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The aim of this work is to measure at a national level
food security and agricultural sustainability in the
Mediterranean Region with an aggregated indicator using
the multivariate statistical tool Principal Components
Analysis (PCA). This is a statistical multivariate
methodology used to study large sets of data and it
should be applied to synthesize all that information in a
formalized way, instead of doing it intuitively and
subjectively, in order to generate a unique aggregated
indicator.
Methodology
In the development of aggregated indicators problems
arise when the indices that build up the indicator and the
weights of each index have to be selected. Therefore,
Principal Components Analysis (PCA) can be used as an
objective approach to choose the indices that show
higher variability within the studied observations and to
set the weights as a incoming function of the explained
variance. Additionally, this analysis allows making an
internal sustainability or food security evaluation
between countries, giving a relative value of
sustainability or security.
PCA is a statistical multivariate methodology used to
study large sets of data. This method reproduces a great
proportion of variance among a big number of variables
by using a small number of new variables called principal
components (PCs). The PCs are linear combinations of
the original variables, and
the analysis of
multidimensional data is simplified when these are
correlated. The first PC explains maximum variance
between data, while the second component is a new
combination of the original variables being orthogonal to
the first component and explaining the second largest
value of variation among observations, and so forth. The
absorption of variance in each component is computed
with the so-called eigenvalues. One property of the PCs
is that they are uncorrelated between them, and then
each component is measuring a different dimension in
the data.
High absolute values of loadings of the variables on the
PCs imply that the indicator has a large bearing on the
creation of that component. Thus, the most important
indicators in each component, that best explain
variance; will also be more useful in explaining variability
between observations. Each component will be a linear
combination of variables multiplied by their loadings on
that component. Observations will have coordinates in
each axis or component, computed with the
standardized value of each variable (zero mean and unit
variance) for that observation using the linear
combination of variables with PCs obtained in the
analysis. These coordinates can be used in the
aggregation method of the indicator and also
eigenvalues can be used as weight factor of each
variable.

The selected variables were organized according to
Bossel´s seven basic orientors (table 1): existence,
effectiveness, freedom of action, security, adaptability,
coexistence and psychological needs. The hierarchical
structure of the framework was based upon three
dimensions: food security, environmental sustainability
and economic sustainability.
All Countries from the Mediterranean basin were
included in this study and other 39 countries were
selected in order to include diverse agricultural,
economic and environmental conditions (table 1). There
were used 21 indicators (3 dimensions x 7 orientors)
from the 60 selected countries (table 2). An initial
screening of variables assigned to each orientor was
done with PCA of a high number of preliminary variables,
selecting those that showed the higher variability within
the studied observations (countries).
Before developing the PCA, all the variables were signed
as positive or negative in order to make them
unidirectional. PCA was performed with STATGRAPHICS
software, standardizing data to zero mean and unit
variance. Eigenvalues and the amount of variance
explained by each principal component (PC) were
calculated. The number of components retained in the
analysis was assessed by Cattel’s scree plot, which
indicates that we should retain i components because,
after the i+1 component, the plot becomes flat,
corresponding to eigenvalues lower than one. The value
of the eigenvectors and loadings of variables with PCs
were computed. Coordinates of each country with each
axis were determined. The aggregation of data into a
single Sustainable Food Security Index (SFSI) was
calculated as:
j

SFSI =

∑
k =1

j

Fki λ k

∑
k =1

i = 1,...,60(countries )

