experience Scale (FIES). The FIES will be used to inves-
tigate factors related to the level and severity of food insecurity within and across the 147
Countries surveyed in the Gallup World Pool (Gallup 2017).

Measures of food insecurity based on individual data on people’s direct experience are
considered more reliable than model-based macro measures (Coates 2013). Therefore, when
analysed together with personal and familial characteristics, FIES data can deepen our under-
standing of the risk factors and consequences of individual and household food insecurity.

The analysis is carried out by means of an ordered logistic regression. The resulting
model is intended to expand our knowledge of individual perception of food insecurity
and determine which factors have a significant impact on individual food insecurity. The
model also allows us to focus on how the factors affecting food insecurity may vary across
countries with varying levels of development. In particular, the study will enhance the
understanding of social, gender, and age specific vulnerability to the risk of food insecurity.
Moreover, through cluster analysis, the countries have been classified on the basis of the
Human Development Index, and this classification—included in the model—allowed us to
highlight the effects that different levels of development have on food insecurity. The same
analysis has been carried out for every single cluster of countries, thus allowing us to iden-
tify the specificities of each cluster.

Since the World Food Conference in 1974, the concept of food security has evolved
and diversified (Maxwell 1996). The topic is widely debated in the literature (Burchi and
De Muro 2016; Grobler 2016; Misselhorn et al. 2012; Frongillo 1999), and there are as
many different definitions and measures of the phenomenon (Cafiero et al. 2014; Allen
2013; Jones et al. 2013; Coates 2013) as there are different types of surveys for its detec-
tion and indicators for its synthesis and evaluation (Carletto et al. 2013; Terzi 2013; Alkire
and Fang 2018; Allen et al. 2018).

Research on the topic of experienced food insecurity dates back to the 1960s (Kennedy
2003), but it had a further boost after the food price crisis in 2008, and more recently after
the publication of the 2030 Agenda of the Sustainable Development Goals (UN 2015). The
availability of Gallup World Data on the global level further increased interest in the study
of individual determinants of food insecurity (Smith et al. 2017a, b).

The use of self-report indicators to measure food insecurity in different countries
has been widely debated, largely because the individual perception of hunger can vary
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across individuals due to their history of nutrition or their different psychometric char-
acteristics. However, the importance of obtaining individual data on access to food has
been recognised, because the mere presence of food in the economy or in the market
does not necessarily guarantee that a household will receive it or that a person will con-
sume it (Barrett 2002; Sen 1981; Anand and Sen 1997).

The scientific literature is very rich in self-report and other subjective measures of
poverty, and there is a wide range of self-report-based food security instruments. The
interest in the comparison of subjective and objective measures is still very high in
many branches of science (Gelman and Hennig 2017). As noted by many scholars, how-
ever, a more fruitful way of approaching the issue is ‘to follow the path of relatedness
rather than opposition’ (Brule and Maggino 2017).

In the paper ‘The missing dimensions of Poverty Data’ (2007), Alkire highlights
the importance of ‘psychological and subjective states of well-being, which have
clear intrinsic and instrumental value’. In 2015, the same author notes that well-being
measures are highly likely to engage subjective and self-report data among other data
sources, and happiness is often recognised as a dimension of well-being in the capabil-
ity approach (Alkire 2015).

In the report of the commission on the Measurement of Economic Performance and
Social Progress, Stiglitz et al. (2009) legitimised the use of subjective measures of pov-
erty and well-being. In recommendation 6, they stated that the evaluation of quality of life
‘requires both objective and subjective data’, while in recommendation 10 they note ‘meas-
ures of both objective and subjective well-being provide key information about people’s
quality of life’. More specifically, the fair allocation approach and the capability approach
‘have obvious differences, but also certain similarities. For example, subjective well-being
is sometimes claimed to encompass all capabilities, in so far as these refer to attributes and
freedoms that people value (implying that enhancing their capabilities will improve peo-
ple’s subjective states)’.

Posel and Rogan (2016) note several advantages of self-assessed poverty measures
compared with money-metric poverty measures. Subjective assessments of poverty do
not depend on a pre-determined, expert-derived poverty threshold, and they do not require
assumptions about how to adjust resources for household size economies in consumption
and for the different needs of adults and children (Ravallion and Lokshin 2001). Moreover,
subjective measures are usually able to take into account longer-term effects of economic
status, like accumulated wealth, on the current income and expenditure of the households
(Posel and Rogan 2016). Furthermore, subjective assessment can capture the expectation
of the household on future economic downturn and opportunities for household members
(Posel and Casale 2011).

