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Abstract
COVID-19 has had serious consequences for world food security; lockdowns and social 
distancing have led to changes in global food value chains, primarily affecting the 
poorest of the planet. The aim of this research is to analyse the relationship between food 
insecurity and the structural risk factors for adverse impacts of COVID-19. To that end, 
12 contingency tables are constructed to identify the association between the pillars of 
the food insecurity index and the INFORM COVID-19 Risk Index. We use the Gamma 
coefficient as a measure of association. In addition, this paper proposes a synthetic index 
produced by applying the TOPSIS method, using the pillars of the two aforementioned 
indices (criteria) to establish a ranking of 112 countries (alternatives) ordered from highest 
to lowest risk faced in the key year of the pandemic, 2020. The results show that the two 
problems are connected, indicating to international organizations that countries with worse 
food insecurity will suffer more serious consequences from extreme situations such as 
the one experienced during the pandemic. The ranking established directs international 
organizations’ attention to countries such as Haiti, Zambia and Burundi, highlighting their 
greater need for an injection of financial aid than other emerging economies. Conversely, 
Switzerland is the country with the lowest combined risk.
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1  Introduction

In times of economic prosperity, little attention is given to the vulnerability of food 
systems. However, in times of political or socio-economic turmoil, national efforts to 
strengthen such systems determine the impact on overall levels of food security (EIU, 
2020). COVID-19 has had major implications for global nutrition security, as lockdowns 
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and social distancing requirements have disrupted global food value chains, primarily 
affecting the poorest of the planet (Laborde et al., 2020; Morton, 2020; Pereira & Oliveira, 
2020; Swinnen & McDermott, 2020). Major intergovernmental groups warn that if 
immediate measures are not taken, we may witness a global food emergency (European 
Commission, 2020).

According to the World Food Summit (1996), food security is defined as the state in 
which people have, always, physical, social and economic access to sufficient nutritious 
food to meet their dietary needs for an active and healthy life. Due to its importance, it is 
one of the key aims of the Sustainable Development Goals (SDGs), specifically SDG 2 
(zero hunger), which addresses environmental sustainability and food security to ensure 
better nutrition and healthy lives (Campi et al., 2021). Developing countries have to deal 
with hunger caused in part by poor governance, conflict and climate change. In this context, 
Otekunrin et al. (2020) assess Africa’s readiness to reach the zero hunger goal by 2030 in 
the wake of the COVID-19 pandemic; their results indicate that the high prevalence of 
undernourishment, stunting and child wasting present significant challenges, hampering 
the achievement of the zero hunger target. In this research, the Global Food Security Index 
(GFSI) produced by the Economist Intelligence Unit is used to measure the drivers of food 
security in 112 countries with widely differing economic profiles (EIU, 2020). This index 
includes the pillars of food affordability, availability, quality and safety, along with natural 
resources and resilience.

Another problem currently afflicting countries relates to the consequences of COVID-
19, with the most economically vulnerable countries lacking sufficient resources to 
tackle them (Poljansek et al., 2020). Also relevant are vulnerability issues relating to the 
proportion of the population at increased risk of severe COVID-19 disease, inequality, 
economic dependence, uprooted people, gender-based violence, health conditions, food 
security, the capacity of health systems specific to COVID-19, governance and access 
to health care. In response to this situation, an index has been developed that offers an 
international comparison; namely, the INFORM COVID-19 Risk Index (ICRI), published 
in 2020 by the European Commission (Joint Research Centre). The ICRI is composed of 
3 pillars (Hazard and exposure, Vulnerability and Lack of coping capacity. It primarily 
identifies structural risk factors, that is, factors that were present before the outbreak of 
the pandemic. The resulting ranking of countries provides information about their specific 
needs, facilitating the decision-making of humanitarian organizations.

Based on an analysis of the ICRI, Moldes-Anaya et al. (2021) reveal regional variation 
in terms of COVID-19 risk, underscoring the importance of public policy strategies to 
address the impacts of coronavirus. Qazi et  al. (2021) have used the index to show that 
the risk ratings associated with pre-COVID-19 disasters risk and COVID-19 risk are 
statistically strongly correlated.

The aim of this research is to analyse the relationship between food insecurity and the 
risk of not having the capacity to deal with all the health and humanitarian consequences of 
COVID-19, thus requiring international assistance. To compute the food insecurity index 
(FII), we take the inverse of the GFSI. We then develop a synthetic index (SI) covering 
both aspects, to get a global overview of the problem. The study is carried out using a 
sample of 112 countries for 2020. The results provide answers to the following research 
questions:

Q1. Is there any association between the pillars of the ICRI and those of the FII?
Q2. Does the ranking of the countries based on the new SI differ from the individual 
ICRI and FII rankings?
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In the literature, there are studies focused solely on food insecurity (Allee et al., 2021; 
Alnafissa et  al., 2021; Caccavale & Giuffrida, 2020; Odhiambo et  al., 2021; Zidouemba 
et al., 2020); on structural risk factors for COVID-19 impacts (Arsalan et al., 2020; Huang 
et al., 2020; Moldes-Anaya et al., 2021); as well as studies focusing on both aspects jointly 
but for a single country such as Nigeria (Amare et al., 2021), Bangladesh (Ahmed et al., 
2021), Mali (Adjognon et  al., 2021), the United Kingdom (Ranta & Mulrooney, 2021), 
Belgium (Vandevijvere et al., 2021), USA (Nagata et al., 2021), India (Mishra & Rampal, 
2020), Jordan (Elsahoryi et al., 2020) and Burkina Faso (Zidouemba et al., 2020). In this 
research, we perform a joint analysis of the ICRI and the FII for a sample of countries with 
widely differing socio-economic characteristics. The results will be useful to international 
organizations, allowing them to detect possible shortcomings and patterns of behaviour 
that can serve as a model for subsequent implementation. The recency of the data and the 
number of countries analysed mean we can report conclusive results on the factors that 
drive food security and structural risk factors of the pandemic in these countries.

