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INTRODUCTION 

Food security is currently at the centre of the global economic and social debates, so it has a crucial 
role in ensuring economic physical access to food for present and future generations, one of the dimensions 
of food security (FAO, 2021). Agri-food system security has been reported on in recent years (Ingram, 
2011). Conventional agri-food systems actually have limited resilience, being vulnerable to several shocks 
such as increasing occurrence of extreme natural events (Guo et al., 2021), COVID-19 pandemic (Zollet et 
al., 2021) and the current Russia–Ukraine conflict (Nasir et al., 2022). This situation threatens the 
achievement of the Sustainable Development Goals (SDGs), particularly the Zero Hunger Goal (SDG 2), 
aiming at fighting hunger and granting food security and quality-wise food from sustainable farming 
systems. Cities have been increasingly involved in the development of food policies and fostering the 
transition to sustainable food systems. The urban agro-ecological transition, including food policies, may 
be crucial in facing environmental emergencies and improving agri-food systems, but is also key in solving 
political and social issues with an agro-ecological approach (Isaac et al., 2018). Metropolitan areas are a 
key point and must be acknowledged in research and policy (Filippin et al., 2023) (Zasada et al., 2019). 

The aim of this study is to identify citizens’ profiles of the area of Metropolitan City of Bari (MCB), 
based on citizens’ perceptions on the key factors related to food security and their socio-demographic 
characteristics. This is the first study attempting to classify citizens into different categories based on their 
viewpoints on food security. The segmentation and classification of these citizens could provide concrete 
basis to guide policy makers and other stakeholders toward a more effective creation of the MCB and to 
propose effective long-term measures aimed at ensuring safe, healthy, sustainable, and nutritious food for 
residents and surrounding communities. 
 
MATERIALS AND METHOD 

Data were collected using an online questionnaire and an initial sample of 600 citizens of the MCB 
was obtained. The survey was preliminarily tested through a pilot study involving members of the research 
group and a panel of experts on food security, in order to check the validity and reliability of the 
questionnaire. 
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Data collection took place from July to November 2022. Moreover, to make data collection less costly 
and time-consuming, a convenience sample was applied. The questionnaire included the concept of food 
security as established at the World Food Summit in 1996 (Mechlem, 2004), as well as the objective of the 
research. The questionnaire was structured in two parts: the first section containing 46 items on food security 
taken from the existing thematic scientific literature. For each question, corresponding to the item, 
participants were asked to assign a score through a 10-point Likert rating scale, explained by verbal anchors 
(-5 to -1 = obstacle; 0 = irrelevant; +1 to +5 = incentive). Starting from a 5-point Likert rating scale, which 
is considered the one that produces data of higher quality according to the scientific literature (Revilla et 
al., 2014) (Robinson, 2018) , we also included negative scores for helping the respondents in evaluating 
items as obstacles. The second section collected data on the socio-demographic characteristics of the 
respondents, such as age, gender, education level, employment status and average annual income. A 
preliminary analysis showed that most of the respondents aged 20-30 years old and >70 years old gave 
irrelevant answers (0 score) for at least 70% of the items. This may be due to their limited involvement 
and/or interest in food security issues. Therefore, these respondents were excluded from the sample. The 
final eligible study sample consisted of 377 respondents. 

In this study, data were submitted to two types of analyses. First, a descriptive analysis was carried 
out to describe the sample, through computation of percentages and cumulative frequencies. Then, two 
multivariate analyses were conducted: Principal Component Analysis (PCA) and cluster analysis (k-means 
technique). 

PCA was applied to reduce the initial 46 variables into fewer new variables, called principal 
components (PCs), which can explain maximum variability out of the total variability. PCs were extracted 
using an Eigenvalue of 1 as a cut-off, according to Guttman-Kaiser criterion. In this research, correlation 
matrix was calculated. 

Then, K-means method was applied and the selection of the number of clusters k has to be chosen a 
priori; four clusters resulted the optimal number. K-means clustering was carried out based on the resulting 
PCs; once clusters were obtained, they were characterised, taking into account both citizens’ socio-
economic characteristics and their perceptions of the key factors related to food security. 
 