Barrett (2010) pointed out two important issues related to perceptions-based indicators
of food insecurity. First, because most food insecurity is seasonal or aperiodic—correlated
with episodes of temporary unemployment, ill-health, or other adverse events—percep-
tions-based survey measures consistently find food insecurity rates several times higher
than related hunger or insufficient-intake measures. Second, qualitative assessments may
not suffice to capture the utilization aspect of food insecurity, such as the one associated
with lack of micronutrients in the diet.

The recent Atkinson Commission Report (World Bank 2017) encourages scholars to
use subjective assessments of personal poverty status. In order to measure the subjective
assessment of poverty, the use of the Gallup World Poll is recommended because it covers
most countries of the world every year, including more than two-dozen countries in Africa,
and asks identical questions throughout the world.
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As stated in research by Alexandri (2015), the factors influencing the four main pillars
of food security (availability, access, utilization, and stability) are complex. Access to food
depends not only on agricultural productivity, but also and mainly on the development of
human communities, on their incomes and distribution, as well as on the sanitary and food
safety conditions.

Even in countries where food is available, people are affected by food insecurity, due
to the lack of tools to access food. So, while at macro level, governments create the con-
ditions for their population to be supplied with available food and to gain the necessary
incomes to procure it (availability and access), food insecurity is indeed a problem that
refers to households and individuals, because procurement and consumption of food is ulti-
mately a personal behaviour (Alexandri 2015). In this respect, there are frequent situations,
in poor countries, but even in the richest countries, where there are communities and per-
sons subject to food insecurity or who are at high nutritional risk. In the same countries,
multiple forms of malnutrition coexist, with countries experiencing simultaneously high
rates of child undernutrition, anaemia among women, and adult obesity (FAO 2017).

In Sect. 2, we describe the FIES data and give extra attention to the scale used to rep-
resent the experience of food insecurity, the resulting measures, and the characteristics of
the survey. In Sect. 3, we present the results of a cluster analysis based on the indicators
composing the UN Human Development Index; this is done in order to group the avail-
able countries by level of development. In Sect. 4, we present the model, and in Sect. 5, its
results. Finally, we present our conclusions and policy remarks.

2 Methods and Data

The major experiences in the field of qualitative measures of food insecurity relate to the
work of the United States Department of Agriculture on the ‘Household Food Security
Measurement Scale’ (Hamilton et al. 1997); the ‘Household Food Insecurity Access Scale’
(Coates et al. 2007) and the ‘Household Hunger Scale’ (Deichtler et al. 2011).

The FAO Voices of the Hungry project (VOH) has developed an experience-based food
insecurity scale module called the Food Insecurity Experience Scale (FIES). The FIES
originated from an initiative in Latin America and the Caribbean, and it is based on a short
form of the Latin American and Caribbean Food Security Scale (Escala Latinoamericana y
Caribena de Seguridad Alimentaria, or ELCSA), with roots in the US HFSSM, as well as
the Household Food Insecurity Access Scale (HFIAS) developed by the U.S. Agency for
International Development (Ballard et al. 2013).

2.1 FIES Sample Survey Specification

This section describes the characteristics of the survey that produced the data used in this
work. Therefore, we refer only to the sampling methodology adopted.

Surveys are conducted in 147 countries all over the world, and they provide the first
nationally representative data on the food access dimension of food insecurity at the indi-
vidual level. It is worth mentioning that this is the first time that the same survey methodol-
ogy and questionnaire have been used in a very large number of countries, thus allowing
scholars to compare the phenomenon at the individual level across different countries.

The study adopted a three-stage sampling procedure (Fuller 2009, pp. 208-233) to
select the sample.
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The linguistically and culturally adapted FIES questions were directed to adult individu-
als randomly selected at the third stage who reside in sample households that were ran-
domly selected in the second stage from primary sampling units which were in turn either
randomly selected or selected based on probabilities proportional to population size in the
first stage (Gallup 2017). Surveys were conducted on national samples of 1000 adult indi-
viduals representative of the male and female resident population aged 15 and older. In
very large countries such as India and China, sample size increases up to 5000 individuals).

Inclusion of the FIES in the annual GWP enables collection of cross-culturally com-
parable information from individual respondents at a relatively low cost and also provides
country-level estimates of the severity of food insecurity (Nord 2012, 2014). FIES follows
the Rasch measurement model (Rasch 1960), thus the level of food insecurity is deter-
mined by summing the number of positive answers to the FIES, and this results in a ‘raw
score’ that represent the individual food insecurity status, that we ndifferences would be
significant, we rely on amed ‘Fies Score’.