2 � Variables and sample

The empirical analysis carried out here focuses on food insecurity and structural risk 
factors for COVID-19 impacts, using information from components of the FII and 
the ICRI, both published in 2020. The GFSI includes the pillars of food affordability, 
availability, quality and safety, along with natural resources and resilience. The objective 
of this index is to assess which of the 113 nations are most vulnerable to food insecurity, 
identifying aspects that need special attention. The index is a dynamic quantitative and 
qualitative benchmarking model constructed from 58 unique indicators that measure the 
drivers of food security across both developing and developed countries (EIU, 2020). The 
content of the pillars is detailed below (EIU, 2020):

•	 Affordability (weight: 32.4%). Measures consumers’ ability to buy food, their 
vulnerability to price shocks and the presence of programmes and policies to support 
them when shocks occur.

•	 Availability (weight: 32.4%). Measures the sufficiency of the national food supply, the 
risk of supply disruption, national capacity to distribute food, and research efforts to 
boost agricultural output.

•	 Quality and safety (weight: 17.6%). Accounts for the variety and nutritional quality of 
average diets, as well as the safety of food.

•	 Natural resources and resilience (weight: 17.6%). Assesses a country’s exposure to 
the impacts of climate change, its susceptibility to natural resource risks, and how the 
country is adapting to these risks.

In order to use the pillars in the contingency tables, a categorization must be established 
by dividing the scores achieved, which range between 0 and 100 in all cases, into levels. 
Following the criteria set out in the GFSI (EIU, 2020) the categories are: very good (+ 80), 
good (60–79.9), moderate (40–59.9), weak (20–39.9), very weak (− 19.9). In this study, the 
FII of each country “i” has been calculated by transforming both its overall score and the 
score for each of its pillars as follows:
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Thus, countries that are categorized as very good with the GFSI index are categorized 
as very weak when constructing the contingency tables, with the same relationship applied 
to the rest of the levels. This transformation means that countries with more food insecurity 
register higher scores, which is necessary in order ensure homogeneity with the ICRI and 
subsequently be able to produce the SI.

Figure 1 shows an uneven distribution of countries among the levels considered in the 
FII; the largest group is comprised of countries categorized as weak (54% of the total), fol-
lowed by moderate (32.7%).

The ICRI identifies the structural risk factors for COVID-19 impacts for 191 developed 
and developing economies. The index can help to prioritize preparedness and early 
response actions to address the primary impacts of the pandemic and identifies countries 
where secondary effects may have the most critical humanitarian consequences. Its 
primary area of application is the allocation of resources at the global and regional level 
accounting for information on risk, that is, where a better understanding of countries’ 
differing situations is important (Poljansek et  al., 2020). The ICRI is composed of the 
following pillars:

•	 Hazard and exposure: including population density, urban population growth, 
population living in urban areas, population living in slums, household size, 
sanitation, drinking water, and hygiene. The hazard and exposure dimension reflects 
the probability of physical exposure associated with specific hazards. There is no risk 
if there is no physical exposure, no matter how severe the hazard event is. Therefore, 
the hazard and exposure dimensions are merged into hazard and exposure dimension. 
As such it represents the load that the community has to deal with when exposed to a 
hazard event. The dimension comprises two categories: natural hazards and human-
induced hazards, aggregated with the geometric mean, where both indexes carry equal 
weight within the dimension.

•	 Vulnerability: including international and internal movement, awareness, trust, 
proportion of the population at increased risk of severe COVID-19 disease, 
development and deprivation, inequality, economic dependence index, uprooted 
people, gender-based violence, health conditions, food security. There are two 
categories aggregated through the geometric average, socio-economic vulnerability 
and vulnerable groups. The indicators used in each category are different in time 
variability and the social groups considered in each category are the target of 
different humanitarian organizations. If the first category refers more to the 

(1)FIIi = 100 − GFSIi

Fig. 1   Distribution of economies 
by level according to the overall 
FII score

Good; 13

Moderate; 37

Very weak; 2

Weak; 61
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demography of a country in general, the vulnerable group category captures social 
groups with limited access to social and health care systems.

•	 Lack of coping capacity: including health systems’ capacity specific to COVID-
19, governance, access to health care. It is aggregated by a geometric mean of two 
categories: institutional and infrastructure. The difference between the categories 
is in the stages of the disaster management cycle that they are focusing on. If the 
institutional category covers the existence of Disaster Risk Reduction programmes 
which address mostly mitigation and preparedness/early warning phase, then the 
infrastructure category measures the capacity for emergency response and recovery.

The data used in ICRI comes from international organisations and academic institutes 
and is considered to be the most reliable available. INFORM works directly with source 
organisations to ensure quality and appropriate use of the source data (Poljansek et al., 
2020).The overall value of the index and its pillars lie between 0 and 10, with the 
maximum score of 10 indicating the greatest risk.

ICRI is categorized according to Poljansek et  al. (2020) into five levels: very high 
(+ 6.5), high (6.4–5), medium (4.9–3.5), low (3.4–2) and very low (−  1.9). Figure  2 
depicts the number of countries in each level.

In order to use both indices, it was first necessary to ensure the homogeneity of the 
sample. As a result, South Korea was removed from the FII as there is no ICRI data for 
that country. Likewise, 79 nations included in the ICRI were removed as they were not 
in the FII. Thus, the SI was generated with a total of 112 countries, all characterized by 
the same pillars; the main statistics of these pillars are presented in Table 1.

Regarding the mean values for the FII pillars, Natural resource and resilience 
stands out as having the highest value, indicating that exposure to climate change is the 
greatest risk indicator. As for the ICRI pillars, countries’ vulnerability shows a higher 
mean value than the other two pillars. Except for Portugal, almost all the maximum 
values correspond to developing countries (Affordability, Malawi; Availability, Yemen; 
Quality and Safety, Sierra Leone; Natural resource and resilience, Benin; Hazard and 
Exposure, Congo; Vulnerability, Portugal; Lack of coping capacity, Burundi). Portugal 
is a developed country where the ageing of the population and other related factors are 
behind the greater degree of vulnerability and risk (Poljansek et al., 2020).

Fig. 2   Distribution of economies 
by level according to the overall 
ICRI score

Very high; 8
High; 51

Medium; 79

Low; 50
Very low; 3
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3 � Methodology

The degree of association between the pillars of the FII and the ICRI is analysed by 
constructing contingency tables, a method that dates back to the work by Gale and Shapley 
(1962) and Becker (1973). In the field of food security or food poverty, several studies have 
applied the Chi-square test to identify the association between variables in a contingency 
table (Al-Shabib et  al., 2017; Bui & Hoang, 2021; D’Amico et  al., 2018; Djekic et  al., 
2017; Marti et al., 2021; Walaszczyk & Galinska, 2020).

