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Abstract: The world’s urban population is expected to nearly double by 2050, making urbanization
one of the most disruptive developments of the 21st century. On a global-to-local scale, ensuring
a secure and reliable supply of food energy and water (FEW) resources for all humans is a major
challenge in such a scenario. While much attention has recently been focused on the concept of FEW
security and the interactions between the three sectors, there is no universally acceptable framing of
the concept due to the fact that latest studies are mainly focused on individual FEW sectors, with not
much investigation into how they interact. This research aims to create a localized framework based
on the principles of the emerging concept of the Circulating Ecological Sphere (CES), introduced by
the government of Japan, for a limited number of security indicators and dimensions. It began with a
thorough study of the relevant literature using the PRISMA method, identification of gaps in local
indicators for urban areas in each of the existing frameworks, and the proposal of a new indicator
framework that tackles collective FEW security in urban environments is made accordingly. The
authors have applied a special mechanism for filtration of this literature dataset in the context of
Nagpur City in accordance with data availability and case study context. To test the applicability of
the indicator set, it has been applied to the specific case of Nagpur. Both online and offline surveys
were conducted to collect data, and subsequently a weighted mean method was adopted to analyze
the data and derive values for the indicator set.

Keywords: food-energy-water security; nexus; weighted mean method; indicator framework;
circulating ecological sphere; Nagpur

1. Introduction

Food, energy, and water (collectively referred to as ‘FEW’ hereafter) resources are
essential for the survival and advancement of human societies. Furthermore, they are also
intricately linked in the form of a nexus. Water is used to produce both food and energy;
energy is utilized to pump, purify, and distribute water, as well as to manufacture, harvest,
store, transport, and cook food; and crops and food waste are increasingly being used as
an energy source. Failure to effectively manage the resources in any of these FEW sectors
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can therefore lead to serious inefficiencies in FEW resource management. In recent years,
there has also been a growing body of literature highlighting the close interlinkages and
trade-offs between the three FEW sectors [1–4]. Several notable global agencies including,
the World Economic Forum, World Water Forum, the Bonn 2011 Nexus Conference, and
the World Water Week 2012, have called for an integrated approach to FEW security [3].
This concept highlights inextricable interactions between the three sectors [5]. A safe and
dependable FEW system is one in which everyone has consistent access to clean water,
energy, and healthy food [6].

There are also concerns about security in terms of the FEW nexus. Food security
is defined as having consistent physical, social, and economic access to sufficient, safe,
and nutritious food that fits dietary needs and food choices in order to live a healthy
and active life. Access to reliable and affordable energy for cooking, heating, lighting,
communications, and productive uses is referred to as energy security. Water security
refers to the availability and accessibility of adequate and high-quality water for human
and environmental usage [7]. Although the FEW security concept has gained considerable
attention in recent times, there is no universally acceptable framing of the concept [8]. In
parallel the emerging concept of a Circulating and Ecological Sphere (CES—previously
known as RCES) is also being promoted by the government of Japan, resonating with
the notion of FEW security. CES depicts a self-sufficient and decentralized society that
utilizes and circulates regional resources, complementing and supplementing other regions
based on its specific qualities, and that ensures sustainable, equitable, and efficient resource
consumption in both urban and rural locations [9].

The shortage of FEW resources frequently accentuates conflicts and political instability,
and threatens livelihoods worldwide [5]. Providing a secure and resilient supply of these
resources to all humans is therefore a major challenge on a broad global-to-local scale [10].
As a backdrop to rapid urbanization trends and changing population dynamics, a shift of
focus from global to local scale is therefore required to ensure FEW security and sustainable
development. Urban areas are also increasingly being placed at the center of FEW nexus
discussions due to the growing concentration of population and economic activities [11].

Today, ensuring FEW resource security is seen by many as an urgent problem that
could threaten the lives of the urban population, if not effectively addressed. The world’s
urban population is predicted to nearly double by 2050, making urbanization one of the
most disruptive developments of the 21st century [12]. Cities are increasingly concentrating
populations, economic activities, social and cultural interactions, as well as environmental
and humanitarian impacts, posing massive sustainability challenges in housing, infras-
tructure, basic services, food security, health, education, decent jobs, safety, and natural
resources, to name a few [12]. The majority of the world’s population is living in urban
areas, and the share of the world’s population living in urban areas is expected to increase
from 55 percent in 2018 to 60 percent in 2030 [13]. Urban communities are sensitive and
vulnerable to adverse climate conditions, and therefore FEW infrastructure systems are
essential for contributing towards and maintaining the well-being of households [14].

Higher and more volatile energy and food prices have pushed natural resources to
the forefront of the world agenda in recent years, while water scarcity has become a rising
danger to industry, agriculture, and energy production. According to one prediction, global
food, water, and energy demand will increase by 35, 40, and 50%, respectively, by 2030 [15].
Simultaneously, climate change will deteriorate the prospects for availability of these vital
commodities [15].

Particularly for large developing countries like India with high population den-
sity, FEW nexus thinking is increasingly important, as such countries are highly water-
stressed [16]. India is one of the world’s largest irrigators [17] and irrigation accounts for
the majority of the world’s fresh water consumption. India is already struggling to fulfill
domestic energy, food, and water demands, with 14% of the population living without elec-
tricity and roughly a third of the population cooking with conventional biofuels [18]. India
has very little spare land or water, and it is one of the world’s most vulnerable countries to
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climate change’s effects. These problems will worsen in the coming decades [15]. Nagpur
City, which is situated in the center of India, experiences all types of extreme weather
conditions. Furthermore, the effect of urbanization and climate change are converging in
threatening ways for the city [19].

