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Abstract

Rapid population growth, climate change, limited natural resources, and the COVID-19
pandemic contribute to increased global hunger, necessitating intensive efforts to ensure
food security and nutrition (FSN). Previous FSN approaches covered some dimensions,
but not all, resulting in significant gaps in food security indicators. The Gulf Cooperation
Council (GCC) and the Middle East and North Africa (MENA) regions have received less
attention in food security studies, thus far necessitating considerable effort to develop an
appropriate analytical framework. This study reviewed articles and international reports of
FSN indicators, drivers and policies, methods, and models and extracted the challenges and
gaps from the global and UAE contexts. The UAE and the world have gaps in FSN drivers,
indicators, and methods, necessitating potential solutions to meet future challenges such
as rapid population growth, pandemics, and limited natural resources. As a result, we cre-
ated a newly developed analytical framework that addresses the shortcomings of previous
approaches such as sustainable food systems developed by FAO and the Global Food Secu-
rity Index (GFSI) and covers all aspects of food security. Gaps in knowledge in FSN drivers
and policies, indicators, big data, methods, and models were considered in the developed
framework, which has specific advantages. The novel developed framework addresses all
food security dimensions (access, availability, stability, and utilization), ensuring poverty
reduction, food security, and nutrition security while outperforming previous approaches
(i.e., FAO and GFSI). The developed framework could be used successfully not only in the
UAE and MENA, but also, globally, helping to solve food insecurity and malnutrition for
future generations. The scientific community and policymakers should disseminate such
solutions to address global food insecurity and ensure nutrition for future generations in the
face of rapid population growth, limited natural resources, climate change, and spreading
pandemics.
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Abbreviations

FSN Food security and nutrition
GCC Gulf Cooperation Council
MENA Middle East and North Africa
GFSI Global Food Security Index
FS Food security

CAGR Compound annual growth rate
WOS Web of Science

IoT Internet of Things

IEEE Institute of Electrical and Electronics Engineers
SC Supercomputing

CcC Cloud computing

AgBD  Big data of agriculture

FI Food insecurity

POU Prevalence of undernourishment

BMI Body mass index

PCI Proteus Composite Index

FIES Food Insecurity Experience Scale
VES Vertical farming systems

1 Introduction

Food security (FS) is regarded as one of the most important issues globally, as it represents
a country’s level of self-sufficiency and the well-being of its population (Clapp, 2017).
Even before the Covid-19 pandemic, the world has failed to meet its goal of ending hunger
by 2030. The current pandemic situation and related measures have increased the number
of challenges to ending hunger (Hodson, 2017). However, they have also emphasized the
need for further in-depth consideration of properly addressing the key drivers of the cur-
rent global food insecurity and malnutrition situation (Jerzak & Smiglak-Krajewska, 2020;
Pawlak & Kotodziejczak, 2020). The sustained drop in world hunger that began in 2005
ended in 2014. Economic expansion, population increase, and urbanization boost global
food demand (Halloran et al., 2014). Compared to current food demand, future demand
is expected to increase by 60% by 2050 (Alexandratos and Bruinsma 2012, Asseng et al.,
2018). The current population growth rate is accelerating, and it is expected to exceed 9.0
billion people by 2050, requiring attention to increase food production by at least 70% to
combat the demand (Godfray et al., 2010; Ro6s et al., 2017, Fréna, Szenderak et al. 2019).
Despite dramatic increases in total production over the last half-century, one out of every
seven people today suffers from protein, energy, and micronutrient malnutrition (FAO.,
2009). Due to increased competition for soil, water, and energy, negative environmental
impacts of food production have increased, posing new challenges to food producers (Til-
man et al., 2001, Assessment. 2005). The major challenges facing global food security are
matching the larger food demand resulting from affluent population growth, sustainability
of social and environmental issues, and ensuring that the world’s poorest people never face
starvation (von Braun, 2007). This problem necessitates changes in how food is produced,
stored, processed, delivered, and accessed, comparable to those seen during the eight-
eenth- and nineteenth-century industrial and agricultural revolutions and the twentieth-
century Green Revolution. Increasing production could be a significant key to addressing
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such challenges, but it faces unprecedented constraints due to finite atmospheric, land, and
marine resources (Conway 1997).

