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ABSTRACT
The deadly waves of COVID-19 have exposed especially the food and health systems around the world. The purpose of
this research study is to analyze the linkages of socio-economic factors encroaching on sustainable food systems and
ultimately food security. Moreover, the policy twist is required to contrive a holistic and integrated approach for the
formulation and implementation of workable public policies to materialize the true dream of a sustainable food
system. Multinomial Logistic Regression has been applied to estimate the results. The results reveal the story that the
independent variables like subsidized fertilizer availability, seeds productivity performance, changing pattern of
sowing, and adaptation to climate change have a high positive and statistically significant relation with crops
productivity. Moreover, inputs price volatility and changing sowing patterns have a positive and statistically
significant impact on adaptation to climate change. Climate change and the current application of research and
development (R and D) showed a negative impact on production. These results bring forth two dimensional (Alpha
and Beta) set of policies to rearrange formulation and implementation frameworks. The former emphasizes food
baskets acquisition, investing a large amount in health and environment friendly activities. The latter focuses on riskaversion based healthcare system, food price regulatory framework, and balancing the social-ecosystem.
Keywords: Socio-economics, Food system, Adaptation, Food baskets, Food sustainability, Implementation framework.
INTRODUCTION
Agriculture especially crops farming is the preeminent
business sector that has a direct impact on natural
phenomena particularly climate change (Mahmood et al.,
2021). Enviable weather conditions are still essential for
crops production and food supply despite the significant
advancements in technology (Jha, 2015). Rainfall and
temperature among the climatic factors determine crops
productivity (Akhtar et al., 2019). Crops’ productivity is
heavily under pressure with the varying intensity of
climate change particularly in the low-income and
developing agrarian economies. Rural livelihoods are
also jeopardized in the developing world while
vulnerability to farming communities is burgeoning over
time (Abid et al., 2019). The agriculture sector absorbs
60 percent of the workforce, provides 70 percent
livelihood opportunities and 22 percent contributes to
113

