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The present study tries to analyse the status of food security, along with its various

components, such as food availability, accessibility, and stability with the help of

a multidimensional index across districts of Rajasthan, India based on an indicator

approach. The QGIS mapping computer application and quintile method were used

to map districts into low, medium, high, and very high categories. Furthermore,

multiple regression analysis was applied to find out the significant determinants of

food security and its respective components. The results confirm that there is a

wide range of inequalities in terms of food security and its components of availability,

accessibility, and stability across districts. It was found that the Ganganagar district

(0.407) was rated the most food-secure district due to relatively higher food stability

(0.401) in the Rajasthan state. On the contrary, lower food availability (0.084) and

accessibility (0.183) contributed to the lowest food security in the Dungarpur district.

Moreover, districts associated with dry regions are highly vulnerable and relatively

less food secure compared to districts having surface irrigation facilities. Hence,

the study recommends; diversification from farm to non-farm activities; sufficient

storage capacity to control price fluctuations throughout the year, formulation and

dissemination of climate-resilient technologies; investment in infrastructure, promotion

of water management, conservation technologies, regulation and replenishment of

groundwater in rural areas for augmenting cropping intensity; district-specific policies to

arrest food insecurity; and strengthening the coverage of rural employment programme,

i.e. MGNREGA.

Keywords: food security, indicators, OLS, index, regional heterogeneities, QGIS, India

INTRODUCTION

India stands first among the rainfed agricultural countries of the world in terms of both
extent and value of produce, with 66% of its total area as cropland (Planning Commission,
2012). It is the second-largest producer of rice and wheat, while 50% of India’s production
is under rainfed conditions (FAO, 2018). In the past century, severe climatic changes have
been observed: an increase in surface temperature by about 0.4◦C throughout India, and a
decline of monsoon rainfalls by 6–8% over northern India (GoI, 2008). The monsoon rainfall
variations include delay in onset, long dry spells, and early withdrawal, which strongly affect
the productivity of rainfed farming (Venkateswarlu and Singh, 2015). Moreover, it has been
projected that unless people adapt their farming behavior, there is a probability of a 10–40% loss in
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crop production by 2080–2100 due to climate change (Aggarwal
and Sivakumar, 2010). Climate change will act as a hunger risk
multiplier by negatively affecting food security, food stability,
rural income, food prices, and crop yields (Krishnamurthy et al.,
2012). Millions of rainfed smallholder farmers will experience
immediate hardship and hunger as a consequence of climate
change since they will be less able to make adequate decisions
about when to sow, what to grow, and how to use inputs in time
(National Intelligence Council India, 2009) along with having low
adaptive capacity.

Several studies have shown a significant decline in the
major crop yields like rice, wheat, and maize under different
temperature and rainfall scenarios (Sanghi and Mendelsohn,
2008; Guiteras, 2009; Auffhammer et al., 2012) along with loss
of farm revenues. During the period 1950–2000, the per capita
arable land declined from 0.48 to 0.15 hectares and is further
projected to reduce by 0.08 hectares by 2020, due to rapidly
growing urbanization and industrialized activities (Mall et al.,
2006). As per NITI Aayog’s (2018) estimation, 54% of India’s
groundwater wells were declining and 21 major cities would be
run out of groundwater by 2020 affecting nearly 100 million
people. Climatically specific areas such as rainfed regions are
at a higher risk of climate variability (IPCC, 2018) due to low
and erratic rainfall, recurrent droughts, lower soil fertility (Singh
et al., 2014), and other interlocking socio-economic stress factors.
These stresses, if not handled appropriately, could engender or
“propagate” drastic social and economic impurities associated
with food security.

The term “food security” has been used in nearly 200
different ways across the world (Smith et al., 1993), but the
most commonly cited definition comes from the first World
Food Summit (FAO, 1996) which proposed that food security
“exits when all people, at all times, have access to sufficient,
safe and nutritious food to meet their dietary needs and food
preferences for an active and healthy life.” This definition is
translated into the four aspects of food security: food availability,
food accessibility, food utilization, and food stability (Gross et al.,
2000; FAO, 2006). The first dimension “food availability” refers
to the physical quantities of food of an appropriate quality that
is supplied and distributed through domestic production or
imports (FAO, 2006). The mere presence of an adequate supply
does not ensure that a person can obtain and consume food. A
person or household also has access to food (FAO, 2008). Hence,
“food accessibility” is a measure of the ability to get food, which
depends on household and individual purchasing power and food
prices (Singh and Alka, 2019; Singh, 2020a), as well as legal
entitlements, political willingness, and social structure. Further,
“food utilization” is the third dimension and relates to whether
or not individuals or households are able to obtain sufficient
energy and nutrition from food consumption (FAO, 2018). The
last dimension is “food stability” which depicts the situation in
which a country, state, district, household, or individual is food
secure at all times (Singh and Alka, 2019; Jatav et al., 2021a).

Currently, global food insecurity exists. The number of
undernourished people increased by 17million between 2016 and
2017, causing health, and social issues such as hunger. Further,
one in every seventh person is “hungry.” As such, a significant

percentage of the world’s population is likely to be exposed to
food insecurity by 2030 (FAO, 2018). Likewise, Madani et al.
(2015) projected that by 2030, the demand for energy, water,
and food resources are expected to increase by 25, 40, and 50%,
respectively, thus inducing multiple challenges. Therefore, the
increasing demand for food necessitates large-scale agricultural
intensification to meet the demand for food. The extensive
increase in agriculture production will have a positive impact
by reducing hunger. For instance, the average available food
for consumption per capita will shift from 2,770 to 3,070
kcal/person/day between 2007 and 2050 globally, respectively
(Alexandratos and Bruinsma, 2012). Hence, the increase in food
production would induce intensive resource utilization to meet
the primary raw material requirement in the agriculture sector.

The majority of mainstream literature has followed the FAO
(1996) definition of food security at the country and state level,
i.e., Mahadevan and Sandy (2013), Payne et al. (2016), Farukh
et al. (2020), Swati and Arora (2021) in India; Tadesse et al.
(2020) in Ethiopia; Namany et al. (2020) in Qatar; Farukh et al.
(2020) in Pakistan & Bangladesh; Poudel and Munisamy (2021)
in Bolivia, to protect the food security status. For instance,
Mahadevan and Sandy (2013), in India, have examined the
influence of social factors such as caste and religion at regional
level. Study evidenced that food security was being adversely
affected in households particularly from the low caste groups or
belonging to a religious minority. Their findings show that due
to the complex social system in India development programmes,
such as the Food for Work and the Public Distribution System,
have limited success in addressing food security. This warrants
a major rethink of the strategies in place for effective targeting
of the food insecurity as opposed to addressing the plight of
the hungry by way of poverty alleviation. Likewise, Tadesse
et al. (2020), in Ethiopia, captured differential outcomes from
individuals’ perceptions and experimental indicators on food
insecurity. The results showed a significant difference in food
insecurity levels between the direct self-reported measures and
the measure based on the list experiment method. The bias varies
by the type of food insecurity measures, i.e., while respondents
tend to overstate the level of food insecurity when asked about
food availability questions, they tend to understate when asked
about food access questions. Non-linearity is explained by the
relative importance of economic and social desirability effect
in food availability and food access questions. Moreover, Sen
(1981) highlighted that food-related problems are influenced
not only by food production and agricultural activities but also
by the structure and processes governing entire economies and
societies. Following his view, food insecurity has been caused
not only by scarcity, but also by institutional failures that lead
to suboptimal food distribution.