In light of this challenge, it is essential to have a guiding framework when envisioning
interventions in decaying communities from a sustainable standpoint that helps to coordi-
nate existing policies while also exploring new possibilities based on local conditions. One
such idea along these lines is based on the recent concept of CES. This research has been
done with a good understanding of the concept of CES and focuses on analyzing urban
areas in the context of a FEW nexus by following certain principles of CES. This study looks
at the specific case of Nagpur City, in order to explore the relevance and application of the
CES approach at a local level in terms of FEW security.

Urban areas largely rely on their surroundings for resource supply. The need for
these resources depends on the components of urban systems. One major challenge is
minimizing the use of these resources and developing a circular model [20]. Thus, the focus
of this study is to develop a framework which can allow cities to assess their FEW security
scenarios based on the CES concept. While existing studies on FEW security emphasize
understanding and managing the interactions between the FEW sectors [5], most of them
are focused on individual FEW sectors, with not much investigation into how they interact.
The literature shows integrated studies of FEW security are limited on a global or regional
scale. Study trends at the local level suggest that FEW resources are generally examined
independently. There is only a small amount of research that focuses on how they are
linked from a security viewpoint. These trends indicate a gap in the availability of urban
level/local level indicators in all sectors, indicating the unique aspect of this study. Urban
households consume considerable quantities of FEW resources to meet daily demand. A
household is a unit of demand and it can also be the most appropriate unit for influencing
consumption practices. A high portion of FEW consumption in cities can be attributed to
household use [21]. Hence, the study focuses mainly on indicators that denote the situation
at the household level.

To sustain FEW resources in the long term, and to promote human well-being and
economic growth, there is a genuine need to address these underlying issues in an in-
tegrated manner [22]. Aiming to bridge this research gap, this study, together with the
CES concept, works to systematically analyze the FEW security indicators and apply the
indicator set at an urban scale. The three key objectives of this research are: (1) to review
the existing indicators in FEW security domains; (2) to contextualize the existing indicators
for the specific case of Nagpur City in India, and (3) to suggest a feasible framework for
assessment of FEW security in Nagpur and test its applicability.

The remainder of the paper is structured as follows. Section 2 provides a brief overview
of the FEW nexus with underlying security concerns for the specific case of Nagpur and the
relevance of the indicator framework, identifying a gap in the research. Section 3 introduces
the case study of Nagpur and briefly explains the FEW scenarios in the city. The research
methodology is explained in Section 4. In Section 5, the urban level indicator framework
is developed and applied to Nagpur City followed by a discussion of the results. Finally,
in Section 6, FEW security for Nagpur is discussed and the key conclusions are made
underlining the research limitations for the study.

2. Theoretical Background

This section provides an understanding of existing literature in the FEW domains. The
Section is divided into three subsections. The first discusses the growing concerns in the
domain of FEW security and the nexus-based challenges. In the second sub-section, the
concept of CES is discussed in the context of the FEW nexus. The last section is about the
relevance of an indicator framework for FEW security.
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2.1. FEW Nexus and FEW Security Concerns

The multi-faceted challenges faced by human societies today, such as climate change,
population growth, and urbanization, are simultaneously threatening the security of FEW
resources at an accelerating rate [23]. These stressors combined with an ever-increasing
demand for FEW resources are likely to further accelerate climate change and many other
socio-economic issues [22] unless major policy reforms are implemented toward effective
resource management. Specifically, the population in water-stressed countries is predicted
to increase to four billion people by 2050 [24].

These complexities of interactions necessitate a comprehensive and in-depth under-
standing of the dynamics of global trends in urbanization [25] and its influence on natural
resources. FEW systems are facing several threats to these propositions [26] and the un-
precedented surge in urbanization and population growth rates is generating multiple
impacts, affecting FEW demands. Sustainable natural resource management, in that regard,
is crucial to ensure FEW security for a growing population, which could be conflicting
while limited to a sectoral approach [5]. In the course of constructing a literature study,
the authors arrived at several nexus-based indicators, that are expected to impact these
resources for the specific case of Nagpur City. The indicators are discussed as follows:

2.1.1. Temperature

Climate change tends to increase existing and future risks associated with the man-
agement of resources [27]. The increase in average temperatures and rising demand for
buildings with a more comfortable indoor environment lead to an increase in building
energy consumption [28]. The impacts of climate change, which are driven by rising tem-
peratures and changes in precipitation patterns, are expected to exacerbate the tension
between the availability of and demand for resources. Rising average annual temperatures
and precipitation can be considered the most significant climate change impacts for Nagpur
City based on climate and geographical data. With increasing tendency, the average yearly
temperature over the last two decades has been higher than the 50-year mean. The number
of extreme heat events per year is also increasing, with 8 out of 10 years in the recent decade
(2000–2019) indicating an above-average anomaly. In addition, based on seasonal statistics,
the monsoon has seen a 16.4% rise in the occurrence of high temperatures between 2010
and 2019 [29].

2.1.2. Precipitation and Rainfall

Precipitation is one of the most critical indicators. The change in frequency and
intensity of rainfall is often studied to understand the extent and magnitude of climate
change, as rainfall has one of the most significant impacts on agriculture and food security.
This is especially true for India, as the country’s agriculture and, in turn, its economy is very
dependent on seasonal rainfall. Thus the differences in global average temperatures and
precipitation patterns (climate variability) have immense potential to affect agriculture in
India. Therefore, it is important to examine and understand the spatio-temporal dynamics
of this indicator to provide credible inputs to policymakers. Moreover, it is crucial to
understand the changes in the precipitation pattern for Nagpur to understand the impact of
climate change. The annual rainfall pattern over Nagpur has not changed significantly over
the last 50 years. However, the seasonal distribution of rainfall demonstrates significant
pattern changes that could have a negative impact on agriculture [29].