Current challenges include rapid population growth, limited freshwater resources,
expanded urbanization, and the conversion of agricultural activities to other industrial and
commercial activities (Godfray et al., 2010; Kumar & Kalita, 2017; Rosegrant Mark &
Cline Sarah, 2003). In addition, the significant increase in crop productivity to meet the
huge food requirements has caused environmental impacts such as changing climate and
desertification (Schmidhuber & Tubiello, 2007; Stone & Rahimifard, 2018; Wheeler & von
Braun, 2013).

The Middle Eastern and North African (MENA) regions are home to a diverse range
of countries. They range from low-income and least-developed countries (such as Sudan,
Mauritania, and Yemen) to high-income, well-developed oil exporters (e.g., the UAE,
Qatar, and Saudi Arabia) (Araujo-Enciso & Fellmann, 2020). The MENA region consists
of 18 countries, including the UAE, and only 15 of these are participated in the Global
Food Security Index. Despite their differences in general economic advancement levels,
they all share several traits. One of the most prominent characteristics is the country’s sub-
stantial and growing reliance on fundamental food imports, such as wheat. Due to a lack
of natural resources, agricultural infrastructure, a dry environment, and a population rising
faster than the global average, the MENA area is considered the world’s greatest wheat
importer (Araujo-Enciso & Fellmann, 2020). In addition, the MENA region’s limited water
resources have a significant impact on food stability, food security, and nutrition. The dry
climate affects water quality and supply, surface and subsurface water availability, and
water resource management (Zscheischler et al., 2020). The climate of the United Arab
Emirates is hot and arid, posing significant challenges to food security. The UAE’s strong
economic position and political stability, on the other hand, are important factors in the
country’s current food security situation.

Due to the scarcity of arable land, water, and a high reliance on imported food, FS has
become a top policy priority for the UAE (Wam., 2017). Despite importing 80-90% of its
food, the UAE is considered food secure because of its ability to buy food on the interna-
tional market, albeit at higher prices (Malek. & Caline., 2015). Nonetheless, FS remains
a big challenge, particularly in the long term, due to production and import constraints
(House. 2013). The significance of focusing on FS policy increased in 2007 when the
UAE struggled to procure essential foodstuffs due to rising global food costs (Security
2016). Food costs in the UAE are rising and will only increase further if Value-Added Tax
(VAT) is implemented (Deulgaonkar, 2017). Good diplomatic and trade connections, easy
access to trade markets, and well-functioning trade ports have made food import methods
possible.

However, the UAE confronts various difficulties that will likely continue to endanger
food security in the future. The UAE’s most obvious difficulty is the harsh climate. This
sets it apart from many other food-secure countries. Water availability is highly limited,
and agricultural output is challenging due to desalination dependency. The strengths, dif-
ficulties, possibilities, dangers, and potential solutions to the UAE’s food security are dis-
cussed in the sections below. However, the UAE is vulnerable to changes in food and oil
prices because of its lack of economic diversification and reliance on fossil fuels to pay
for its food imports (House. 2013). Food subsidies are necessary to make food affordable
because food imports are also expensive. Higher food prices due to supply disruptions do
not pose a direct threat to the UAE because they can currently finance the risks. Still, any
economic shocks would immediately impact food availability and affordability. If peo-
ple are unwilling or unable to pay the costs, rising domestic food prices may represent a
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political risk. If subsidies are eliminated, some people might find it difficult to afford food
due to rising living expenses. Rising food demand, as well as increasingly diverse and glo-
balized eating tastes, exacerbates these issues. Food consumption in the Gulf Cooperation
Council (GCC) is expected to grow at a compound annual growth rate (CAGR) of 4.2%,
from a projected 48.1 million MT in 2016 to 59.2 million MT in 2021 (Capital. 2017).
A rise in “lifestyle diseases,” such as diabetes and obesity, has been attributed to chang-
ing and increasingly globalized diets and sedentary lifestyles. Nonetheless, addressing the
main drivers and policies, indicators, and gaps for food security has received less attention
thus far, not only in the UAE but also globally, necessitating further research.

