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Food security is a current research topic, and
most scientific papers in this field focus on its
analysis on a global level. The presented
paper focuses on the analysis of food security
in European countries and its features. It
emphasizes the need for objective indicators
that will suit the specifics of European
countries, which may seem food-secure from
a global point of view. The analysis used the
definition of food security and its pillars
according to Food and Agriculture
Organization of the United Nations (FAO)
and used available data for 12 variables in 4
pillars of food security over the period of
2012-2020 for all accessible countries to
produce composite indicators for European
countries. Performance according to this
indicator was compared with the ranking
produced by the global food security index
(GFSI). The comparison showed some
limitations of the GFSI for the analysis of
food security in BEuropean countries. The
major problems were the smaller numbers of
countries included in the GFSI, its
complexity (which may hide some specific
food security problems in the region), and
weights derived from the subjective opinions
of expert panels. However, the GFSI can be
very useful for identifying the main issues at
the world level, and the presented analysis
recommends deriving objective weights for
this kind of analysis in European countries by
data envelopment analysis with dummy
input. Derived weights can also be used as a
measure of performance in each food security
pillar. Analysis identified weak food security
conditions in FHastern and Southeastern
Europe. Surprisingly, weak performance
compared to other European countries was
recorded by France and Slovakia.
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Introduction

Food security is a well-known concept in general, however, there are many ways to
look at it. Various definitions of food security and its pillars influence its
quantification and insight into the current situation in the world. This term was used
for the first time at the World Food Conference in 1974. At that time, it was related
mostly to price stability and the availability of food. Later, in 1983, the FAO extended
the concept of food security by adding pillar connected with physical access to food.
On the other hand, there are still various concepts of food security, and some of them
are related to food sufficiency (Matkovski et al. 2020). The most widely used food
security definition was formulated at the World Food Summit in 1996. According to
this definition, food security at the individual, household, state, regional and world
level is achieved when all people always have a physical and economic approach with
sufficient amounts of safe and adequate food to satisfy their needs and different
preferences for an active and healthy life. The World Food Summit of 2009
introduced the concept of food security based on four dimensions: stability,
accessibility, access, and use. This approach is still used by the FAO. Currently, more
than 200 definitions of food security and its determinants can be found in the
literature (Kumar—Sharma 2022).

Current scientific discussion is focused primarily on food security issues in the
developing world. According to comparisons at the global level, European regions
seem to be food-secure. However, recent years, which have seen the Covid-19
pandemic, war conflict in Ukraine and high inflation, have shown that Europe also
has many food security issues. Compared to other world regions, Europe has specific
cultural, economic, natural and social conditions. This leads to specific import and
export relations, supply chains and ways in which houscholds ensure their food
security. To identify specific features and conditions of European food security, this
region should be analysed separately from less developed regions, as food security
issues in both worlds have different natures. This is the reason why this paper focuses
specifically on European countries to identify food security issues in this region and
uses benchmarks corresponding to developed countries.

Wide discussion has also been held about the dimensions that should be included
in food security indicators. In the scientific literature, different opinions about food
security definitions and their content and number of pillars can be found. For
example, Wineman (2016) suggests that there should be only three components of
food security: the quantity, quality, and stability of food. Barrett (2010) agrees with
3 pillars of food security but suggests availability, access, and utilization. The author
sees food security as a hierarchical structure of three suggested dimensions, as
availability is essential but not enough to reach access, and this is necessary but not
sufficient for utilization. This refers to the effective use of food accessed by
households or individuals. Peng—Berry (2018) argue that in addition to the
3 dimensions mentioned above, the stability of the previously mentioned pillars over
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time should be considered an important part of food security. This approach is also
adopted by FAO, which uses these 4 pillars to assess the food security situation in the
world. Abdullah et al. (2019) add that food systems are vulnerable when 1 or more
pillars of food security are insecure. Rahman et al. (2022) suggests that different
indicators may be appropriate for measuring food security at distinct levels, and many
modern studies add sustainability as another dimension of food security. Coates
(2013) agrees with this opinion and emphasizes the need to focus on the individual
and household levels when assessing food security. He adds that food security should
include five dimensions: nutrient adequacy, food sufficiency, safety, cultural
acceptability, certainty and stability. Different approaches were used by The
Economist Intelligence Unit (EIU) in the definition of the GFSI, which is based on
four dimensions: affordability, availability, quality and safety, sustainability and
adaptation.

Food security indicators

Measuring food secutity is a complex problem, and it should not be simplified into a
dichotomous variable that indicates only security or insecurity. For example, Webb et
al. (2006) emphasize the situation in which some households are food insecure but
do not experience hunger immediately in comparison with others who are in a
desperate situation. Cafiero (2013) explains increasing demand for indicators, which
makes a difference between chronic and transitory food insecurity. Catletto et al.
(2013) highlight the lack of consensus about food insecurity indicators used by vatious
agencies. For example, the GFSI is only one of several measures of food insecurity
introduced in recent decades. It is composed of different pillars and sets of indicators
in comparison with the FAO approach. Izraelov—Silber (2019) note that the list of
food security indicators used by the FAO and GFSI does not have much in common.
On the other hand, instead of using composite indicators, the FAO prefers to use the
prevalence of undernourishment as the main food insecurity measure. This way of
measuring is common, especially for developing countries. Research in recent years
has focused on improving the estimation of prevalence rates, as many agencies
measure hunger to inform policy makers (Smith—Meade 2019, Pérez-Escamilla et al.
2017, Barrett 2010).

Some indicators are based on data collected from households or individuals.
Poudel-Gopinath (2021) give as examples the food consumption score developed by
the World Food Program, which is based on the frequency of consumption of
different food groups by households. Another instrument based on the number of
unique foods consumed by households is the household dietary diversity score
developed by the United States Agency for International Development and the
coping strategy index, which evaluates how households cope with shortfalls of food.
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The most common food and nutrition security indicators according to
Pangaribowo et al. (2013) are the GFSI created by the EIU, the indicator of
undernourishment (FAO), the global hunger index developed by the International
Food Policy Research Institute (IFPRI), the global poverty index in collaboration with
Oxford University, the global hunger index, the hunger reduction commitment index,
anthropometric indicators, diet diversity scores and medical and biomarker indicators.
Many authors claim that there exists a significant level of variability between different
food security indicators (e.g., Poudel-Gopinath 2021, Pérez-Escamilla et al. 2017,
Pingali 2016).