2.1.3. Urbanization and Population Growth

Due to encroachment and stress on existing natural resources, agricultural lands
adjacent to cities face the brunt of this expansion. As a result, monitoring and controlling
city expansion can help to sustainably manage resources. The availability of water changes
as cities expand onto productive agricultural land. As a result, it is critical to keep an eye
on this sprawl in order to spot places that are being overburdened by growth and make
informed land-use decisions. The periphery of Nagpur has grown significantly representing
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a nearly 71% rise in all directions of the city. This growth was most noticeable along the
Wardha, Bhandara, and Amravati highways. The eastern, northern, and southern segments
of the city’s periphery were dominated by agricultural regions that produced just one or
two crops per year. Megaprojects like the Multimodal International Hub Airport at Nagpur
(MIHAN) and the International Airport fueled urban growth in the city’s eastern and
southern outskirts. The area covered by scrubland (land dominated by bushes) decreased
significantly, from 16.4% in 1991 to 5.5% in 2012. Scrublands are now restricted to the city’s
southern and northern reaches. Areas under double cropping and degraded scrublands
were converted into residential or industrial areas during the urbanization process. The
urban sprawl in Nagpur is due to inward migration to the city from villages, by people
looking for better education, employment, recreation, and living standards [30].

2.2. Concept of Circulating and Ecological Sphere (CES)

The goal of CES is to create “a self-reliant and decentralized society where different
resources are circulated within each region, leading to symbiosis and exchange with neigh-
boring regions according to the unique characteristics of each region to re-discover regional
resources and make optimum use of them in a sustainable manner” [31]. In line with recent
global policy agreements such as the Sustainable Development Goals (SDGs) and the Paris
Agreement, Japan’s Ministry of the Environment introduced the concept of CES in its fifth
Basic Environment Plan. The notion is rapidly being advocated as a foundation for future
environmental policy in Japan and across the world [32]. The Government of Japan had
previously developed the idea of a Regional Circular Sphere and adopted the 3R (reduce,
reuse, and recycle) material recycling principles to build a sound material-cycle society
in the second Basic Environment Plan. Notably, Japan’s National Biodiversity Strategy
(2012–2020) laid the foundation for creating a society that is in tune with nature [9].

It is primarily a policy approach that integrates three recognized principles: (1) a
low-carbon society, (2) resource circulation, and (3) living in harmony with nature [33].
The CES reimagines the spatial dimension of human activities in order to maximize their
range of activity, and to loudly promote a self-sufficient and decentralized society [34].
Furthermore, this approach could be implemented at all scales ranging from a community
or municipal scale to a river basin or country scale. It begins at the local level, encouraging
communities to examine their own potential to live in harmony with the environment by
decreasing waste, producing renewable energy, and utilizing ecosystem services without
harming them. It then scales up to create new value chains that complement local resources
while organically connecting communities and regions to support one another. Finally, this
new viewpoint optimizes the scale at which various human activities occur, reducing their
environmental effect.

The idea of a Circulating and Ecological Economy (CEE) provides a theoretical founda-
tion for the CES approach. Recycling, limiting resource use, and creating renewable energy
sources are key to the ideals of a circular economy and low-carbon society. A circular
economy focuses on “closing the loop”, where the value of a resource is circulated as long
as feasible and waste is minimized, if not eliminated [35]. It also emphasizes the utiliza-
tion of renewable resources to accomplish the low-carbon society’s supporting concept.
A “low-carbon society” promotes low greenhouse gas emissions through converting to
energy-efficient and low-carbon sources, as well as changing consumption patterns [36].
Overall, through using underused resources, both of these concepts contribute to the idea
of resilient societies and rejuvenation. The third principle of CES as mentioned above
focuses on a “society living in harmony with nature”, which prioritizes economic recovery
while safeguarding natural resources.

The CES idea emphasizes the importance of local renewable energy generation and
decarbonization, as well as the investigation of innovative solutions to environmental con-
cerns through stakeholder partnerships. CES may thus be viewed as a broad concept aimed
at using circularity concepts in a collaborative manner that maximizes local strengths and
resources in order to build resilience [37]. Hence, to ensure the successful implementation



Sustainability 2022, 14, 8123 6 of 25

of this concept, research must be done on the creation of indicators and assessment methods
that will measure and quantify progress, as well as identify the characteristics of Nagpur
City that can be used to enhance sustainability and resilience.

2.3. Relevance of Indicator Framework in FEW Nexus

Indicators are measurable and they help to determine whether objectives have been
achieved [38]. An indicator framework is an organized way to view data from different
sources. It is a simple and concise way to present gathered data and help show the relevance
and connection between different indicators. In a framework, data can be grouped or
categorized and are often shown alongside detailed descriptions of associated measures
and methods of calculation [39]. Systematically building a framework of indicators can
help us to find gaps in the existing information [40]. Following this, as discussed on the
interlinked nature of the FEW resources in previous sections, the authors have attempted
to develop an indicator framework for urban FEW security to understand these sectors on
the same platform in a quantitative way.

On similar lines, a review of recent studies from 2011 onwards (as summarized
in Table 1) shows that significant research has been conducted in the domain of FEW
security. However, there were very few integrated studies on FEW security at a global or
regional scale [5,41–44]. On the other hand, the research trends at the local level reveal
that FEW resources are being largely analyzed and addressed independently [24,45–52].
Amongst these, a very limited number of studies have focused on an interconnected security
perspective. Most of the previous studies have analyzed FEW systems independently or
examined two of the three FEW systems at a time [53]. These trends show that there is a
gap in availability of urban level/local level indicators in all sectors as evident from Table 1

Table 1. Highlighting the focus of urban level indicators in FEW security domain.