During the examination of the literature, it was found that there is an absence of research
that systemically evaluates and provides policy recommendations that could improve food
security in the UAE. Therefore, there is a need to identify the major drivers, indicators,
big datasets, models and methods (Ali et al., 2020, Kheir, Alkharabsheh et al. 2021, Kheir
et al., 2022), and requirements to transform food security systems in a realistic, logic, sys-
tematic, and rigorous manner through analyzing current literature on the subject. There-
fore, this review aims to investigate the status, key challenges, and potential solutions to
food security in the UAE and globally by critically examining the four dimensions of FS.
Furthermore, previous approaches to FS did not cover all dimensions, which prompted us
to develop a new analytical framework to fill the gaps left by such approaches.

2 Methods

This study aimed to identify the major drivers, indicators, methods, and challenges of FS
worldwide and explore their benefits to enhance it in the UAE context by developing an appro-
priate analytical framework for food security. We used the approach described by (Tranfield
et al., 2003) to ensure the least bias when screening published peer-review papers. Further-
more, it was necessary to identify, analyze, and synthesize the selected secondary data sources
related to food security in various contexts. While conducting the literature review, this paper
considers both the (Tranfield et al., 2003) approach, which includes the three steps of plan-
ning, conducting, and reporting/disseminating, and the (Brocke, Simons et al. 2009) approach.
However, to enhance the research process, (Denyer & Tranfield, 2009) used a five-step guide-
line to conduct a literature review. These steps include formulation of a review question, locat-
ing relevant literature, selection and evaluation of relevant literature, analysis and synthesis,
and application of the findings. According to (Tranfield et al., 2003), detailed documentation
was provided to ensure the transparency and replicability of this systematic literature review.
The research began by formulating different and specific questions to ensure the purposes and
to define the scope of the review. The purpose of this study is to conduct a literature review to
identify the key factors that influence FS globally and within the context of the United Arab
Emirates. This study provides a critical review of the existing literature published in Scopus
and Web of Science (WOS) databases to answer the main research questions. Therefore, we
reviewed, analyzed, and summarized the scientific evidence from 1350 food security-related
articles (Supplementary Tables 1, 2, and 3). The review used four stages to select the most
relevant articles: identification, screening, eligibility, and inclusion (Fig. 1). The first stage
involved identifying sources for 1500 documents by searching databases and other sources.
During the screening process, we excluded the duplicates (100 documents). Then, through
the eligibility process, we assessed and chose the best full texts (1350) while excluding non-
significant articles (50). Consequently, about 1350 studies were included in the review’s
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(1350)

Fig. 1 Preferred reporting items for systematic reviews and meta-analysis flow diagram

qualitative and quantitative synthesis, out of a total of 750 documents (Fig. 1). The following
keywords were used to cover the research objectives: food security, food insecurity, food avail-
ability, food access, food utilization, food stability, agri-food supply chain, UAE food, MENA
food, sustainable supply chain, resilient supply chain, food safety, food diversity, food quality,
food standards, micronutrient availability, agricultural infrastructure, agricultural production
volatility, vulnerability assessment, food loss, food waste, policy recommendation, nutrition
security, nutrition insecurity, big data, FS models and methods, gaps, limitations, multi-model
ensemble, analysis, and visualization. Only English-language peer-reviewed journal articles
were considered. Another round of retrieval was performed with a set of secondary keywords
to narrow the search in specific areas of food security.
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3 Results and Discussion
3.1 Big data, methods, and models required for FNS studies

Global hunger has increased as a result of dietary changes, low income, and population
growth (Janssens et al., 2020). Clean air, water, and productive land are necessary to
sustain growing food production, but they are all in jeopardy (Wunderlich & Martinez,
2018). Therefore, big data (BD) of food security and nutrition needs to be explored
and analyzed (Jin et al., 2020, Ammar, Kheir et al., 2022). Because BD is frequently
produced at a high rate from various sources, new tools and techniques must be devel-
oped to handle it, such as potent processors, algorithms, and software (Marvin et al.,
2017). There are some examples of data sources which include but not limited to online
database, omics, the internet, sensors (Bouzembrak et al., 2019), mobile applications,
social media, video monitoring (Subudhi et al., 2019),Internet of Things (IoT) (Pal &
Kant, 2019), GIS and RS (Strawn, Brown et al.), survey (Delphi rounds), and block-
chain technology (George et al., 2019, Shaikh, Butala et al.2019). Based on availability,
the type of data needed, the proximity of the experts, and the scientific background,
these sources vary by region.