gross domestic product (GDP) in South Asia (Wang et al.,
2019). Weak adaptative capacity and large dependency
on the agriculture sector in South Asia are extremely
vulnerable to climate change (Mahmood et al., 2021).
The frequent increase in the floods, heatwaves,
droughts, and precipitation variation in this region have
been impacting the food security and livelihood
opportunities of the people (Lobell et al., 2012). It has
been predicted that GDP will decline around 1.8 percent
till 2050 and 8.8 percent by 2100 of the South Asian
countries if the effective adaptation strategies are not
practiced (Ahmed and Suphachalasai, 2014). Adaptation
practices are the specific activities performed in
agriculture that are basically designed to increase
resilience and decrease vulnerability in the whole
agriculture system (Vogel and Meyer, 2018). The
adaptation measures’ selection largely depends upon
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households’ perception towards climate change,
geographical location, economic endowments, cultural
and social concepts, and a country’s agricultural policy
(Bryan et al., 2013). Diversified practices of farming
could be beneficial to halt the negative impacts of
climate change to safeguard, sustainable food supply,
food security, and livelihoods of the farming
communities (Di Falco et al., 2011). Effective support
and small landholder farmers' empowerment to adopt
environment friendly and climate resilient practices
need to assess the basic motivations for the adoption
strategies (Ali, 2021).
In the most vulnerable countries, Pakistan stands among
one of the top ten in which climate change has been
affecting adversely (Kreft et al., 2014). Pakistan is an
agrarian-based economy and agriculture is considered
the backbone of Pakistan’s economy. Agriculture
contributes 19.3 percent to the national GDP in which
livelihoods of 38.35 percent population (including 30.2
percent males and 67.2 percent female) depend on the
agriculture sector (GoP, 2014). The successfully
achieving substantial food supply system lies in
investigating the new trends impacting agriculture
sustainable productivity and policies implementation
response of the farmers. In this way, a policies
framework can be devised for a workable policy
imperative to develop a mutation in the agriculture
sector against any shock to dismantle the whole food
supply system. The world population is projected to
increase from 7.7 billion (2019) to 9.7 billion (2050)
with 2 billion people appearing in 30 years. The advent
of coronavirus (COVID-19) has increased human
suffering with economic disruption and projected that
global annual GDP growth will be shrunk to 2.4 percent
(Chakraborty and Maity, 2020).
Political scientists generally give less attention and focus
to outcomes from diseases, but they do emphasize
behaviors of governments and societies. For instance,
how individuals fail or succeed to overcome problems
and during crisis correlate risks with economies collapse
or natural calamities. The evidence suggested the way
forward to focus on strengthening state capacity in
addressing mortality during COVID-19 rather than the
accountability of citizens by the government
(Bosancianu et al., 2020). The Price Theory is one of the
foundations of Neoclassical Economics. Price is the
cornerstone determinant of consumers’ economic
welfare and income level of farmers, exporters, and
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importers who are involved in agriculture products
(Sardar Shahraki et al., 2019; Van Campenhout et al.,
2018). Subsidized modern inputs would make the
farmers able to cover their costs rather than provide
credits to them. Free seeds with a reduced price of
fertilizers for each crop can develop local labouring
wage rates and this model can lead to intensification
across the regions (Pretty et al., 2011). However,
efficient pesticides application with seeds and standard
mixtures of fertilizers nutrients relies on the experience
and skills of the farmers (Reader et al., 2018). On the
other side, the structure of market connectivity (farm
level to retail) and the price transmission process have
remained the key areas of discussion among agricultural
economists (Amrouk et al., 2020; Hussein, 2018). In the
gambit of food and nutrition security, we are going to
build a novel narrative by connecting policies in terms of
formulation and implementation to achieve a
sustainable food supply. This research study is unique in
analytically presenting the policy implementation
responses of the experts. The efforts are made to devise
a basket of policies to achieve an uninterrupted food
supply system in the light of socio-economic
imperatives.
Agriculture markets analysis is imperative for
developing a sound policymaking framework by
understanding the relationship between inputs and
crops along with their price effects. ‘Zero budget’ is
cognate to financial inputs affordability through which
poor farmers overcome their inability of access to
improved seed, manufactured agro-chemicals and
confront a vicious circle of debt owing to high costs of
productions, soaring interest rates, and market prices
volatility. This tautness resulted in higher suicide rates
over to 2530 farmers who took their own lives since
1995 in India (Smith et al., 2020; Collective, 2012).
Farmers continuously deal with climatic uncertainty and
variability, however, is looming on the head the
uncertain pattern of weather has been demanding rapid
and flexible capacity responses. Resilience creation
focuses on the risk of being food insecure reduction and
developing the adaptive capacity to proactive response
and copping risk to change (Gitz and Meybeck, 2012). A
sustainable diet is related to the governance of future
food systems on a sustainable footing, and it constitutes
four goals including nutritious diet and health, cultural
acceptance, economic soundness, and environmental
auspices (Fanzo et al., 2012).
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The alarming situation has been calling for institutions
and governments to transform policy focus by switching
off to economic growth and switching on to an economy
of conservation that will help to stop environmental
degradation and stimulate human activities to attain a
sustainable future for all (Ripple et al., 2018). The
toughest world societal challenges are minimization of
biodiversity losses and attaining sustainable food
production that provides unavoidable trade-offs
between environment and human axes belonging to
sustainable development goals (SDGs) of the UN (Nilsson