The issue of composite indicators is obvious, especially at the national level. Jacobs
et al. (2004) stress the importance of composite indicators, especially for delivering
information about summary performance and the identification of policy priorities.
Nardo et al. (2005) and Saisana et al. (2005) conducted a study of composite
indicators, and their results suggest that the weighting scheme for composite
indicators should be based on statistical techniques such as data envelopment analysis
or principal components, but it is also possible to use a simple scheme with equal
weights. Similarly, Endrédi—Kovacs—Tankovski (2023) used weights derived by factor
analysis to create composite indicators in their study. An alternative way to evaluate
performance based on a multivariate approach was used by Tezcan (2023), who
applied the TOPSIS method to evaluate the sustainable development performance of
Balkan countries. Different methods of normalization weighting and aggregation
were compared by Hudrlikova et al. (2013) in their study focused on the sustainable
development of regions in the Czech Republic.

A frequently used indicator for the assessment of food security at the national
level is the GFSI. Since 2012, it has been used to monitor global food security
development, covers over 100 countries, and has become the most popular national
food security measure. The index was the subject of analysis of many authors who
focused on his shortcomings. For example, Thomas et al. (2017) reviewed its
conceptual framework and concluded that the GFSI is focused on food security
determinants rather than its outcomes and therefore rates the food security
environment. Another critical review of GFSI conducted by Maricic et al. (2016)
concluded that despite quality methodology and reliable data, its weighting scheme is
biased. As the weak spot was identified subjectively assigned weights, the authors in
their paper recommended using the I-distance method to obtain an objective
unbiased weighting scheme. Despite the subjective weighting scheme, the GFSI was
found to be suitable for assessing differences in food security at the national level by
Chen et al. (2019), Izraclov-Silber (2019), and Thomas et al. (2017). Several authors
have suggested data envelopment analysis to estimate objective weights of composite
indicators at the national level. This method was originally designed to measure the
performance of decision-making units and their ability to effectively transform inputs
into production outputs. The typical use of DEA analysis is in comparison of
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efficiency in agriculture, e.g., Fusco et al. (2023), who employed it to analyse gender
diversity, and Bartova et al. (2018), who investigated the eco-efficiency of agriculture
in European member states. A similar analysis of the ecological efficiency of emetging
economies was also conducted by Nadeem et al. (2023). However, Lovell-Pastor
(1999), Kao (2010), Liu et al. (2011), and Blancas et al. (2013) state that DEA can also
be applied to produce a composite index. It is a special type of DEA without explicit
inputs or outputs. This method was already applied for reassessment of the GFSI by
Chen et al. (2019) to estimate objective weights at the global level. The results of the
reassessed performance of countries were not significantly different from the original
index.

The main objective of the presented paper was to apply the food security
definition according to the FAO based on available data on FAOstat to produce a
food security measure that offers insight into the food security situation in Europe
and its development over time. As a suitable method, data envelopment analysis was
selected, which allowed us to compare European countries with the best performance
in the region within every analysed year. The secondary objective was to compare the
produced measure with the GFSI and show the advantages and disadvantages of both
approaches. The main contribution of the presented paper to the current literature
lies from a theoretical point of view in its methodological approach, which is new in
the field of food security measures. Practical contributions are its focus specifically
on the European region and the analysis of recent developments and the current state
of food security in Europe. It identifies weak regions and aspects of food security
dimensions in Europe, which may be helpful information for policy makers.
However, in the process of research, some issues related to specifics of measuring
food security situations in European countries were identified.

The FAO usually describes the food security situation at the national level with
indicators measuring the prevalence of undernourishment. FAOstat also includes
data about food security-related indicators in four pillars, namely, availability, access,
stability, and utilization, but there is no available composite indicator based on these
variables. Food security is a concept usually related to the developing world rather
than to developed countries. The intention was to use as many variables from
FAOstat as possible. However, the first problematic issue was the fact that most
records in the database were not available for developed countries or had just
ridiculously small variability in this category. As a result, from the large set of food
security-related indicators available in the FAOstat database, only a few could be used
for the analysis of the situation in European countries, and the most recent available
period was 2020. The second issue related to the comparison of indicators based on
FAOstat data and the GFSI was the different number of countries in both databases.
The GFSI is available for 26 European countries for the period of 2012-2022.
Although FAOstat data are available only until 2020, they cover a much longer
history, with records for 38 European countries. This had to be considered in the
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performed analysis. The main objective of the paper was therefore to characterize the
food security situation in 38 European countries according to constructed indicators
based on available data from FAOstat in the period of 2012-2022. The secondary
objective was to compare the performance of the constructed indicator based on data
envelopment analysis and data from FAOstat with the GFSI and identify its strengths
and weaknesses. This could be performed with data for only 26 countries with results
for both indicators.

Material and methods

The first step in the analysis was the determination of variables that could be used to
evaluate the actual food security situation in Europe and to construct a composite
indicator according to the definition of food security by the FAO in four pillars:
availability, access, stability, and utility. The original intention was to use the largest
possible number of variables. All variables should have nonzero variability in
European countries and should be available at least until 2020. From the list of all
available indicators in the food security section that met the previously mentioned
requirements, only 10 variables were supplemented by 2 variables from the World
Bank database to ensure an equal number of indicators in every pillar. (Food
production index in the “availability” pillar and consumer price index in the “access”
pillar). A list of analysed variables can be found in Table 1. Every variable
characterizes an important aspect of food security within its pillar. However, the
selection of input variables could be subject to further research. All variables were
obtained for 38 European countries in the period of 2012—-2020. The reason for the
smaller number of selected indicators was that most variables included in the FAOstat
database are actual, especially for developing countries. Some missing values were
extrapolated or interpolated to maximize the number of observations used in the
analysis. The produced indicator was compared with values of the GFSI obtained
from the official website of the EIU.
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Table 1
List of analysed variables
Pillar Variable Units of measurement
average dietary energy supply adequacy? %, 3-year average
dietary energy supply used in the estimation of !
Availability prevalence of undernourishment? kal/cap/ day
Lo index variable
b)
food production index 2014-2016=100
ross domestic product per capita?) PPP constant 2017
g p p p international $
Access prevalence of moderate or severe food insecurity in
. %, 3-year average
the total population?
consumer price index) 2010=100
political stability and absence of violence/terrorism? | Index (-2,5 weak; 2,5 strong)
. oeiabilire i
Stability pert capita food supply variability? kcal/cap/day
coefficient of variation in habitual caloric
. o real number
consumption distribution?
minimum dietary energy requitement® keal/cap/day
. incidence of caloric losses at retail distribution leveld | %
Utility
percentage of population using safely managed Y
sanitation services? ’

Source: a) FAOstat; b) World Bank.