Study
Regional/Global Level

Indicators Local/Urban Level Indicators

Food Energy Water Food Energy Water

Arshad 2012
√

Chuang 2013
√

Nilsson et al. 2013
√

Flammini et al. 2014
√ √ √

Rasul 2016
√ √ √

Saladini 2018
√

Jensen 2018
√

Adhikari 2018
√

Prumbadia 2019
√

Ibrahim et al. 2019
√

Gesauldo 2019
√

Markentonis 2019
√ √ √

Putra 2020
√ √ √

Casino-Loeza 2020
√ √

Haji et al. 2020
√

Mabhaudi 2021
√ √
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3. Case Study Context
3.1. About Nagpur

Nagpur is the location of the Zero Mile marker in India (location shown in Figure 1).
Spread across a geographic area of 217.56 km2, the city has an approximate population of
2.5 million. Due to its strategic central location in India, it is well connected to other major
cities through vast transport networks. Besides its political and geographical significance,
it is also a prominent educational hub and has a rich natural resource base [44,54]. Because
of the region’s enormous orange production, it is also well known as the “City of Oranges”
in India. It is further projected to be one of the fastest-growing cities in the world from 2019
to 2035 with an average annual GDP growth rate of 8.41% [55].
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3.2. FEW Scenarios in Nagpur

Nagpur is not only the third-largest city in Maharashtra state but is also recognized
as one of the fastest-growing urban agglomerations of India [56]. Historically, Nagpur is
subject to a tropical climate with dry weather and experiences extreme weather conditions
with significant consequences of climate variability [19]. It has witnessed severe water
stress situations in recent years [54]. FEW sustainability can play a major role in ensuring
the city develops in a resilient way [57], and Nagpur is still in the transformation phase.
Meanwhile, the flow of FEW resources is separately governed and managed by different
agencies [16,58]. Nagpur needs to leverage the interlinkages between FEW sectors to
address this governance issue [44].

4. Research Methods
4.1. Literature Analysis

To identify the relevant research documents through the existing literature, this
study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [59]. In line with the PRISMA guidelines, search queries were mainly
executed in the Elsevier’s Scopus database, which is recognized to be the most comprehen-
sive abstract and citation database of interdisciplinary literature (peer-reviewed), as well
as additional high-quality online sources such as books and conference proceedings [60].
Figure 2 illustrates the results obtained through the Scopus search. A search query was
first applied with the following keywords ‘Food + Energy + Water + Security’ in the “ALL”
category. A total of 1910 papers were retrieved initially from Scopus using our defined
search query. To filter out the documents focusing on indicators, the search query is then
modified to ‘Food + Energy + Water + Security + Indicator’, through which 121 research
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documents were identified. Later, after manual screening, the literature database titles were
extracted and the relevant literature was identified, irrespective of the study area, year of
publication, type of document, etc. The next step was to shortlist the research documents,
through which the 29 research documents were shortlisted for review. Other than the
Scopus database search, a total of 15 other research documents and grey literature were
also taken into consideration for this research.
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4.2. Framework Development

Based on the review of identified research documents, this research builds on four
steps of analysis, as described below:

Step 1: To identify the key dimensions in the domain of FEW security. Table 2 shows
the interconnected dimensions for the same.

Step 2: To identify the security indicators in FEW sectors. Table 3 shows the sector-wise
security indicators.

Step 3: Formulation of an Indicator framework for the assessment of Urban FEW security.
Step 4: To collect the data primarily and secondarily.
Step 5: The final step was to assess this acquired data and conclude the assessment.
Figure 3 shows the methodology that was followed by the authors and which was

instrumental in the assessment of FEW security for particular case studies. This indicator
framework is believed ultimately to help authorities in the decision-making process in
matters of governance for urban FEW security.
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4.3. Assessment for Nagpur City
4.3.1. Indicator Scoring and Weighted Mean Method

To avoid any bias in the scoring of each indicator, the assessment of indicators was
done quantitatively. Thus, the framework can be applied to any case study irrespective of
its character, location, and other defining peculiarities.

To calculate the scores for overall security based on all the indicators and for each

dimension, the weighted arithmetic mean formula W = ∑n
i=1 wiXi
∑n

i=1 wi (W = Weighted average,
n = number of terms to be averaged, wi = weights applied to x values, Xi = data values to
be averaged) was used, as it offers more nuance to each attribute.

4.3.2. Survey Method

To investigate the applicability of the framework for urban FEW security assessments,
the study focused on the specific case study area of Nagpur City. Household-level surveys
were conducted targeting city residents to gain an understanding of FEW security at the
household level. In line with the 10 administrative zones of Nagpur, a stratified random
sampling approach was adopted to cover households across the city. To ensure wider
outreach across the city, offline surveys were conducted at the outset. In addition, an online
questionnaire (through ‘Google Forms’) was circulated through Facebook and WhatsApp.
When collecting the samples, the emphasis was more on collecting proportionate responses
from all zones in the given time interval of 10 days (29 October 2021 to 7 November 2021).
Given the context of the continuing COVID-19 pandemic and other concerns, the survey
was performed over a 10-day time frame, as there was a perceived necessity for situation
analysis in the defined time interval of 10 days. Since this was a pilot study authors decided
to collect the samples with a confidence level of 85–90% which gives a z-score of 1.44–1.65.
The survey was performed under the supervision of the authors; hence the margin of error

was decided to be 5%. The sample size (SS) was calculated using formula SS =
z2×p (1−p)

e2
z2×p (1−p)

e2 N
+1

(N = population size, e = Margin of error, z= z-score), which came to be 208–273. The survey
area does not cover the whole city but only the selected parcels for which we consider this
sample size to be adequate. The online method was chosen particularly in view of the
above mentioned COVID-19 issues. Even so, it was difficult to reach out to city residents
and obtain a sufficient number of responses. Hence the authors do acknowledge that there
was a rather limited number of samples collected for this study. After the defined period of
10 days, the online survey was turned off, and the survey responses were downloaded as a
CSV file. A total of 243 responses were collected from the study area. Following this, all the
samples collected through both online and offline modes were analyzed by the authors in
Microsoft Excel.
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5. Results
5.1. Formation of Indicator Framework
5.1.1. Review of Existing Indicators in FEW Domain

After filtering out relevant literature datasets using the PRISMA method, certain
dimensions and indicators in the available literature were studied for all three sectors
(FEW). Later, each of them was scrutinized fronting onto urban level assessment. The list
of all these dimensions and indicators is shown in Tables 2 and 3.