et al., 2016). Achieving wheat self-sufficiency by
providing subsidies on wheat flour prices, managing
procurement, and income support. Moreover, Private
storage and wheat procurement left a heavy cost on the
national exchequer of Rs. 262.5 billion and Rs. 414
billion payables to the banks in Pakistan. They directed
policy by insisting on a comprehensive food security
policy which must include institutional development
based on research and development (R and D) including
defined government role in the food sector. The
numerous policy measures to perform in a better way in
the areas of malnutrition and climate change lie outside
the spectrum of health and climate that demands
coordination among sectors at multi-levels within and
outside the of the governments. Though, this creates
problems of power and interests of the powerful policy
players to influence the decisions and priorities of the
government (Townsend et al., 2020).
The condition of sustainability is satisfied when cost,
duration, and dependent activities chain are met with
demand (Zachary, 2014). Human and wildlife have been
bearing costs due to environmental degradation. Since
1970, vertebrate populations dropped down on average
of 60 percent while 75 percent of the Earth’s land has
been substantially degraded (Laybourn-Langton et al.,
2019). The discourses of distributive justice for climate
change lie in mitigation and adaptation (Posner and
Weisbach, 2010). Inertia in the climatic system, despite
effective mitigation efforts at the global level for
greenhouse gases (GHGs), do matter less, humanity will
be at risk because of direct and indirect climate change
impacts (e. g by ecosystem services) on human wellbeing and will need substantial adaptation efforts
(Pachauri et al., 2014). Burgeoning inequality can
approach environmental degradation with agricultural
frontiers enlargement (Ceddia, 2019). Inequality in the
context of wealth concentration in super-rich hands
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caused impacts on the environment and outstanding
consumption patterns (Otto et al., 2019). When there
increases one percent in the number of high-net-worth
individuals (HNWI), it will result in a 2.4 percent to 10
percent expansion in the area size of flex-crop (Ceddia,
2020). Moreover, inequality has been exacerbating the
polluter's marginal benefits (MBs) and reducing
marginal costs (MCs) that have been resulting in
environmental degradation at a high social optimal level
(Boyce et al., 1999).
However, uneven land distribution may increase
deforestation and impact demographics (Sant'Anna,
2017). Environmental protection may also be hindered
as inequality (Andersson and Agrawal, 2011). Hence,
over the past 30 years, global inequality is mainly
resulted due to an increase in the accumulation of
wealth among the richest people (Alvaredo et al., 2018;
Galbraith, 2012). Forward-looking (distributive justice;
distribution of risk damages cannot be adapted) and
backward-looking (compensatory justice; compensation
to those who are suffering from climate change from
those who caused or right of compensation by agents)
policies are highly focused for food sustainability. The
distributive justice (ability to bear the principal
payment) states that the agents who have the ability or
capacity to manage residuary risks should bear a large
portion of costs and should deliver this bulk of benefits
to the agents who have the greatest financial need, i.e.,
available global resources (Wallimann-Helmer et al.,
2019). Interdisciplinary and intersectoral approaches
like structural changes are to be followed with trade
regimes to mitigate climate change and reduce
malnutrition along with reasons for change
identification and how these changes are accomplished
by actors of public interest (Friel et al., 2020).
MATERIALS AND METHODS
Theoretical background
The program theories or theories of change are the
approaches for theory-oriented evaluation (Koleros and
Mayne, 2019). The Theory of Change (ToC) is based on
the “hope to change some of what” (Valters, 2014). Food
security is a multi-sectoral and multi-dimensional
phenomenon that expands beyond food production,
availability, and food demand (Reddy, 2015). Agriculture
is the most implicitly and explicitly influential sector in
the context of human development and food security
(Abdelhedi et al., 2020; Kogo et al., 2020). Demand and
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supply are the two key aspects of agriculture that are
under serious threat of COVID-19 (Siche, 2020). The
major determinants of demand sides are purchasing
power, population growth, subsidies, food products
prices, social welfare programs, and schemes while the
supply side is food production size at the domestic level,
food imports, and food distribution (Reddy, 2015). The
forthcoming decades are expected to increase pressure
globally on food systems from the demand side
(burgeoning population growth and per-capita
consumption) as well as from the supply side (large
inputs competition and climate change challenge).
Therefore, there are needed actions regarding food
systems, reducing food waste, moderating demand,
improving governance, and food production at a large
scale (Godfray, 2014). Provision of access to
reproductive units of healthcare, ameliorating education
(especially girls) have a positive impact on reducing the
fertility rate, improving the wellbeing and livelihoods of
the hapless (Ezeh et al., 2012). There are also certain
other approaches for the production process that are
Cobb-Douglas Production Function (Butsic et al., 2012).
Moreover, the Stochastic Frontier Production Function
does investigate the interregional agriculture average
yield difference at a global scale (Kudaligama and
Yanagida, 2000). Generalized Cobb-Douglas Production
Function gives returns to scales (how output varies with
inputs). Moreover, consumption theories include the
consumer in classical thought, the Marxian view, the
marginalist revolution, Lancaster’s objective theory of
demand, and Becker’s economic theory of taste (Aiello et
al., 2012).
Data related framework
A questionnaire was constructed innovatively for the
field survey, and it was conducted in September 2018.
Qualitative questions were included with a 5-LikertScale compass. The sample size was determined by
Multistage Proportionate Stratified Cluster Random
Sampling (MPSCRS). The MPSCRS is applied to
homogeneous groups or similar characteristics of the
population. In each group sample size is proportionate
to the population size of that group. The formula used in
sample selection is𝑛 =