2.2 Food Insecurity Measure

FIES is a measure of access to food at the level of individuals or households. It measures
severity of food insecurity based on people’s responses to questions about constraints on
their ability to obtain adequate food. The FIES is based on three aspects of food insecurity:
uncertainty/anxiety, changes in food quality, and changes in food quantity (Ballard et al.
2014).

FIES consists of a set of eight short questions asked directly to individual adults. The
questions (items) that compose the FIES module ask people whether they have to compro-
mise the quality and quantity of the food they eat due to limited money or other resources
for obtaining food. FIES is derived from two of these widely-used experience-based food
security scales: the US Household Food Security Survey Module and the Latin American
and Caribbean Food Security Scale (Spanish acronym ELCSA), as described in Ballard
et al. (2013).

FIES has been simplified in order to make the scale comparable at the international
level. In particular, information has been collected at the individual level rather than at the
household level; the number of item responses has been reduced to eight; and response
categories are only ‘Yes’ or ‘No’, rather than ordinal variables. A reference period of
12 months has been chosen to ensure comparability of surveys conducted in different
months, capturing the seasonality of the phenomenon.

The FIES questions survey self-reported behaviours and experiences related to food;
this captures difficulties in accessing food. Each item refers to a different situation and is
associated with a level of severity according to the theoretical construct of food insecurity
underlying the scale. The characteristics of the scale (limited number of questions, binary
responses, long period of reference) maximize the comparability across countries.

Although the FIES is not the first individual-level, experience-based scale in the field of
food security, it is the first individual-level measure that has been applied to a large number
of countries in a standardized manner. Therefore, it will be the first tool able to generate
comparable disaggregated data on food security at the global level. The choice of taking
the individual as the unit of analysis has been driven by the recognition that households
do not necessarily distribute resources equitably and should not be conceived as a unique
entity (Brunelli and Viviani 2014).
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The measure of food insecurity associated with a respondent can be calculated on the
scale based on the number of positive responses to the questions (number of behaviours
or experiences reported). In this way, we obtain our dependent variable: a ‘Fies Score’
of the symptoms of food insecurity, ranging from 0 (no symptoms) to 8 (all symptoms).
Therefore, the dependent variable indicates whether the interviewee stated none, one or
more symptoms of food insecurity. Considering FIES’s characteristics, the raw score can
be analyzed as an ordinal variable, with values from 0 (no symptoms of food insecurity) to
8 (all symptoms of insecurity).

Given that the sequential order of the categories has a precise meaning (severity of the
symptoms of food insecurity), it is also appropriate to use an ordinal (or ordered) logit
model for the analysis.

The proportion of food insecure people is very much affected by the economic and
social condition of countries, as shown in Fig. 1.

Food insecurity is worst in parts of sub-Saharan Africa, as well as in southeastern and
western Asia. This was most notable in areas of conflict, in particular where food security
was already impacted by droughts or floods, linked in part to the El Nifio phenomenon and
climate-related issues (FAO 2017).

The distribution of the Fies Score as defined in Sect. 2.2 shows that the share of indi-
viduals with zero symptoms of food insecurity ranges from 92.5% in Switzerland and Sin-
gapore to 2.1% in South Sudan. The indicator captures the phenomenon also in wealthy
and very wealthy countries. Whether one relies on the measure based on FIES data, other
more established metrics, or theoretical knowledge of the phenomenon, food insecurity is
more severe in Africa.

We have thus shown that the individual conditions are linked to the economic and social
situation of the country where individuals have their dwelling rather than geographical
contiguity of territories.

Therefore, in our analysis, we have taken into account the specificity of countries
including clusters based on the Human Development Index.

Rawscore 40-60
Rawscore 20-40

Rawscore 80-100
Rawscore 60-80
Rawscore 0-20

Con tecnologia Bing
© DSAT Editor, DSAT for MSFT, GeoNames, Microsoft, Navteq, Wikipedia
Fig. 1 Proportion of population with no symptoms of food insecurity (Fies Score=0). Source: authors’
elaboration on FIES GWP data
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2.3 Empirical Analysis: Food Insecurity Related Factors

In this section, we present a descriptive analysis of the variables included in the FIES data-
set. Following the existing literature and the availability of data, we analyse food insecurity
in relation with individual characteristics such as gender, age, education, and household
specificity, like the number of children in the family (Bartfeld et al. 2006).

Global level studies on the individual determinants of food insecurity are lacking. How-
ever, some studies have analysed food insecurity determinants in specific countries or areas
(Akimboade and Adeyefa 2018; Aurino 2016; Brunelli and Viviani 2014; Asenso-Okyere
et al. 2013; Nord 2011; Hadley et al. 2008). Only recently, thanks to the availability of
FIES data in the GWP, some results have been available at the global level (Smith et al.
2017a, b).