Table 2. Identified dimensions in FEW security domain.

Dimensions Source

Availability [47,48,50,52]

Diversity [24,51]

Quality [24,47,48,61]

Service Sustainability [24,47,48]

Capacity [24]

Affordability [24,48,52]

Health Risk [24,61]

Regulations [24,42,47]

Strategic Planning [24,42]

Utilisation [24,47]

Stability [47]

Accessibility [24,47,48,52,61,62]

Governance [24,51,61]

Table 3. Sector wise indicators in FEW security domain.

Sector Indicator Source

Food

Overweight Children

[3,5,41,42,63]
Cereal Yield

Food Supply Per Capita

Fertilizer Use/HA

Cereal Import Dependency Ratio

Prevalence of Undernourishment [64]

Low Per Capita Income

[3,47]

Low and Unequal Distribution of Income

Poor and Highly Unstable Growth Performance especially in Agriculture

Unemployment and Underemployment

Low and Declining Farm Size

Inequalities in Land Distribution

Low Land Utilization

Social Discrimination

Population Growth
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Table 3. Cont.

Sector Indicator Source

Access to Market

Poverty

Political Instability

Poor, Marginalized, Ethnic Group & Lower Caste Groups

High Infant Mortalities

Energy

Access to Electricity

[3,5,41,42,45,50]

Energy Use Per Capita

Electricity Consumption

Electricity from Hydroelectric

Access to Clean Fueltech for Cooking

Emission from the Energy Sector

Energy Intensity Level

Share of Renewable Energy in Total Primary Energy Supply (%)

Supply
[45,48]Excess Production

Demand

Water

Population with Safe Drinking Water

[3,5,41,42]

Population with Open Defecation

Water Resources Per Capita

Water Withdrawal Per Capita

Cultivated Area with Irrigation

Groundwater Extraction/Borewells

Water for Industrial Use

Municipal Water Withdrawal

Population using Basic Drinking Water Services (%)

[64]Population using Basic Sanitation Services (%)

Freshwater Withdrawal (% of Available Freshwater)

Scarce Water Consumption Embodied Imports

Groundwater Level

[65]Groundwater Recharge Rate

Groundwater Salinity

Groundwater pH

Type of Water Source

[46]
Accessibility of Running Water

Household Water Cost

Water Consumption

Waterborne Disease

Rainfall
[27]Stream Flow

Relative Humidity
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Table 3. Cont.

Sector Indicator Source

Ambient Water Quality [50]

Surface Water Availability

[3,14,24]

Groundwater Availability

Other Source Availability

Water Storage Capacity

Diversity of Water Sources

Water Quality

Water Supply Capacity

Water Supply Coverage

Cost Recovery of Water Utilities

Water Tariff

Access to Sanitation

Water Contamination Incidents

Economic Loss Due to Water Pollution

Strategic Planning

Disaster Management

Regulation

Temperature
[66]

Precipitation

5.1.2. Indicator Framework for Urban FEW Security in Nagpur

Thereafter, dimensions and indicators were finalized for framing of the localized
indicator set. Appendix A: Table 1 shows the indicator framework utilized for the assess-
ment of FEW security. Each sector was divided into three dimensions, namely Availability,
Accessibility, and Utilization, and further into indicators and sub-indicators. Lastly, the
overall security dimension was added for all three sectors to understand the perception of
the respondents. Most of the data (summarized in Appendix A: Table A1)) was collected
through a primary source.

5.2. Application of the Indicator Framework for Nagpur City Context

A questionnaire survey was conducted in line with the finalized queries mentioned
(Appendix A: Table A1) A total of 243 samples were collected from 10 zones of the city. The
questionnaire also included some general queries like gender, zone of residence, income
group, and household size, to understand the demographic character of the responses.
As can be seen in Table 4, the maximum share of responses is obtained from three zones,
namely Dharampeth, Laxminagar, and Hanuman Nagar. Overall, 52.18 percent of the
respondents were male and 47.82 percent were female. The average household size of
the samples collected was 4.2. The responses received were almost equal from all the
income groups.

As can be seen in Figure 4, the dimension-wise final scores for all three sectors were
mapped to understand the spatial scenario of FEW security for the city of Nagpur. Further,
these sectoral securities with respect to three dimensions, namely availability, accessibility
and utilization, are discussed in the following sections.
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Table 4. Characteristics of the survey respondents.

Number of Surveys 243

Attribute Response Percentage

Gender Group

Male 52.26%
Female 47.74%
Other 0.00%

Household Size (Average Household size = 4.2)

<3 31.69%
4 to 5 53.09%
6 to 8 12.76%

>8 2.47%

Area of Residence (Zone wise categorization of city area)

Ashi Nagar 10.29%
Dhantoli 11.52%

Dharampeth 16.05%
Hanuman nagar 11.11%

Laxminagar 13.58%
Nehrunagar 7.82%
Gandhibagh 7.41%
Lakadganj 6.17%

Mangalwari 7.82%
Satranjipura 8.23%

Income Group (INR)

<20,000 21.40%
20,000 to 40,000 21.40%
40,000 to 80,000 17.28%
80,000 to 1.25 lac 21.81%

>1.25 lac 18.11%

5.2.1. Food Security

1. Availability:

In terms of food availability, very few households in Nagpur city were reported to
have their own kitchen garden or livestock, which undermines in-house food availability.
At the same time, market food availability was perceived by city residents to be good.
Compared with energy and water, food is less available in all 10 zones. Specifically for
Gandhibagh, Mangalwari, Satranjipura, Hanuman Nagar, and Nehru Nagar, it is even
less available in comparison with other zones. Overall, more consideration must be taken
regarding the dimension of availability of food.