N
1+N (𝑒)2

(Sani et al., 2019; Singh

and Masuku, 2014). Where "𝑛" represents total samples,
"N" indicates the size of included population and “e” is
the precision level. According to this formula, 71 percent
samples belong to the rural population (9472020 and 29
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percent to the urban (422538) population. Among this,
255 respondents were farmers. The minimum age of the
respondent was 35 years because there has been used
recall method to analyze the perception of the farmers
about the policies connected to and implemented in the
farming sector of the region. The studied area is
comprised of district Chiniot, Punjab, Pakistan. There
were three levels or categories (Tehsils or zones) of a
district. Therefore, the data were collected from 75
villages (rural) and 3 cities (urban) with the
geographical categorization of each category or group or
zone into North, South, East, West, and Centra. The basic
reason for conducting this field survey was that to
analyze the policy effects particularly the heavy flood of
2015 in this reason.
Analytical framework
Discrete selection analysis is related to the development
of model selection from a small set of discrete choices.
Probit or logit models are frequently used for the binary
selection or choice categories (Kohansal et al., 2013;
Riddington et al., 2000) Multinomial logistic analysis is
applied for the prediction of categorical arrangements or
probability of the category group for dependent variable
relies on multiple independent variables (can be
dichotomous; binary, continuous; ratio or interval in
scale). Moreover, this approach is considered attractive
and powerful for analysis because it does not assume
linearity,
normality,
and
homoscedasticity
(Starkweather and Moske, 2011).
In this research study, there are more than two
independent variables in categorical form. Therefore,
multinomial logistic regression is a very effective tool to
analyze the choices of the respondents. Multinomial
logistic model (MNLM) is applied for the analysis of
primary choices of consumers. The MNLM exemplifies
an appropriate theoretical account to explain and
explore a process where the set of choices is comprised
of multiple alternatives (Greene, 2008). The multinomial
logistic regression is used generally ineffective way
where the response variable is in more than two
categories or levels and there is needed to predict the
response variable along with the percentage of variance
in it that is explained by explanatory variables (El-Habil,
2012). This model explains the consumers’ behaviors
when they have a variety of goods for the objective of
common consumption. However, goods and their
substitutes or complements must be differentiated by
their individual preferences of attributes. MNLM has
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been applied in many research studies particularly
related to food security estimations (Udomkun et al.,
2018; Ogundari, 2017; McCordic, 2016; Ionescu-Ittu et
al., 2015; Carter et al., 2014; Akter et al., 2014; Dean et
al., 2011; Temple, 2008; Kabbani, 2005). The analysis of
consumers’ primary choices is the choice set consists of
more than two alternatives (Kohansal et al., 2013). The
Multinomial Logistic Model is as follow;
1
𝑃𝑖𝑗 =
, 𝑖𝑓 𝑗 = 0
𝑛=5
1 + ∑𝑘=1(𝐸𝑥𝑝(βi 𝑥𝑗 )
Where 𝑃𝑖𝐽 is the ith households probability indicator in
all four key dimensions, 𝑥 is the vector of variables
related to each dimension of the FS that is related to
household’s socio-economic and demographic aspects
(see; variables list in table), β is a vector of estimated
parameters and 𝑗 represents the Likert scales perception
of household to the parameters of each dimension. The
empirical model is explained and defined in the
established framework such as;
Model
1
𝐹𝐹𝐴𝐹 (𝐴𝑃) = 𝛽0 𝐹𝑟 𝐴 + 𝛽1 𝑆𝐴 + 𝛽2 𝑆𝑃𝑃 +
𝛽3 𝐴𝑀𝐶 + 𝜇𝑖
Where 𝐹𝐴𝐹 shows Food Availability of farmers that is
determined by 𝐴𝑃 that represents agriculture
production, Fr A is fertilizer availability, PAv is pesticides
availability, SAv is seeds availability, CSP is changing
sowing pattern, AMC is adaptation steps to mitigate
climate change andμi is the regression error term.
Model 2 𝐹𝐹𝑆(𝐴𝐶𝐶) = 𝛽1 + 𝛽2 𝐼𝑃𝑉 + 𝛽3 𝐶𝑆𝑃 + 𝛽4 𝐶𝑃𝐷 +
𝛽5 𝐸𝑅𝐷 + 𝜃𝑖
Where 𝐴𝐶𝐶𝐶 explicates adaptation to climate change,
𝐼𝑃𝑉 reflects input price volatility, 𝐶𝑆𝑃 is changing
sowing pattern over time, 𝐶𝑃𝐷 exhibits the productivity
of the crop decreasing over time, 𝐸𝑅𝐷 is the layout of
more expenditure on R and D causing lower production
while θ𝑖 is the error term in the regression model.
Factor Component Analysis
Factor analysis is an important instrument that is used
for the construction, elaboration, and evaluation of
measures, tests, and scales (Williams, Onsman, and
Brown, 2010). Moreover, it reduces the number of
variables into a small set along with constructs
dimensions underlying between measured factors and
constructed latent (Taherdoost, Sahibuddin, and
Jalaliyoon, 2014). Food security has multidimensional
nature and therefore difficult to capture all angles
through a single indicator (FAO, 2014). There is needed
to include all forms of food security dimensions to
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measure food security (Pinstrup-Andersen, 2009). FCA
is required minimum correlation of 0.30 size among
variables and theoretically very first factor captures
maximum variations while subsequent capture new with
lower variation (Wineman, 2016).
Data Reliability Test
The Cronbach’s alpha tests are applicable when there
are multiple Likert scale questions. The questions
estimate the latent variables that may be hidden or
unobservable. The Cronbach’s alpha talks about how
closely a set of items are related in a group. Cronbach’s
alpha depicts the average of the all-possible split-half
reliabilities predicted the number of measures in the
scale (Zeller, 2005). The value of Cronbach’s alpha
approaches to one is considered the strong reliability
and 0.70 is acknowledged is the threshold for good
reliability. In the first model of food availability,
Cronbach’s alpha value is 0.757 while in the second
model of food sustainability, its value is 0.798. The detail
results of reliability have been presented in appendix C
to Appendix F.
RESULTS AND DISCUSSION
Descriptive results of food availability (model 1)
In model 1 of food availability; the dependent variable is
farmers’ understanding about “crops production is
decreasing” over time. The processing summary of the
model presented in appendix A shows that 42.5 percent
of farmers agreed that their agriculture production is
decreasing over time while 69.4 percent gave a neutral
response and 21.9 percent disagreed with this
perception in the whole sample within the farming
community. The results indicate that production has
been declining. It may be due to climate change,
increasing costs of production, input-output market
malfunctioning, or used to conventional approaches of
production. The impact of rainfall and temperature
causing a negative impact on wheat production in rainfed and irrigated regions of Punjab, Pakistan that is
ultimately leading to under pressure food availability
due to climate change and rising population (Tariq et al.,
2014). In appendix A, the dependent variable is
agriculture production decreasing over time and
independent variables are the perceptions of farmers
about this statement and their impacts on the dependent
variable. The results of the model’s goodness of fit
provide support and predict further analysis. Appendix
A also shows the validity and efficiency of estimates. The
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value of Chi-Square (129.66) is very high from the
likelihood estimated with zero probability value that
means the null hypothesis is rejected and the alternative
hypothesis is accepted. It also means that regressors
have a strong impact on the probability of crops
productivity decreasing over time. This means that the
estimated model is well fitted. Pearson determined value
is insignificant (0.09probability value) and value of
deviance is highly insignificant. The null hypothesis for
goodness-of-fit is that the observed data is having the
goodness of fit with the fitted model or the observed
data is consistent with the fitted model. The alternative
hypothesis is tha the observed data is not consistent
with the fitted model. Therefore, the probability value of
Pearson is greater than 0.05 so we reject the null
hypothesis and accept the alternative hypothesis. This
also indicates to the good-fitted model the result of
which also signifies for the implication and validation.
The Pseudo R-square value indicates that 47 percent
variation of vulnerability in crops production decreasing

is due to the independent variables while 53 percent
vulnerability variation is due to other factors (finance,
import, and export policy measures).
Coefficients results under multinomial logistic
regression
In table 1, the multinomial logistic regression results are
presented that include the dependent variable (crops
production is decreasing over time) and independent
variables (fertilizer availability at government
subsidized rate, seeds productivity performance,
changing pattern of sowing, and adaptation steps for
climate change). All the explanatory variables to crops
productivity decreasing are highly statistically
significant. The farmer's perception of crops production
decreasing is determined through Likert Scales of five
options (strongly agree, agree, neutral, disagree, and
strongly disagree) and results are shown in table 1 with
these five categories. The ‘strongly disagree with the
base-category for the crop productivity in the
estimation.