To obtain composite indicators with consistent rankings, it was necessary to
normalize all variables according to the process described by Kao (2010) and Chen et
al. (2019). Variables where higher values are better were normalized according to
function 1. This was applied to most analysed variables.

y—min(y)

y = 2 )

max(y)—min(y)
Variables where smaller values mean better results, such as the prevalence of

moderate or severe food insecurity in the total population, consumer price index, per
capita food supply variability, coefficient of variation in habitual caloric consumption
and incidence of caloric losses at the retail distribution level, were normalized
according to Equation 2.

max(y)-y

Y = — 2 @)

max(y)-min(y)
In both equations, min and max are the smallest and the highest values among 38
countries for each variable.
A composite indicator of food security was created with data envelopment
analysis. Standard DEA is a method to measure the efficiency of the transformation
of inputs into outputs for every DMU. Lovell-Pastor (1999), Kao (2010), Liu et al.
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(2011), and Blancas et al. (2013) and Chen et al. (2019) suggested that DEA can also
be applied in situations without explicit inputs or outputs to generate objective
weights for composite indicators. The constructed indicator will be given in contrast
to the GISI, where weights are set subjectively by the panel of experts. In the case of
composite indicators, it would be suitable to use hierarchical DEA following the
structure of individual pillars of food security as proposed by Chen et al. (2019). In
this case, it was not possible due to the few available indicators in each pillar. For the
construction of the composite food security indicator, basic DEA for aggregating
variables was used.

Let yi (i=1,2..M) be the indicator for each DMU j (j=1,2..N). As proposed by
Kao (2010), input-oriented DEA can be used to generate objective weights for the
composite indicator for the j-th DMU by assuming an input equal to one (dummy
input). Then, the objective function has the form:

Max6; =Y wy; i=12,..M j=12,..N ?3)

Subject to

Yliuyy<1,i=12,..M j=12,..N )
where 0 is the value of the composite food security index, u is the weight for variable
I and country j, and y is the value of variable I and country j.

According to equations 1 and 2, the weights generated objectively without external
influence will maximize the value of the indicator for each DMU (country in this
case), and the constraint will ensure that the index for all other countries will be less
than or equal to one (Ramathan 2006). This formulation also means that the food
security index for each country will depend on the performance of all other analysed
countries in the current year. For this reason, the calculation of the food security
composite index included data for all 38 European countries available at FAOstat
(equation 4 means 38 constraints, one for every country).

According to the assumption of a simple additive weighting scheme, the constraint
that the sum of weights should be equal to one was also included, formulated in
equation 5.

Yliuy=1i=12..M j=12,..N (5)

To avoid zero weights for some indicators (especially for small indicator values in
the maximization function), it was necessary to add constraints to restrict the
maximum and minimum values of the weight. According to some authors, these
values could be decided by expert opinion. The goal of this paper was to determine
objective weights, so the scheme suggested by Chen et al. (2019) was applied based
on the average weight without subjective elements (equations 6 and 7).

1

Lb = —50% ©)

~ (number of indicators in composite index)
+50% )

Ub = !

(number of indicators in composite index)

Regional Statistics, Vol. 14. No. 4. 2024: 642-669; DOI: 10.15196/RS140402



650 Jozef Palkovi¢

The constraint for the nonzero weight of the indicator has the form:

Lb<wu;; <Ub i=12,.M j=12,..N ®)
where Lb is the lower bound for the indicator weight, Ub is the upper bound for the
indicator weight and u; is the weight of variable i and country j. In the presented case,
12 indicators included in the composite index had a minimum weight equal to 0.0417
and a maximum weight equal to 0.125. This means that the minimum weight of one
food security pillar could be 0.125 and the maximum weight 0.375.

Every value of the produced composite index was the solution of the
maximization problem with 40 constraints. This was solved for 38 European
countries for the period of 2012-2020. The indicator considered the performance
only in European countries, so the result of every country in the current year depends
on the performance of all other European countries in the analysed period. The
indicator can take values between 0 and 1. A value closer to 1 means better food
security performance. Despite using DEA, the estimated value of the indicator is not
efficient, and no country reached a value equal to 1. This was caused by restrictions
for maximum and minimum weights.

The results offer insight into the food security situation in European countries in
every analysed period. The principle of the DEA approach is that countries with the
highest values of the constructed food security indicator were used as benchmarks,
and all other countries were compared with the efficiency frontier based on the best
performing results. The value of the indicator therefore shows the ratio between the
real and ideal performance of every analysed country in a particular year. The
common application of DEA involves the comparison of productivity and ideal
productivity, which is calculated as the ratio of cumulative output and cumulative
input. In the presented analysis, DEA was used to create an index, which was a very
similar application, but the cumulative input was set explicitly to 1, and the analysis
compared the cumulative output with its ideal value. Weights used for the cumulation
of output were estimated using linear programming, and they are specific for each
country. However, as the limitation of DEA analysis could be considered, how real
would the results be for every decision making unit achieving performance, which
were calculated as ideal in real conditions?

The conclusions were first focused on the comparison of performance according
to the constructed index with DEA weights and ranking according to the GFSI. This
could be conducted only for 26 European countries that are included in the GFSI
results. The results were then used to characterize the food security situation in 38
European countries in the analysed period.

The ranking of countries produced by the DEA index and GIFSI was compared
graphically, and the similarity of both results was evaluated using Pearson's correlation
coefficient. The significance of differences in rankings was verified by the
nonparametric Wilcoxon signed rank test for matched samples.
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Results

The produced composite indicator was based on the results of DEA applied for all
38 countries to estimate objective weights. Analysis was performed separately for
every year in the period of 2012—2020. The obtained evaluation of food security for
every country therefore depends on the performance of all 38 countries included in
the analysis. If Buropean countries were included in the analysis together with
developing countries, their results would probably be homogenous. To identify
problematic regions in Europe, it is essential to analyse European countries separately.
The composite indicator is the result of the maximization of the mathematical
function. This means that the weights were different for each country, with the
highest values for the best performing indicators. Estimated weights are therefore not
only an indicator of each pillat's importance but also show the performance of every
pillar in the period analysed. Table 2 shows estimated mean weights for every pillar
over the period analysed. For simplicity of presentation, it was obtained by averaging
mean weights for every analysed year. The mode value therefore means weight, which
was the most frequent mean value over the analysis period. The best evaluation
measured by average weight in European countries was for the “stability” pillar. This
can be considered a strength of European food security. The fluctuation of the mean
weight for stability over the analysed period was small, from 0.28 to 0.34. The smallest
average weight in the analysed period was estimated for the “availability” pillar at 0.21.
The average value of this weight in the analysed period was between 0.18 and 0.23.
This dimension was evaluated as the weakest. The highest fluctuations were recorded
in the “accessibility” pillar; its weight was 0.25, and it varied from 0.21 to 0.29 over
the analysed period. The variability of weights measured by the coefficient of vatiation
was equal to 12.12%.