Despite recent numerous measures on improving the status
of food security, measurement of incidence and intensity of
food security remains a challenge. This is mainly because food
security is an elusive and complex concept that encompasses
availability, access, and utilization of adequate and appropriate
(i.e., safe and nutritious) food in an undisruptedmanner (Barrett,
2010). Implicitly, the concept extends to the social and economic
aspects of food (people’s dietary needs and preferences given their
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income, prices, and safety net arrangements) beyond physical
access, which further complicates its measurement (FAO, 1996).
For this reason, researchers use a diverse set of proxy indicators
or dimensions that captures and neglects different aspects of
food security. The objective of the measurement of a given
food security indicator and approach is based on the availability
of resources (Barrett, 2010). The literature on food security
measures, so far, was mainly focused on the extent to which
the different indicators capture the multi-dimensionality of food
security in different contexts (Clay, 2002; Maxwell et al., 2014;
Vaitla et al., 2017; Haysom and Tawodzera, 2018; Food and
Nutrition Security, Analysis, 2019; Ibok et al., 2019; Farrukh et al.,
2020a,b).

As far as the food security issue in Rajasthan, India is
concerned, it is a pressing concern and challenge which requires
an intelligent decision-making approach to manage resources.
This is because the food sector is exposed to the harsh climatic
conditions of water scarcity. In fact, water consumption in
agricultural processes amounts to ∼40% of the total available
quantity, of which, more than 70% is sourced from fresh aquifers
(GoI, 2019). Further, the food sector in Rajasthan historically
has suffered from various obstacles in local food production,
in terms of (i) lack of availability of arable land and suitable
soil conditions, (ii) presence of hyper-arid weather conditions,
(iii) scarce water resources, such as freshwater aquifers, with
their extraction rates currently at unsustainable levels surpassing
renewal rates, and, (iv) lack of diversity in the local food
production portfolio. Consequently, this resulted in a major
reliance on food imports consisting of more than 80% of
the total demand for food (Singh and Alka, 2019). Hence,
the food security assessment in Rajasthan, at a disaggregated
level, becomes imperative in order to delineate and prioritize
food-insecure regions which require immediate attention for
future sustainability.

After a detailed review of literature on Rajasthan’s food
security, it is observed that previous studies have used the panel
model (Sinha and Kulshrestha, 2012), indicator approach (World
Food Programme, 2001, 2009; Raghuvanshi and Smita, 2015;
Payne et al., 2016; Saxena et al., 2020), and dietary approach
(Jha et al., 2013) to access food security. Aforesaid studies have
used either large-scale secondary data to access security at state-
level or household/individual field survey data. None of the
studies have used district-level data and indicator approaches
to evaluate the food security status of districts associated with
the Rajasthan state. The present study bridges this research
gap. Further, quantification of indicators at the disaggregated
level is also the prerequisite to understanding the regional
dimensions of food security. Hence, rational indicators are first
grouped into three areas (i.e., food availability, food accessibility,
and food stability excluding food utilization aspect) and then
districts are categorized into low, medium, high, and very high
based on the food security status using the quintile estimation
technique. Lastly, validation of indices is also imperative;
hence, sub-components of the food security index are validated
using Spearman’s rank correlation. Moreover, socioeconomic,
agricultural, and extension services data were used to examine
the determinants of food security in the Rajasthan state.

The paper is organized into four sections. Section 1 briefly
discussed the food security and contribution of the present study
in the existing literature, section methods and materials provides
method and materials encompassing data and analytical tools
used, section results and discussion presents results of the study,
while section conclusion and policy implication presents the
conclusion and policy implications.

METHODS AND MATERIALS

Study Area
Rajasthan is situated in the north-western region of the Indian
sub-continent and possesses huge tracts of a desiccated area
with more than 70% of the region covered by the Thar desert
(Figure 1). With a total area of 342,239 square kilometers, the
state consists of three agro-climatic zones: Trans-Gangetic Plains,
Central Plateau & Hills, and Western Dry Region, along with 33
districts, 268 tehsils, 295 development blocks, and 44,672 revenue
villages. The state has semi-arid to arid climatic conditions
with the mean temperature varying between 0 and 50◦C and a
normal annual rainfall of 463.80 millimeters. The majority of
Rajasthan’s population resides in rural areas and is primarily
dependent on agriculture and allied activities for livelihoods.
Compared to the national average of 2,153 kg/ha, the state has
a lower food grain yield of 1,367 kg/ ha (GoI, 2017). Low and
erratic precipitation patterns in Rajasthan coupled with the arid
environmental conditions further result in a lower groundwater
recharge rate (Central Ground Water Board, 2017). Besides the
deteriorating quality of land owing, climate increased magnitude
of desertification pose a serious challenge to food security in
the state. The future climate projections indicate that accelerated
warming with annual mean temperature is likely to increase by
2.0–2.5◦C by 2021–2050 (Gopalakrishnan et al., 2011), whereas
a decline is projected for rainfall (Kumar et al., 2016). Further,
11 out of 33 districts were found to be highly vulnerable to the
changing climatic conditions with Hanumangarh, Jaisalmer, and
Ganganagar being the most vulnerable districts (Singh et al.,
2019). Furthermore, 3% of children under the age of five are
stunted (IIPS and ICF, 2017) which indicates the severity of
malnutrition in Rajasthan.

Data and Descriptive
The study uses district-level data to evaluate the food security
of districts in Rajasthan. After a detailed review of Shakeel and
Zaidy (2012), Kumar et al. (2015), Menezes (2015), Mondal et al.
(2015), and Singh and Alka (2019), a total of 20 indicators are
used to capture three major dimensions of food security i.e., food
availability, food accessibility, and food stability (food utilization
is excluded due to data constraint) to compute district-level
food security indices. Secondary data on identified indicators
are compiled from multiple sources (Table 1). The present study
introduces two new indicators namely variability in rainfall and
variability in temperatures for the food stability index. This
is because variability in climatic parameters widely affect the
highly vulnerable agriculture system as it is in Rajasthan. Sudden
changes in rainfall and temperatures patterns pose multiple
challenges for farmers. For example, unprecedented rainfall
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FIGURE 1 | Map of the study area. Source: Authors Map, 2019.

in the harvesting season is responsible for crop production
loss, while attracting pests which add an additional layer of
vulnerability in the highly susceptible system.

It presents descriptive statistics which provide insightful
information on associate indicators of food security. The per
capita availability of food and oilseed is 198 and 77 kg per year,
respectively, in the state. Access to food is largely influenced by
indicators that reflect the household’s resource endowment and
knowledge, such as literacy, poverty ratios, level of urbanization,
etc. Nearly, 66% of Rajasthan’s population is literate and 22%
reside in urban areas. Moreover, the stability of the food system
in Rajasthan is reflected through storage capacity that amounts
to 23,841 tons per thousand population, while cropping and
irrigation intensities were reported by 147 and 39%.