Our data show that a larger proportion of women experience food insecurity than men:
45.3% of the female population present at least one symptom of food insecurity, compared
with 43.3% of men. If we consider two or more symptoms, women are food insecure in
almost 40% of the population, compared to 32% among men.

The proportion of people younger than 35 years old that are food insecure is around
40%, while among elderly people 30% present symptoms of food insecurity. This result
could be related to a lower need of food intake for older people (Smith et al. 2017b).

In our analysis, two thirds of people with a lower degree of education present at least
one symptom of food insecurity; that proportion is much lower among more educated peo-
ple (37%).

The indicator we used to measure extreme poverty (income lower than $1.25 per day)
appears to be extremely relevant in vulnerability to food insecurity. Clearly, among house-
holds with very low income, the proportion of people with no symptoms of food insecu-
rity is only 20%, while it is 62.2% among other families. This result demonstrates that the
two phenomena are correlated, but still distinct. Food insecurity can exist even in house-
holds which are not extremely poor, while, in some way, one out of five extremely poor
households can afford to have enough food. This result extends at the world level similar
research that find out that lower household income is associated with significantly higher
rates of food insecurity, as in the United States (Coleman-Jensen et al. 2016). In Africa,
where FAO (2017) underlines a very fragile situation due to conflicts and natural disas-
ters, the proportion of people without any symptom of food insecurity is much lower than
everywhere else, regardless of whether one is poor or not: less than a third of the African
population do not present any symptoms of food insecurity (30.2%), compared to 60.7% in
Asia or 76.3% in Europe.

3 FIES Countries by Level of Development

In order to maximize the effects of policies on food insecurity, policy makers have to take
into account similarities in the level of development of the population in the areas in ques-
tion. Starting from this idea, we have grouped countries using three indicators that form the
UN Human Development Index (HDI) because this indicator summarizes economic and
social aspects of the level of development (Anand and Sen 1997).

Like other socio-economic phenomena, food insecurity depends on latent vari-
ables that are not directly measurable. Thus, in the analysis, it is necessary to take into
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account the characteristics of countries that can have an indirect impact on food inse-
curity. In other words, the distribution of food insecurity does not depend exclusively
on topographical elements such as spatial proximity and related metrics, but also on
characteristics of the population of the areas in question, such as other socio-economic
phenomena (Benassi and Naccarato 2016, 2017).

Table 1 presents a dependence analysis of Fies score and personal and household
correlates of food insecurity. Geographic differences impact the gravity of the risk fac-
tors, but the relationship with food insecurity-related factors does not change. These
relationships cut across continents; thus, they are significant regardless of geographic
location, which is of great importance in the distribution of the phenomenon.

Taking into account that the relations do not vary significantly with the topographic
position, but rather with the level of development, clusters have been identified that
are homogeneous with respect to the level of development measured by the indicators
from the UN HDI: Life expectancy at birth, mean years of schooling, and gross national
income (GNI) per capita (UNPD 2015; Ul Haq 1996).

Instead of using the threshold defined for the index, that present some subjective
choices in the aggregation process, we prefer to group the countries with similar level
of development using a Hierarchical Cluster Analysis (Ward method), as in Marden
(2015). This procedure allowed us to identify similar groups to take into account into
the model. The results obtained are robust, varying the aggregation method.

Five clusters have been obtained: 1. “Very rich and developed countries”: countries
with very high per capita income and high level of development (HDI ranging from
0.816 to 0.944, average 0.888); 2. “Rich and developed countries”: high income and
very high level of development (West Europe, HDI from 0.824 to 0.935, av. 0.898);
3. “Intermediate countries”: medium-high development countries (Eastern Europe and
South America, with a HDI from 0.779 to 0.880, and average 0.835); 4. “Less developed
countries”: lower development (China, some Asia, North Africa, from 0.628 to 0.818,
with an average of 0.741); 5. “Least developed countries”: low level of development

Table 1 Chi square tests for the analysis of dependence among Fies Score and individual characteristics
(Chi square and p values). Source: Our elaboration on FIES data

X2 ‘World Africa America Asia Europe Oceania
Gender 71.421 44.969 45.366 41.298 198.400 11.926
Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.155
Age class 1900.000 81.981 204.071 179.736 62.255 120.308
Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000
Marital status 1200.000 523.301 421.698 443319 458.370 59.217
Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000
Number of children 12000.000 1200.000 908.711 1800.000 170.453 136.342
Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000
Education 16000.000 1900.000 1800.000 2300.000 1700.000 41.424
Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.123
Poverty 22000.000  4100.000 1200.000 2900.000 525.269 10.728
Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.218
Location 4500.000 1800.000 529.805 770.139 92.015 28.520

Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.000 Pr=0.643
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(Africa, India, South-Est Asia, HDI ranging from 0.348 to 0.745, with an average of
0.55).