Table 1. Coefficient results of food availability.
Crops productivity decreasing over time
Strongly Agree
Intercept
Seeds productivity performance
Fertilizer availability at government subsidized rate
Changing pattern of sowing
Adaptation steps for climate change
Agree
Intercept
Seeds productivity performance
Fertilizer availability at government subsidized rate
Changing pattern of sowing
Adaptation steps for climate change
Neutral
Intercept
Seeds productivity performance
Fertilizer availability at government subsidized rate
Changing pattern of sowing
Adaptation steps for climate change
Disagree
Intercept
Seeds productivity performance
Fertilizer availability at government subsidized rate
Changing pattern of sowing
Adaptation steps for climate change
Source: Authors own calculations.
Seeds productivity performance
In table 1, the slope coefficient of “seeds productivity
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B
-15.96
2.19
1.18
2.83
0.63
-8.38
1.35
0.86
1.51
1.22
-7.66
0.88
0.77
2.031
-0.07
-0.56
0.57
0.12
0.15
0.41

Std. Eror.
3.40
0.70
0.49
1.11
0.77
2.48
0.62
0.38
0.97
0.71
3.40
0.72
0.47
1.29
0.92
2.19
0.62
0.38
0.92
0.72

Sig.
0.00
0.00
0.02
0.01
0.41
0.00
0.03
0.02
0.12
0.05
0.02
0.22
0.10
0.11
0.94
0.79
0.35
0.75
0.87
0.57

Exp(B)
8.91
3.25
17.09
1.87
3.86
2.36
4.5
3.39
2.42
2.16
7.61
0.93
1.77
1.12
1.16
1.50

performance” is 2.19 which is statistically significant at a
probability value of 0.00 at “strongly estimates”. This
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variable has a 1.35 value of slope coefficient at a
probability value of 0.03 under “agree” estimates. It
means that crops productivity will increase when seeds
productivity increased. It is the case that used seeds are
sufficient in efficiency and quality to stimulate crops
productivity due to climate change impact and lack of
resistance to diseases. Moreover, some other factors that
may cause soil fertility may be increasing over time, a shift
in the production of the crop, and lack of climate change
resistance seeds application in the studied area. The
annual 80 percent seeds requirements are fulfilled by
uncertified seeds (Rana et al., 2018; Abid et al., 2015) and
dealers related to inputs sell generic pesticide
unauthorized and non-registered seeds (Joshi et al.,
2015). Most of the farmers apply last year’s used crop
seeds due to economizing their costs but they can lose
potential yield by using a modern variety of seeds (Fatima
et al., 2015). Delay in irrigation can also cause a negative
association with the efficiency of some inputs like seeds,
fertilizers, and chemicals (Manjunatha et al., 2016).
Subsidized Fertilizer availability
The slope coefficient of the explanatory variable
“Fertilizer availability at government subsidized rate” is
1.18 that is statistically significant under strong
estimates. In the “agree estimates” the slope coefficient
value of “Fertilizer availability at government subsidized
rate” is 0.86 and statistically significant at 0.00
probability. These results give the meaning that if the
subsidized fertilizer availability increases to 1.18 and
0.86 percent, the production of the crop will increase
accordingly. It also means that with the existed
subsidized fertilizer availability, crops productivity has
been increasing. In irrigated land, farm-yard manure and
fertilizers have a positive link to land preparation and
production while wheat yield has been declining
(Hussain et al., 2014). The institutional potential and
regulatory mechanism in the fertilizer industry failed to
operate at full potential in terms of utilization on crops
and has been keeping under stress the sustainability of
the agriculture productivity (Ali et al., 2015). Fertilizer
consumption, credit distribution, and improved seed
distribution have a positive and significant impact on
agriculture's domestic gross product in Pakistan
(Rehman et al., 2019).
Changing pattern of sowing
The slope coefficient value is 2.83 of independent variable
“Changing pattern of sowing” and it is statistically
significant at the probability value of 0.01 with “strongly
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agree estimates. However, this variable also exhibits the
same pattern under “agree estimates” with slope
coefficient value of 1.51 while it is insignificant at a
probability value of 0.121. It means in the former results
that with the current adaptation measures to mitigate
climate change, crops productivity is increasing over time.
Agriculture is the major sector that is affected by climate
change and factors causing impacts on production are
rising temperature, evapotranspiration, rainfall pattern,
changing patterns of sowing and harvesting, water
availability, and land suitability (Janjua et al., 2010). The
alternation in sowing baseline dates in the challenging era
of climate change is a better option to reduce crops' water
requirements (Bhatti et al., 2018).
Adaptation steps for climate change
However, the slope coefficient of variable “adaptation
steps for climate change” value is 0.63 but insignificant
(0.14 probability value) at “strongly agree” estimates and
but it is significant at “agree estimates” with a slow
coefficient value of 1.22 (at probability value of 0.05). It
means that adaptation steps for climate change have a
significant association to cause an increase in crops
productivity and there may be other factors involved for
increasing crops productivity but farmers who gave
understanding for “agree estimates” indicate that this
variable has a link to increase crops production. The
practicing measures to mitigate climate change impacts
are affecting positively and there are also needed
workable measures like keep without sowing land for
some duration after plaguing to gain soil fertility,
changing time of sowing, and harvesting, and best
irrigation management. In table 1, the explanatory
variables like seed productivity performance (slope
coefficient value is 0.88 at probability value of 0.22),
subsidized fertilizer availability (slope coefficient value is
0.77 at probability value of 0.10), changing pattern of
sowing (slope coefficient value is 2.03 at probability value
of 0.11) and adaptation step for climate change variable
(slope coefficient value is -0.07 at probability value of
0.94) have an insignificant association and positive
relation except adaptation steps to mitigate CC to depend
variable “crops productivity is increasing over time”. It
means that farmers are very clear and confident about
their decision and statements for crops production
increasing time. In the case of “disagree estimates,” all the
independent variables contradict and show insignificancy
with strongly agree and agree with choices of the Likert
Scale in table 2. The slope coefficient of “seed productivity
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performance£ is 0.57 (probability value is 0.35). the slope
coefficient of subsidized fertilizer availability is 0.12 (at
probability value of 0.75), changing pattern of sowing
slope coefficient value is 0.15 (at probability value of
0.87) and the adaptation step for climate change variable
slope coefficient value is 0.41 (at probability value of
0.57). These results show that farmers disagree about
crops productivity is increasing over time. The increase in
crops productivity depends upon many other factors like
agriculture credit, water availability, pesticides
application, soil fertility, experience, and education of
farmers.
Multinomial logistic regression results regarding
food sustainability (Model 2)