RESULTS 

Descriptive analysis highlights the characteristics of the initial study sample based on the following 
variables: gender, age, education, level of income and employment. The majority are males (54%) and 
middle-aged (30% are 30-39 years old), with a middle-class of income from 25,100 to 40,000 €/year (45%). 
The most frequent job descriptions were full-time employment (64%); the unemployed, including 
housewives, were 2%. The majority hold high school degrees (44%) and university or postgraduate degrees 
(42%). Moreover, the majority of citizens attributed a role of incentive to most of the 46 items. In particular, 
the main items evaluated as incentives to achieve food security were ICT services (91%), food policy (88%), 
qualification of workforce (84.7%), quality control (84.2%), EU support and food banks (83.7% and 83.5% 
respectively). On the contrary, the main items considered as obstacles to achieve food security (from -5 to 
-1 score) were: price volatility (74.1%), climate change and crop genome adaptation (67.4%), market 
globalization (51.6%), and large-scale retail (LSR) power (47%). Additionally, about one third of the 
respondents declared that intensive production system is also considered an obstacle. 

PCA, performed using all 46 items and taking into account the final sample, enabled the definition of 
eight new components. These components showed eigenvalues higher than one, and the cumulative variance 
explained by the eight new components was 72.2%. Only the first four PCs, were considered, due to their 
highest significant contribution to explained variance, their easier interpretability and labelling. 

According to the factor loading of the variables for each component, the selected four components 
were labelled. The first component highlighted those social aspects, such as social certification, fighting 
illegal hiring and food policy, have to be the basis of current and future urban food policy. This component 
was labelled as a “governance” macro-area. 
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In the second component, labelled the “market” macro-area, market aspects caused the main drivers 
of food security. In the third component, environmental certification, quality control, and certification of 
Protected Designation of Origin - Protected Geographical Indications (PDO-PGI) showed factor loading 
with maximum scores, in such a way that this third component was labelled the “quality” macro-area. The 
fourth component was labelled “sustainability of production systems”, because it mainly included 
sustainable production technology, such as food waste recycling technology, intensive production and food 
loss and waste strategies variables, with maximum factor loading. 

The next step was to use these four main components and related items for the application of the k-
means clustering. A four-cluster solution according to the components PC-1 (governance), PC-2 (market), 
PC-3 (quality) and PC-4 (sustainability of production systems) emerged as the optimum for k-means 
clustering. In particular, cluster 1 was represented by MCB citizens sensitive to components PC-2 (market) 
and PC-4 (sustainability of production systems), and therefore interested in the market and sustainability 
aspects of production systems as levers for achieving food security. Cluster 2, instead, was represented by 
MCB citizens convinced that components PC-1 (governance) and PC-3 (quality) could be drivers for food 
security. Cluster 3 was represented by MCB citizens believing that only the PC-3 component (quality) was 
not a driver to achieving food security; finally, MCB citizens belonging to cluster 4 considered PC-1 
component (governance) a driver for food security, while remaining indifferent to other PCA components. 

The four clusters of MCB citizens were profiled according to the socio-economic variables; only 10 
items were considered. The items were grouped in four macro-areas: governance (food policy, food loss 
and waste, EU support), market (LSR power, price volatility, market globalisation), sustainability of 
production systems (intensive production, FW recycling technology) and quality (PDO-PGI certifications, 
environmental certification). 

The first group of citizens, identified as cluster 1 and labelled as “Capitalists”, represents 15% of the 
sample. They are mainly males between 30-39 years old, full-time employees with high annual income 
(more than 60,000 €/year). In relation to the governance macro-area, these citizens showed a negative 
perception (i.e. barrier to food security achievement) towards the items belonging to this area, namely “food 
policy” (-0.7), “food loss and waste (FLW)” (-0.1) and “EU support” (-0.9). This result is in contrast with 
findings by other authors (Minotti et al., 2022) (Calori et al., 2017), who defined governance as key factor 
for development of urban food policies that support sustainable nutrition and diets, food production 
availability and distribution and management of food waste. Furthermore, these citizens showed, in relation 
to the “market” macro-area, a perception of irrelevance (score equal to 0) of “LSR power”, and negative 
scores for the items “price volatility” (-2.7) and “market globalisation” (-0.6). This is in line with other 
scholars, who found that the seasonal variation in food prices leads consumers to uncertainty and risk 
(Amolegbe et al., 2021) (Duarte and Ozaki, 2019). Regarding the “sustainability of production systems” 
macro-area, these citizens showed a positive score for the item “intensive production” (3.3). Indeed, they 
assumed that intensive production could improve food availability and liberate these economies from the 
risk of hunger and poverty (Giller et al., 2021). Conversely, they attributed a negative score to the item 
“food waste recycling technology” (-0.1). Moreover, these citizens attached a negative score for the quality 
macro-area, in particular for “PDO-PGI certifications” (-0.1 score) and “environmental certification” (-1.0), 
these items were thus considered barriers to food security achievement. 