Table 2
Mean weights for the pillars in the composite DEA indicator
over the analysed period
Mean weights Mean Mode Median Min Max CV

Availability 0.21 0.19 0.20 0.18 0.23 7.45
Accessibility 0.25 0.28 0.25 0.21 0.29 12.12
Stability 0.32 0.34 0.32 0.28 0.34 6.17
Utility 0.22 0.21 0.22 0.20 0.25 5.77

Source: authot’s work based on data from FAOstat.

These weights are not directly comparable to GFSI weights because they use
slightly different dimensions: affordability (30%), availability (25%), quality and safety
(22.5%) and sustainability (22.5%). These weights are obtained by processing expert
opinions. They do not change over time; on the other hand, weights obtained by
DEA change every year according to the actual performance of all investigated
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countries. Availability has a slightly higher weight in the GFSI. If accessibility was
compared with affordability in the GFSI, this dimension was slightly higher in the
GFSI. Stability and utility are not directly comparable with the other two GFSI pillars
(sustainability and quality and safety). Stability has a significantly higher weight than
these pillars. On the other hand, the average weight of utility in the analysed period
was close to them.

The obtained results could be compared with the GFSI only for 26 European
countries that are included in the analysis of the EIU. The values of both indicators
are not directly comparable, but it was possible to compare countries’ rankings
obtained by both indicators.

Table 3 shows the correlations between the rankings of both indicators and their
comparison using the Wilcoxon signed rank test for matched samples. According to
the results in the table, a significant correlation was found between the constructed
DEA indicator and the GFSI. The correlation measured by the Pearson coefficient
varies between 0.62 and 0.72, which may be considered a strong relationship. The
DEA indicator was based on variables strongly related to food, but the GFSI is based
on a wide set of indicators related to more aspects. This suggests that, however, food
has an important role in the GFSI, and its final value also depends on other factors
considered in this index. The correlation expressed by Spearman coefficients was
even smaller (overall value equal to 0.63). However, significant differences in country
rankings were not identified. The Wilcoxon signed rank test p value in all periods was
higher than 0.05. This means that there is no significant difference in countries
ranking according to the GFSI and DEA composite index. Nevertheless, there are

some differences that are worth highlighting,
Table 3

Comparison of rankings obtained by GFSI and DEA composite index

Ranking comparison 2012 2013 2014 2015 2016
Pearson correlation 0.64 0.62 0.72 0.71 0.69
p value 0.0004 0.0007 <0.0001 <0.0001 0.0001
Spearman cotrelation 0.51 0.45 0.54 0.54 0.50
p value 0.0003 0.0012 0.0001 0.0001 0.0003
Wilcoxon signed rank stat -11 6 -7.5 9 15
p value 0.77 0.87 0.84 0.79 0.66

Ranking comparison 2017 2018 2019 2020 overall
Pearson correlation 0.69 0.73 0.69 0.72 0.77
p value 0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Spearman correlation 0.52 0.54 0.50 0.53 0.63
p value 0.0002 <0.0001 0.0003 0.0001 <0.0001
Wilcoxon signed rank stat 5 -9 35 6 132.5
p value 0.87 0.93 0.93 0.87 0.89

Source: author’s work based on data from FAOstat and EIU.
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Figure 1a shows the development of both indicator average values compared over
time in the period of 2012-2020. The GFSI increased over all analysed periods. On
the other hand, the average value of the composite indicator based on DEA analysis
decreased between 2014 and 2016. This could be caused by deterioration of the
average score for the indicators consumer price index, political stability, food supply
variability and minimum dietary energy requirement, which were mostly stable for the
rest of the analysed period. Weights in the DEA indicator were estimated separately
every year, which may suggest that they are not directly comparable, but a decrease in
the indicator suggests a decrease in overall food security performance in European
countries. Figure 1b shows a comparison of variability in both indicators measured
by the coefficient of variation. In the case of GISI, the variability did not exceed 10%,
on the other hand, the variability of DEA did not decrease under 10%. Higher
variability of the DEA indicator is influenced by more countries’ data used in his
estimation. This shows the advantage of the DEA approach, which helps to identify
better differences between countries within the analysed group. On the other hand,
the GFSI is produced at the world level, which is also considered in the selection of
a large number of input indicators, and in the analysis, which includes only European
countries, the results are more homogenous.

Figure 1a
Average DEA and GFSI indicators

Average DEA indicator Average GFSI
0.78 78
0.77 1 L 76
0.76 A L 74
0.75 ~ - 72
0.74 A - 70
0.73 A - 68
0.72 - 66

2012 2013 2014 2015 2016 2017 2018 2019 2020

— DEA — GFSI
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Figure 1b

Variability of DEA and GFSI
Coefficient of variation, %
16
14 1
12
10 -

S N~ & ©
L

2012 2013 2014 2015 2016 2017 2018 2019 2020
B DEA m GFSI

Source: authot’s work based on data from FAOstat and EIU.

In addition, different variability contrasts can also be found in its trend. At the
beginning of the period analysed, the disparity between countries measured by food
security indicators decreased. The change in variability was different in 2016, 2017
and 2018. At the end of the analysed period, the variability of the GFSI decreased, in
contrast to the increase in the variability of the composite DEA indicator. Better
insight into differences in rankings by both indicators offers Figure 2, which displays
a comparison of both rankings in 2020. Countries lying on the orange line have the
same ranking according to both indicators. This is the case for Ukraine, in which the
food security situation was evaluated as the worst among European countries.
Countries below the orange line are evaluated better by the composite DEA indicator,
and countries above are better according to the GFSI ranking. Similar conclusions
can also be made for other countries at the end of both rankings. The exception is
Hungary, which was ranked 215t according to the GFSI, but in the DEA ranking, it is
9. Much higher variability can be observed between the best evaluated countries.
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Figure 2
Comparison of GFSI ranking and DEA ranking of
26 European countries in 2020
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Source: author’s work based on data from FAOstat and EIU.