Analytical Method
Broadly, there are three methods to assess food security. Namely
the simulation data method (Fischer et al., 2009; Dorin and
Le Cotty, 2014; Bizimana et al., 2020; Shoaib et al., 2021),
dietary intake method (Jensen and Nolan, 2010; Jones et al.,
2013; Broussard and Sharad, 2016; Gupta and Mishra, 2020)
and indicator approach (Krishnamurthy et al., 2014; Singh
and Nayak, 2018b; Chen et al., 2019; Sam et al., 2021). The
simulation/panel data method is widely used for the projection of
global food security. Scholars have used large-scale data, mostly
at the country level, to evaluate and predict food security. The
major advantage of this method is its future prediction capability.
Predictions can be modified by adjusting future scenarios such as
population growth, availability of arable fertile land, availability
of water resources, and technological scale. Results from this
method could be useful for global food policy planning. Secondly,
the dietary intake method is widely used for the assessment of
food insecurity at the individual and household levels. It largely

focuses on nutritional security and excludes the food stability
aspect from the estimation. Further, the dietary method does
not have the capability to assess food security at the district or
state level. Thirdly, the indicator approach has several advantages
which have facilitated widespread utilization in the planning
process and policy communication over the years, such as the
ability to consolidate a large volume of complex information into
a manageable format (Adger, 2000); to use any data at any scale,
i.e., individual, household, village, district, state and country for
the development of food security index; to use proxy data in the
case of non-availability of original data; to identify, prioritize, and
rank the food insecure regions to delineate the plausible barriers
in the developmental process of a region; and to monitor and
evaluate the progress of an intervention.

Normalization
Rescaling of original indicators having different units into
homogenous units is a necessary step before aggregation. The
process of normalization is undertaken to enhance comparability
among the variables which are expressed in different units and
ranges, and also to lessen the variability that could arise due to
the presence of extreme values. The Organization for Economic
Co-operation and Development (OECD, 2008) has prescribed
nine normalization methods: (i) ranking, (ii) Z-scores, (iii) min-
max, (iv) distance to reference, (v) categorical scale assigns, (vi)
indicator below and above, (vii) cyclic indicators method, (viii)
balance of opinion, and (ix) percentage method.

The advantage of the ranking method is that it is not
affected by outliers and allows the performance of countries
to be followed over time in terms of relative positions
(rankings). But the major drawback of this method is that a
country’s performance in absolute terms cannot be portrayed
as information. The Z-scores method converts indicators to a
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TABLE 1 | Summary of selected indicators.

Components Indicators Functional

relationship with

food security index

Description Mean Data sources

Food availability Number of livestock per 1,000

population

+ Livestock ensures alternative source of

income, employment, energy (residue)

and promotes gender equality

932 Census, 2011

Per capita food-grains availability

(kg/year)

+ Higher per capita food grain availability

leads to higher food security

198 Directorate of Economics and

Statistics, Rajasthan, 2019

Per capita oilseeds availability

(kg/year)

+ Higher per capita availability of oilseeds

leads to higher food security

77 Directorate of Economics and

Statistics, Rajasthan, 2019

Per capita condiments and

spices (kg/year)

+ Higher per capita condiments and

spices leads to higher food security

11 Directorate of Economics and

Statistics, Rajasthan, 2015

Per capita fruits and vegetables

availability (kg/year)

+ Higher per capita availability fruits and

vegetables ensures higher nutritional and

food security

5 Directorate of Economics and

Statistics, Rajasthan, 2019

Per capita milk availability (liter) + Higher per capita milk availability leads

to higher food security

0.20 National Dairy Development Board,

2019

Per capita eggs availability

(numbers)

+ Higher per capita eggs availability leads

to higher food security

10 Directorate of Economics and

Statistics, Rajasthan, 2019

Food accessibility Literacy rate (percentage) + Literacy indicate capacity of the

population to make appropriate

agricultural and livelihood adjustments

66.10 Census, 2011

Road length per 1,000

population (km.)

+ Access to transportation is an indicator

of overall rural development

3,889 Census, 2011

Per capita state domestic

product ( )

+ Higher state domestic product indicates

higher economic diversification and food

security status of the district

22,102 Directorate of Economics and

Statistics, Rajasthan, 2019

Population below poverty time

(number of BPL families)

− Poor are more dependent on natural

resources and have limited financial

assets to cope up with climate induced

stresses

55,338 Directorate of Economics and

Statistics, Rajasthan, 2019

Urbanization rate (percentage) − Higher urbanization leads to higher food

demand in urban settlements and will

lower food security

22 Census, 2011

Food stability Yield of food grains (kg/hectare) + Higher production of food grains leads

to higher food stability

1,316 Directorate of economics and

statistics, Rajasthan, 2019

Yield of fruits and vegetables

(kg/hectare)

+ Higher production of fruits and

vegetables leads to higher food stability

1,726 Directorate of economics and

statistics, Rajasthan, 2019

Consumption of fertilizers per

unit of gross cropped area

(kg/hectare)

+ Application of fertilizer enhances crop

yields and reflects adoption of modern

technologies

71 Directorate of economics and

statistics, Rajasthan, 2019

Cropping intensity (percentage) + Cropping intensity indicates the extent of

multiple cropping during an agricultural

year. Higher intensity reflects more

productivity per unit of arable land.

147 Directorate of economics and

statistics, Rajasthan, 2019

Storage capacity per 1,000

population (numbers)

+ Storage capacity is the key determinants

for food security in Rajasthan where

majority of farmers are marginal and

small landholders

23,841 Census, 2011

Percentage of gross irrigated

area to gross sown area

+ Higher irrigation coverage reflects less

dependency on monsoon and improves

productivity

39 Directorate of Economics and

Statistics, Rajasthan, 2019

Variability in rainfall during

1980–2019

− Higher variability in rainfall leads to lower

food stability

Indian Meteorological Department,

Ministry of Earth Science, New

Delhi, 2019

Variability in Temperatures during

1980–2019

− Higher variability in temperatures leads

to lower food stability

Indian Meteorological Department,

Ministry of Earth Science, New

Delhi, 2019

Source: Census, 2011; IMD, 2015; DoES, 2019.
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common scale with a mean of zero and standard deviation of
one. Indicators with extreme values thus have a greater impact
on the composite indicator. This might not be desirable if the
intention is to reward exceptional behavior i.e., if an extremely
good result on a few indicators is thought to be better than a lot
of average scores.

Distance to a reference measures the relative position of a
given indicator vis-a-vis a reference point. For example, the
reference country could be the average country of the group
and would be assigned a value of 1, while other countries
would receive scores depending on their distance from the
average. Hence, standardization indicators that are higher than
1 indicate countries with above-average performance. This
method, however, is based on extreme values which could be
unreliable outliers Acharya (2006).

The categorical scale assigns a score for each indicator.
Categories can be numerical, such as one, two or three stars, or
qualitative, such as “fully achieved,” “partly achieved,” or “not
achieved.” Often, the scores are based on the percentiles of the
distribution of the indicator across countries. Furthermore, the
indicator below and above method is transformed such that
values around the mean receive 0, whereas those above/below
a certain threshold receive 1 and −1, respectively. This
normalization method is simple and is not affected by outliers.
However, the arbitrariness of the threshold level and the omission
of absolute level information are often criticized.

The cyclic indicators method combines indicators into
composite indicators to reduce the risk of false signals and to
better forecast cycles in economic activities. The drawback of this
method is that it implicitly gives less weight to the more irregular
series in the cyclical movement of the composite indicator unless
some prior ad hoc lessening is performed. Further, the balance
of opinion is a special method, in which managers of firms from
different sectors and of varying sizes are asked to express their
opinion on their firm’s performance. Moreover, the percentage
method captures annual differences over consecutive years and
represents the percentage growth with respect to the previous
years instead of the absolute level. The drawback of this method
is that transformation can be used only when the indicators are
available for a number of years.