The main objective of this method is to analyse the degree of association of a set of 
elements with different characteristics, which are represented by categories of the 
descriptive variables under study. Both the observed and expected frequencies are 
necessary to perform the �2 test showing whether the variables considered in the study 
are independent or not. In this paper, we use the Gamma coefficient as a measure of 
association. Also known as Goodman and Kruskal’s gamma, it is a nonparametric measure 
of the strength and direction of association between two variables measured on an ordinal 
scale (Barbiero & Hitaj, 2020). Its value ranges between -1 and 1, with the sign indicating 
either a direct or inverse relationship between the pillars studied.

The SI has been constructed using Technique for Order of Preference by Similarity 
to Ideal Solution (TOPSIS) proposed by Hwang and Yoon (1981). In the same context, 
Ahmadi Dehrashid et al. (2021) used the Fuzzy TOPSIS technique to evaluate the status 
of food security in rural areas of Iran. In addition, Singh et  al. (2021) propose a Fuzzy 
TOPSIS approach to exploring and ascertaining the socio-economic indicators that the 
construction of rural roads has impacted. TOPSIS was originally proposed by Hwang 
and Yoon (1981) as a solution to the problem of how to rank alternatives, based on the 
concept of the distance of the alternative to the positive ideal solution and the negative 
ideal solution.

TOPSIS has two main advantages: its mathematical simplicity and considerable 
flexibility in the definition of the choice set. It consists of six consecutive stages (Karabiyik 
& Kutlu, 2018):

(a)	 The decision matrix must be created (Xij)m × n, with m alternatives and n criteria. In this 
study, the criteria are each of the pillars that make up the FII and the ICRI, while the 
alternatives are the countries under analysis.

(b)	 The normalized decision matrix (rij)m × n is generated, which represents the relative 
performance of the alternatives.

Table 1   Main statistics Mean Max Min SD

FII
Affordability 34.2 81.7 7.8 20.9
Availability 42.8 72.5 18.0 11.6
Quality and safety 32.5 66.9 5.5 18.3
ICRI
Natural resource and resilience 51.0 67.8 26.5 9.0
COVID-19 hazard and exposure 4.3 7.9 2.0 1.7
COVID-19 vulnerability 4.6 8.1 2.2 1.7
COVID-19 lack of coping capacity 3.8 7.6 0.0 2.2
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(c)	 The weighted normalized decision matrix is obtained (Vij = wj ‧ rij)m × n. The weights 
(wj), which indicate the importance of the criteria, are specified by the decision-maker 
( 
∑n

j
wj = 1 ). In this study, the same weights are used for each criterion, so as not to 

introduce any subjectivity into the analysis.
(d)	 Positive and negative ideal solutions are detected. In this paper, the ideal solution is 

identified by maximizing each criterion since we want the most at-risk countries to 
occupy the top positions in the ranking, while the negative ideal solution is calculated 
by minimizing the criteria.

(e)	 The distance to the positive ideal solution (A+) and to the negative ideal solution (A−) 
is evaluated. The Euclidean distance separating each competing alternative from the 
positive ideal solution (S+

i) and negative ideal solution (S−
i) is measured.

(f)	 The relative closeness to the ideal solution for each competing alternative is computed.

The preference order of the alternatives is established, according to their relative 
closeness to the ideal solution. Higher values of relative closeness indicate a higher 
preference order among alternatives (Lin et al., 2008; Lourenzutti & Krohling, 2016).

4 � Results and discussion

There is a very close relationship between the ICRI and FII overall scores, as shown by the 
clustering around the trend line in Fig. 3.

The highest scoring nations are characterized as low income by the World Bank, while 
the others all belong to the high income category. Thus, the link between the indices could 
reveals the need to boost aid to the poorest in order to combat the consequences of possible 

CCi =

S−
i

S∗
i
+ S−

i
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pandemics and achieve a better food security. The pillars that make up the ICRI and the FII 
more specifically capture the different causes of the structural risk factors for COVID-19 
impacts and food insecurity. In this context, the following research questions arise:

Q1. Is there any association between the pillars of the ICRI and those of the FII?

In order to answer this question, 12 contingency tables have been constructed to 
determine the degree of association between the ICRI and FII pillars.

In this study, a rectangular matrix is constructed, where the rows and columns show 
the number of countries that register the same level in the two analysed characteristics, 
constituting the observed frequency. The scores for the pillars of the FII and the ICRI have 
been transformed into categorical variables with four levels, following the methodology 
established for each index. Table  2 shows the values of χ2 and the Gamma coefficient, 
which indicate the strength and the direction of the connection between the pillars.1

Table 2   Statistical relationship between FII and ICRI indicators

p-values are shown in parentheses

Indicators with a negative association χ2 Test Gamma

Affordability—Covid-19 hazard and exposure 110.579 − 0.189
(0.000) (0.123)

Availability—Covid-19 hazard and exposure 49.056 − 0.353
(0.000) (0.007)

Quality and safety—Covid-19 hazard and exposure 88.274 − 0.235
(0.000) (0.061)

Natural resources and resilience—Covid-19 hazard and exposure 16.059 − 0.261
(0.013) (0.090)

Indicators with a positive association χ2 Test Gamma

Quality and safety—covid-19 vulnerability 67.386 0.214
(0.000) (0.012)

Quality and safety—Covid-19 lack of coping capacity 77.492 0.159
(0.000) (0.081)

Affordability—Covid-19 vulnerability 85.397 0.151
(0.013) (0.075)

Availability—Covid-19 vulnerability 44.354 0.306
(0.000) (0.013)

Availability—Covid-19 lack of coping capacity 60.305 0.345
(0.000) (0.001)

Affordability—Covid-19 lack of coping capacity 87.423 0.100
(0.000) (0.238)

Natural resources and resilience—Covid-19 vulnerability 16.556 0.115
(0.011) (0.488)

Natural resources and resilience—Covid-19 lack of coping capacity 22.259 0.164
(0.004) (0.216)

1  Table 1A in the appendix contains all the contingency tables with the absolute frequency of the countries.
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The results show a significant association between all the pillars of the FII and the 
ICRI (p-value χ2 test < 0.005). These results suggest that insufficient food and a lack of 
resources are factors that exacerbate the negative consequences of the pandemic (Q1). In 
addition, according to the gamma coefficient, a symmetrical measure of association, all 
the FII pillars are positively related to vulnerability and lack of capacity. This indicates 
that countries facing more difficulties concerning the availability and quality of food, 
such as Benin, Burundi or Zambia, are more likely to have greater structural risk factors 
for COVID-19 impacts due to their major economic and healthcare weaknesses. The 
COVID-19 Hazard and exposure pillar is negatively related to availability, food quality and 
natural resources (the association is not significant in the case of affordability). Thus, the 
Netherlands and Switzerland, which have a high level of food security, are exposed to a 
medium level of risk regarding lack of capacity to cope with COVID-19, with an inverse 
relationship found between the two indicators. These results are in line with those reported 
by Mahbub and Rahman (2021), who find that the pandemic has spread more rapidly in 
economically prosperous countries, although it is deadlier in those with inadequate health 
infrastructures, less capacity to cope with epidemics, and limited healthcare budgets.