Moreover, the overpopulation trend and rising food demand require using fast, digital
data sources to ensure FS dimensions and measurements (Fritz et al., 2019). However,
these sources still require considerable attention worldwide for use in various environments
and cultures. Consequently, stakeholders identified five key challenges impeding the effec-
tiveness of agri-food systems collaboration (OECD., 2021): (1) a lack of political visibility
and prioritization; (2) a lack of long-term investment in statistics and data; (3) a lack of
configuration and issues of political economy; (4) a lack of new technologies and capac-
ity building skills; and (5) limited access to recent data sources. The supplementary file
contains more information about the global data sources and their relationships with FS
dimensions.

Unfortunately, it was discovered that there has been a significant gap in the gathering
and analysis of large data sources in the case of the UAE. Additionally, there is a lack of
long-term investment in data statistics, digital proficiency, and adequate data in science,
technology, engineering, and mathematics (STEM). The UAE was found to lack access to
big data, stability, and utilization of FS-based methods and models. In order to quantify
the related gap and offer policy recommendations to close it, a systematic review of the
literature is needed to identify the detailed background of big data, methods, and models
on a global and regional scale. As a result, this section showcases the screening of big
data, techniques, and models for FS and. Thus, this section discusses the screening of BD,
methods, and models for FS on a global and local level and focuses on related issues and
potential solutions in the UAE.

3.2 Big data for Food Security
3.2.1 Literature search
The literature for this review was collected on the period (2010-2020) from four main data-

bases: Google Scholar, Science Direct, Institute of Electrical and Electronics Engineers
(IEEE), and Scopus. Different groups of search terms were used to improve the accuracy of
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the search results, yielding a total of 500 papers, of which 130 were relevant (i.e., dealing
with big data, methods, and models in FS) and used for this review.

3.2.2 Tools of extracting data (Global and UAE contexts)

The literature shows that different sources of data extraction include online databases,
smartphones, the internet, sensors, omics, social media, IoT, GIS, satellite images, web
mining, FAOSTAT, governmental dataset, statistical yearbooks, and blockchain technology
(Strawn, Brown et al., Bouzembrak et al., 2019; George et al., 2019; Marvin et al., 2017,
Pal & Kant, 2019; Subudhi et al., 2019). Online databases are widely used in food safety
(Jin et al., 2021; Marvin et al., 2017), covering only one dimension of FS (utilization) and
neglecting other dimensions. More information about these tools can be found in the sup-
plementary file.

3.2.3 Infrastructure and format of data

Food security data can be stored in various formats, such as txt, JSON, and CSV, even they
are unstructured or structured. For example, (Singh et al., 2018) extracted social media
data from Twitter in JSON and txt formats and then implemented the parsing method to
convert JASON data to CSV data. On the other hand, (Song et al., 2020) stored data in
related database with various attributes as rows. Alfian et al. (2017) used NoSQL and SQL
databases to store IoT-generated sensor data from the gateway, with unstructured data and
continuous generation characteristics. They also created real-time food quality data using
smartphone sensor data and stored it in the MongoDB database.

Supercomputing (SC) and cloud computing (CC) are major data infrastructure compo-
nents. SC has become an urgent tool to address BD limitations. Improving supercomputing
infrastructure is also a priority for the EU. The EU has built eight supercomputing centers
as of June 2019 to support bioengineering, drug design, forecasting, and climate change
applications (https://ec.europa.eu/digital-single-market/en/news/).