Moreover, the normalization process should take into
account the data properties, as well as the objectives of the
composite indicator. Hence, the present study adopted min-
max method (Iyengar and Sudarshan, 1982) to standardize
indicators into a common range (0, 1) depending on their
functional relationship with the dimension. The min-max
method can help in simplifying a complex array of information
concerning food availability, food accessibility, and food stability
nexus (Singh and Alka, 2019). In this respect, the method
is important for informing the public and decision-makers
about key food insecurity, livelihood vulnerability problems
(Singh, 2020b), and actions required for their management
(Nayak and Surendra, 2020; Singh and Nayak, 2020; Jatav,
2021). The major advantage of this method is that it is
able to capture food security at any scale i.e., household,
village, district, state, and country. Therefore, equations 1 & 2
were adopted for larger-the better-and smaller-the worse-type

indicators, respectively.

Zij =
Xij −Min(Xij)

Max(Xij)−Min(Xij)
(1)

Zij =
Max(Xij)− Xij

Max(Xij)−Min(Xij)
(2)

i = 1, 2, . . . .I and j = 1, 2, . . . .

Where, Zij is the variable index value, Xij is the actual value,
Max(Xij) and Min(Xij) is the maximum and minimum value of

ithindicator for the jthdistrict.

Assigning Weight
The assignment of appropriate weight for different components
is an important issue in the construction of an index. There
are three methods widely cited in the literature: equal weight,
judgemental weight, and statistical weight (Singh, 2019; Singh
and Nayak, 2020; Jatav, 2021; Jatav et al., 2021b). The equal
weight method assigns equal weight to all the indicators and
components. But it is statistically not appropriate to give
equal weight to each indicator because each indicator has
differential and relative contribution to the targeted indicators,
i.e., food security index (Jatav et al., 2021b). Judgmental weight
purely depends on the researcher’s understanding and hence,
only suitable for field survey data, while statistical weight is
appropriate for the secondary data (as the present study used).
It assigns weight to each indicator by capturing the relative
contribution of the indicator with the targeted index. Hence, the
present study used statistical weight method using Equations (3)
and (4),



Wi =
k

√

Var
(

Zij
)



 (3)

Where,









K =
1

{

∑I
i=1

1√
Var(Zij)

}









(4)

The calculated weights were used to construct component index
Pj for jth district using equation (5) where, 0 < Wi <

1 and
∑I

i=1 wi = 1

Pj =

∑I
i=1 Z

∗
ijWi

∑I
i=1 wi

(5)

Finally, food security index for each district was calculated
as an unweighted average of three components. Based on
the index scores, districts were ranked in descending order
where districts with higher scores indicate greater food security.
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Further, homogenous districts under each component indices
were categorized into four groups; low (0–25th percentile),
medium (26–50th), high (51–75th percentile), and very high
(76–100th percentile) based on quartile estimation.

Econometric Model for Food Security and
Its Components
In order to identify the inter-linkage between the food security
index (FSI) with its components, i.e., food availability, food
accessibility, and food stability, the Ordinary Least Square (OLS)
model was applied. Constructed food security index as a response
function was regressed with its components.

(FSI)s = θ0 + θ1(AVAF)s + θ2(STAF)s + θ3(ACCF)s +∅s

(6)

Where, FSI is food security index, AVAF, STAF, and ACCF are
food availability, food stability and food accessibility; s is the cross
sectional districts; θ0 is constant coefficient; and θ1, θ2, and θ3 are
the regression coefficient for respective indicators.∅s is the error
term in the model.

Econometric Model for Components of
Food Security Index
In order to identify the separate impact of factors on components
of food security index, i.e., on food availability, food stability,
and food accessibility, the following multiple regression models
(Equations 7, 8, & 9) were used as follows:

(AVAF)s = β0 + β1(livestock)s + β2(PCF)s + β3(PCO)s +

β4(PCFV)s + β5(PCM)s + β6(PCE)s + us (7)

Where, AVAF is food availability; PCF, PCO, PCFV, PCM &
PCE are livestock, per capita food grains, per capita oilseeds, per
capita fruit & vegetable, per capita milk, and per capita eggs,
respectively. β0 is constant and β1, β2, β3, β4, and β5 are
regression coefficients for respective parameters; and us is error
term in the model.

(STAF)s = γ0 + γ1(LR)s + γ2(RL)s + γ3(PCDDP)s +

γ4(BPL)s + γ5(UR)s + us (8)

Where, STAF is food stability; and LR, RL, PCDDP, BPL and
UR are literacy rate, road length, per capita district domestic
product, population below poverty line and urbanization rate. γ0
is constant and γ1, γ2, γ3, γ4 and γ5 are regression coefficient
for respective parameters; and us is error term in the model.

(ACCF)s = δ0 + δ1(YFG)s + δ2(YFV)s + δ3(CI)s +

δ4(SC)s + δ5(IR)s + δ6(VR)s + δ7(VT)s + us (9)

Where, ACCF is food accessibility; and YFG, YFV, CI, IR, VR
and VT are yield of food grains, yield of fruits and vegetable,
cropping intensity, and variability in rainfall and temperature.
δ0 is constant and δ1, δ2, δ3, δ4, δ5, δ7 and δ7 are regression
coefficients for respective parameters; and us is error term in
the model.

RESULTS AND DISCUSSION

Food Availability Index
The estimated value of the food availability index reveals that the
Baran district (0.448) had the highest food availability followed
by the Ganganagar (0.366) and Jhalawar (0.346) districts.
Conversely, the Dungarpur district (0.084) had the lowest food
availability in Rajasthan. The cross-indicators analysis between
the Baran (1st rank) and Durgapur (33rd rank) districts revealed
that the per capita availability of food grains, oilseeds, condiments
and spices, vegetables and fruits, milk, and eggs were relatively
higher in the Baran district than the Durgapur district (Table 2).
The per capita availability of food grains in the Baran district
was 365.64 kg/year, while in the Durgapur district, it was only
108.98 kg/year. Likewise, the per capita availability of oilseeds
in the Baran district was 321.16 kg/year, while it was only 1.46
kg/year in the Durgapur district. The per capita availability of
condiments and spices was 107.17 kg/year in the Baran district,
while it was only 0.14 kg/year in the Durgapur district. The per
capita availability of vegetables and fruits was 0.51 kg/year in the
Baran district, while it was 0.07 kg/year in the Durgapur district.
The per capita availability of milk was 0.20 liter/day in the Baran
district, while it was 0.13 liter/day in the Durgapur district. In
totality, there is wide inter-linkage inequality among the districts
in terms of food availability. The possible reasons for inequalities
are: (i) inadequate accessibility of water has key factor responsible
for inequality in agriculture production, (ii) due to less water for
agriculture, farmers are less willing to grow water-intensive crops
like wheat and rice, and (iii) farmers are also less willing to own
livestock which ultimately reduces milk and egg production.

Food Accessibility Index
In terms of accessibility, the Jaipur (0.725), Kota (0.574),
and Jodhpur (0.547) districts secured first, second, and third
positions in terms of food accessibility on account of higher per
capita district domestic product, literacy rate, and urbanization.
Conversely, the Jalore district, with an index score of 0.132, was
ranked lowest due to low literacy rates, slower growth in urban
populations, and lower per capita income (Table 3). The cross-
indicator analysis revealed that the Jaipur district has relatively
higher accessibility to public services including public roads.
The literacy rate of the Jaipur district was 75.51%, while it was
only 54.86% in Jalore. The public and private road length in the
Jaipur district were 5,607 kilometers, while in the Jalore district,
it was 3,520 kilometers. The per capita domestic product of the
Jaipur district was 37,601 INR, while the Jalore district was 16,268
INR. About 52.51% of the population belonging to the Jaipur
district lived in urban areas, while the corresponding value is only
8.30% for the Jalore district. This clearly reflects the inter-district
inequality in literacy rate, per capita GDP, road length, how the
extent of urban and BPL populations induce the existence of huge
variation in food accessibility across districts in Rajasthan.