Q2. Does the ranking of the countries based on the new SI differ from the individual 
ICRI and FII rankings?

By applying the multi-criteria decision-making technique TOPSIS, we develop an 
SI that can be used to establish a ranking covering all the dimensions of the ICRI and 
the FII. The 112 countries analysed are ranked from highest to lowest joint risk of food 
insecurity and structural risk factors for COVID-19 impacts, thereby providing an answer 
to Q2 (Table 5 of the appendix). Focusing the analysis on the extreme values, we carry 
out a detailed study of the first and last 20 positions of the ranking in an effort to identify 
similarities between the proposed SI and the indices used to construct it, ICRI and FII 
(Table 3 shows countries with the highest risk and Table 4 those with the lowest risk).

As can be seen in Table 3, most of the countries that occupy the top positions in the 
SI are in Africa with the exception of two Asian countries (Yemen and Laos) and the top 
country in the ranking, Haiti, which is Caribbean. These are countries that are afflicted 
by extreme poverty, which influences both the quality of their food and their capacity to 
respond to the pandemic. In this vein, Éliás and Jámbor (2021) conclude that low income 
is the factor that has the strongest negative effect on food security during the COVID-19 
pandemic. Likewise, Erokhin and Gao (2020) demonstrate that in these countries the level 
of food security is mainly related to economic access to an adequate supply of food, while 
in higher income countries it is linked to the availability of food.

Haiti has been ranked first in terms of the combined risk. According to Louis-Jean et al. 
(2020), it is a country with limited medical supplies, infrastructure and health professionals, 
and as such is extremely vulnerable to coronavirus. Haitians are aware of the risks and 
preventive measures needed to combat the virus, yet the majority of the population still 
does not have the essential tools and equipment to deal with it. In Haiti, 70% of households 
live in chronic poverty, only 36% of the population has access to electricity, around 56% 
to safe drinking water, and 28% to basic sanitation. The situation in the country is very 
difficult, although the ranking points to similar circumstances in low-income countries, 
such as Zambia and Burundi, among others.

Chad, which holds the top spot in the ICRI and fifth in the SI, is a country where 33.7% 
of the population lives in extreme poverty. Its government has imposed measures that limit 
mobility and social and religious gatherings, while creating a fund called "FS Covid-19" 
aimed at reinforcing medical infrastructure and its functionalities, enabling a rapid response 
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Table 3   Comparison of the top 
20 positions of the SI compared 
to the FII and ICRI

COUNTRIES Ranking IS Ranking FII Ranking ICRI

Haiti 1 9 3
Zambia 2 3 11
Burundi 3 7 4
Madagascar 4 8 8
Chad 5 11 1
Sierra Leone 6 6 7
Malawi 7 4 18
Yemen 8 1 5
Togo 9 21 16
Congo 10 16 2
Mozambique 11 15 9
Ethiopia 12 5 13
Guinea 13 12 14
Nigeria 14 14 15
Sudan 15 2 17
Burkina Faso 16 26 6
Benin 17 22 19
Uganda 18 19 12
Angola 19 17 22
Laos 20 23 38

Table 4   Comparison of the 
bottom 20 positions of the SI 
compared to the FII and ICRI

COUNTRIES Ranking IS Ranking FII Ranking ICRI

Malaysia 93 71 82
France 94 96 90
Russia 95 89 84
Oman 96 80 88
Germany 97 99 104
Denmark 98 97 107
Singapore 99 94 100
UAE 100 72 99
Ireland 101 111 92
Netherlands 102 110 102
United Kingdom 103 107 98
Australia 104 83 106
Sweden 105 106 105
United States 106 102 101
Finland 107 112 109
Israel 108 105 97
Norway 109 95 112
Canada 110 101 110
New Zealand 111 100 108
Switzerland 112 103 111
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to the needs of health centres (Tchana et al., 2020). Given the lack of resources, if no action is 
taken, hospitals that treat infected people could quickly become hotbeds of infection (Cénat, 
2020).

Yemen ranks first in the FII ranking and eighth in the SI. This country is rated as one of 
the poorest in the world, with structural vulnerabilities that have developed over a prolonged 
period of conflict and poor governance, and where more than 50% of the population is facing 
famine (Tandon & Vishwanath, 2020). As pointed out by Hashim et  al. (2021), Yemen 
is facing a triple emergency with the decline in humanitarian aid, the ongoing war and the 
pandemic. The authors conclude that the action most urgently needed is to request that local 
authorities join forces in tackling the COVID-19 health situation by limiting their interference 
and delivering essential humanitarian aid.

From a global perspective of the top 20 positions, the results of the SI ranking reveal the 
relationship between the structural risk factors for COVID-19 impacts and food insecurity, 
with the top 20 countries according to the SI ranking also holding the top 20 positions in the 
individual rankings, thus providing a negative answer to Q2. However, at the individual level, 
Yemen and Sudan, which occupied the top positions for food insecurity, drop to 8th and 15th 
positions, respectively, in the SI. Countries such as Haiti and Zambia are in a more worrying 
situation in this regard (1st and 2nd place in the SI, respectively).

The analysis of the countries at lower risk is carried out below, focusing on the bottom 20 
of the 112 countries in the sample (Table 4).

The group of 20 countries with the lowest overall risk of food insecurity and lack of 
resources to tackle COVID-19 is more geographically dispersed, being composed of 11 
nations in Europe, 5 in Asia, 2 in Oceania and 2 in North America. They are developed 
economies with sufficient resources to alleviate a critical situation of food insecurity and a 
pandemic. Switzerland is the country with the lowest overall risk, holding the last position in 
the SI, which is better than its position in the two individual indices (103rd in the FII ranking 
and 111th in the ICRI).