Several CC infrastructures have been developed to enable big data research. To inte-
grate European Research Infrastructure in 2019, the EU Food Nutrition Security Cloud
project brought together FNS data to address diet, health, consumer behavior, sustainable
agriculture, and the bioeconomy (https://cordis.europa.eu/project/id/863059). The MENA
and GCC regions are still not interested in using supercomputing and cloud computing
infrastructures as separate big data environments, despite the significance of big data. This
requires serious attention to help them address food insecurity. To integrate European
Research Infrastructure in 2019, the EU Food Nutrition Security Cloud project brought
together FNS data to address diet, health, consumer behavior, sustainable agriculture, and
the bioeconomy.

3.2.4 Potential, current, and limitations of agricultural big data

In order to meet demand, agricultural production and food supply chains must be optimized
through the production and delivery of effective food, feed, fiber, and fuel (Abe 2017).
Urbanization, climate change, and water scarcity make this goal more difficult (Ahmed
et al., 2022; Ejaz et al., 2022). Big data of agriculture (AgBD) will be considered the key
factor of the Second Green Revolution, required to meet these demands. Many countries
and commodity markets have already used AgBD sets to detect supply chain disruptions
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in commodity crops such as wheat, rice, corn, and soybeans (George Hanuschak, 1993;
Rosenzweig et al., 2013, Bock and Kirkendall 2017). Precision agriculture has progressed
due to advancements in RS data collection, such as enhanced temporal, spatial and spec-
tral resolution, and different sensor platforms (e.g., satellite, aerial, ground-based), among
other things (Mulla, 2013). Precision agriculture has recently demonstrated a significant
increase in crop yield production (Loures, Chamizo et al.2020, Singh, Pandey et al. 2020).
In addition, the AgBD can be used with spatial data mining techniques to identify crops
grown in small geographic areas or groups of regions that are vulnerable to climate change
and natural disasters (Vatsavai, Ganguly et al. 2012, Shekhar et al., 2015; Jiang & Shekhar,
2017, Xie, Eftelioglu et al. 2017).

The AgBD could help agricultural decision-makers through descriptive, prescriptive,
predictive, and proactive ways (Shekhar, Colletti et al. 2017). The goal of the descriptive
axis is to use AgBD data to differentiate temporal and spatial variability in land cover,
soil characteristics, plant growth, and weather forecasting and identify stressors, traits, and
infectious disease risk factors that need to be better managed. The prescriptive method is
to look for the required innovations for farm management. The predictive axis is a predic-
tive analysis that forecasts outcomes such as crop yields and food insecurity using histori-
cal datasets and integrated soil, crop, weather, and market models. Predictive analytics can
also help forecast the spread of infectious agents and limit their impact on crops and live-
stock. Finally, crop development and stress observations from multiple farms across large
regions and time scales were included in the proactive analysis.

The current state of agricultural big data can be divided into public and private. Some
examples of public agricultural big data are summarized in Supplementary Table 2. Big
data differs from region to region based on various factors, including but not limited to
the data availability, capacity building, and target of the study. Exploring sustainable food
security requires detailed data covering all aspects of FS, putting pressure on decision-
makers and scientists to initiate and prepare the necessary big data. The big data paradigm
should employ techniques, paradigms, and decision-making technologies to fill this void,
as illustrated in S. Figure 1.

4 Food systems’ transformation to FSN

Many food systems have been used to combat food insecurity over the past decades. Still,
population growth and the recent COVID-19 pandemic have rendered food systems inca-
pable of providing safe and nutritious food to the entire world’s population. Furthermore,
the current global population consumes high energy, sugar, fats, and salts’ diets (Baker,
Machado et al. 2020). As food systems are unable to provide sufficient nutritious feed to
households, particularly with the emergence of the COVID-19 pandemic, the transforma-
tion of food systems to FSN has become an urgent need to ensure safe health diets and
affordable foods for all (). Consequently, there has been a recent debate among regional
and global communities about addressing challenges to sustainable development, particu-
larly those related to food insecurity, hunger, and malnutrition, by 2030. This transforma-
tion necessitates innovative systemic changes, which must be accompanied by collabora-
tion between institutions, policies, laws, regulations, and investments that have a common
and complementary goal (I.G.S., 2019, Baker, Machado et al. 2020). Based on previous
case studies worldwide, we developed policy recommendations for food system transfor-
mation to make them more resilient to the major drivers of food security and nutrition.
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Fig.2 Framework of food systems transformation in food security to enhance nutrition, and access to a
fordable healthy diet