The best countries according to the GFSI ranking in 2020 were Finland, Ireland,
Norway, Portugal, and the Netherlands. However, according to the DEA ranking,
Finland placed 10t and Portugal 16th. On the other hand, the best countries according
to the DEA indicator were Switzerland, Belgium, Ireland, Austria, and Germany.
Except for Ireland, which was not included in any of these countries in the top 5
according to the GFSI, Belgium was not even included in the top 10. Based on both
indicator results, it can be concluded that the best food security situation in Europe
is in Ireland, the Netherlands, Norway, Switzerland, Finland, Austria, Sweden, and
Germany, which were ranked in the top 10. Figure 2 contains only the comparison
for the year 2020. There is an obvious difference in ranking between the two food
security indicators. Figure 3 can help to identify which difference in evaluation is
systematic and which occurred only in the year 2020. The figure shows the average
difference between the ranking produced by the DEA indicator and the GFSI ranking
for the whole analysed period of 2012—2020. Positive values mean that countries were
ranked better according to the GFSI, and negative values mean better assessment of
countries according to the DEA indicator.
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Figure 3
Average difference between DEA and GFSI rankings for 2012-2020
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Countries that were systematically rated as better by the GFSI were Portugal,
Finland, France, Norway, and Spain. The average differences between the GFSI and
DEA rankings for these countries over the analysed period were more than 5 places.
On the other hand, Switzerland, Belgium, Austria, Hungary and Italy were ranked
better by the DEA composite indicator. The average differences in the ratings of
other countries between these two indicators over the analysed period of years were
smaller than 5.

This is caused by the different nature of the two indicators. The GFSI is a more
complex indicator that includes various aspects of the food security environment,
such as sustainability, legislation, safety, and adaptability. On the other hand, the DEA
indicator was based primarily on variables directly linked to food security and
availability, accessibility, utility, and stability of food supply. A poor evaluation
according to the DEA indicator can therefore be linked to immediate food security
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problems. On the other hand, a poor evaluation based on the GISI may be caused
by some aspects of the food security environment that will directly affect the
population later, such as legislation, agricultural research, risk management or social
barriers. Direct food security or insecurity perceived by the population is therefore
hidden in the complexity of the GFSI. We suggest that present food security in
countries ranked better by DEA will also be better assessed by population. On the
other hand, environmental and legislative conditions in countries better evaluated by
the GFSI ensure a better food security perspective in the future.

Figure 4a

DEA indicator result, 2020
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Figure 4b
GESI result, 2020
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Sonrce: author’s work based on data from FAOstat and EIU.

From the methodological point of view, in situations when it is important to assess
the food security situation in Europe and identify weak spots, there can be important
differences between the GFSI and DEA approaches and the number of analysed
countries. Obvious differences can be identified in Figures 4a and 4b. Figure 4b shows
a choropleth map with values of the GFSI indicator where the map of Europe
includes few grey countries (these countries were not assessed). In contrast, Figure 4a
on the left side shows the results according to the produced DEA indicators of almost
all European countries. The DEA analysis included 38 countries in contrast with 26
European countries included in the GFSI results. Previous comparisons included
results only for countries included in both indicators. Countries that were not
included in the GFSI analysis are Albania, Bosnia and Herzegovina, Croatia, Estonia,
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Iceland, Latvia, Lithuania, Luxemburg, Malta, Montenegro, North Macedonia and
Slovenia. The only questionable feature might be the inclusion of Luxemburg, which
is usually omitted from analysis because it is an outlier. In this case, it was included to
improve the estimated efficiency frontier to make the assessment stricter. Another 11
countries missing in the GFSI are in Eastern and Southern Europe and have food
security situations that should be monitored.

Figures 4a and 4b show food security in Europe according to the DEA indicator
(Figure 4a) and GFSI (Figure 4b). Figure 4b shows that the GFSI result is the best
result recorded in Northern European countries (Finland and Norway) and Ireland.
Some problems with food security can be found only in eastern and southeastern
countries. The rest of Europe seems to be food-secure and without any significant
differences. Figure 4a on the left side is more heterogeneous. The top category
includes more countries, not only in Northern Europe but also in Central Europe.
On the other hand, there were more food security categories in the rest of Europe.
Less food-secure are France, the Czech Republic, the Slovak Republic, Romania and
Greece, Lithuania and Latvia. Even worse was the situation in Russia, Bosnia and
Herzegovina and Bulgaria. The worst food security situation in Europe according to
the DEA indicator in 2020 was recorded in Croatia, Serbia, Belarus, Montenegro,
Albania, North Macedonia and Ukraine. This result shows that several countries with
food security issues can also be found in Europe, and this problem should not be
linked only with developing countries.

Figures 5 and 6 show the difference in food security ranking according to both
indicators over time between 2012 and 2020. The comparison in Figure 5 shows 38
countries that were included in the DEA analysis. Positive values of ranking
difference indicate improvement in the food security situation, and negative values
indicate deterioration of the ranking. Countries with the best improvement in ranking
according to DEA analysis since 2012 were Hungary, Iceland, Ireland, Lithuania and
Spain. On the other hand, the food security situation worsened significantly in Malta,
the Czech Republic, France, Slovakia, Italy, Greece and Montenegro.
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Figure 5
Change in food security ranking between 2012 and 2020 measured by DEA
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Figure 6
Change in food security ranking between 2012 and 2020 measured by the GFSI
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The GFISI ranking included only 26 European countries, and the best
improvement in ranking was recorded by the United Kingdom, Netherlands and
Switzerland, and the largest negative change in ranking was recorded by France, Spain,
and Belgium (Figure 6). Ranking by the GFSI indicator can be considered more stable.
According to both compatisons, significant deterioration of food security in France
can be concluded, which decreased by 7 places in the GFSI ranking and by 9 places
in the DEA ranking. This country recorded surprisingly bad results compared to other
European countries. The values of the food production index and per capita food
supply variability in France made it one of the 5 worst countries in Europe. Food
supply variability was worse only in Montenegro, the Czech Republic, Slovakia, and
Poland. Both composite food security indicators also confirmed a negative trend in
food security in Slovakia and Italy. The large improvement for Switzerland in the
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GFSI ranking confirmed its long-term good position according to the DEA ranking.
Controversial results were found in the case of Spain, which recorded a substantial
positive change in the DEA ranking but a very negative change in the GFSI ranking
between 2012 and 2020. The result is that in 2020, Spain was ranked the same
according to both indicators. A similar situation was also found in the case of
Hungary, when it recorded a slight deterioration in the GFSI ranking, but according
to the DEA results, it recorded the highest positive change.

Based on the findings mentioned above, it can be concluded that the composite
indicator produced by DEA is related more directly to food and assesses the actual
situation of food security as it can be perceived by the population. On the other hand,
the GFSI is a more complex indicator, and factors related directly to food are just one
of its dimensions. Therefore, it can take longer to record direct change in the food
situation as it is perceived by the population, as it expresses complex dimensions of

the food security environment.