As shown in Fig. 2, as widely known in the literature, less developed countries are pre-
sent mostly in the southern half of the world.

4 The Model

As shown above (Sect. 2.3), the social and economic characteristics that are related to food
insecurity at individual level are gender, age, and education at the individual level as well
as household income, household composition (couples, lone parents, with or without chil-
dren), and location of dwelling.

Our study analyses food insecurity measured by the FIES, in relation to these variables.
In this way, we will improve the understanding of how household and individual factors
affect food insecurity across countries. Moreover, comparisons of food insecurity in dif-
ferent economic and demographic subpopulations across the world can help identify the
groups of population that should be the target of programs and policies.

In order to verify if the observed differences would be significant, we rely on a standard
multivariate set-up:

g(y) = logit(y) = ac + f, gender + B, age + f; age® + i, single
+ f5 married + f¢ widow separated divorced
+ f, other marital status + f; education + f, extreme poverty
+ f,o rural area or farm + f,; small town or village + f,, large city

+ f;3 suburb + f,, other location + f,5 clusterl + ¢ cluster2 + f,, cluster3

+ fg cluster4 + g, clusterS + &

Cluster2 rich and developed countries

Cluster 3 intermediate countries

Cluster4 less developed countries o

ClusterS least developedcountries = Con tecnologia Bing

© DSAT Editor, DSAT for MSFT, GeoNames, Microsoft, Navteq, Wikipedia

ﬁduﬂzrl very rich and dewloped countries

Fig.2 Countries by cluster. Source: our elaboration on UN HDI data
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where the dependent variable FIES, measured by the Fies score (score of severity of food
insecurity) has been analysed in relation with:

e Observable individual characteristics: a dichotomous variable related to gender, age,
age square, dummies for marital status, level of education;

e Household economic and social covariates: urban/rural location (dummies), a dummy
for extreme poverty, number of children in the household;

e Country specification: a dummy for each cluster has been included, in order to consider
in the model a characterization of the different territorial specificities;

The parameters ac, called thresholds or cut-points, are in increasing order
(al <a2<...). Their number is c=1, 2,..., C—1, where C is the number of categories of
the ordinal variable.

Considering FIES’s characteristics, it can be analysed as an ordinal variable, with values
ranging from 0 (no symptoms of food insecurity) to 8 (all symptoms of insecurity).

In this case, we analyse the Fies Score, the variable given by the sum of affirmative
answers to each of the eight questions composing the FIES.

Given the nature of Fies Score, an ordered logistic regression has been applied to the
dependent variable (Wooldridge 2002). We found that the nine categories of the Fies score
have a meaningful sequential order: a higher value shows indeed a ‘higher’ level of food
insecurity than the previous one. However, given the presence of numerous zeroes in the
distribution of the variable, data have also been analysed through a tobit regression. That
analysis provided evidence that the presence of the zero values was not generated by a
distribution process different from the one that generated the other values of the distribu-
tion. The analysis carried out allows us to conclude that this does not happen. Therefore, an
ordered regression model seemed a better choice for our data.

5 Results and Discussion

Our data allow us to analyse factors related to individual food insecurity worldwide,
expanding the results of previous works, which were limited to analysis in single countries
or geographic areas. Because the survey methodology was the same in all the available
countries, analysis at global level has been appropriate. Starting from these comparable
data, the model allows us to determine factors significantly related to food insecurity at the
individual level and also to link these results to the level of development specified by the
clusters identified in Sect. 3.

Our analysis has been able to provide results also in very developed countries, where the
phenomenon is less marked and not frequently studied.

5.1 Determinants of Food Insecurity at the Global Level

The exogenous variables (Sects. 3 and 4) appear significantly related to the Fies Score.
Gender, age, number of children in the household, marital status, location of the house-
hold, and poverty are all associated with the probability of experiencing food insecurity
(see “Full model” section in “Appendix”).
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Table 2 The determinants of FIES at the global level (estimated coefficients and standard errors). Source:
our elaboration on FIES and UNHDI data