We summarized the analytical framework of food system transformation based on previ-
ous case studies, new FAO reports, and policy recommendations from the scientific com-
munity (Fig. 2). This figure depicts the guide steps in the overall process of transforming
food systems to address the major drivers of food insecurity, malnutrition, and the afforda-
bility of healthy diets for all. This transformational approach requires three major steps: in-
depth situation analysis, coherent portfolios, and portfolio implementation. Based on avail-
able data and information, the situation analysis includes the major drivers that negatively
impact food systems and potential pathways for food system transformation (UNICEF.,
2019, Initiatives. 2020, IPC., 2021). Stakeholders can determine the necessary changes to
the food system for the transformation based on evidence about the drivers’ impacts on
food insecurity and malnutrition. A multi-stakeholder consultation is also used to identify
the country’s relevant policy, investment, and governance environments, considering the
most important institutions and political economy issues. This helps determine which food
system transformation pathways are most appropriate in each situation. Coherence and
other relevant systems are necessary for transformational processes facilitation.

5 Challenges and gaps

The knowledge gaps related to FS indicators, big data, models and methods, and drivers
and policies from the UAE and the literature perspective are summarized in S. Figure 3.
Based on the findings of a systematic literature review on FS indicators, big datasets, meth-
ods, and models, we identified knowledge gaps in the literature (global context) and the
UAE context. The global and regional gaps of such components were determined using the
FS dimensions and components. The sections that follow present the identified knowledge
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Fig.3 A developed analytical framework for food security and nutrition (own elaborations by authors)

gaps in FS measurement (indicators), big data sets, models, and methods for both the
global and UAE contexts.

5.1 Gaps related food security indicators (global and UAE contexts)

Food Consumption Score, Household Food Insecurity Access Scale, Prevalence of Under-
nourishment and Food Insecurity Experience Scale, and Global Food Security Index are
some of the FS indicators used by different international organizations. Despite calls for
harmonization, the scientific community, governments, and practitioners cannot agree on
a single "best" FS indicator for measuring, analyzing, and monitoring FS (Caccavale &
Giuffrida, 2020; Carletto et al., 2013). The Scientific Group for the United Nations Food
Systems Summit recently stated that current food insecurity (FI) early warning systems
lack suitable indicators for monitoring food system degradation. The group noted that the
existing FS measurement practices were once again exposed by the COVID-19 pandemic,
highlighting the weaknesses of current FS measurement systems (Bisoffi, Ahrné et al.
2021). As a result, the Johns Hopkins University and the Global Alliance for Improved
Nutrition, in collaboration with other organizations, including the FAO, have recently
launched a Food Systems Dashboard (https:/foodsystemsdashboard.org/) to track food
systems around the world (Fanzo et al., 2020). Although the dashboard is also accessible
in the UAE, some of the indicators used to measure the various components of the food
system (including FS) are not “valid” indicators, and the data available are also outdated
(https://foodsystemsdashboard.org/countrydashboard). For example, the dashboard uses
the FAO’s prevalence of undernourishment (POU) indicator to measure FS in the UAE,
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which is a poor national level measure of FS as described in D1. Data on child anthropom-
etry measures (stunning, wasting, and underweight) are not available in the dashboard for
the UAE, unlike most other countries. An ideal FS indicator should capture all four FS
dimensions (availability, access, utilization, and stability) and components (quantity, qual-
ity, safety, preference/cultural acceptability) at the individual level, according to the 1996
World Food Summit definition. However, most existing FS indicators in the literature are
food access measures at the household level. When measuring FS, the food utilization and
stability dimensions are rarely captured. At the national and individual levels, only a few
composite indicators and anthropometry measures can be used to capture food consump-
tion. Furthermore, anthropometry measures that are widely accepted and used are indi-
cators of nutritional outcomes in children under the age of five. There are no universally
accepted anthropometry measures for adults and children over the age of 5 years (although
some studies use body mass index (BMI) as a nutritional outcome indicator for adults).
The stability dimension, on the other hand, can be captured at the national level by estimat-
ing FS indicators over time or using composite indicators like the Global Food Security
Index (GFSI), Suite of FS Index, and the Proteus Composite Index (PCI) (Caccavale &
Giuffrida, 2020), which directly measure food stability. It is difficult to figure out which
dimensions, components, or levels of FS, the various indicators are supposed to reflect
because there are so many in the literature. Furthermore, because the different types of FS
indicators used in the literature (experience-based, dietary diversity, calorie adequacy, cop-
ing strategy, and anthropometry measures) reflect different aspects of FS, there are inherent
trade-offs when choosing one type of FS indicator over another (Upton et al., 2016). As a
result, most used indicators can be thought of as complements rather than replacements for
one another. Following that, estimating a set of complementary FS indicators over time is
required for a comprehensive FS analysis at the individual, household, and national levels
(analyses of FI prevalence, drivers/determinants, monitoring, early warning) (ideally using
near real-time data). One of the knowledge gaps related to FS measurement is the selection
of complementary FS indicators, taking data availability, the goal of FS measurement, and
other factors into account.