In model 2, the dependent variable is “adaptation to
climate change”. Farmers gave their perception about
how factor is affecting their adaptation measures to
mitigate climate change impact. The dependent variables
include “input price volatility”, “changing sowing
pattern”, “crops productivity decreasing over time”, and
“expenditure on R and D causing lower production”. The
R and D have negative relation in the short-run on
production (Hussain et al., 2019). The processing
summary of model 2 is presented in appendix B. The
results also show that 47.8 percent of farmers strongly
agree and agree that adaptation mitigates the climate
change impact while 46.3 percent disagreed, and 1.6
percent are strongly disagreed with the statement.

Table 2. Results of coefficients for food sustainability.
Adaptation to climate change
Strongly Agree
Intercept
Inputs price volatility decreasing
Changing sowing pattern
Crops productivity decreasing over time
Expenditure on R and D causing lower production
Agree
Intercept
Inputs price volatility decreasing
Changing sowing pattern
Crops productivity decreasing over time
Expenditure on R and D causing lower production
Neutral
Intercept
Inputs price volatility decreasing
Changing sowing pattern
Crops productivity decreasing over time
Expenditure on R and D causing lower production
Disagree
Intercept
Inputs price volatility decreasing
Changing sowing pattern
Crops productivity decreasing over time
Expenditure on R and D causing lower production
Source: Author’s Calculation.
The goodness of fit is determined through the value of
Pearson. The null hypothesis is “the observed data
shows the goodness of fit with fitted model” while the
alternative hypothesis shows “observed data does not
have the goodness of fit with the fitted model”. The
probability value of Chi-Square is greater than 0.05 and
null hypothesis is accepted, and it is concluded that
observed data is consistent with the fitted model. The
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B
0.49
2.44
0.07
-0.39
-1.08
0.89
1.87
1.31
-0.37
-0.86
-3.05
1.42
3.07
-0.38
-1.22
3.38
1.36
1.46
-1.33
-0.51

Std. Error
3.36
1.10
1.26
0.59
0.49
3.130
1.08
1.18
0.57
0.43
3.63
1.14
1.29
0.66
0.56
3.11
1.08
1.1`6
0.57
0.42

Sig.
0.88
0.03
0.95
0.50
0.03
0.77
0.08
0.26
0.51
0.04
0.40
0.22
0.02
0.56
0.03
0.27
0.21
0.21
0.02
0.23

Exp (B)
11.44
1.07
0.67
0.34
6.51
3.69
0.69
0.42
4.13
21.64
0.68
0.29
3.91
4.30
0.26
0.60

