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Abstract

Most developing countries face food security challenges, particularly those that are socioeconomically and
environmentally challenging. The present study examined the factors that determine food security in
Balochistan, Pakistan, based on demographic, social, and climate change factors. In a cross-sectional
study of 600 households, logistic regression analysis was used to identify factors affecting food security.
Several factors were associated with food security, including gender, age, education, fertilizer use, access
to farm assets, conservation of natural resources, and rainfall patterns. For improving food security
outcomes in Balochistan and similar regions, it is important to take into account various demographic,
social, and environmental factors. A key focus of the study is the effect of climate change on food security
and the importance of conserving natural resources. Food security outcomes in the study area and beyond
may be improved by addressing climate change and other related factors. Using the study's findings, the
study recommends that Balochistan and other regions facing similar problems adapt to and mitigate climate
change, improve access to education, and promote sustainable agriculture practices. As a result, this study
contributes valuable insight into Balochistan's food security issues. Scientists and academics working on
food security and climate change will benefit from the findings. When designing interventions to improve
food security outcomes in Balochistan and similar regions, it is important to consider demographic, social,
and environmental factors. Balochistan and similar regions can benefit from the findings of this study in
improving food security outcomes.

Index Terms: Food security; Demographic factors; Social factors; Climate change; Natural resources
conservation; Balochistan.

1. INTRODUCTION

Food security is an issue that affects individuals and communities around the world. In
other words, it means that there is food available, accessible, and adequate for
households and individuals to meet their dietary needs [1-3]. The Food and Agriculture
Organization (FAO) estimates that there are around 795 million undernourished people
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in the world, with the majority of them living in developing countries. In Asia, the situation
is particularly dire with around 520 million people suffering from hunger. In Pakistan,
approximately 40% of the population is food insecure [4-6]. This is despite the country's
annual GDP growth rate, averaging 3% in recent years [7]. The National Nutritional
Survey 2018 from the United Nations Educational, Scientific and Cultural Organization
(UNESCO) and the Ministry of Health indicates that only 63.1% of households in Pakistan
are “food secure” and Baluchistan ranks lowest among all Pakistani provinces in terms of
food security [8]. Poverty contributes to food insecurity in Pakistan. According to a study
by the World Food Programme (WFP), around 42% of the population lives below the
poverty line [9]. This lack of economic resources makes it difficult for households to afford
enough food to meet their basic needs. In addition, natural disasters such as floods and
droughts can disrupt food production in the country. further exacerbating food insecurity
[10].

Various dimensions of food security exist, such as accessibility, adequacy, and
availability, [11]. Climate change has been identified as a major threat to food security, as
it can lead to changes in precipitation patterns, temperature, and extreme weather events,
which in turn can negatively impact crop yields and food production [12]. Additionally,
there is growing evidence that food security at the household level is heavily influenced
by socioeconomic and demographic factors [13, 14]. For example, household income,
education, and occupation have been found to be positively associated with food security
[15]. Similarly, demographic factors such as gender, age, and household size have also
been found to be important determinants of food security [13]. Therefore, it is essential to
consider these socio-economic and demographic factors when assessing food security
and developing interventions to address food insecurity.

The present study utilizes the IPCC's dimensions of climate change vulnerability as a
framework (Figure 1) [16]. The framework is based on a triangular relationship with
interlinked factors that contribute to vulnerability to climate change. The first side of the
triangle is food security, referring to the accessibility, availability, and stability of food
supplies. The second side includes demographic, social, economic, and physical factors,
such as populations' characteristics and their exposure to environmental stressors. The
third side is climate change, which encompasses climate-related household perceptions,
including opinions on climate change, cropping patterns, natural resource conservation,
water availability, experiences of extreme change, rainfall patterns, and climatic
extremes, all of which are influenced by changes in temperature, precipitation, and other
meteorological parameters and have significant impacts on the environment and society.
This framework is widely accepted as a comprehensive approach to understanding and
addressing the complex and interrelated challenges of climate change vulnerability [17-
19].
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Figure 1: Adopted framework illustrating the interconnection of food security
(sensitivity), socioeconomic (adaptive capacity), and climate change (exposure)
on household food security based on IPCC dimensions

The impacts of climate change have been far-reaching and have had detrimental effects
on numerous sectors in Pakistan [20], including community livelihood, food security,
agriculture, livestock, fisheries, energy, water security, environmental sustainability, and
the economy [21-23]. When it comes to climate change vulnerability, Pakistan ranks fifth
globally [24, 25]. With a large population and an agricultural-based economy, the demand
for food continues to rise steadily alongside the growing population [26]. For climate
change to be addressed, it is imperative to implement practical measures such as
effective legislation, updated and verified research, and effective mitigation strategies.