Food Stability Index
Based on the food stability index scores, it was found that the
Jaipur district (0.725) had the highest food stability followed
by the Kota district (0.574) and the Jodhpur district (0.547)
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TABLE 2 | District wise Food availability index for Rajasthan.

Districts Food Oilseeds Condiments Fruits Milk Eggs Livestock Food availability index Rank Degree

grains and spices and vegetables

Baran 0.081 0.137 0.143 0.002 0.076 0.001 0.008 0.448 1 Very high

Ganganagar 0.083 0.070 0.001 0.021 0.158 0.001 0.033 0.366 2 Very high

Jhalawar 0.055 0.106 0.117 0.005 0.048 0.000 0.015 0.346 3 Very high

Alwar 0.067 0.046 0.001 0.063 0.114 0.005 0.037 0.332 4 Very high

Jodhpur 0.006 0.017 0.011 0.114 0.085 0.001 0.095 0.328 5 Very high

Ajmer 0.000 0.000 0.000 0.001 0.086 0.186 0.044 0.318 6 Very high

Sikar 0.045 0.016 0.006 0.086 0.111 0.001 0.049 0.315 7 Very high

Hanumangarh 0.113 0.039 0.000 0.002 0.114 0.012 0.025 0.305 8 Very high

Pratapgarh 0.075 0.080 0.016 0.012 0.084 0.020 0.007 0.295 9 High

Dholpur 0.073 0.034 0.001 0.114 0.071 0.001 0.000 0.293 10 High

Bundi 0.094 0.044 0.013 0.002 0.110 0.004 0.013 0.279 11 High

Bharatpur 0.076 0.058 0.001 0.047 0.073 0.002 0.023 0.278 12 High

Chittorgarh 0.078 0.029 0.025 0.002 0.106 0.005 0.026 0.272 13 High

Jaisalmer 0.008 0.020 0.007 0.000 0.119 0.033 0.083 0.269 14 High

Bikaner 0.015 0.015 0.004 0.000 0.132 0.000 0.069 0.236 15 High

Barmer 0.000 0.005 0.008 0.000 0.069 0.000 0.150 0.231 16 High

Nagaur 0.027 0.010 0.006 0.052 0.040 0.001 0.081 0.218 17 Medium

SwaiMadhopur 0.058 0.065 0.006 0.001 0.074 0.001 0.009 0.213 18 Medium

Karauli 0.085 0.036 0.000 0.001 0.074 0.001 0.013 0.209 19 Medium

Jalore 0.007 0.036 0.024 0.002 0.087 0.000 0.034 0.190 20 Medium

Jhunjhunu 0.046 0.020 0.005 0.008 0.081 0.003 0.023 0.186 21 Medium

Kota 0.043 0.062 0.067 0.006 0.002 0.001 0.004 0.184 22 Medium

Dausa 0.068 0.034 0.001 0.000 0.058 0.002 0.015 0.178 23 Medium

Jaipur 0.026 0.012 0.001 0.002 0.061 0.002 0.070 0.174 24 Medium

Bhilwara 0.022 0.002 0.001 0.000 0.073 0.004 0.059 0.160 25 Low

Udaipur 0.016 0.001 0.001 0.000 0.046 0.007 0.070 0.141 26 Low

Pali 0.003 0.002 0.001 0.000 0.075 0.002 0.055 0.138 27 Low

Tonk 0.023 0.047 0.002 0.001 0.038 0.003 0.021 0.135 28 Low

Churu 0.008 0.010 0.002 0.001 0.074 0.000 0.041 0.135 29 Low

Rajsamand 0.013 0.001 0.000 0.000 0.095 0.001 0.019 0.128 30 Low

Banswara 0.039 0.003 0.000 0.000 0.023 0.031 0.027 0.124 31 Low

Sirohi 0.010 0.008 0.003 0.002 0.074 0.002 0.012 0.109 32 Low

Dungarpur 0.021 0.000 0.000 0.000 0.033 0.012 0.017 0.084 33 Low

Weight 11 14 14 11 16 19 15

Source: Authors’ Estimation, 2019.

Values of Weights are in Percent.

(Table 4). Better storage capacity, followed by higher irrigated
area and yield of food grains, were the major indicators
that accounted for higher food stability in the Jaipur district.
Conversely, the districts with relatively low food stability were the
Jalore district followed by the Pratapgarh, Banswara, and Sirohi
districts. The cross-sectional analysis of indicators belonging
to food stability revealed that fertilizer consumption, the yield
of food grains, storage capacity, cropping intensity, and gross
irrigated area were relatively higher in the Jaipur district than
those of Jalore (Table 4). Per hectare, fertilizer consumption was
71 kilograms in the Jaipur district, while it was only 8 kilograms
in the Jalore district. The yield of food grains was 2113.67
kilograms/hectare in the Jaipur district, while it was only 36.36
kilograms/hectare in the Jalore district. The storage capacity for

agricultural production was 151,520 metric tons in the Jaipur
district, while it was only 5,400 metric tons in the Jalore district.
Similarly, the cropping intensity of the Jaipur district was 143%,
while it was only 109% in the Jalore district. Lastly, the percentage
of gross irrigated area to the gross sown area was 83.70% in
the Jaipur district, while it was only 14.81% in te Jalore district.
In totality, there is wide variation in the food stability across
the districts in Rajasthan. The possible reasons for inequalities
are first, variation in rainfall is a key determining factor for per
hectare agriculture yield. Districts belonging to the dry region
are adversely affected due to less rainfall and face constraints
to grow water-intensive cash crops such as wheat, rice, and
sugarcane, while irrigated districts such as Jaipur, Ganganagar
and Hanumangarh are less vulnerable and have sufficient water
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TABLE 3 | District wise Food accessibility index for Rajasthan.

Districts Literacy Road Per capita district Population below Urbanization Food accessibility Rank Degree