Pseudo R-Square in the Multinomial Logistic model
shows the proportion of variance that is explained by the
explanatory variable on the explained variable. Its range
is between zero to one. In table 2, the coefficients’
results of model 2 are demonstrated. The independent
variable “inputs price volatility decreasing” has a
positive and statistically significant (0.027) association
on the dependent variable “adaptation to climate change
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with the value of 2.44. It means that when the input
price volatility decreases, the probability of 2.44 will
increase the farmers’ adaptation to mitigate climate
change impact. At the neutral option of the Likert -scale
in model 2, changing sowing pattern has also a positive
and statistically significant relationship with the
adaptation to climate change. The value of the coefficient
is 1.42 and the probability value is 0.018. It means that
people’s response is neutral about the changing sowing
pattern that can mitigate the impact of climate change.
However, on strongly agree, agree, disagree, and
strongly disagree, this variable is insignificant. The
explanatory variable “crops productivity decreasing
over time” has a positive but insignificant association at
strongly agree, agree, and neutral options but it has
statistically significant at disagreeing. It means that
people disagree that with operational adaptation steps
to mitigate climate change impact, crop productivity has
been decreasing over time. Moreover, expenditure on R
and D causing lower production has also negative (-1.08)
relation with the adaptation to climate change. It means
that as expenditure on R and D has been increasing but
productivity is decreasing, resultantly adaptation to
mitigate climate change will fall. It also gives the story
that, current expenditure on R and D has not been
effective in Pakistan and still productivity has been
declining. The agreed results show that all independent
variables are insignificant except “expenditure on R and
D causing lower production” with negative relation to
the dependent variable. The adaptation can be reactive
or proactive processes and farmers' capabilities of
expectations and flexibility play a key role in these
processes (Robert et al., 2016). Adaptation reflects the
degree through which a system does adjust processes,
structure, and practices to offset or moderate the change
in its environment (Martin, 2015). Farmers have major
concerns risks and they are exposed to climate change,
pest attacks, institutional risks (regulations in
agriculture, sanitary, and environment), and impacts of
market risks associated with input and output prices
(Hardaker, 2004). The neutral estimates tell that
“Changing sowing pattern”, and “expenditure on R and D
causing lower production” has a statistically significant
relationship while the former variable has a positive
association with adaptation to climate change and later
has negative relation (-1.22). However, they disagree
results show that only “crops productivity decreasing
over time” has a statistically significant and negative
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impact. The results discussions give the vision for the
future researchers that a sustainable food system can be
achieved by examination of policies through holistic
nature. Moreover, future researchers should give more
intention to policy implementation side.
Policies implications and recommendations
• The alpha policy is required to ensure food system
and strengthen market regulation
• Moreover, the Alpha policy paradigm emphasizes on
the health system to be risk-aversion against any
shock likewise pandemic that has exposed the
health system.
• Alpha policy dimension also recommends the
climate friendly activities particularly in the
agriculture sector and preferably less focus on
fertilizer and pesticides applications for farm
productivity.
• Beta
policy
framework
focuses
on
the
implementation side of the public policies
• A sustainable food system can be achieved by
alleviating the problems in the existing food price
regulatory mechanism and efficiency is achievable
through an effective mechanism.
• Healthcare units and health systems are needed a
large investment to develop resistance against any
shock.
• In Beta policy, sustainability of productivity is a
prerequisite for a sustainable food system. Its dream
cannot be materialized without creating balance in
the societal-ecosystem parallelly.
Baskets of policy required to materialize the dream
of food security
An interdisciplinary approach based on the canvas of
micro, meso, and macro policy tools regarding all four
dimensions of food security including nutritional security
is required to address the complexities. The policy
package emphasized on holistic approach regarding all
dimensions and actions are aligned to achieve food
availability, the government needs to control price in
inputs market like fertilizers, pesticides, water irrigation,
machinery and it will be more effective if targeted
subsidy to the targeted farmers with targeted inputs in
specified areas is provided. Democratic governance is a
necessary condition for accomplishing this task along
with efficient institutional performance. Amidst the rising
population along with weak economic and physical
accessibility, demand for food would be seriously
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escalating. Therefore, effective population control
through awareness and social safety nets are required.
Mitigation and adaptations measures should be highly
encouraged, and effects of climate change farmers at
large scales are motivated in their practices at farm levels
to minimize the. Uninterrupted food supply is closely
aligned with food sustainability. It is the cornerstone
because it is standing at large on the performance of the
rest of the dimensions of food security. Its assurance in
Table 3. Key Findings.
F. S
Variables
Dimensions
Category
Food
Dependent
Availability
Variable
(F. A)
Independent
Variables

Food
Sustainability
(F. Ss)
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Dependent
Variable
Independent
Variables

Variables (MNLM)
Crops productivity
decreasing over
time
Seeds productivity
performance
Fertilizer
availability at
government
subsidized rate
Changing pattern of
sowing
Adaptation steps
for climate change

Adaptation to
climate change
Inputs price
volatility
decreasing
Changing sowing
pattern
Crops productivity
decreasing over
time
Expenditure on
R&D causing lower
production

Cof.

2.19
1.18

2.83
1.22
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the world of coronavirus is quite difficult. However, its
achievability lies primarily on emissions control, the
happiness of the people, efficient management in the
trade-off between humans and the ecosystem by limiting
negative human actions and gaining positive responses
from nature. Alpha policies are defined as those that have
linkages to policies formulation while Beta policy is
defined here through which policies implementation can
be improved.

Sig.

0.002
(S.A, A)
0.016
(S.A, A)

Likert Scale
Strongly
agree=1
Agree=2
Neutral=3
Disagree=4
Strongly
Disagree=5

0.011
(S.A)
0.048 (A)

2.44

0.03
(S.A)

0.07

0.00 (A)

-1.33

0.02
(D.A)

-1.22

0.03 (N)

Strongly
agree=1
Agree=2
Neutral=3
Disagree=4
Strongly
Disagree=5

Key Findings
• The likelihood ratio test
results indicate that all
independent variables are
statistically significant.
• The independent variables
like fertilizer availability at
government subsidized rate,
Seeds
productivity
performance.
• changing pattern of sowing
and adaptation to climate
change have positive and
statistically
significant
relation with dependent
variable crops productivity is
decreasing overtime at the
response of strongly agree.
• Independent
variables:
agriculture
income
is
increasing at response of
‘agree’ has affirmative and
significant relation to the
response of climate stuck
productivity.
• The variable ‘adaptation to
CC effects’ has also positive
and significant relation but at
the response of disagree.
• Input price volatility and
agriculture
extension
department
performance
have negative but significant
relation to independent
variables.
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Food Security Dimension Micro

Crops Productivity

Input price volatility
Govt. Intervention
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Macro

Meso

Regulations governance
Institutional
strengthening

Population
growth.
Climate change.

.
Affordability &

Market functioning & physical access
to Food
Food Supply System Sustainable Production Regulation System
Equality in Food
Distribution

Mitigation & Adaptation Raising income status.
Emission control

Adaptation/mitigation.
Manage trade-off (b/w
human & ecosystem)

Alpha Policies

Climate change
&
Inequality
(economic &
political).