The second group of citizens, identified as cluster 2 and labelled as “Hedonists”, represents 36% of 
the sample. It includes mainly males with a high education level (university degree or postgraduate) and 
high-level annual income (more than 60,000 €/year). These citizens showed positive scores for the items 
within the “governance” macro-area: 3.2 for “food policy”, 3.3 for “food loss and waste (FLW)” and 2.8 for 
“EU support”; these items were thus considered drivers for achieving food security. As suggested by the 
literature, governance is a key component of sustainable food systems and a requirement for the 
development of food policies (del Valle M et al., 2022) (Boylan et al., 2019). Moreover, the Hedonists 
showed negative scores in relation to the “market” macro-area. In particular, the “LSR power” score was 
−0.4, the “price volatility” score was −3.2 and the score for the “market globalisation” item was −2.8. 
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Therefore, these citizens identified the “market” macro-area as a significant barrier to food security 
achievement. A further interesting point is related to the “quality” macro-area. In particular, the citizens of 
MCB assigned positive scores to the items “PDO–PGI certifications” and “environmental certification” (3.6 
and 5, respectively). In this regard, quality certification schemes could reduce consumers’ concern for food 
security (Tran and Goto, 2019). The labelling as “Hedonists” is due also to a negative score attributed to the 
item “intensive production” (−0.6) as well as to a positive score for “food waste recycling technology” (1.8) 
within the macro-area “sustainability of production systems”. 

The third group of citizens, identified as cluster 3 and labelled as “Law-confidents”, represents 45% 
of the sample. It consists of males with an average level of education (high school). These citizens indicated 
that all the items belonging to the governance macro-area are strong drivers for achieving food security. In 
fact, the “food policy” score was 3.5, while the scores for both “food loss and waste (FLW)” and “EU 
support” were 4.0. According to the literature, efficient governance in urban areas can be achieved through 
the development of EU lighthouse projects focused on food policies and food security issues (Martin et al., 
2019) and the implementation of approaches for sustainable management of biowastes (De Boni et al., 
2022). Moreover, the “Law-confidents” indicated “intensive production” (score 1.1) and “food waste 
recycling technology” (score 3.2) as drivers to food security achievement. In this regard, some scholars 
suggested the bioprocessing of food by-products and wastes (FBPW) as a sustainable strategy for food loss 
and waste management (Minervini et al., 2022). Positive scores were also assigned to the “quality” macro-
area, particularly to the items “PDO-PGI certifications” (3.4) and “environmental certification” (2.9), which 
are considered important elements for food security achievement. 

The fourth group of citizens identified as cluster 4 and labelled as “Conservatories” represents 4% of 
the sample. They are mainly women with a low-to-medium annual income level (from 25,100 to 40,000 
€/year). The items belonging to the “governance” macro-area are considered as significant drivers for food 
security achievement: the score for “food policy” was 2.9, while the scores for “food loss and waste (FLW)” 
and “EU support” were 0.8 and 2.9 respectively. In this regard, urban food policies can represent a key 
factor in achieving food security in European cities (Martin et al., 2019). In addition, strategies and 
initiatives carried out in EU cities may positively affect the “food waste behaviour” of citizens (Mondéjar-
Jiménez et al., 2016). Conversely, MCB citizens attached an irrelevant score (0) to the items “intensive 
production” and “PDO-PGI certifications; the irrelevance of PDO–PGI certifications may be linked to the 
contribution of food certification schemes in increasing food sale prices (Tran and Goto, 2019). Moreover, 
“food waste recycling technology” (score -2.5) and “environmental certification” (score -1.2) are considered 
barriers to achieving food security. “Conservatories” also considered the market macro-area as an evident 
obstacle to food security, particularly regarding the item “price volatility” (-5). 
 
CONCLUSIONS 

Cities are increasingly involved in the development of food policies, becoming key points in 
achieving food security and fostering the transition to sustainable agri-food systems. This study is a 
contribution to advancing knowledge of urban food policies. Indeed, four groups of citizens were clearly 
characterized taking into account their perceptions of key factors affecting food security, within four macro-
areas (governance, market, quality and sustainability of production systems). These overall results may be 
a starting point for setting up tailored strategies in the framework of the food policy of the MCB. 

The proposed approach and results may support EU policy makers in identifying key macro-areas 
and matters toward which to direct public funding in order to improve food security in urban areas, and to 
put in place actions enhancing citizens’ knowledge and awareness of key issues of food security. 
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