rate length domestic product poverty line index

Jaipur 0.163 0.093 0.200 0.090 0.180 0.725 1 Very High

Kota 0.171 0.009 0.126 0.057 0.211 0.574 2 Very High

Jodhpur 0.087 0.151 0.104 0.096 0.109 0.547 3 Very High

Udaipur 0.055 0.106 0.086 0.234 0.053 0.533 4 Very High

Bikaner 0.081 0.098 0.100 0.108 0.108 0.495 5 Very High

Ajmer 0.114 0.058 0.139 0.036 0.132 0.479 6 Very High

Ganganagar 0.116 0.049 0.124 0.081 0.081 0.453 7 Very High

Alwar 0.125 0.082 0.101 0.048 0.045 0.400 8 Very High

Bhilwara 0.051 0.079 0.140 0.070 0.058 0.398 9 High

Pali 0.059 0.086 0.098 0.049 0.063 0.355 10 High

Barmer 0.013 0.184 0.023 0.118 0.002 0.341 11 High

Hanumangarh 0.097 0.030 0.115 0.046 0.052 0.340 12 High

Nagaur 0.063 0.144 0.033 0.050 0.050 0.339 13 High

Churu 0.094 0.057 0.019 0.075 0.085 0.331 14 High

Sikar 0.134 0.056 0.046 0.011 0.068 0.315 15 High

Jhunjhunu 0.152 0.047 0.036 0.000 0.065 0.299 16 High

Bharatpur 0.120 0.030 0.034 0.053 0.051 0.287 17 Medium

Baran 0.093 0.016 0.088 0.009 0.056 0.262 18 Medium

Rajsamand 0.065 0.022 0.091 0.043 0.037 0.259 19 Medium

Karauli 0.090 0.009 0.046 0.047 0.034 0.224 20 Medium

Bundi 0.052 0.010 0.086 0.019 0.053 0.220 21 Medium

SwaiMadhopur 0.083 0.010 0.050 0.024 0.053 0.219 22 Medium

Jaisalmer 0.019 0.070 0.092 0.006 0.027 0.214 23 Medium

Dausa 0.105 0.017 0.017 0.047 0.023 0.209 24 Low

Chittorgarh 0.054 0.032 0.057 0.019 0.047 0.209 25 Low

Jhalawar 0.052 0.025 0.054 0.030 0.039 0.200 26 Low

Tonk 0.053 0.020 0.052 0.011 0.062 0.198 27 Low

Dholpur 0.112 0.000 0.005 0.012 0.055 0.184 28 Low

Dungarpur 0.036 0.015 0.017 0.116 0.000 0.183 29 Low

Sirohi 0.003 0.001 0.100 0.023 0.054 0.180 30 Low

Banswara 0.012 0.032 0.000 0.105 0.003 0.151 31 Low

Pratapgarh 0.009 0.003 0.085 0.037 0.007 0.141 32 Low

Jalore 0.000 0.042 0.024 0.058 0.007 0.132 33 Low

Weight 17 18 20 23 21

Source: Authors’ Estimation, 2019.

Values of Weights are in Percent.

resources to grow such crops. Second, the fertility of soil also
determines the fertilizer consumption and cropping pattern. Dry
districts such as Bikaner, Udaipur, and Jaisalmer have relatively
less fertile land than areas belonging to irrigated districts such as
Jaipur, Ganganagar, Hanumangarh, and Kota.

Food Security Index
The FSI was estimated as an aggregation of three indices
(availability, accessibility, and stability). It was found that
Ganganagar district (0.407) was rated the most food-secure
district due to relatively higher food stability (0.401) in the
Rajasthan state. Conversely, lower food availability (0.084) and
accessibility (0.183) contributed to the lowest food security in the
Dungarpur district (Table 5).

Group Wise Food Security Index
The quintile estimation technique was used to evaluate food
security status at the disaggregate level. Based on the quintile
values, districts are grouped into four groups: low, medium, high,
and very high (Figures 2A–D). As far as the food availability
index is concerned, districts belonging to the desert region
relatively had lower food availability, while districts belonging
to the irrigated regions relatively had higher food availability
(Figure 2A). Further, food accessibility quintile estimation
results show that districts (i.e., Kota, Jodhpur, Udaipur, and
Ajmer) of relatively higher urbanization rate, with 24/7 all
seasonal road connectivity and proximity to the capital city of
Jaipur, had higher food accessibility, while districts belonging to
the desert region had relatively lower food accessibility capacity
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TABLE 4 | District wise Food stability index for Rajasthan.

Districts Fertilizer Food grain Fruits and Storage Cropping Percentage of Variability Variability in Food stability Rank Degree

consumption yield vegetables capacity intensity irrigated rainfall mean index

yield area temperature

Ganganagar 0.031 0.044 0.011 0.109 0.035 0.097 0.052 0.021 0.401 1 Very high

Baran 0.064 0.069 0.002 0.034 0.067 0.058 0.051 0.007 0.352 2 Very high

Alwar 0.037 0.043 0.040 0.022 0.062 0.062 0.042 0.036 0.344 3 Very high

Bharatpur 0.048 0.052 0.049 0.024 0.042 0.063 0.048 0.013 0.339 4 Very high

Bundi 0.061 0.046 0.002 0.025 0.069 0.059 0.059 0.004 0.326 5 Very high

Dholpur 0.061 0.056 0.066 0.002 0.039 0.055 0.046 0.000 0.326 6 Very high

Kota 0.076 0.061 0.011 0.015 0.064 0.061 0.027 0.004 0.318 7 Very high

Hanumangarh 0.026 0.036 0.004 0.057 0.039 0.062 0.070 0.013 0.306 8 Very high

Chittorgarh 0.053 0.044 0.007 0.022 0.055 0.044 0.049 0.014 0.288 9 High

Pratapgarh 0.046 0.044 0.045 0.008 0.053 0.033 0.047 0.001 0.277 10 High

Jhalawar 0.038 0.045 0.002 0.016 0.075 0.049 0.034 0.011 0.270 11 High

Karauli 0.036 0.051 0.001 0.009 0.062 0.038 0.053 0.004 0.254 12 High

Dausa 0.039 0.043 0.000 0.015 0.061 0.044 0.042 0.007 0.252 13 High

Swai Madhopur 0.050 0.041 0.003 0.017 0.030 0.059 0.036 0.004 0.240 14 High

Jaipur 0.028 0.028 0.001 0.029 0.054 0.034 0.017 0.041 0.232 15 High

Sikar 0.012 0.022 0.059 0.003 0.040 0.037 0.028 0.025 0.225 16 High

Udaipur 0.053 0.022 0.000 0.019 0.036 0.026 0.010 0.046 0.213 17 Medium

Jodhpur 0.012 0.003 0.053 0.022 0.004 0.025 0.004 0.066 0.189 18 Medium

Nagaur 0.012 0.008 0.042 0.017 0.006 0.016 0.017 0.063 0.181 19 Medium

Bhilwara 0.031 0.016 0.000 0.016 0.039 0.031 0.013 0.035 0.181 20 Medium

Jhunjhunu 0.008 0.021 0.012 0.000 0.053 0.033 0.029 0.021 0.177 21 Medium

Banswara 0.037 0.024 0.002 0.005 0.041 0.027 0.025 0.014 0.175 22 Medium

Sirohi 0.039 0.015 0.002 0.002 0.035 0.055 0.006 0.000 0.155 23 Medium

Rajsamand 0.032 0.023 0.001 0.001 0.041 0.037 0.008 0.010 0.154 24 Low

Tonk 0.030 0.013 0.001 0.006 0.037 0.041 0.015 0.009 0.151 25 Low

Dungarpur 0.018 0.017 0.005 0.004 0.041 0.019 0.013 0.006 0.124 26 Low

Jalore 0.014 0.003 0.005 0.009 0.026 0.039 0.004 0.018 0.117 27 Low

Ajmer 0.014 0.002 0.001 0.017 0.035 0.012 0.000 0.025 0.106 28 Low

Bikaner 0.005 0.005 0.000 0.009 0.007 0.024 0.009 0.043 0.102 29 Low

Pali 0.010 0.003 0.001 0.023 0.005 0.012 0.002 0.038 0.094 30 Low

Barmer 0.001 0.000 0.000 0.004 0.000 0.007 0.000 0.081 0.093 31 Low

Jaisalmer 0.004 0.002 0.000 0.007 0.013 0.029 0.005 0.031 0.091 32 Low

Churu 0.000 0.002 0.011 0.000 0.023 0.000 0.005 0.025 0.066 33 Low

Weight 8 10 7 20 10 10 15 20

Source: Authors’ Estimation, 2019.