λk

Where, Fki is the coordinate of the country i in the
component k (and j components are retained) and λk is
the eigenvalue of the component k. This index should
give information about the relative value of sustainable
food security between the studied countries.
An aggregated index was also computed for each
individual dimension (food security, environmental
sustainability and economic sustainability) in the same
way, so each index should give information about the
relative value of each dimension of sustainable food
security between the studied countries.
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Results
The values of the Sustainable Food Security Index
(SFSI) for the 60 studied countries are shown in table 2.
The positive values indicate sustainable food security and
the higher the value, the greater the relative value of
food security.
European developed countries showed high relative SFSI
values, while Middle East and Maghreb countries showed
a worse performance, although Sahel countries showed
the worst. Almost all the countries form the north
Mediterranean basin showed relative sustainable food
security but those form the south side showed negative
values of the index and therefore relative unsustainable
food security.
Not all developed countries showed positive values in the
individual indexes, mostly the environmental one. Thus,
their strengths are food production and food supply but
with a high ecological footprint. In table 3 standardized
values of the 21 studied variables of Spain and Algeria
are shown, as an example of Mediterranean countries.
Water and ecological footprint are the weak variables of
environmental sustainability (high negative values) in
Spain, but they are strengths in Algeria (high positive
values). Besides, energy and protein intake are scarce in
the Maghreb country, but sufficient in Spain, with a high
share of cereals in energy supply. Cereal production
variables are inadequate in Algeria and there is
dependence of external imports.
The aggregated SFSI computed in these study showed a
high correlation with other well known and widely used
socioeconomic indicators as GDP per cápita and Human
Development Index (HDI) (figures 1 and 2).
There is an exponential relationship between the SFSI
and the GDP per cápita (figure 1), hence sustainable
food security enhances when the national economic
product increases. SFSI positive values (relative
sustainable food security) are reached when a threshold
of circa 10,500 US dollars/cápita is exceeded, so
countries with a lower income per cápita will show a
relative unsustainable food security.

By the other hand, if we take only the environmental
dimension of sustainability (natural system in table 1)
and
the
subsequent
computed
Environmental
Sustainability Index, the relation of this index with per
cápita GDP is inverse (figure 2). The figure indicates a
decline of environmental sustainability when the
economic size of the country increases, because there is
an increment of environmental impact of agriculture. In
figure 2 when wealth increases above 10,500 US dollars
appears environmental unsustainability (negative values
of the index), Thus, in developed countries food supply is
held but with a high ecological footprint.
Conclusions
The computed index is a good indicator of sustainable
food security and differences between countries can be
analyzed, and also strengths and weaknesses of each
one. Developed countries showed relative sustainable
food security while in less developed countries there was
a relative insecurity. However, in the former the
strengths were food production and food supply but with
a high ecological footprint, whereas in the last the
sustainable production does not ensure food security and
external imports are needed.
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Table 1
Values of the aggregated Sustainable Food Security Index (SFSI) of the 60 studied countries
Orientor

Indicator

Natural system

Environmental
sustainability

Existence

Impact of agricultural
production

Variable

Source

Water footprint of food production per capita

1

Water footprint of food production per dollar of net
value
Ratio external vs internal water footprint of
consumption
Ratio water footprint of food production vs national
rainfall

Effectiveness

Eco-efficiency of agriculture

1

Freedom of action

Dependence of external
resources

Security

Own resources

Adaptability

Global footprint

Ecological footprint of food

2

Coexistence

Structure

Harvested area per capita

3

Psychological needs

Limitation

Ecological footprint versus national biocapacity

2

Human system

Food security

Existence

Supply of energy intake
requirements

Dietary energy supply per capita vs minimum
renergy equirement

3

Effectiveness

Social efficiency of agriculture

Agricultural production vs agricultural population

3

Freedom of action

Food commodities in diet

3

Security

Food Supply for Human
Consumption

Share of cereals and roots & tubers in dietary
energy supply
Total protein consumption

3

1
1

Adaptability

Food needs

Minimum dietary energy requirement

3

Coexistence

Food deprivation

Food deficit of undernourished population

3

Psychological needs

Perceived personal status

Well being

4

Support system

Economic sustainability

Existence

Productivity

Cereal production per capita

3

Effectiveness

Eficiency

Inverse of cereal yield

3

Freedom of action

Dependence of external
resources

Net cereal imports per capita

3

Security

Stability and variability

Cereal yield stability (VC)