Discussion

The results of the presented paper agree with Borch—Kjarnes (2016), who concluded
that there is an alarming lack of knowledge about European food insecurity. Cooper
et al. (2020), in their text mining study, concluded that most of the papers in the field
of food security were focused on economic policy and global issues, which highlights
the added value of analysis in the presented paper. The methodology applied in this
paper to produce composite indicators was based on DEA analysis, which considered
four basic pillars of food security as defined by the FAO. In contrast with the view
of Clapp et al. (2022), who suggested the extension of food security to the definition
of 6 dimensions, the results presented in this paper and its comparison with the GFSI
showed that the current four dimensions are sufficient. Producing even more
complex indicators with 6 dimensions could cause a smaller weight of availability and
quality of food in such measures. The presented comparison with the GFSI indicator
was inspired by Chen et al. (2019), who applied methodology to create the composite
index suggested by Kao (2010). The objective of his work was reassessment of GISI
based on DEA analysis, which was applied at the world level and included the same
countries, pillars, and variables as GFSI. Our analysis applied the same DEA
approach, but with pillars and variables according to the FAO definition only for
European countries. Both works concluded that there were no significant differences
between ranking according to constructed indicators and GFSI. However, our work
emphasized some significant differences in the long-term evaluation of some
countries. The results and conclusions presented are in accordance with
recommendations by Chen et al. (2019), which highlights the food availability
dimension. A similar assessment of the GFSI was also published by Izraelov—Silber
(2019). They also concluded that the GFSI gives a reasonable ranking of countries.
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However, both Chen et al. (2019) and Izraelov—Silber (2019) reviewed GFSI
performance at the world level. Our paper focused on its performance in specific
conditions of European countries. The results confirmed the conclusion presented
by Thomas et al. (2017) that the complex nature of the GFSI evaluates the food
security environment rather than the real level of food security. On the other hand,
the results do not agree with Poudel-Gopinath (2021), who explored the disparity
between global food security indicators and concluded that there was large variability
between them. However, his work also emphasizes the importance of objective
indicators with desired properties that could be used to measure food security at any
level. Our conclusions agree with the results of most research publications (e.g.,
Nardo et al. 2005, Saisana et al. 2005) that composite indicators should be based on
objective weighting schemes.

Conclusion

Food security in Europe may seem to be a less important issue compared with the
rest of the world, especially for poor and developing countries on other continents.
In the case of the assessment of global food security, Europe may look homogenous
with developed, food-secure countries. The truth is that measuring European food
security has some specifics that need to be considered. Europe also has its own
problems in the field of food security that may be addressed and solved only with the
use of suitable indicators. In the case of using the GFSI for evaluating food security
in Europe together with other world regions, no significant differences may be
identified. The solution is to investigate food security in Europe separately to identify
problematic regions. Another fact that should be considered is that weights in the
GFSI are not derived on an objective basis but according to expert opinions. An
appropriate method to produce composite indicators with objective weights could be
DEA, which would be applied only to European countries. Alternative methods
could be indexing with objective weights based on different variabilities or
correlations between chosen food security indicators or principal component analysis.
For analysis with a large set of input indicators, it could also be an alternative to use
a hierarchical approach or factor analysis. In the case of DEA, European countries
are benchmarked only to the best performing countries, which will set an efficiency
frontier for comparison with other countries. This would allow us to identify weak
European regions and compare them at the level corresponding to developed
countries.

The main difference in results obtained by the DEA index and GFSI could be
explained by the different focus of both methods. As previously mentioned, the GFSI
includes more variables and is focused more on the food security environment, which
also considers its sustainability, legislation, and adaptability. That is why countries
such as Finland, Norway, Portugal, and France were evaluated as better by the GISI.
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On the other hand, the food security index produced by DEA is focused primarily
on variables directly related to actual perceptions of food security in dimensions
according to the definition by the FAO. Better results according to this approach
were recorded, for example, in Hungary, Belgium, Switzerland, Austria, and Germany.
A comparison of these two approaches shows that the GFSI is more complex and
evaluates the sustainability of food security in the long term according to current
conditions, but including a large number of variables related to the environment and
adaptability causes a smaller weight of variables related to the instant perception of
food security. This implies that the presented DEA index is better for the
identification of actual food security problems, as they can be perceived by the
population.

Another important task in this kind of analysis is proper selection of input
indicators. The analysis presented in this paper used 12 food security variables
available for European countries selected according to pillars and definitions applied
by the FAO. By contrast, the GFSI is based on a wide range of indicators. This makes
it a complex measure focused primarily on food security but also including
sustainability, economic and social development. Variables directly connected with
the availability, accessibility and quality of food are just part of indicators with smaller
weights. When using such an index, it is possible for a country to exist in situation in
which people suffer from poor food security conditions but that this country is
evaluated as good if it achieves better sustainability, environmental or legislative
conditions. Nevertheless, it is necessary to respect the multivariate nature of the food
security topic because its evaluation based on only one indicator, such as the
prevalence of undernourishment, can provide biased information about the real
situation in a country. The optimal solution would be to use a composite indicator
with objective weights based on multiple input variables. These variables should be
directly related to food. Variables included in the analysis in the presented paper can
be used as an example of this approach. The selection of variables to produce
composite food security indicators specifically focused on monitoring the situation in
European countries could be subject to further discussion. Another discrepancy
between the DEA and GFSI indicators was in the development of European food
security in past years, when the GFSI concluded its improvement over the whole
period, but DEA detected its decrease in 2014-2016. This is due to the different
natures and properties of both indicators.

The availability of suitable data also plays an important role. The disadvantage of
applying the GFSI in the analysis of food security in Europe is that the data were
available for only 26 countries but also that the data was through the year 2022. The
DEA analysis, which used data available at FAOstat, included 38 countries, but data
were available only until 2020. The solution could be to use data that is available in
European databases, with objective selection of variables respecting multivariate food
security nature and its pillars. European food security should be monitored, especially
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in smaller countries that are not included in the GFSI, to identify the most vulnerable
regions. Monitoring food security at the aggregated level also has disadvantages.
Vulnerable regions could be identified better if they were monitored at the regional
or household level.