Values of Weights are in Percent.

(Figure 2B). Furthermore, food stability is directly related to a
higher yield of food grains, fruits and vegetables, and higher
cropping intensity, hence, irrigated districts such as Ganganagar,
Kota, Bharatpur, and Alwar had a relatively higher food stability
than that of other districts (Figure 2C). In totality, districts that
had the relative advantage of cropping intensity, the yield of
crops, and all seasonal roads are relatively better off in terms of
food security than that of other districts (Figure 2D).

Validation of Estimated District-Wise Food
Security Index
It is prerequisite to validate the constructed indices. It can be
referred to as “good” when it is significantly correlates with

its associate indices (Kumar et al., 2015; Singh and Nayak,
2020). Spearman’s correlation coefficients reveal that FSI is
positively associated with FAVI, FACI, and FSTI (Table 6). This
strongly reflects that food security depends on food availability,
accessibility, and stability and also has a significant association
with its components. Food availability is positively associated
with food stability. It infers that food stability improves as food
production increases.

Empirical Findings
By using the OLS method and the hypothetical assumption
mentioned in equations 7, 8 and 9, the FSI is regressed with
its components. The regression classification Table 7 indicates
that the OLS correctly predicted about 90% (i.e., R2 value). The
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TABLE 5 | District wise Food security index for Rajasthan.

Districts Food availability index Food accessibility index Food stability index Food security index Rank Degree

Ganganagar 0.366 0.453 0.401 0.407 1 Very high

Jaipur 0.174 0.725 0.232 0.377 2 Very high

Alwar 0.332 0.400 0.344 0.359 3 Very high

Kota 0.184 0.574 0.318 0.359 4 Very high

Jodhpur 0.328 0.547 0.189 0.355 5 Very high

Baran 0.448 0.262 0.352 0.354 6 Very high

Hanumangarh 0.305 0.340 0.306 0.317 7 Very high

Bharatpur 0.278 0.287 0.339 0.302 8 Very high

Ajmer 0.318 0.479 0.106 0.301 9 High

Udaipur 0.141 0.533 0.213 0.296 10 High

Sikar 0.315 0.315 0.225 0.285 11 High

Bikaner 0.236 0.495 0.102 0.278 12 High

Bundi 0.279 0.220 0.326 0.275 13 High

Jhalawar 0.346 0.200 0.270 0.272 14 High

Dholpur 0.293 0.184 0.326 0.268 15 High

Chittorgarh 0.272 0.209 0.288 0.256 16 High

Bhilwara 0.160 0.398 0.181 0.246 17 Medium

Nagaur 0.218 0.339 0.181 0.246 18 Medium

Pratapgarh 0.295 0.141 0.277 0.238 19 Medium

Karauli 0.209 0.224 0.254 0.229 20 Medium

Swai Madhopur 0.213 0.219 0.240 0.224 21 Medium

Barmer 0.231 0.341 0.093 0.222 22 Medium

Jhunjhunu 0.186 0.299 0.177 0.221 23 Medium

Dausa 0.178 0.209 0.252 0.213 24 Low

Pali 0.138 0.355 0.094 0.196 25 Low

Jaisalmer 0.269 0.214 0.091 0.191 26 Low

Rajsamand 0.128 0.259 0.154 0.180 27 Low

Churu 0.135 0.331 0.066 0.177 28 Low

Tonk 0.135 0.198 0.151 0.162 29 Low

Banswara 0.124 0.151 0.175 0.150 30 Low

Sirohi 0.109 0.180 0.155 0.148 31 Low

Jalore 0.190 0.132 0.117 0.146 32 Low

Dungarpur 0.084 0.183 0.124 0.131 33 Low

Source: Authors’ Estimation, 2019.

model fits the data at (p< 0.001) as indicated by the F probability
statistics (Prob > F). This reflects that results also reject the null
hypotheses and accept alternative hypothesis stating a significant
relationship between the captured variables and food security
index. Further, the goodness of fit (R2) demonstrated that the
variables used in this study were sufficient in capturing the
variation due to their respective dependent variables (Singh,
2020a,b).

Table 7 reveals regression results among food security and
its components. The components of food security such as
availability, accessibility, and stability are regressed on the FSI
to estimate their individual impact. Results show that all the
components are positively and significantly associated with the
FSI, which is theoretically correct and valid. Our results also
matched with Dev and Sharma (2010) with an argument that any
increase in availability, accessibility, and stability leads to better

food security. Further, the food availability index also regressed
with its associated components. Regression results show that
all components are statistically and positively associated with
the food availability index. Results show that increase in the
availability of livestock, food grains, oilseeds, condiments and
spices, fruits and vegetables, milk and eggs leads to an increase
first, in nutritional security, then, eventually food security in
the study districts of Rajasthan. Furthermore, literacy rate,
road length, per capita domestic product, BPL population,
and urbanization rate are regressed with food accessibility
components. Regression results confirm that all the components
are positively associated with the food accessibility index except
the population below the poverty line and the urbanization
rate. It means that an increase in literacy rate, along with the
accessibility of all seasonal roads, and per capita district domestic
product, leads to an increase in food accessibility. Conversely,
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FIGURE 2 | (A–D) are stands for Food availability index, food accessibility index, food stability index and food security index.

an increase in the BPL population and urbanization rate leads
to a decline in food accessibility. Moreover, components such as
fertilizer consumption, yield of food grains, fruits and vegetables,
storage capacity, cropping intensity, irrigated area, variability in
rainfall, and temperature are regressed with the food stability

index. The regression result shows that all the components
are positively associated with the food stability index except
variability in rainfall and temperature. It means an increase in
fertilizer consumption (bio and chemical), yield of food grains,
fruits and vegetables, storage capacity, cropping intensity, and
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irrigated area leads to higher food stability, while increase in
variability in rainfall and temperature leads to a decline in food
stability.

DISCUSSION

This study used disaggregate-level data to examine the extent
and dimensions of food security at the district-level using the

TABLE 6 | Spearman’s rank correlation statistics.

Parameters FSI FAVI FACI FSTI

FSI 1 0.4562NS 07519* 0.9421*

FAVI 0.6523* 1 −0.0524* 0.4512*

FACI 0.7865* −0.0541* 1 1

FSTI 0.9241* 0.4515* 0.4251NS 0.4216**

Authors Estimation, 2019.
*, **, Indicates that correlation coefficients are statistically significant at 1, 5, 10% level of

significance, while NS indicates non-significance level.

FSI, food security index; FAVI, food availability index; FACI, food accessibility index and

FSTI, food stability index.

indicator approach and secondary data. The study argued that
India is a diverse and complex society which has geographical
conditions. Hence, disaggregate-level analysis is imperative to
capture regional variations. The majority of previous studies
have used similar indicators at the country and state-level but
none of the them exclusively captured regional aspects of food
security in Rajasthan. The findings from this study revealed
that there were large-scale variations in the values of indices
calculated from different districts in all three dimensions of
food security, i.e., accessibility, availability, and stability. Second,
socio-economic factors along with access to extension services
are at center of food security. Hence, we cannot ignore the
relative importance of these factors apart from agricultural
production. These results are perfectly matched with Mahadevan
and Sandy (2013). Their study evidenced that food security
is being adversely affected in households particularly from the
low caste groups or belonging to a religious minority. Further,
food availability and stability indices were calculated by using
food production and population data. District-level data of food
production has shown that districts belonging to dry regions are
relatively more food insecure compared to districts belonging
to irrigated regions. This is increasing rural-urban migration

TABLE 7 | Impact of different factors on food security, food availability, food accessibility, and food stability in Rajasthan.