In Europe, the pandemic has given rise to anomalous situations: images of empty 
supermarket shelves, shortages of farm workers, an increase in the use of food banks, as 
well as greater concern for the health of people at the lower end of the socio-economic scale 
(Ranta & Mulrooney, 2021), where food insecurity has had a more intense impact. However, 
Matthews (2020) concluded that EU farmers, processors and retailers have maintained food 
supplies to EU consumers and adjusted to the shift in demand caused by the lockdowns in 
the food service sector. In this context, Capodistrias et al (2022) examines the impact of the 
COVID-19 crisis on the functioning of European food banks, and their results indicated that 
food banks were able to redistribute a significantly higher amount of food despite numerous 
social restrictions and other challenges associated with the pandemic.

In short, the group of 20 countries with the lowest combined risk (food insecurity and 
COVID-19 impacts), are also ranked between 96 and 112th for the FII (except Malaysia, 
Oman, UAE and Norway) and the ICRI (except Malaysia, France, Russia, Oman and Ireland). 
Therefore, the answer to Q2 is again negative for this set of countries, although it is important 
to note that Switzerland occupies the position of lowest risk with the new SI.
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5 � Conclusions

This paper analyses two major problems that are widespread in the world’s economies: 
the structural risk factors for adverse impacts of COVID-19 and food insecurity. The 
aim of the research is to identify whether the two problems are related, with the study 
covering a wide range of developed and developing countries in 2020. The overall scores 
for the FII and the ICRI demonstrate that countries with greater food insecurity are 
more at risk of lacking resources to cope with COVID-19, with emerging economies at 
the upper end of the ranking (such as Haiti, Chad or Yemen) and developed economies 
at the lower end (e.g. Finland, Switzerland or Sweden).

Pairwise comparison of the FII and ICRI reveals a significant degree of association 
(according to the χ2 test of the contingency tables), and in most cases a positive 
relationship. We thus find further evidence that the two problems are connected. This 
indicates to international organizations that countries with worse food insecurity will 
suffer more serious consequences due to extreme situations such as the one experienced 
during the pandemic, and thus have a greater need for funding.

Lastly, the development of an SI with seven indicators sourced from the pillars of 
the FII and the ICRI confirms that the countries with the worst food insecurity are 
those facing the greatest structural risk of adverse impacts of COVID-19. However, the 
ranking directs international organizations’ attention to countries such as Haiti, Zambia 
and Burundi and their greater need for an injection of financial aid than other emerging 
countries. Conversely, Switzerland is the country with the lowest combined risk. So, the 
health crisis has exacerbated the vulnerability of its low-income population to a lesser 
degree than other countries.

The indexes used in the research have a number of limitations. FII does describe 
the food security conditions. However, it does not measure the outcomes of food 
security, namely food consumption or malnutrition figures. Also, the index namely 
focuses on the GDP as well as poverty and on the agricultural production side. The FII 
extends to governance and policy areas that are usually not directly included in food 
security indicators. It is thus complementary to other food security measures, but it is 
not a substitute. The ICRI is focused on structural factors. It does not contain rapidly 
changing information, for example on cases, government restrictions, and changing 
health system capacity in response to the pandemic. There is a temporal imbalance 
between the long-standing food insecurity in certain areas and structural risk factors 
in the face of a pandemic, as the latter is in theory a more short-lived problem. Thus, 
the research is limited to the analysis of one year, 2020, due to the lack of information 
for more periods, and it uses statistical techniques appropriate for the existing data. In 
the longer term, it will be possible to identify how the most at-risk countries have been 
able to solve the problems concerning the food system and the struggle to overcome a 
pandemic situation.

Appendix

See Appendix Tables 5 and 6.
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Table 6   Ranking of all the 
countries analysed

COUNTRIES Ranking IS Ranking FII Ranking ICRI

Haiti 1 9 3
Zambia 2 3 11
Burundi 3 7 4
Madagascar 4 8 8
Chad 5 11 1
Sierra Leone 6 6 7
Malawi 7 4 18
Yemen 8 1 5
Togo 9 21 16
Congo 10 16 2
Mozambique 11 15 9
Ethiopia 12 5 13
Guinea 13 12 14
Nigeria 14 14 15
Sudan 15 2 17
Burkina Faso 16 26 6
Benin 17 22 19
Uganda 18 19 12
Angola 19 17 22
Laos 20 23 38
Niger 21 27 10
Cameroon 22 20 21
Rwanda 23 10 30
Tanzania 24 25 23
Bangladesh 25 30 28
Côte d’Ivoire 26 32 25
Nepal 27 37 29
Senegal 28 24 27
Pakistan 29 34 26
Syria 30 13 37
Kenya 31 28 24
Venezuela 32 18 45
Cambodia 33 33 31
Uzbekistan 34 31 54
Tajikistan 35 29 46
Botswana 36 40 39
Mali 37 35 20
Honduras 38 47 32
Sri Lanka 39 39 47
Ghana 40 36 34
Guatemala 41 42 35
Nicaragua 42 38 43
Philippines 43 41 40
Bolivia 44 50 33
India 45 43 42
Myanmar 46 44 36
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Table 6   (continued) COUNTRIES Ranking IS Ranking FII Ranking ICRI

Indonesia 47 49 44
South Africa 48 45 41
El Salvador 49 48 52
Ukraine 50 60 56
Jordan 51 52 48
Paraguay 52 53 69
Dominican Rep 53 66 50
Ecuador 54 46 57
Tunisia 55 55 62
Vietnam 56 51 61
Morocco 57 57 53
Azerbaijan 58 58 55
Peru 59 68 51
Serbia 60 62 71
Colombia 61 61 49
Egypt 62 54 70
Thailand 63 63 63
Bulgaria 64 70 68
Argentina 65 59 74
Algeria 66 56 58
Bahrain 67 65 59
Belarus 68 90 66
Hungary 69 78 76
Panama 70 73 64
Slovakia 71 74 79
Turkey 72 67 60
Kuwait 73 81 65
Qatar 74 77 80
Greece 75 86 81
Romania 76 91 72
Poland 77 88 87
Czech Rep 78 108 78
Mexico 79 69 67
Uruguay 80 84 83
Kazakhstan 81 82 89
Brazil 82 64 73
Portugal 83 93 96
Italy 84 98 85
China 85 75 75
Saudi Arabia 86 76 93
Austria 87 109 91
Spain 88 87 94
Japan 89 104 103
Chile 90 79 86
Belgium 91 92 95
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Table 6   (continued) COUNTRIES Ranking IS Ranking FII Ranking ICRI