Several countries track their citizens’ food security by calculating the prevalence of
household-level food insecurity (FI) (on top of prevalence estimates published by differ-
ent international agencies such as FAO and EIU). For example, the experiential Household
Food Security Survey Module indicator (Bickel, Nord et al. 2000) is used in the USA and
Canada to estimate the prevalence of FI and to monitor household-level FS on an annual
basis. Similarly, Latin American and Caribbean countries use the Latin American and Car-
ibbean Household Food Security Scale to monitor household-level FS annually. The UAE,
on the other hand, does not track FS at the household or individual level, instead estimat-
ing the prevalence of FI annually using data from a nationally representative sample. The
Ministry of Food Security uses the EIU’s Global Food Security Index (GFSI) to track the
UAE’s food security at a national level. The GFSI is a relative measure of FS that focuses
on the causes/drivers of FI rather than citizens’ FS status or nutritional outcomes (Izraelov
& Silber, 2019).

The POU estimates for the UAE are also published by the FAO as a three-year aver-
age. The Food Insecurity Experience Scale (FIES) (an experience-based measure of the
prevalence and severity of FI at the individual level) has been used in over 140 countries
since 2014, but not in the UAE. Because FAO publishes FIES estimates for over 100 coun-
tries worldwide, the UAE would be able to compare its FI situation to that of other coun-
tries. As a result, the UAE must identify a set of complementary FS indicators that can be
reliably estimated over time to conduct a comprehensive FS analysis (prevalence, drivers,
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monitoring, and early warning), ideally at the individual level. The most difficult aspect of
FS measurements and analyses is consistently obtain the relative dataset at the household
and individual levels (de Haen et al., 2011). Measuring a high frequency and consistency
of FS at the individual level over time (e.g., quarterly rather than annually) allows for better
food security analysis and monitoring. A national approach to measurement is less inform-
ative for decision-making when compared to a household annual FS measure. Because of
the interdependence of food, nutrition, health, consumption, and income, anthropometry
and food consumption integration is proposed as a key to addressing the FS measure-
ment data-related challenge (de Haen et al., 2011). Although several data sources (e.g.,
FAOSTAT, World Bank) can be used to analyze and monitor the UAE’s FS progress at a
national level, there is a scarcity of data for measuring FS at the household or individual
level. Integrating food consumption (intake, expenditure, diet diversity) and anthropometry
data into the UAE’s regular household living standard surveys allows for the collection of
complete and consistent data that allows for a comprehensive FS measurement and analy-
sis, which is currently a knowledge gap in the UAE.