Unpredictable shifts in weather patterns have had a significant impact on the agricultural
communities and crop output in Pakistan’s rain-fed regions [27]. As a result, food security
in Pakistan, particularly in Baluchistan, is vulnerable to the negative impacts of climate
extremes [21, 28]. Despite climate change's significant impact on food security, Pakistan
lacks research on its relationship to food security [29, 30]. There is a need for research
to understand the socioeconomic and climatic factors that influence food security, with
gaps in this understanding [31-33].

The current study aims to fill these knowledge and research gaps by investigating the
climatic and socioeconomic factors of food security in Baluchistan, Pakistan. The study
will aid academics and policymakers in developing measures to address the adverse
effects of climate change and promote food security in Baluchistan. As a result of this
research, the existing literature will be enhanced by providing valuable insights into the
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interplay between climate change, socioeconomic factors, and food security in Pakistan.
Consequently, this study had the following objectives: (i) to evaluate the relationship
between socio-economic factors and food security in Baluchistan, and (ii) to analyze the
influence of climate change on household food security in Baluchistan.

2. METHODOLOGY
2.1 Study Area

Baluchistan is a province in Pakistan that is characterized by its arid and semi-arid
climate, making it vulnerable to water scarcity and food insecurity. The province is also
lagging behind in terms of socio-economic indicators and is affected by extreme weather
conditions. In order to study the socio-economic and climatic dynamics of the province,
four districts have been selected for this research: Chaghai, Loralai, Ziarat, and Nasirabad
(Dera Murad Jamali) (Figure 2). These districts were chosen based on their varying
climatic conditions and ecological zones, with Chaghai and Loralai being included among
the 14 most drought-affected districts in the province. There are hot summers and mild
winters in the Chagai district, which belongs to the Subtropical Arid Plains ecological
zone. The district is situated between 27.52° N latitudes and 60.52° E longitudes, and is
bounded by Afghanistan, Nushki district, Kharan and Washuk districts, and Iran. With an
area of approximately 15,840 square kilometers, it is the largest district in Pakistan.
Loralai district is located in the Dry Temperate Highlands ecological zone, characterized
by long, hot summers, short, cold winters, and a dry year-round climate. The district is
situated between 67.41° East longitudes and 29.54° N latitudes, and is bordered by Zhob
and Kila Saifullah districts in the north, Sibi district in the south, Musakhel in the east, and
Ziarat districts in the west. Ziarat district is situated in the Dry Temperate Mountains
ecological zone, characterized by a subtropical desert climate. The district is situated
between 67.11° E longitudes, and 30.9° N latitudes, and is bordered by Pishin, Loralai
and Killa Saifullah districts in the north, Sibi district in the south, Loralai district in the
northeast, Pishin district in the northwest, and Quetta district in the southwest. Nasirabad
district is located in Sub-tropical Arid Plains ecological zone, characterized by a yearly
temperature of 24.97°C (76.95°F) and an average precipitation of 12.77 millimeters (0.5
inches) per year. The district is situated between 67.44 E longitudes, and 28.12 North
latitudes, and is bounded by Dera Bugti in the east, Jhall Magsi in the west, Jaffarabad
district in the south, and Bolan district in the north.
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Figure 2: A map showing the location of the study area
2.2 Data Collection

In this study, a sample of households was collected from four districts of Balochistan,
Pakistan. These districts include Loralai, Nasirabad, Zirarat, and Chaghi. The population
and number of households in each district were obtained from the latest census data
(PBS, 2017). To calculate the sample size for each district, 85% confidence and 5%
margin of error were used. The population proportion was assumed to be 25%. Using
these parameters, a sample of 150 households was collected from each district using a
formula for sample size calculation (Equation 1). The results show that the sample size
is adequate to represent the population of each district and the percentage of households
covered is within the acceptable range for a sample survey. Total 600 samples were
collected, sample size for each district is 150 households, which is approximately 26.8%
of the total households in Loralai, 22.4% of the total households in Nasirabad, 51.7% of
the total households in Zirat, and 48.2% of the total households in Chaghi. To control for
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potential biases arising from population size differences, the study employed a matched
sampling or matched pairs design [34, 35], which involves using equal sampling size in
multiple study areas. This approach helps to ensure that the results are not skewed by
one study area having a larger population than the other.