Current papers published in the field of food security focus on developing
countries in Asia and Africa. Most of these papers focused on measuring food security
with available indicators or analysing its factors. Only a small number of papers are
focused on the problem of its measurement. The major asset of the presented paper
is demonstration of specifics of measurement of food security in European counttries
and identification of main disadvantages of GFSI when applied to Europe. On the
other hand, the limitation of the presented study was the availability of data only until
2020. The results thus do not show the influence of the Covid-19 pandemic and
Russian invasion of Ukraine. Analysis showed that food security problems can be
identified in the eastern and southeastern parts of Europe. Both the GFSI and
composite DEA indicators also showed deterioration of food security positions
between European countries in France and Slovakia in the period of 2012-2020.
These results were recorded before events in recent years. It may be expected that
this negatively influenced the food security situation in Europe, and the most
endangered regions would be countries that did not perform very well in our analysis.
This could also be a suggestion for further research, which could be conducted with
a sufficient amount of relevant data. There is still plenty of space for further analysis
in the field of European food security and its evaluation. The research presented in
this paper could be used as a basis for the further development of food security
indicators based on DEA analysis. Research could look for an optimal number of
input variables to create an index, select these variables and find an optimal variant of
DEA that could be more suitable, such as a hierarchical approach.

Current food security conditions are significantly influenced by high inflation,
expensive energy, and war conflicts in Ukraine and Near East, which induce further
migration inflows into Europe. Together with global warming and changing
environmental conditions, these are the main challenges for food security in the
future. Analysis showed that over the last 20 years, evaluations of accessibility and
availability of food security in Europe have worsened. This was caused by the
disruption of some supply chains in recent years caused by the Covid-19 crisis and
war conflicts. This led to a significant increase in food prices in addition to the
deterioration of the job market situation caused by the Covid-19 crisis. Recovery was
complicated by the spread of conflict in Ukraine, which influenced the prices of
specific agricultural commodities, such as oil or wheat. As was shown in the analysis,
this endangered especially small countries in Central and Southeastern Europe. Policy
makers should therefore focus on the common approach of the European Union to
protect countries, especially small countries, from deteriorating food security
positions by ensuring stability and continuing to remove trade barriers, which will
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prevent local increases in food prices. Essential factors will also include decreasing
energy and commodity dependence on a single source by increasing the diversification
of sources and ensuring that countries possess enough supplies and resources. A
focus on the most endangered segments of the population will also play an important
role, including in countries that are generally evaluated as food-secure at the national
level. To address help to vulnerable groups in the population, further analysis of data
collected at the household or individual level will be necessary. Another challenge for
ensuring food security in upcoming years will be adaptation to climate change and
extreme weather phenomena. Future research should focus on its impact on food
security in the region, but actual policy should focus on mitigating its extent and
influence as soon as possible. This may be achieved most effectively by educating the
population about its negative impacts on everyday life.

Acknowledgement

The paper presents the results obtained by the authors within the VEGA reseatch project:
“Challenges for food security of Europe in the 21st century — key factors, socioeconomic and
envitonmental implications”, project number: 1/0755/21.

REFERENCES

ABDULLAH, Z. D.—~SHAH, T.—ALI, S.—AHMAD, W.-UD DIN, L-ILYAS, A. (2019): Factors
affecting household food security in rural northern hinterland of Pakistan Journal
of the Sandi Society of Agricultural Sciences 18 (2): 201-210.
https://doi.org/10.1016/}.jssas.2017.05.003

BARRETT, C. B. (2010): Measuring food insecurity Science 327: 5967.
https://doi.org/10.1126/science.1182768

BARTOVA, L—FANDEL, P.—-MATEJKOVA, E. (2018): Eco-efficiency in agriculture of European
Union member states Rocgniki (Annals) 4: 15-21.
https://doi.org/10.5604/01.3001.0012.2931

BORCH, A.—KJARNES, U. (2016): Food security and food insecurity in Europe: An analysis of
the academic discourse (1975-2013) Appetite 103: 137-147.
https://doi.org/10.1016/j.appet.2016.04.005

BLANCAS, F. ] —CONTRERAS, I.-.RAMIREZ-HURTADO, J. M. (2013): Constructing a composite
indicator with multiplicative aggregation under the objective of ranking
alternatives Journal of the Operational Research Society 64 (5): 668—678.
https://doi.org/10.1057/jors.2012.90

CAFIERO, C. (2013): What do we really know about food security? Working paper No. 18861.
National Bureau of Economic Research (NBER), Cambridge.

CARLETTO, C.—ZEZZA, A—BANERJEE, R. (2013): Towatds better measurement of household
food security: Harmonizing indicators and the role of household surveys Global
Food Security 2 (1): 30—40. https://doi.org/10.1016/j.¢f5.2012.11.006

Regional Statistics, Vol. 14. No. 4. 2024: 642-669; DOI: 10.15196/RS140402



Measuring food security in European countries: limitations of

the global food security index and its comparison with the DEA approach 067

CHEN, P.—YU, M.—SHIH, ].-CHANG, CH.—HSU, S. (2019): A reassessment of the Global Food
Security Index by using a hierarchical data envelopment analysis approach
European Journal of Operational Research 272 (2): 687—698.
https://doi.org/10.1016/j.¢jor.2018.06.045

CLAPP, ] —MOSELEY, W. G.—-BURLINGAME, B.—TERMINE, P. (2022): Viewpoint: The case for
a six-dimensional food security framework Food Policy 106: 102164.
https://doi.org/10.1016/j.foodpol.2021.102164

COATES, J. (2013): Build it back better: Deconstructing food security for improved
measurement and action Global Food Security 2 (3): 188—194.
https://doi.org/10.1016/j.¢fs.2013.05.002

COOPER, M. W.—BROWN, M. E—-NILES, M. T.~ELQADI, M. M. (2020): Text mining the food
security literature reveals substantial spatial bias and thematic broadening over
time Global Food Security 26: 100392. https://doi.org/10.1016/].¢fs.2020.100392

ENDRODI-KOVACS, V.-TANKOVSKI, O. (2023): A composite indicator to evaluate EU
membership: The case of Central and Eastern European member states, 2004—
2021 Regional Statistics 13 (5): 899-924. https://doi.org/10.15196/RS130505

Fusco, G—TOMA, P.—VECCHIO Y. (2023): Efficiency, gender diversity and public aid:
evidence from Italian agrifood sector Applied Economics 55 (36): 4177—4193.
https://doi.org/10.1080/00036846.2022.2128175

HUDRLIKOVA, L-KRAMULOVA, ].—ZEMAN, J. (2013): Measuring sustainable development at
the lower regional level in the Czech Republic based on composite indicators
Regional Statistics 13 (3): 117-140 https://doi.org/10.15196/RS03107

IZRAELOV, M.—SILBER, J. (2019): An assessment of the global food security index Food Security
11: 1135-1152. https://doi.org/10.1007/s12571-019-00941-y

JAcoBs, R.—SMITH, P.—GODDARD, M. (2004): Measuring performance: An examination of
composite performance indicators Technical paper series No. 29., Center for Health
Economics, University of York, York, UK.