2. Accessibility:

Most of the respondents stated that they have a marketplace within 2 km of their
household, thus indicating better physical access to food. Moreover, there was also mod-
erately good economic accessibility for food as seen from the responses. In particular,
economic accessibility for people in lower-income groups in the older areas was reported
to be low. Most of them seemed satisfied with the quality and nutritional value of the food
they have. Hanuman Nagar, Nehrunagar, Satranjipura Gandhibaug and Mangalwari zones
are believed to be on verge of development for this particular dimension.
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3. Utilization:

The majority of respondents selected the energy-efficient cooking mode out of the
available options. Overall, for all 10 zones, the dimension of utilization was better even com-
pared with other dimensions of food security. Compared to water and energy utilization,
the food sector elicited far better scores.

5.2.2. Energy Security

4. Availability:

When energy availability is considered, the city of Nagpur was reported to have
wide coverage with low power fluctuations. However, there were some fluctuations and
power cuts, mostly observed in Dharampeth, Mangalwari, Gandhibaug, Satranjipura,
Dhantoli and Lakadganj. Compared to other sectors, energy availability can be perceived
as moderately good for all zones of Nagpur.

5. Accessibility:

When energy accessibility is considered, economic access by the respondents to energy
services was good, but their dependency on electricity for household appliances was at a
maximum level. Figure 4 shows that energy accessibility can be considered moderate when
compared to other sectors.

6. Utilization:

Respondents were observed to be using the energy-efficient option for lighting, along
with choosing more energy-efficient appliances when purchasing new products. However,
city residents were not yet opting for renewable energy sources at the household level,
which could enhance the city’s energy security. The zone of Satranjipura is in significantly



Sustainability 2022, 14, 8123 15 of 25

poor condition when compared to other zones. Overall, the dimension of utilization for
energy needs more attention than availability and accessibility.

5.2.3. Water Security

7. Availability:

Most of the respondents, had an in-house storage facility for water, rather than availing
themselves of groundwater sources. For the zones of Lakadganj and Ashi Nagar, the scores
for water availability are comparatively low as most residents lacked both groundwater
usage and in-house storage.

8. Accessibility:

The overall accessibility for water can be perceived as good, as residents were well
covered by the water supply system. Residents did not need to spend much of their income
on water tariffs, making water more accessible for all income groups. For all zones, it was
observed that physical, as well as economic access, was good for all respondents.

9. Utilization:

From Figure 4, it can be observed that the dimension of utilization for water security
is a matter of particular concern. While several respondents had very good access to
the water supply, they were concerned about the quality of water they were using on
daily basis. The city residents were mostly dependent on the municipal water supply
system with very little diversity in terms of water sources. Households were still not
practicing rainwater harvesting, despite the fact that rainwater could potentially be a good
renewable water source for the city. Aashi Nagar, Satranjipuraand Gandhibaug zones
showed significantly lower scores for water utilization, as most of the respondents from
these particular zones are dependent on the municipal water supply and were concerned
with the quality of water available to them. Most of the zones also have less diverse water
sources for all-year-round use.

5.2.4. Overall FEW Security

Figure 5 shows the final weighted scores for each zone and for all three sectors. The
sector-wise scores (overall security—indicator-based) are similar to the scores obtained from
the survey results (overall security—respondent perspective). For the Aashi Nagar zone,
this score is significantly less than the indicator-based score as the respondents perceive
that the food security in their area is poor. Hence, the dimension of overall security for all
three sectors could be crucial and justifiably fits the framework, as it gives a clear picture of
how city residents’ perceive FEW security in Nagpur.
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6. Discussion and Conclusions
6.1. Discussion

This framework could be applied to support FEW security assessments for a city-level
analysis. As discussed in Section 4, an indicator-based approach is preferred by the authors
to analyze FEW security, as this can assist in analyzing resource security in a quantitative
and non-biased way, irrespective of the selected case. A comprehensive understanding of
FEW security issues and their importance is vital for rational decision-making. This study
also covered issues that are less frequently examined at a local level, with urban related
indicators included in the framework.

It was observed from the literature study that this kind of assessment on an urban
scale has not been done so far (as evident from Table 1). Therefore, finalizing the assessment
dimensions and indicators was an iterative and complex process. In the final framework,
the indicators that the authors finalized were in the context of Nagpur City considering
location, character, climate variability, and data availability. Thereby, when finalizing the
framework as detailed in Section 5, a primary survey was conducted both offline and online.
One challenge was that, because of certain restrictions due to the COVID-19, pandemic,
many of the residents refused to engage in response, so the authors were unable to collect
an equal number of samples from these 10 different zones of the city. At a later stage, the
authors emphasized obtaining a proportionate number of responses from each zone. The
limited sample size is thus acknowledged by the authors. As a future scope of this study,
the authors might conduct similar surveys at different time intervals to perform a temporal
analysis. Lastly, a qualitative approach was excluded from the study because different
experts may interpret qualitative scales differently and the findings of the various criteria
may be difficult to compare.