22 xp(1-p)

62

Sample size = 5 Equation 1
z“xp(l-p)
1+ (——)

e’N

2.3 Analysis

As far as food security is concerned, there are two approaches: derived or indirect
approaches and directly derived or fundamental approaches. The most commonly used
indirect or derived approaches for estimating household food security include (i) Calorie
availability per capita as estimated by the FAO, (ii) Household expenditure and income
surveys, (iii) Anthropometry, and (iv) Individual dietary intake [36].There is a detailed
discussion of direct and indirect approaches in research articles [37, 38], along with their
advantages and disadvantages but none of the approaches proved superior to the others.
To measure food security, we used the fundamental approach. It is critical to understand
how household food security outcomes are influenced by a variety of non-food factors to
get a more accurate picture of household food security. An index of food security (FSI)
has been developed that incorporates other factors than food. As part of the development
of the FSI, a systematic approach was used to construct composite indices, and it was
utilized in the development of health indices [39, 40], education indices [41-43], and
poverty indices [44]. Access to food, consumption of food, food availability, and food
stability, and are all compiled into one composite indicator in the Food Security Index
(FSI) (Table 1). In order to avoid the assumption that the data are discrete, the FSI was
constructed based on correlation coefficient polychoric PCA instead of PCA [45]. FSI
was calculated according to Equation. 2 and 3 based on the results of polychoric PCA.

PFy, = Z ai (X7) Equation 2

Where PFy represent ki principal factor for j household;: a}, factor loading of k' factor
for I'" indicator; X]-iindicators of j" households.

FSI; = Z Vi (PFj) Equation 3
k

In this case, FSI;j is the composite FSI score for the j!" household, and Vk is the variance
accounted for by the k™ principal factor.

In order to make comparisons and regression analyses, the FSI is standardized from O to
1, which allows for negative and positive values (Equation 4).
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Hj - Hmin

FSI(A)j= Equation 4

Hmax - Hmin

This study uses FSI (A); as the adjusted FSI of the j" household; H; as the unadjusted FSI
of the j" household; Hmin as the minimum FSI in the sample; Hmax as the maximum FSI
in the sample.

In order to calculate the FSI, the model determines four discrete categories:-
1st Quartile: 0-0.25 (Low food security)
2nd Quartile: 0.251-0.50 (Medium food security)
3rd Quartile: 0.51-0.75 (High food security)
4t Quartile: 0.75-1 (Very higher food security)

The use of binary choice models as a means of analyzing food security will not be
sufficient because the measures will be categorical and ordinal and therefore the use of
econometric models will be needed. We employed the ordered probit model to analyze
food security because the measures will be categorical and ordinal [46, 47]. Despite the
fact that the underlying distribution can be distinguished, inferences rarely differ between
ordered logit and probit. In addition, we calculated the ordered logit and odds ratio (Table
6) with a latent (unobservable) random variable as the basis for the ordered probit
Equation.

® __ oaf,
F; =z +£;

Table 1: Indicators to use for Food Security Index (FSI) Construction

Dimension Indicator Explanation Source(s)
A lack of food sources is a major
- problem in most developing countries.

_Is the food sufficiently produced This results in a lack of food

in your area? . . [48]

(1= Yes, 2= No, 3= Don't know) pro_ductlon for all in the_ household,
which leads to people in the household
not being able to eat adequately.

Does the basic food items

remain available throughout the | People may not suffer from

year in local market? unavailability of food throughout the [49]

Food (1=Yes, 2 =No, 3 =Don't year to avoid being food insecure.
Availability | know)

What types of food you are

having? Households should be having basic [50]

(1=Wheat, 2= Rice, 3=Beans, food items for their sustenance

4=Vegetables, 5=Any other, )

Is there any food available with

subsidized rate by the - : .

Government or producers? it;t;(s:lltjjr)l/tm food items helps avoid food [51]