Costa Rica 92 85 77
Malaysia 93 71 82
France 94 96 90
Russia 95 89 84
Oman 96 80 88
Germany 97 99 104
Denmark 98 97 107
Singapore 99 94 100
U. Arab Emirates 100 72 99
Ireland 101 111 92
Netherlands 102 110 102
United Kingdom 103 107 98
Australia 104 83 106
Sweden 105 106 105
United States 106 102 101
Finland 107 112 109
Israel 108 105 97
Norway 109 95 112
Canada 110 101 110
New Zealand 111 100 108
Switzerland 112 103 111

https://doi.org/10.13039/501100011033
https://doi.org/10.13039/501100011033
https://doi.org/10.13039/501100011033
http://creativecommons.org/licenses/by/4.0/


	 L. Marti, R. Puertas 

1 3

References

Adjognon, G. S., Bloem, J. R., & Sanoh, A. (2021). The coronavirus pandemic and food security: Evi-
dence from Mali. Food Policy, 101, 102050. https://​doi.​org/​10.​1016/j.​foodp​ol.​2021.​102050

Ahmadi Dehrashid, A., Bijani, M., Valizadeh, N., Ahmadi Dehrashid, H., Nasrollahizadeh, B., & 
Mohammadi, A. (2021). Food security assessment in rural areas: evidence from Iran. Agriculture & 
Food Security. https://​doi.​org/​10.​1186/​s40066-​021-​00291-z

Ahmed, F., Islam, A., Pakrashi, D., Rahman, T., & Siddique, A. (2021). Determinants and dynamics of 
food insecurity during COVID-19 in rural Bangladesh. Food Policy, 101, 102066. https://​doi.​org/​
10.​1016/j.​foodp​ol.​2021.​102066

Allee, A., Lynd, L. R., & Vaze, V. (2021). Cross-national analysis of food security drivers: Comparing 
results based on the Food Insecurity Experience Scale and Global Food Security Index. Food Secu-
rity. https://​doi.​org/​10.​1007/​s12571-​021-​01156-w

Alnafissa, M., Ghanem, A., & Alamri, Y. (2021). Financial forecasting for self-sufficiency and food security 
in poultry meat. Environment, Development and Sustainability, 23, 17126–17145. https://​doi.​org/​10.​
1007/​s10668-​021-​01369-1

Al-Shabib, N. A., Husain, F. M., & Khan, J. M. (2017). Study on food safety concerns, knowledge and prac-
tices among university students in Saudi Arabia. Food Control, 73, 202–208. https://​doi.​org/​10.​1016/j.​
foodc​ont.​2016.​08.​005

Amare, M., Abay, K. A., Tiberti, L., & Chamberlin, J. (2021). COVID-19 and food security: Panel data evi-
dence from Nigeria. Food Policy, 101, 102099. https://​doi.​org/​10.​1016/j.​foodp​ol.​2021.​102099

Arsalan, M., Mubin, O., Alnajjar, F., Alsinglawi, B., & Zaki, N. (2020). Global and temporal COVID-19 
risk evaluation. Frontiers in Public Health. https://​doi.​org/​10.​3389/​fpubh.​2020.​00440

Barbiero, A., & Hitaj, A. (2020). Goodman and Kruskal’s gamma coefficient for ordinalized bivariate nor-
mal distributions. Psychometrika, Springer; The Psychometric Society, 85(4), 905–925. https://​doi.​org/​
10.​1007/​s11336-​020-​09730-5

Becker, G. S. (1973). A theory of marriage: Part I. Journal of Political Economy, 81(4), 813–846.
Bui, L. K., & Hoang, H. (2021). Non-farm employment, food poverty and vulnerability in rural Viet-

nam. Environment, Development and Sustainability, 23, 7326–7357. https://​doi.​org/​10.​1007/​
s10668-​020-​00919-3

Caccavale, O. M., & Giuffrida, V. (2020). The Proteus composite index: Towards a better metric for global 
food security. World Development. https://​doi.​org/​10.​1016/j.​world​dev.​2019.​104709

Campi, M., Dueñas, M., & Fagiolo, G. (2021). Specialization in food production affects global food security 
and food systems sustainability. World Development. https://​doi.​org/​10.​1016/j.​world​dev.​2021.​105411

Capodistrias, P., Szulecka, J., Corciolani, M., & Strøm-Andersen, N. (2022). European food banks and 
COVID-19: Resilience and innovation in times of crisis. Socio-Economic Planning Sciences, 82(Part 
A), 101187. https://​doi.​org/​10.​1016/j.​seps.​2021.​101187

Cénat, J. M. (2020). The vulnerability of low-and middle-income countries facing the COVID-19 pandemic: 
The case of Haiti. Travel Medicine and Infectious Disease. https://​doi.​org/​10.​1016/j.​tmaid.​2020.​
101684

D’Amico, P., Nucera, D., Guardone, L., Mariotti, M., Nuvoloni, R., & Armani, A. (2018). Seafood products 
notifications in the EU Rapid Alert System for Food and Feed (RASFF) database: Data analysis dur-
ing the period 2011–2015. Food Control, 93, 241–250. https://​doi.​org/​10.​1016/j.​foodc​ont.​2018.​06.​018

Djekic, I., Jankovic, D., & Rajkovic, A. (2017). Analysis of foreign bodies present in European food using 
data from Rapid Alert System for Food and Feed (RASFF). Food Control, 79, 143–149. https://​doi.​
org/​10.​1016/j.​foodc​ont.​2017.​03.​047

EIU. (2020). Global Food Security Index 2020 https://​foods​ecuri​tyind​ex.​eiu.​com/​Home/​About
Éliás, B. A., & Jámbor, A. (2021). Food security and COVID-19: A systematic review of the first-year expe-

rience. Sustainability, 13, 5294. https://​doi.​org/​10.​3390/​su130​95294
Elsahoryi, N., Al-Sayyed, H., Odeh, M., McGrattan, A., & Hammad, F. (2020). Effect of Covid-19 on food 

security: A cross-sectional survey. Clinical Nutrition ESPEN. https://​doi.​org/​10.​1016/j.​clnesp.​2020.​09.​
026