Fies score Coef. Robust standard error z p>lzl  [95% conf. interval]
Gender (ref. male) 0.066364  0.013814 4.80 0.000 0.039289 0.093439
Age 0.042193  0.002307 18.29 0.000  0.037671 0.046715
Age? —0.00046 2.42E—-05 —19.02 0.000 —0.00051 -—0.00041
Education —0.48055 0.011757 —40.87 0.000 —0.50360 —0.45751
Poverty (ref. extreme —1.09239 0.019507 —-56.00 0.000 —1.13062 -1.05416
poverty)
Number of children 0.087022  0.004597 18.93 0.000  0.078012 0.096031
Marital status (ref. single)
Married —0.2708 0.021123 —12.82 0.000 —0.31220 —0.22940
Widow divorced separ 0.24902 0.028645 8.69 0.000 0.192876 0.305164
Other 0.404658  0.029561 13.69 0.000 0.346719 0.462596
Location (ref. farm, rural location)
Small_town 0.056921  0.014659 3.88 0.000 0.02819  0.085653
Suburb 0.235091  0.026751 8.79 0.000  0.182659 0.287522
Other_location 0.248219  0.098202 2.53 0.011  0.055747 0.440691
Cluster (ref. cluster 1)
Cluster3 0.565436  0.030303 18.66 0.000 0.506044 0.624828
Cluster4 0.893671  0.026349 3392 0.000 0.842028 0.945313
Cluster5 1.66783 0.026622 62.65 0.000 1.615653 1.720008
Threshold values
/cutl 0.398441  0.057068 0.28659  0.510292
/cut2 0.799815  0.057149 0.687805 0.911826
/cut3 1.124058  0.057213 1.011923  1.236192
/cut4 1.494254  0.057338 1.381873  1.606635
/cut5 1.821687  0.057434 1.70912 1.934255
/cut6 2.148434  0.057511 2.035714 2.261154
/cut7 2478574  0.057602 2365678 2.591471
/cut8 3.078648  0.05791 2965146 3.19215

Despite the heterogeneity of countries, our results identify key characteristics of food
insecure population across 147 countries, extending at a global level some relationships
already found at the local level.

For women, less educated people, people living in extremely poor households or with a
higher number of children, the probability of a higher food insecurity increases (Table 2).

In the literature, the most important and frequently reported factor related to food secu-
rity is gender. Brunelli and Viviani (2014) report the study of Nord (2011) on data from
the National Health and Nutrition Examination Survey (NHANES), where he proved
that American women are more likely to experience food insecurity than American men
in households with the same food insecurity and income. Results are similar in the study
conducted by Hadley et al. (2008). In that study, the authors concluded that, in Ethiopia,
girls were more likely than boys to report being food insecure, even when controlling for
their households’ food insecurity level. Aurino (2016) found similar results for India; a
wide pro-boy gap emerges in the middle of adolescence: 15-year-old girls are less likely
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to consume quality food. In South Africa, risk of food insecurity appears to be more pro-
nounced in female-headed households (DOA 2002). Furthermore, male-headed, small-
scale farm households are more food secure than female-headed households, and this find-
ing is consistent under subjective and objective measures of food security (Tibesigwa and
Visser 2016). In particular, considering individual characteristics in our model, gender pre-
sents a significant association with food insecurity, and women appear significantly more at
risk. In our model, the variable ‘age’ has a significant effect only by introducing its quad-
ratic term. This last term has a negative sign, indicating a reduction of the intensity of the
impact on food insecurity as age increases.

As in the literature (Nord 2011; Smith et al. 2017b), education appears to be an impor-
tant tool against food insecurity. Th degree of education is a good proxy for social status,
and it is related to employment insecurity (Nord 2008). In our analysis, the estimated coef-
ficient presents a negative value, higher than those estimated for other explanatory varia-
bles. This confirms that the increase in the degree of education achieved reduces the risk of
food insecurity worldwide. As underlined in Sect. 2.3, extreme poverty is a very important
risk factor for food insecurity. Income and food security have common determinants, but
the two are conceptually distinct. In fact, while income may determine a household’s eco-
nomic access to food, it by no means guarantees household food security, which requires
availability, utilization, and stability of food (Coates et al. 2003). Living in an urban area or
in the outskirts of a big city determines a higher risk of food insecurity. The 2007 and 2008
rise of food prices caused an increase in hunger worldwide, pointing out the fragility of a
very large urban population that have incomes so low that any increase in the price of food
puts them at very high risk of food insecurity (Cohen and Garrett 2010).

With regard to the determinants related to the households’ characteristics, our analysis
confirms that, generally, married individuals are less likely to experience food insecurity
(Smith et al. 2017b), while being widowed, divorced or separated increase vulnerability to
food insecurity.

The number of children in the household is another factor of interest in the analysis of
food insecurity at the household level (Asenso-Okyere et al. 2013; Nord 2008). Our study
shows a significant relation of food insecurity with the number of children in the family.