3

Adaptability

Technology and innovation

Cereal yield trend over time

3

Coexistence

Production gap

Cereal yield gap (% maximun yield vs average)

3

Psychological needs

Work in agriculture

Agricultural workers per ha

3

Sources: (1) Waterfootprint Network, (2) Global Footprint Network, (3) FAOSTAT, (4) NEF Happy Planet Index.
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Table 2
Variables included in the framework

Country

Indicator

Country

Indicator

Denmark

3,47

Albania

-0,21

France

3,28

South Africa

-0,32

Hungary

2,71

Lebanon

-0,34

Austria

2,14

Ecuador

-0,37

Germany

2,12

Tunisia

-0,55

Luxembourg

2,06

Iran

-0,62

Finland

2,06

Un. Arab Emirates

-0,68

Czech Rep.

1,87

Kuwait

-0,95

Lithuania

1,80

Saudi Arabia

-0,99

Sweden

1,75

Egypt

-1,05

Ireland

1,73

Cyprus

-1,10

Greece

1,70

Algeria

-1,28

UK

1,66

Libya

-1,48

Italy

1,63

Nigeria

-1,48

Belgium

1,49

Syria

-1,66

Poland

1,41

Morocco

-1,92

Slovenia

1,27

Mali

-1,92

Latvia

1,24

Mauritania

-2,32

Romania

1,21

Jordan

-2,59

Croatia

1,17

Sudan

-2,74

Norway

1,12

Senegal

-2,76

Spain

1,07

Chad

-2,78

Serbia-Montenegro

1,07

Niger

-3,15

Estonia

1,03

Angola

-3,64

The Netherlands

0,79

Yemen

-3,87

Malta

0,76

Eritrea

-6,60

Turkey

0,69

Portugal

0,68

Slovakia

0,66

Bulgaria

0,65

Bosnia-Herzegovina

0,43

Mexico

0,27

Israel

0,04
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Table 3
Standardized value (z-scores) of each variable (zero mean and unit variance) of Spain and Algeria included in the study

Indicator

Variable

Spain

Algeria

-0.98

0.77

0.51

0.03

0.08

-0.25

-0.30

0.45

-0.95

0.93

Environmental sustainability
Impact of agricultural production
Eco-efficiency of agriculture
Dependence of external resources
Own resources
Global footprint

Water footprint of food production per capita
Water footprint of food production per dollar of net
value
Ratio external vs internal water footprint of
consumption
Ratio water footprint of food production vs national
rainfall
Ecological footprint of food

Structure

Harvested area per capita

0.41

-0.38

Limitation

Ecological footprint versus national biocapacity

-0.09

0.12

Supply of energy intake
requirements

Dietary energy supply per capita vs minimum
renergy equirement

0.22

0.30

Social efficiency of agriculture

Agricultural production vs agricultural population

0.55

-0.72

Food commodities in diet

Share of cereals and roots & tubers in dietary
energy supply

-1.24

1.21

Total protein consumption

0.92

-0.23

Food needs

Minimum dietary energy requirement

0.69

-0.64

Food deprivation

Food deficit of undernourished population

0.67

-0.38

Perceived personal status

Well being

0.50

-0.28

0.29

-0.76

Food security

Food Supply for Human
Consumption

Economic sustainability
Productivity

Cereal production per capita

Eficiency

Inverse of cereal yield

0.42

-0.44

Dependence of external resources

Net cereal imports per capita

-0.73

-0.69

Stability and variability

Cereal yield stability (VC)

0.06

-0.51

Technology and innovation

Cereal yield trend over time

-0.85

0.23

Production gap

Cereal yield gap (% maximun yield vs average)

-0.24

-0.24

Work in agriculture

Agricultural workers per ha

-0.68

0.33
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Figure 1
Relationship between the computed Sustainable Food Security Index and the GDP per capita
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Figure 2
Relationship between the computed Environmental Sustainability Index and the GDP per capita
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