Erokhin, V., & Gao, T. (2020). Impacts of COVID-19 on trade and economic aspects of food security: Evi-
dence from 45 developing countries. International Journal of Environmental Research and Public 
Health, 17, 5775. https://​doi.​org/​10.​3390/​ijerp​h1716​5775

European Commission. (2020). The impact of COVID-19 on food security and nutrition. Policy Brief. 
https://​knowl​edge4​policy.​ec.​europa.​eu/​publi​cation/​policy-​brief-​impact-​covid-​19-​food-​secur​ity-​nutri​
tion_​en

Gale, D., & Shapley, L. S. (1962). College admissions and the stability of marriage. The American Math-
ematical Monthly, 69(1), 9–15.

https://doi.org/10.1016/j.foodpol.2021.102050
https://doi.org/10.1186/s40066-021-00291-z
https://doi.org/10.1016/j.foodpol.2021.102066
https://doi.org/10.1016/j.foodpol.2021.102066
https://doi.org/10.1007/s12571-021-01156-w
https://doi.org/10.1007/s10668-021-01369-1
https://doi.org/10.1007/s10668-021-01369-1
https://doi.org/10.1016/j.foodcont.2016.08.005
https://doi.org/10.1016/j.foodcont.2016.08.005
https://doi.org/10.1016/j.foodpol.2021.102099
https://doi.org/10.3389/fpubh.2020.00440
https://doi.org/10.1007/s11336-020-09730-5
https://doi.org/10.1007/s11336-020-09730-5
https://doi.org/10.1007/s10668-020-00919-3
https://doi.org/10.1007/s10668-020-00919-3
https://doi.org/10.1016/j.worlddev.2019.104709
https://doi.org/10.1016/j.worlddev.2021.105411
https://doi.org/10.1016/j.seps.2021.101187
https://doi.org/10.1016/j.tmaid.2020.101684
https://doi.org/10.1016/j.tmaid.2020.101684
https://doi.org/10.1016/j.foodcont.2018.06.018
https://doi.org/10.1016/j.foodcont.2017.03.047
https://doi.org/10.1016/j.foodcont.2017.03.047
https://foodsecurityindex.eiu.com/Home/About
https://doi.org/10.3390/su13095294
https://doi.org/10.1016/j.clnesp.2020.09.026
https://doi.org/10.1016/j.clnesp.2020.09.026
https://doi.org/10.3390/ijerph17165775
https://knowledge4policy.ec.europa.eu/publication/policy-brief-impact-covid-19-food-security-nutrition_en
https://knowledge4policy.ec.europa.eu/publication/policy-brief-impact-covid-19-food-security-nutrition_en


Link between structural risk factors for adverse impacts of…

1 3

Hashim, H. T., Miranda, A. V., Babar, M. S., Essar, M. Y., Hussain, H., Ahmad, S., Tazyeen, S., Abujledan, 
H. M., & Tawfik ALsanabani, N., Khan, H., Ramadhan, M. A., Tuama, Y. D., Isa, M. A., Ahmadi, A., 
Lucero-Prisno, D. E., Shariful Islam, S. M., & Mohammed Basalilah, A. F. (2021). Yemen’s triple 
emergency: Food crisis amid a civil war and COVID-19 pandemic. Public Health in Practice. https://​
doi.​org/​10.​1016/j.​puhip.​2021.​100082

Huang, J., Teoh, J. Y.-C., Wong, S. H., & Wong, M. C. S. (2020). The potential impact of previous exposure 
to SARS or MERS on control of the COVID-19 pandemic. European Journal of Epidemiology. https://​
doi.​org/​10.​1007/​s10654-​020-​00674-9.

Hwang, C. L., & Yoon, K. (1981). Multiple attribute decision making: Methods and applications a state of 
the art survey. Springer.

Karabiyik, C., & Kutlu, K. B. (2018). Benchmarking international trade performance of OECD Countries: 
TOPSIS and AHP approaches. Gaziantep University Journal of Social Sciences, 17(1), 239–251.

Laborde, D., Martin, W., Swinnen, J., & Vos, R. (2020). COVID-19 risks to global food security. Sci-
ence, 369, 6503. https://​doi.​org/​10.​1126/​scien​ce.​abc47​65

Lin, M. C., Wang, C. C., Chen, M. S., & Chang, C. A. (2008). Using AHP and TOPSIS approaches in 
customer driven product design process. Computers in Industry, 59(1), 17–31.

Louis-Jean, J., Cenat, K., Sanon, D., & Stvil, R. (2020). Coronavirus (COVID-19) in Haiti: A Call for 
Action. Journal of Community Health. https://​doi.​org/​10.​1007/​s10900-​020-​00825-9

Lourenzutti, R., & Krohling, R. A. (2016). A generalized TOPSIS method for group decision mak-
ing with heterogeneous information in a dynamic environment. Information Sciences, 330, 1–18. 
https://​doi.​org/​10.​1016/j.​ins.​2015.​10.​005

Mahbub, U., & Rahman, T. (2021). Country-level association of socioeconomic, environmental and 
healthcare-related factors with the disease-burden and mortality rate of COVID-19. https://​doi.​org/​
10.​1101/​2021.​08.​22.​21262​449

Marti, L., Puertas, R., & García-Álvarez-Coque, J. M. (2021). The effects on European importers’ food 
safety controls in the time of COVID-19. Food Control. https://​doi.​org/​10.​1016/j.​foodc​ont.​2021.​
107952

Matthews, A. (2020). EU food system strengths and Vulnerabilities during Covid-19. EuroChoices, 19, 
4–12. https://​doi.​org/​10.​1111/​1746-​692X.​12300

Mishra, K., & Rampal, J. (2020). The COVID-19 pandemic and food insecurity: A viewpoint on India. 
World Development. https://​doi.​org/​10.​1016/j.​world​dev.​2020.​105068

Moldes-Anaya, S., Koff, H., da Porto, A., & Lipovina, T. (2021). Addressing COVID through PCD: 
Policy coherence for vulnerability in development and its relationship to the coronavirus pandemic. 
Equality, Diversity and Inclusion: An International Journal (ahead-of-print). https://​doi.​org/​10.​
1108/​EDI-​08-​2020-​0253