Analysis of FEW security was carried out to understand the current conditions of the
city based on several dimensions, namely availability, accessibility, and utilization for FEW
security. As evident in Figure 4 in the previous section, the indicators for food availability
have a lower score as compared to other sectors. However, it is important to understand
that cities predominantly rely on external areas for food. In that context, food security in
Nagpur is reliant on rural areas of Nagpur district, and self-reliance for food availability is
lower than for other dimensions, and also in comparison with other sectors. In should also
be noted that the city is currently facing water scarcity issues. Thus, encouraging urban
farming in the city will also have an impact on water and energy availability which currently
score better than food availability. Secondly, when accessibility for FEW is considered, all
three sectors show better scores. Lastly, the dimension of utilization concerning energy
and water shows a lower score as compared to food. Household-level preparedness can be
anticipated to be very low for all three sectors as in-house food availability scores are low,
renewable energy sources are not made use of, people do not practice rainwater harvesting
and there is not much diversity in terms of available resources. Overall this explains why
residents must shift to utilization of more energy-efficient and renewable resources. Finally,
if we look at the overall scenario (Figure 4), as compared to availability and utilization for
all three sectors, the dimension of accessibility had better scores. Thus, the findings show a
scenario where the population of Nagpur perceives the dimension of accessibility of FEW
as “satisfactory” but the dimensions of availability and utilization as “moderate”. Hence, it
can be understood that Nagpur is not a resource-efficient city.

Rapid urbanization in Nagpur is bringing about a rise in population and, as a result,
a rise in the demand for potable water. New power plants near the city have similarly
increased the need for water. The year 2019 was indeed a wake-up call for the city. For the
first time in several decades the Nagpur Municipal Corporation (NMC) supplied water on
alternate days in mid-July when rains were delayed until late July in Nagpur. The area has
also seen erratic precipitation in recent times. Such periods of scanty rainfall are especially
concerning when it comes to food production in the surrounding rural areas, which supply
most of the food to city residents. CES depicts a self-sufficient and decentralized society that
utilizes and circulates resources, and as such the city should focus more on self-sustenance
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in terms of FEW resources, seeing as there is major reliance on the areas outside the city for
FEW resources. As the concept of CES also emphasizes the necessity of cooperation and
involvement for sustainable resource management, the level of awareness and willingness
to support development policies is critical to the application of this concept [9]. Hence,
to examine the level of awareness among residents, an overall security perspective was
included as part of the survey. There seems to be a possibility for collaborative, bottom-up
engagement on sustainability as a number of respondents are well aware of how crucial
FEW security is.

Cities are at the forefront of managing change and are the driving force for action
to reduce the use of resources by taking an integrated approach and planning. Not only
are they the engines of the economy and home for their citizens, but municipalities also
supply and control various public services to residents and businesses that influence the
majority of resource use, and energy consumption [20]. Hence, to maintain these resources,
it is essential to understand that these issues are intangibly linked, and thus must be
addressed with a more integrated approach as mentioned above. In line with that, a sound
indicator framework can be used as a management tool to assist governments to design
implementation plans and policies in allocating FEW resources appropriately. This research
therefore provides a method for assessing the state of FEW security in urban areas and
helps them cope with upcoming challenges.

6.2. Conclusions

Given the character of competing developmental and environmental goals together
with trends of rapid urbanization and population expansion in India, it has become nec-
essary to explore the issues surrounding natural resource management while ensuring
responsible use of all these resources. This study aimed to contribute an urban level assess-
ment of collective FEW security by developing a localized framework for FEW security
indicators and dimensions. Concurrently, its applicability for the specific case of Nagpur,
India was also tested.

There have been a significant number of studies in the field of FEW security but these
are generally limited to a global or regional scale. Study trends at the local level, on the
other hand, suggest that FEW resources are examined and treated independently, with
two of the three FEW systems examined at the same time. There have only been a small
number of studies that focus on security among FEW sectors. Thus, the research set out in
this study is unique among such studies.

The research began by identifying the relevant literature datasets, adopting the
PRISMA method. Then a thorough analysis of the related literature was made, identifying
gaps in local indicators for urban areas of each of the available frameworks, and proposing
a new indicator framework that addresses the overall FEW security in urban areas.

A specific methodology for filtration of these indicators was applied by the authors
considering the context of Nagpur City. Some indicators were necessarily left out by the
authors in this study and these remaining indicators should also be investigated in the
respective case study contexts. In addition, a qualitative approach could be considered
including an expert consultation so as to develop a relevant indicator framework. Further
practical testing of the framework would also provide more information about which FEW
security indicators and dimensions should be addressed in the evaluation, as not all of
the framework’s elements are relevant in every scenario. On thing is certain and that is
FEW nexus thinking and a CES approach require enormous political will. Currently both
concepts are at a nascent stage, and operationalizing policy recommendations is likely to
require much greater advocacy for effective policy change on both global to local scales. A
systematic and thorough approach would be useful in foresight and risk management for
that matter. The findings of the research, as discussed above, also suggest ways in which
the different areas could enhance their self-reliance according to CES. However, the extent
to which CES impacts development planning in Nagpur City will be determined by how
receptive policymakers are to the concept.
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This indicator framework is restricted to urban areas. A rural perspective might
result in quite a different scenario from which several questions would emerge requiring
further research to better translate them into integrated policy formulation. One research
domain might be how to improve collaboration across different geographical scales, such
as isolated municipalities and urban areas, intra-regional watershed areas, or at the global
level. In this sense, it is critical to examine how to determine the most appropriate scales
for resource consumption and circulation and how to effectively intervene at the respective
scale of analysis. Another challenge is how to minimize the possible detrimental effects
on FEW resources, such as the deployment of renewable energy facilities and nature
conservation. Lastly, FEW nexus thinking can also explore collaboration between different
resource management departments and policies, thereby encouraging the application of
CES. All these challenges must be investigated via direct observation on the ground to
better understand the complexity and challenges at different scales, thereby ensuring the
transition to sustainability.
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Appendix A

Table 1. Indicator Framework and Criteria for Scoring of Indicators.