Kao, C. (2010): Weight determination for consistently ranking alternatives in multiple criteria
decision analysis Applied Mathematical Modelling 34 (7): 1779-1787.
https://doi.org/10.1016/j.apm.2009.09.022

KUMAR, A.—SHARMA, P. (2022): Impact of climate variation on agricultural productivity and
food security in rural India (June 23, 2022) SSRIN.
https://dx.doi.org/10.2139 /ssrn.4144089

Liu, W. B~ZHANG, D. Q-MENG, W.-LI, X. X.-XU, F. (2011): A study of DEA models
without explicit inputs Omega 39 (5): 472—480.
https://doi.org/10.1016/j.0mega.2010.10.005

LOVELL, C. A. K.—PASTOR, J. T. (1999): Radial DEA models without inputs or without outputs
European Jonrnal of Operational Research 118 (1): 46-51.
https://doi.org/10.1016/S0377-2217(98)00338-5

MARICIC, M.—BULAJIC, M.—-DOBROTA, M.—V. JEREMIC, B. (2016): Redesigning the global food
security index: A multivariate composite I-distance indicator approach Inzernational
Jounrnal of Food and Agricultural Economics 4 (1) Special Issue: 69—86.

MATKOVSKI, B—DOKIC, D.~ZEKIC, S—JURJEVIC, Z. (2020): Determining food security in
crisis conditions: A comparative analysis of the Western Balkans and the EU
Sustainability 12 (23): 9924. https://doi.org/10.3390/sul12239924

Regional Statistics, Vol. 14. No. 4. 2024: 642-669; DOI: 10.15196/RS140402



Jozef Palkovi¢

NADEEM, M.-MALIK, M. I.—ADIL, S.—JUNAID, N. (2023): Exploring the determinants of
ecological efficiency in selected emerging economies using pooled mean group
estimator Regional Statistics 13 (2): 352-368. https://doi.org/10.15196/RS130207

NARDO, M.—SAISANA, M.—SALTELLI, A.—TARANTOLA, S. (2005): Tools for composite indicators
building Ispra: European Commission, Joint Research Centre, Institute for the
Protection and Security of the Citizen.

PANGARIBOWO, E. H—GERBER, N.~TORERO, M. (2013): Food and nutrition security
indicators: A review Working paper No. 108. Center for Development Research
(ZEF), Bonn.

PENG, W.—BERRY, E. M. (2018): Global nutrition 1990-2015: A shrinking hungry and
expanding fat world PS ONE 13 (3): ¢0194821.
https://doi.org/10.1371/journal.pone.0194821

PEREZ-ESCAMILLA, R —GUBERT, M.—~ROGERS, B-HROMI-FIEDLER, A. (2017): Food secutity
measurement and governance: assessment of the usefulness of diverse food

insecurity indicators for policy makers Global Food Security 14: 96-104.
https://doi.org/10.1016/j.¢fs.2017.06.003

PINGALL P. (2016): The hunger metrics mirage: there’s been less progress on hunger reduction
than it appears PN.AS 113 (18): 4880—4883.
https://doi.org/10.1073 /pnas.1603216113

POUDEL, D.—~GOPINATH, M. (2021): Exploring the disparity in global food security indicators
Global Food Security 29: 100549. https://doi.org/10.1016/].¢fs.2021.100549

RAHMAN, I. U-KHATTAK, S. W.—ISRAR, M.—HASHIM, S. (2022): A multi-dimensional analysis
of food security situation in Pakistan: The way forward Sarbad Journal of Agriculture
38 (1): 170-178. https://dx.doi.org/10.17582 /journal.sja/2022/38.1.170.178

RAMATHAN, T. (2006): Data envelopment analysis for weight derivation and aggregation in
the analytic hierarchy process Computers and Operations Research 33 (5): 1289-1307.
https://doi.org/10.1016/j.cor.2004.09.020

SAISANA, M.—SALTELLI, A.—TARANTOLA, S. (2005): Uncertainty and sensitivity analysis
techniques as tools for the quality assessment of composite indicators Journal of the
Royal Statistical Society A 168 (Part 2): 307-323.
https://doi.org/10.1111/§.1467-985X.2005.00350.x

TEZCAN, N. (2023): Towards sustainable development goal 3: The case of the Balkan
countties Regional Statistics 13 (2): 369—388. https://doi.org/10.15196/RS130208

THOMAS, A.-C~D’HOMBRES, B.—~CASUBOLO, C.—KAYITAKIRE, F.—SAISANA, M. (2017): The
use of the global food security index: to inform the situation in food insecure countries European

Commission, Technical Report of the Joint Research Centre, Luxembourg.

WEBB, P.—COATES, ].—FRONGILLO, E. A~LORGE, B.—SWINDALE, A.—BILINSKY, P. (2000):
Measuring household food insecurity: Why It's so important and yet so difficult
to do The Journal of Nutrition 136 (5): 14045-1408S.
https://doi.org/10.1093/in/136.5.1404s

WINEMAN, A. (2016): Multidimensional household food security measurement in rural
Zambia Agrekon 55 (3): 278-301.
https://doi.org/10.1080/03031853.2016.1211019

Regional Statistics, Vol. 14. No. 4. 2024: 642-669; DOI: 10.15196/RS140402



Measuring food security in European countries: limitations of
the global food security index and its comparison with the DEA approach

INTERNET SOURCE

SMITH, M.—-MEADE, B. (2019): Who are the world’s food insecure: Identifying the risk factors of food
insecurity around the world United States Department of Agriculture, Economic
Research Service.
https://www.ers.usda.gov/amber-waves/2019/june/who-are-the-world-s-food-

insecure-identifyvine-the-risk-factors-of-food-insecuritv-around-the-wotld
(downloaded: September 2023)

DATABASES/WEBSITES

ECONOMIST INTELLIGENCE UNIT [EIUJ:
https://my.corteva.com/GFSIPfile=GFSI 2022 Model Sep 2022
(downloaded: March 2023)

FOOD AND AGROCULTURE ORGANIZATION [FAOSTAT]:
https://www.fao.org/faostat/en/#data/FS (downloaded: February 2023)

WORLD BANK: https://databank.worldbank.org/source/world-development-indicators
(downloaded: March 2023)

Regional Statistics, Vol. 14. No. 4. 2024: 642-669; DOI: 10.15196/RS140402




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