Until now, all these characteristics have been taken into account only in a narrow con-
text. In our study, we can generalize our results to the global level. The model includes also
a territorial dimension, using dummy variables that identify clusters of countries. Consid-
ering the cluster of the least developed countries as a reference, it appears that a higher
level of development implies a lower risk of food insecurity. This result is coherent with
previous researches at macro level (FAO 2017; Vos 2015), but it is an original result refer-
ring to individual food insecurity.

5.2 Determinants of Food Insecurity at Different Levels of Development

Repeating the analysis in each cluster separately allows us to point out which cluster pre-
sents results that are distinct from the global average effect and with respect to which fac-
tors. It also highlights the different peculiarities of food insecurity as they vary with the
level of development.

Table 3 shows the heterogeneity of the determinants of severe food insecurity by level
of human development.
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The first evidence in the analysis by clusters is related to gender. In cluster 1, includ-
ing very rich and developed countries, mainly outside Europe, men appear more at risk
of food insecurity. In the second cluster, that includes many European countries, gender is
not significant Therefore, in high income countries, it is not necessary to focus on women
in policies against food insecurity. Instead, in the other clusters, representing countries
with a lower level of development, women are significantly more at risk of food insecurity
(Table 3). This result is consistent with many studies that have found—in specific popula-
tions—a significant relationship between gender and food insecurity in developing coun-
tries (Aurino 2016; Brunelli and Viviani 2014; DOA 2002; Hadley et al. 2008; Tibesigwa
and Visser 2016).

Age is not a significant factor of risk in cluster 1, even including a quadratic term, while
in all the other clusters an increase in age corresponds to a significant increase in the risk
of food insecurity. Elderly people are found more often to be food insecure, as in similar
studies in single populations (Strickhouser et al. 2014; Nord 2003), as well as in Smith
et al. (2017b). In the first cluster that includes the richest and most developed countries, the
marital status of the individuals is not significant as a determinant of food insecurity. Nev-
ertheless, in all other clusters, living without a partner (being single, widow, or divorced)
appears to be a factor of fragility toward the risk of food insecurity.

As expected, extremely poor individuals present a higher probability of being food inse-
cure. This relationship is not significant in richer countries where the measure is not able
to illustrate the phenomenon. Our findings on the relationship between food insecurity and
poverty are largely consistent with prior research (Coleman-Jensen et al. 2016; Smith et al.
2017b), even if our results do not appear to be significant for most developed countries.

Results regarding the relationship between location of the household and food insecu-
rity are more mixed. However, we can see that living in a small town increases the risk of
being food insecure. Living in a large city is related to a higher probability of being food
insecure, except in the least developed countries, where the opposite is true. None of these
two characteristics are significant in most developed countries. The only item that remains
significant across the five clusters is ‘living in the suburb of a large city’, and it determines
a higher risk of being food insecure.

As in the global model, our model shows that ‘education’ and ‘number of children in the
household” have significant effects on food insecurity in all clusters. We can thus conclude
that these factors affect food insecurity regardless of a country’s level of development.

Even in the richest countries, we have identified the population groups most affected by
the risk of food insecurity: people with a low degree of education, families with many chil-
dren, or those living in the suburbs of large cities.

However, demographic characteristics in very developed countries do not appear to
be the key factors in food insecurity. Instead, social and economic variables assume more
relevance, which suggests policy makers can make a difference if they intervene. In less
developed countries, also age and gender result significant characteristics of food insecure
people.

The model replicated across different levels of human development indicates a strong
differentiation of the population distribution by values of the FIES. In the cluster of the
least developed countries, the proportion of the population not at risk of food insecurity is
significantly lower than that of the other clusters, so that half of the population has a very
high number of food insecurity symptoms, ranging from 5 to 6 out of the 8 considered.
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6 Conclusions

This paper adds further insight into the determinants of individual food insecurity world-
wide. Thanks to the FIES measure, surveyed with the same methodology in 147 countries,
it has been possible to estimate a model to evaluate the effects of individual characteristics
on food insecurity at the global level. We have identified different clusters of countries with
homogeneous levels of human development and estimated the model in each cluster. In this
way, it has been possible to compare the results obtained at the global level to those of each
cluster. In this way, we find out which factors are common determinants, and which are
specific to a certain level of development. Population groups most at risk of food insecurity
have been identified. They can be made the object of policies against hunger, policies tai-
lored for the different countries’ development.