6 Development of analytical framework

Many studies on food security and nutrition have been conducted worldwide, but none
have addressed all aspects of food security (i.e., availability, access, stabilization, and utili-
zation). Furthermore, population growth and the COVID-19 pandemic necessitate a greater
focus on food system transformation to ensure food security and nutrition. The United Arab
Emirates (UAE), a hyper-arid region, is under-researched in terms of food security and
nutrition drivers, data, methods, and indicators. These factors require non-traditional solu-
tions to address global and regional food insecurity. Potential solutions arise based on pre-
vious research and identification of global and regional gaps in FNS. These could include
developing an appropriate analytical framework, disseminating vertical farming (Asseng
et al., 2020, van Delden, SharathKumar et al. 2021), and assessing the implications of new
technologies for future food systems (Asseng et al., 2021). The previous analytical frame-
work of food security and nutrition, such as the sustainable food system approach (SFS)
(FAO., 2018) and the Global Food Security Index approach (GFSI., 2019), did not cover
all gaps and dimensions in food security, requiring substantial updates.

Using the advantages of both approaches and considering the knowledge gaps,
we developed an analytical framework to ensure that all dimensions and components
of food security and nutrition were covered (Fig. 3). The SFS is a food system that
ensures food security and nutrition for future generations by providing food security
and nutrition while also ensuring the economic, social, and environmental foundations
for future generations’ food security and nutrition. Thus, the FW framework incorpo-
rates poverty alleviation, food security, and nutrition. These are embedded in the overall
system performance, referring to the three dimensions of sustainability (i.e., economic,
social, and environmental). On the other hand, the 2019 GFSI includes new metrics
and indicators not included in previous editions. The GFSI is a comprehensive assess-
ment of a country’s food system that considers the ability to supply enough calories to
the population and how the food system is affected by factors such as political stability
and climate threats. The current index includes new information and data on critical
metrics, such as agricultural infrastructure and nutritional standards. It also includes a
deeper understanding of the relationship between food security and climate innovation
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and index trends and results. Big data; policies and drivers; FS indicators; gaps from
policies, drivers, and indicators; and models and methods are all part of the developed
analytical framework. The identified gaps in FS policies, drivers, and indicators aided in
the enhancement of big data, which was then used as inputs for the corresponding meth-
ods and models. We can derive the selected indicators that will lead to poverty reduc-
tion, food security, and nutrition from methods and model analysis. Using the existing
data in UAE and with help of methods and models, we can identify the yield gap of the
strategic crops currently or even under future climate change, contributing to estimating
new and more meaningful indicators for food security and nutrition in UAE. Further-
more, the developed analytical framework could be used to predict future scenarios of
yield gap and water use under variable conditions such as climate change, wars, politi-
cal instability, embargo, and groundwater depletion. In addition to the developed ana-
lytical framework, vertical farming can produce food in a climate-resilient way, using
fewer pesticides and fertilizers and less land and water than traditional agriculture. Ver-
tical farming systems (VFSs) are resilient food systems that can meet daily consumer
demands for nutritious fresh products, especially in and around densely populated areas.
While there are limited water and arable land resources in the UAE, the spread of VFS
as multi-layer indoor crop cultivation systems and automation, robotics, system control,
and environmental sustainability could help address food insecurity quickly. To ensure
successful upscaling of VFS to future food systems, research and development, socioec-
onomic, and policy-related institutions must collaborate. The scientific community and
policymakers should disseminate integration of such solutions to address global food
insecurity and ensure nutrition for future generations in the face of rapid population
growth, limited natural resources, climate change, and spreading pandemics.

7 Conclusion

Given the importance of the current study, less attention has been paid to developing an
appropriate analytical framework for food security in hyper-arid environments such as
the UAE. To create the food security analytical framework, it is necessary to identify
the major drivers and policies, indicators and big data, methods, and models. In the
developed analytical framework, we identified knowledge gaps in drivers, indicators,
and big data, as well as methods and models for food security. Furthermore, we inte-
grated two previously used approaches for food security, FAO and GFSI, so that the
developed framework avoided the limitations achieved by each approach individually.
The newly developed framework addresses all food security dimensions (access, availa-
bility, stability, and utilization), ensuring poverty reduction, food security, and nutrition
security while outperforming previous approaches. Despite the fact that the work has
produced an excellent framework for identifying data sources, the challenge is to apply
the analytical framework to real-time data, databases, methods, and models.
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