Indicators Food security index Food availability index Food accessibility index Food stability index

Food availability index 0.2308* - - -

Food accessibility index 0.2692* - - -

Food stability index 0.7049* - - -

Livestock - 1.0021* - -

Food grains - 1.0026* - -

Oilseeds - 0.9972* - -

Condiments and spices - 1.0025* - -

Fruits and vegetables - 1.0008* - -

Milk - 0.9983* - -

Eggs - 1.0035* - -

Literacy rate - - 0.99568* -

Road length - - 1.0027* -

Per capita district domestic product - - 1.0004* -

Population below poverty line - - −0.9972* -

Urbanization - - −0.0029* -

Fertilizer consumption - - 0.9961*

Food grain yield - - - 1.0118*

Fruits and vegetable yield - - - 1.0008*

Storage capacity - - - 1.0010*

Cropping intensity - - - 0.9980*

Percentage of gross irrigated area to gross sown area - - - 0.9934*

Variability in rainfall - - - −0.0004*

Variability in temperature - - - −0.0005*

Constant −0.0003NS −0.0004NS 0.0001NS

No of Obs. 33 33 33 33

R2 0.95 0.98 1.00 0.95

Prob > F 0.0000 0.0000 0.0000 0.0000

Root MSE 0.00066 0.00029 0.00086 0.00076

Authors’ Estimation, 2019.
*, **, *** Indicates that correlation coefficients are statistically significant at 1, 5, & 10% level of significance, while NS indicates non-significance level.
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FIGURE 3 | 3D Framework for Regional Food Security Assessment. Source: Author’s estimation, 2019.

and would adversely affect the economy and infrastructure of
urbanized districts such as Jaipur, Kota, and Ajmer. This also
would be the main obstacle in achieving “Zero Hunger” target,
which is part of the sustainable development goals by 2030 as
India committed to the United Nations. Furthermore, population
growth data as per population Census (2011) revealed that
the population of Rajasthan increased by 7.1% during 2001–
11 and is expected to further increase by 6% in 2021 (Census,
2011). Hence, the demand for food items would increase in the
coming years. Thus, the increasing demand for food necessitates
large-scale agricultural intensification to meet the future need
of food. The extensive increase in agriculture production will
have a positive impact on reducing hunger. However, an increase
in food production induces intensive resource utilization to
meet the primary raw material requirements in the agriculture
sector. As part of the sustainable development agenda, balancing
the trade-off between resource and environmental conservation
along with food demand is of the utmost importance.

The present study provides solutions for arresting food
insecurity at the regional level (Figure 3) using 3D framework
(Vuong et al., 2022). The framework is appropriate and practical
on the individual, organizational, and national levels within
different contexts. This paper employed it to explain how
food security ensured global, national, and regional scale.
Conceptually, the 3D framework has three major components:
(1) increased food availability through crop diversification and
food production along with efficient food market, (2) increased
food accessibility by increasing number of fair price shops,
literacy, and income diversification, and (3) increased food stocks
and relatively less dependence on climatic factors.

The present study finds that lower food availability and
accessibility are major components for higher food instability
which lead to food insecurity in the districts associated with the
dry state of India viz., Rajasthan. Hence, if farmers increased
their food production by employing ultra-modern artificial
intelligence technology then food availability will increase
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(Singh and Nayak, 2014, 2018a). Further, higher fair-price shops
along with wider transportation coverage have ensured a
continuous supply of food products even in remote areas and
will help to reduce food inequality. Lastly, agricultural and food
production systems play an essential role in increasing the food
supply. Improved outlook on agriculture’s main issues and the
food system, founded on the strong evidence base, can lead to
accelerated progress in achieving regional food security.

The contribution of the present study in the academic
is as follows. First, the present study provides a conceptual
framework that lays out the multiple dimensions, level, and
components of food security at disaggregated-level. Second,
for each of the identified indicators of food security, we
systematically review their original purpose and construction,
what underlying construct(s) they were intended, i.e., whether
they reliably and accurately reflect the underlying phenomenon
they were intended to reflect. Lastly, the present study mapped
each indicator according to the level of measurement and the
component(s) of food security access it captures and highlights
the strengths and weaknesses of the evidence.

CONCLUSION AND POLICY IMPLICATION

The study attempted to assess the food security status of
different districts in Rajasthan, which facilitated in identifying
and prioritizing the food insecure regions and the corresponding
socio-economic factors that contributed to such inefficiency
and vulnerability. The results revealed significant inter-district
variations across the three major dimensions of food security:
availability, accessibility, and stability. Districts belonging to the
dry regions are relatively higher food insecure compared to
the districts belonging to the irrigated regions. Index validation
results show that all three components of food security are
positively and significantly associated with the food security.
Further, empirical regression results confirm that variability in
rainfall and temperatures are negatively associated with the
FSI indicating that any change in rainfall and temperature can
lead to lower food security in the dry districts. Furthermore,
the population belonging to the below poverty line are also
relatively more food insecure than that of the population
belonging to the above poverty line. It also further indicates
that rural development programmes such as MGNREGA have
played a vital role in promoting food insecure districts into
food secure districts. Rapid urbanization in irrigated districts has
led to better food security compared to dry regions. Moreover,
quintile estimation results portray that lower food production
and inadequate market access in districts, namely Dungarpur,
Jalore, and Churu, fall into the low food security category. Hence,
lower food accessibility reflects the need to increase the literacy
rate for not only improving the access but also to promote an
increase in the adoption of better farm technologies.

Hence, this study recommends the following policy
suggestions. First, increasing climate aberrations significantly
impact rural/agro-based livelihood and diversification from farm
to non-farm activities helps moderate vulnerability to livelihood
shocks. Secondly, sufficient storage capacity needs to be created

to avoid possible wastage in the harvesting season and price
fluctuation across seasons. Thirdly, focus needs to bemade on the
development and dissemination of climate-resilient technologies,
investment in infrastructure, promotion of water management,
conservation technologies, and regulation and replenishment of
groundwater in rural areas for augmenting cropping intensity.
Fourthly, there is a dire need for district-specific policies to arrest
food insecurity in backward districts. Fifth, migration from rural
areas to urban centers is increasing stress on the urban resources,
therefore, coverage of rural employment programmes could be
increased to urban areas to ensure employment opportunities in
both rural and urban areas.

Though this study tried to capture all the aspects of food
security and highlighted the constraints of food security at
district level in Rajasthan, the results need to be interpreted
with caution because of certain limitations. Firstly, the present
study has only used spatial data to map the food security
status of districts in Rajasthan by excluding temporal variations
due to data constraints, while from the policy perspective, it
is imperative to capture spatial-temporal variability in food
security. Secondly, unemployment and poverty are also key
factors responsible for food insecurity especially in dry districts
such as Jodhpur, Bikaner, and Ajmer. Data for employment and
poverty was collected only in the 68th NSSO round (2012–13),
which is not comparable with current data. Hence, this study has
excluded unemployment and poverty aspects from the analysis.
Thirdly, the present study has identified that districts belonging
to the dry regions are relatively more food insecure compared
to districts belonging to the irrigated regions. Hence, it is also
important to assess regional-specific food security status, while
the present study excluded this dimension. Finally, Indian society
is divided based on castes, classes, religions, regions, and many
stratifies, hence, it generates scope for future research on food
security along with rational indicators and estimation methods.
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