Dimension Indicator Question Answer Unit
Rating Criteria (Likert Scale) Data

Collection
Source1 2 3 4 5

FOOD

Availability
In-house

Availability

Do you practice Kitchen
Gardening/Urban
Agriculture in your

home?

Yes/No % Respondents with
answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Do you own any
livestock, farm animals

or poultry?
Yes/No % Respondents with

answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Market
Availability

How much do you rate
the market food

availability?

Very
Poor/Poor/Moderate
/Good/Very Good

Option Chosen by
Respondent very poor poor moderate good very good Primary

Accessibility

Physical
Access

Do you have grocery
store/food market

within 2 km?
Yes/No % Respondents with

answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Economic
Access

What % of your Income
is spent on food? 0–100% % 80–100% 60–80% 40–60% 20–40% 0–20% Primary

Quality of
Food

Available

How much do you rate
the quality of food
available to you?

Very
Poor/Poor/Moderate
/Good/Very Good

Option Chosen by
Respondent very poor poor moderate good very good Primary

Nutrition
Adequacy

Do you have adequate
access to nutritious

food?
Yes/No % Respondents with

answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Utilisation Cooking Fuel Which cooking option
do you use?

LPG/Induction
/Kerosene/Other

% Respondents using
more eco-friendly and
cost effective source

0–20% 20–40% 40–60% 60–80% 80–100% Primary

Overall
Security

Overall Food
Security

How much do you rate
the overall food

security?

Very
Poor/Poor/Moderate
/Good/Very Good

Option Chosen by
Respondent very poor poor moderate good very good Primary
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Table 1. Cont.

Dimension Indicator Question Answer Unit
Rating Criteria (Likert Scale) Data

Collection
Source1 2 3 4 5

ENERGY

Availability
Power cuts

How frequently do you
face power cuts in your

area?

Daily/Once a
Week/Once a

Month/Rarely/Never

Option Chosen by
Respondent Daily Once a

week
Once a
Month Rarely Never Primary

Power
Fluctuation

Do you observe
fluctuation in electricity
supply now and then?

Yes/No % Respondents with
answer = NO 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Service
Coverage

What % of
city/population

covered under service
supply?

− − 0–20% 20–40% 40–60% 60–80% 80–100% Secondary

Accessibility Economic
Access

What % of your income
is spent on Electricity

and other energy
sources?

0–100% % 80–100% 60–80% 40–60% 20–40% 0–20% Primary

Utilisation

Electricity
Consump-

tion/Dependency
on Electricity

Which electronic
appliances do you use?

Refrigerator/TV
/Geyser/Water Puri-
fier/Induction/Laptop

/Washing Ma-
chine/AC/Cooler

/Microwave/Mixer
/Other

Number of options
selected by

respondents

More than
8 8 6 4 2 Primary

Lighting Which Lights do you
use?

CFL/LED/Halogen
lamps/Flourescent
lamps/Incandescent

bulbs

% Respondents using
most eco-friendly and
cost effective source

0–20% 20–40% 40–60% 60–80% 80–100% Primary

Households
using

Renewable
Energy Sources

Do you use solar panels
for electricity supply? Yes/No % Respondents with

answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary
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Table 1. Cont.

Dimension Indicator Question Answer Unit
Rating Criteria (Likert Scale) Data

Collection
Source1 2 3 4 5

Energy Efficient
Use

Which products do you
prefer while
purchasing?

Energy Effi-
cient/Affordable

% Respondents with
answer = Energy

Efficient
0–20% 20–40% 40–60% 60–80% 80–100% Primary

Overall
Security

Overall Energy
Security

How much do you rate
the overall energy

security?

Very
Poor/Poor/Moderate
/Good/Very Good

Option Chosen by
Respondent very poor poor moderate good very good Primary

WATER

Availability
Groundwater
Availability

Do you have personal
tubewell/common

handpump?
Yes/No % Respondents with

answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Household
Water Storage

Availability

Do you have water
storage tank (Over
Head Tank/Under

Ground Tank/Inhouse
Storage)?

Yes/No % Respondents with
answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Accessibility

Access to proper
Sanitation

Service

What % of
city/population

covered under service
supply?

− − 0–20% 20–40% 40–60% 60–80% 80–100% Secondary

Households
with access to

tap water
supply

Do you have access to
tap water supply? Yes/No % Respondents with

answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Economic
Accessibility

What % of your income
is spent on water tariff? 0–100% % 80–100% 60–80% 40–60% 20–40% 0–20% Primary

Utilisation

Quality of Water
Used

How much do you rate
the quality of water

available to you?

Very
Poor/Poor/Moderate
/Good/Very Good

Option Chosen by
Respondent very poor poor moderate good very good Primary

Diversity in
Sources Used

Which water source do
you use/is available to

you?

Tap/Borewell/Tanker
/Common

Tap/Handpumps

Number of options
selected by

respondents
one two three four all Primary
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Table 1. Cont.

Dimension Indicator Question Answer Unit
Rating Criteria (Likert Scale) Data

Collection
Source1 2 3 4 5

Use of
Renewable

Source

Do you practice
Rainwater Harvesting

at
household/community

level?

Yes/No % Respondents with
answer = YES 0–20% 20–40% 40–60% 60–80% 80–100% Primary

Overall
Security

Overall Water
Security

How much do you rate
the overall water

security?

Very
Poor/Poor/Moderate
/Good/Very Good

Option Chosen by
Respondent very poor poor moderate good very good Primary
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