Beta Policies

Uninterrupted
food supply.
Meet food
demand,
ensuring
food
baskets
acquisition,
investing at
large on
health,
climate
friendly
activities

Action-based
food price
regulatory
framework.
Health care
units-based
facilities &
social
patterns
mitigation.
Socialecosystem
balancing.

Figure 1. Policy model of change towards sustainable food supply.
Source: Figure is drawn by the authors.
CONCLUSION
Food security is the cornerstone, and its provision is
fundamental for the survival and stability of society. The
results tell the story that the independent variables like
fertilizer availability at government subsidized rate,
seeds productivity performance, changing pattern of
sowing, and adaptation to climate change have positive
and statistically significant relation crops productivity in
case of food availability. The results of food
sustainability show that inputs price volatility
decreasing and changing sowing pattern have positive
and statistically significant association on adaptation to
climate change while declining crops productivity and
expenditure on R and D showed negative relation with
adaptation to climate change. In the light of these
findings, alpha and beta policies are suggested to
successfully tackle the complex nature of food and
nutrition security. The alpha policies are required to
meet food demand, ensure food baskets acquisition,
investing largely in health and environment friendly
activities. The beta policies are recommended for
uninterrupted food supply, action-based food price
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regulatory framework, health care unit-based facilities,
mitigation of social patterns, and balancing the socialecosystem.
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Appendix A. Pprocessing summary of food availability.
Descriptive statistics
N
Crops productivity
Strongly Agree
15
increasing over time
Agree
Neutral
Disagree
Strongly Disagree
Valid
Chi-Square
129.66

Marginal Percentage
5.9

177
7
49
7
255
Likelihood Ratio Tests
Sig.
0.000

Pseudo R-Square
Cox and Snell
Nagelkerke
McFadden
Effect
Intercept
Seeds productivity
performance
Fertilizer availability
at government
subsidized rate
Changing pattern of
sowing
Adaptation steps to
mitigate CC

129

36.6
69.4
2.7
19.2
100.0

Goodness-of-Fit
0.40
0.47
0.27

Chi-Square
360.47
262.81

Sig
0.09
1.00

Likelihood of
Reduced Model
290.44
248.33

Chi-Square
67.63
25.53

Sig.
0.00
0.00

339.27

250.61

27.79

0.00

270.55

327.21

238.55

15.74

0.00

279.88

336.55

247.88

25.07

0.00

AIC of Reduced Model
322.44
280.34

Pearson
Deviance
BIC of
Reduced
379.10
336.99

282.61
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Appendix B. Food sustainability and descriptive statistics.
Processing Summary F. Sustainability of MNLM
N
Marginal Percentage
Adaptation to climate change
Strongly Agree
25
9.8
Agree
97
38.0
Neutral
11
4.3
Disagree
118
46.3
Strongly Disagree
4
1.6
Valid
255
100.0
Likelihood Ratio Tests
Chi-Square
Sig.
110.853
0.00
Goodness-of-Fit
Chi-Square
Sig
Pearson
748.89
0.15
Deviance
188.93
0.99
Pseudo R-Square
Cox and Snell
0.35
Nagelkerke
0.39
McFadden
0.19
AIC of
-2 Log
Reduced
BIC of Reduced
Likelihood of
Effect
Model
Model
Reduced Model
Chi-Square
Intercept
295.31
351.97
263.31
13.34
Inputs price volatility decreasing
313.52
370.18
281.52
31.54
Changing sowing pattern
296.04
352.70
264.04
14.06
Expenditure on R and D causing
298.26
354.92
266.26
16.28
lower production
Crops productivity decreasing over
312.64
369.30
280.64
30.66
time
Appendix C. Table Food availability model reliability test
Reliability Statistics
Cronbach's Alpha
Cronbach's Alpha Based on
Standardized Items
.757
.723

130

N of Items
5

Sig.
.01
.00
.01
.00
.00
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Appendix D. Food availability model total statistics.
Item-Total Statistics
Scale Mean if
Scale
Corrected
Item Deleted
Variance if
Item-Total
Item Deleted
Correlation
Seed productivity
11.47
6.636
.489
performance
Fertilizer availability at
10.88
6.333
.397
government subsidized
rate
Changing pattern of
12.46
9.950
.124
sowing
Adaptation steps for
11.42
7.795
.280
climate change
Agriculture productivity
11.28
6.005
.620
is decreasing
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Squared
Multiple
Correlation
.276
.284

.573

.067

.659

.132

.623

.408

.434

Appendix E. Food sustainability model reliability test
Reliability Statistics
Cronbach's Alpha
Cronbach's Alpha Based on Standardized Items
.798
.758
Appendix F. Food sustainability model total items statistics.
Item-Total Statistics
Scale Mean if
Scale
Corrected
Item Deleted
Variance if
Item-Total
Item Deleted
Correlation
Changing pattern of
11.23
9.903
.150
sowing
Expenditure on R&D
10.79
7.538
.210
causing lower
production
Agriculture productivity
10.05
7.817
.250
is decreasing
Inputs price volatility
10.33
5.678
.644
decreasing
Adaptation steps for
10.18
5.938
.692
climate change
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Cronbach's
Alpha if Item
Deleted
.514

N of Items
5

Squared
Multiple
Correlation
.055

Cronbach's
Alpha if Item
Deleted
.644

.076

.666

.107

.628

.754

.393

.760

.381