The paper also includes theoretical aspects regarding the measure of food insecurity
‘across varied cultural contexts and levels of economic development’ (Kennedy 2003).
As in other very recent research based on FIES data (Smith et al. 2017a, b), our analysis
confirms that it is possible to determine individual characteristics of food insecure people
across countries with wide cultural, social, and economic differences.

Empirical issues identify the risk factors and the most vulnerable population subgroups
at different level of development of a country, taking into account similarities in social and
economic conditions of countries and not only their geographic contiguity.

In the richest and more developed countries (clusters 1 and 2), key determinant of food
insecurity is having a lower level of education, often related to having no decent job. As
for poverty, households with many children should be made the subject of specific policies
against food insecurity.

In addition to these determinants, in less developed countries (clusters 3, 4, 5), gender
appears to have a significant impact on food insecurity, and women are more at risk of food
insecurity and thus should also be a target of policies.

A higher risk of food insecurity is related to dwelling in the suburbs of large cities. This
area is particularly fragile at every level of development.

Identifying the specific characteristics of individuals at risk of food insecurity makes it
possible to plan policies against hunger in a more targeted way, both in countries that are
more food insecure at the macro level and in the richest countries.

FIES has some limitations. One is it lacks information on children’s food insecurity.
Data on income and consumption surveyed at the individual level, along with experienced
food insecurity, could provide further insight into factors of risk of food insecure people.
Furthermore, a shorter period of recall (e.g. the previous 30 days) could be more appropri-
ate, helping recall the experiences of food insecurity. Correspondingly, the survey’s admin-
istration should be increased to take into account seasonality.

Moreover, with data available for a longer period, the study could achieve more defini-
tive results.
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Appendix
FIES Questions

Now I would like to ask you some questions about your food consumption in the last
12 months. During the last 12 MONTHS, was there a time when:

Q1. You were worried you would run out of food because of a lack of money or other
resources?

Q2. You were unable to eat healthy and nutritious food because of a lack of money or
other resources?

Q3. You ate only a few kinds of foods because of a lack of money or other resources?
Q4. You had to skip a meal because there was not enough money or other resources to
get food?

Q5. You ate less than you thought you should because of a lack of money or other
resources?

Q6. Your household ran out of food because of a lack of money or other resources?

Q7. You were hungry but did not eat because there was not enough money or other
resources for food?

Q8. You went without eating for a whole day because of a lack of money or other
resources?

Full Model

Coefficients and standard errors for the determinants of FIES Fies score.

Fies score Coef. Robust standard error  z p>lzl  [95% conf. interval]

Gender (ref. male)

Female 0.066086 0.013819 4.78  0.000 0.039001  0.09317
Age 0.042176 0.002307 18.28  0.000 0.037654  0.046698
Age? —0.00046 2.42E-05 —19.02 0.000 -0.00051 —0.00041
Education —0.48208 0.011965 —40.29 0.000 -0.50553 —0.45863
Poverty (ref. extreme poverty)

Not extr poverty —1.09407 0.019571 —-5590 0.000 —-1.13243 —1.05571
Number of children 0.087021 0.004597 18.93  0.000 0.078012  0.096031
Marital status (ref. single)

Married —-0.26973  0.021164 —-12.74 0.000 -0.31121 -0.22825
Widow divorced separ 0.249512  0.028655 8.71  0.000 0.19335 0.305675
Other 0.404982 0.029575 13.69  0.000 0.347017  0.462948
Location (ref. farm, rural location)

Small_town 0.063482  0.016986 3.74  0.000 0.030189  0.096775
Large city 0.015209 0.019038 0.8 0424 -0.0221 0.052523
Suburb 0.242334  0.028409 8.53  0.000 0.186653  0.298015
Other_location 0.256065 0.098702 2.59  0.009 0.062612  0.449517
Cluster (ref. cluster 1)

2 0.00803  0.048576 0.17 0.869 —0.08718 0.103237
3 0.570953 0.045518 12.54  0.000 0.48174 0.660166
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Fies score Coef. Robust standard error  z p>lzl  [95% conf. interval]

4 0.899676 0.042917 20.96  0.000 0.815561  0.983792
5 1.675347 0.042975 38.98 0.000 1.591118  1.759576
/cutl 0.407968 0.066122 0.278371  0.537565
/cut2 0.809343 0.066151 0.679689  0.938997
/cut3 1.13359  0.066196 1.003848  1.263332
cutd 1.503788 0.066311 1.373821  1.633755
[cut5 1.831219 0.066367 1.701142  1.961297
/cut6 2.157965 0.066457 2.027712  2.288219
cut? 2.488106 0.066519 2357732 2.61848
/cut8 3.088176 0.066777 2957295  3.219057
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