Morton, J. (2020). On the susceptibility and vulnerability of agricultural value chains to COVID-19. 
World Development. https://​doi.​org/​10.​1016/j.​world​dev.​2020.​105132

Nagata, J. M., Seligman, H. K., & Weiser, S. D. (2021). Perspective: The convergence of coronavirus 
disease 2019 (COVID-19) and food insecurity in the United States. Advances in Nutrition. https://​
doi.​org/​10.​1093/​advan​ces/​nmaa1​26

Odhiambo, V. O., Hendriks, S. L., & Mutsvangwa-Sammie, E. P. (2021). The effect of an objective 
weighting of the global food security index’s natural resources and resilience component on coun-
try scores and ranking. Food Security. https://​doi.​org/​10.​1007/​s12571-​021-​01176-6

Otekunrin, O. A., Otekunrin, O. A., Fasina, F. O., Omotayo, A. O., & Akram, M. (2020). Assessing the 
zero hunger target readiness in Africa in the face of COVID-19 pandemic. Caraka Tani: Journal of 
Sustainable Agriculture. https://​doi.​org/​10.​20961/​carak​atani.​v35i2.​41503

Pereira, M., & Oliveira, A. M. (2020). Poverty and food insecurity may increase as the threat of COVID-
19 spreads. Public Health Nutrition. https://​doi.​org/​10.​1017/​S1368​98002​00034​93

Poljansek, K., Vernaccini, L., & Marin Ferrer, M. (2020). INFORM Covid-19 Risk Index, EUR 30240 
EN, Publications Office of the European Union, Luxembourg. https://​doi.​org/​10.​2760/​596184, 
JRC120799.

Qazi, A., Simsekler, M. C. E., & Akram, M. (2021). Efficacy of early warning systems in assessing 
country-level risk exposure to COVID-19. Geomatics, Natural Hazards and Risk. https://​doi.​org/​
10.​1080/​19475​705.​2021.​19629​84

Ranta, R., & Mulrooney, H. (2021). Pandemics, food (in)security, and leaving the EU: What does the 
Covid-19 pandemic tell us about food insecurity and Brexit. Social Sciences & Humanities Open. 
https://​doi.​org/​10.​1016/j.​ssaho.​2021.​100125

Singh, A. P., Wagale, M., & Dhadse, K. (2021). Socioeconomic impacts of low-volume roads using a 
GIS-based multidimensional impact assessment approach. Environment, Development and Sustain-
ability. https://​doi.​org/​10.​1007/​s10668-​021-​01723-3

https://doi.org/10.1016/j.puhip.2021.100082
https://doi.org/10.1016/j.puhip.2021.100082
https://doi.org/10.1007/s10654-020-00674-9
https://doi.org/10.1007/s10654-020-00674-9
https://doi.org/10.1126/science.abc4765
https://doi.org/10.1007/s10900-020-00825-9
https://doi.org/10.1016/j.ins.2015.10.005
https://doi.org/10.1101/2021.08.22.21262449
https://doi.org/10.1101/2021.08.22.21262449
https://doi.org/10.1016/j.foodcont.2021.107952
https://doi.org/10.1016/j.foodcont.2021.107952
https://doi.org/10.1111/1746-692X.12300
https://doi.org/10.1016/j.worlddev.2020.105068
https://doi.org/10.1108/EDI-08-2020-0253
https://doi.org/10.1108/EDI-08-2020-0253
https://doi.org/10.1016/j.worlddev.2020.105132
https://doi.org/10.1093/advances/nmaa126
https://doi.org/10.1093/advances/nmaa126
https://doi.org/10.1007/s12571-021-01176-6
https://doi.org/10.20961/carakatani.v35i2.41503
https://doi.org/10.1017/S1368980020003493
https://doi.org/10.2760/596184
https://doi.org/10.1080/19475705.2021.1962984
https://doi.org/10.1080/19475705.2021.1962984
https://doi.org/10.1016/j.ssaho.2021.100125
https://doi.org/10.1007/s10668-021-01723-3


	 L. Marti, R. Puertas 

1 3

Swinnen, J., & McDermott, J. (2020). Covid‐19 and Global Food Security. EuroChoices. https://​doi.​org/​
10.​1111/​1746-​692X.​12288

Tandon, S., & Vishwanath, T. (2020). The evolution of poor food access over the course of the conflict 
in Yemen. World Development. https://​doi.​org/​10.​1016/j.​world​dev.​2020.​104922

Tchana, F., Kassim, O., Savadogo, A., Ouedraogo, A., & Coulibaly, M. (2020). Chad economic and pov-
erty update under COVID-19, Spring 2020. World Bank.

Vandevijvere, S., de Ridder, K., Drieskens, S., Charafeddine, R., Berete, F., & Demarest, S. (2021). Food 
insecurity and its association with changes in nutritional habits among adults during the COVID-
19 confinement measures in Belgium. Public Health Nutrition. https://​doi.​org/​10.​1017/​S1368​98002​
00050​05

Walaszczyk, A., & Galinska, B. (2020). Food origin traceability from a consumer’s perspective. Sustain-
ability. https://​doi.​org/​10.​3390/​su120​51872

World Food Summit. (1996). Report of the world food summit. FAO. http://​www.​fao.​org/3/​w3548e/​w3548​
e00.​htm

Zidouemba, P. R., Kinda, S. R., & Ouedraogo, I. M. (2020). Could Covid-19 Worsen Food Insecurity in 
Burkina Faso? European Journal of Development Research, 32(5), 1379–1401. https://​doi.​org/​10.​
1057/​s41287-​020-​00324-6

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1111/1746-692X.12288
https://doi.org/10.1111/1746-692X.12288
https://doi.org/10.1016/j.worlddev.2020.104922
https://doi.org/10.1017/S1368980020005005
https://doi.org/10.1017/S1368980020005005
https://doi.org/10.3390/su12051872
http://www.fao.org/3/w3548e/w3548e00.htm
http://www.fao.org/3/w3548e/w3548e00.htm
https://doi.org/10.1057/s41287-020-00324-6
https://doi.org/10.1057/s41287-020-00324-6

	Link between structural risk factors for adverse impacts of COVID-19 and food insecurity in developed and developing countries
	Abstract
	1 Introduction
	2 Variables and sample
	3 Methodology
	4 Results and discussion
	5 Conclusions
	Acknowledgements 
	References