(1=Yes, 2 = No, 3 = Don't Y

know)
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Dimension Indicator Explanation Source(s)
Does your family ref“a'”e“ food Exposed to continuous food
secured in the last five years? unavailability may cause malnutrition [52]
(1= Yes, 2= No) y may
Were you or any household
member not able to eat the kinds | High prices affects to have preferred 53]
of foods you preferred? food items
(1= Yes, 2= No, 3= Rarely)
Did you or any household
member have to eat a limited Poverty ridden households have less [54]
variety of foods? choices for nutrients food
(1= Yes, 2= No, 3= Rarely)
Did you or any other household
member have to eat fewer meals | People facing food insecurity may [55]
in a day? have to eat less number of meals.
(1= Yes, 2= No, 3= Rarely)
Was there ever no food to eat of | Less resources and unavailability of
any kind in your household? basic food items are potential reasons [56]
(1= Yes, 2= No, 3= Rarely) for malnutrition
Where do you get your food
from?
(1=Family/Personal Field Farm, Long distance hinders the access of 57]
2=Local Market,3=Retail Market | food for vulnerable communities
(Mandi),4=From other provinces
,5=Imported)
Is the food market facility Less options of market may cause to
available in the area? mono F(;I for stayin riceys high [58]
(1=Yes,W 2=No) poly ying p 9
Is any means of transportation Local transportation has limited
for food easily available in the ber of f ional h h
area? num erfohunctlor?a ours to cater the [59]
(1=Yes, 2=No) needs of the people
What is quality of the accessible It provides insights into the availability
Food food? and affordability of nutritious food [60]
(1=Good,2=Reasonable 3=Poor) '
Access
Do the people afford to buy the . .
X If people have wide choices and
available food? options they feel ease to buy food [61]
(1= Yes, 2= No, 3= Don't know) | P y y
How much distance do you have
to travel to access the food? Long distances and les number of
(1=5t0 10 km, 2 =11 to 15 Km, | private vehicles counter the [62]
3=16t0 20 km, 4=211t025 movements of people
Km, 5 = Above 25 km)
Are the prices of daily use food Rapid increase in basic food items are
items reasonable? cause of troubles for people and ma [63]
(1=Yes, 2=No, 3 =Don't es lorpeop y
K cause mal nutrition
now)
Have the vulnerable situations Climatic extreme events have often
(flood, drought etc) affected the . . [64]
caused to create food insecurity
access to food?
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Dimension Indicator Explanation Source(s)
(1 =Yes, 2=No, 3=Don’t
know)
fl_é%z ZCOC\QSDS—iéL)i?itS(’:)enar|o affected COVID-19 pandemic put limitations
(1= Yes, 2 = Noy ‘3 = Don't on various access including food [65]
know) ’ ’ accessibility
Is the food required by your
family available throughout the The people face un-continuous food
year? (1=Yes, 2=No, 3 = avaiIZbiIiFt) [50]
Rarely, 4 = Always) y
Can you afford to buy food . .
throughout the year? Having Iesg affordgblllty , people may [66]
(1= Yes, 2= No) not have wide choices in food
Do have sufficient stock of food
during drought or flood times or Insufficient reserve of food may cause [67]
during any emergency? (1=Yes, | to create risk of food insecurity
2= No, 3= Rarely, 4= Always)
Do you feel that the available
and accessible food is going Due to poverty index, People direly
beyond of your purchase power? | find it easier to purchase food of their [68]
(1= Yes, 2= No, 3= Rarely, choices throughout the year
4=Always)
Are you finding / facing scarcity
in case of some food items? In nonagricultural poor area, basic [69]
(1= Yes, 2= No, 3= Rarely, 4= food items are hard to afford
Always)
Food Is there any change in crop .

Stability production in your area? Cllmatettchange dhas gadtlly affected the [49]
(1=Yes, 2=No, 3=Don't know) crop pattern and production.
Have climatic extremes badly
affected tl:',e food production in Climatic extremes has worsened the
your area” o ; . [70]
(1= Yes, 2= No, 3= Rarely, 4= situation of food insecurity
Always)
Do imported food items available
throughout the year at affordable .

. . Some smuggled food items are

prices in your area? ; . [71]
(1= Yes, 2= No, 3= Rarely, 4= mostly affordable in border cities
Always)
Are you supported financially
\tl,v:e?oﬁcé% are short of money to People don’t have any financial
(1—yNo néed for support. 2 =B support or cushion due to poor profile [72].
go:/ernment 3= Byer()aIat,ives_' X: to afford hikes in food items prices.
By community)
Do food prices fluctuate rapidly
and highly? Uncertain inflation is more worrisome (73]
(1= Yes, 2= No, 3= Rarely, 4= for food insecure area
Always)
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Dimension Indicator Explanation Source(s)

Do you feel Tax on the food
items is increasing substantially? | The burden of tax levied on essential [67]
(1 =Yes, 2=No, 3=Don’t items are badly felt by the poor
know)
Do wages in the area are . .
compatible with food prices? Less resources and high prices
(1= Yes, 2 = No, 3 = Don't ' together may cause acute food [74]
know) ’ ’ insecurity
Is there diversity of food round : Lo . .
the year? (1 = Yes, 2 = No, 3 = Food diversity is not available in food [75]
Don’t know insecure areas
Is food utilized equitably also by | In food insecure areas gender
women and children of your sensitive disparity is found for [76]
house? (1 = Yes, 2 = No) distribution of food items

Food \E)vgt)e/cr)l;o??(\)lg daccr:eeszr;c;iglr(laf? : Availability of Clean water adds value [77]

Utilization _ _ brep | to food prepared with it.

(1= Yes, 2= No)
Do you have healthy meal round
the year? (1= Yes, 2= No, 3= People scarcely find healthy food [78]
Rarely, 4= Always)
Is food wasted in your house on .
regular basis? (1= Yes, 2= No, @Zzgaazungge might lead to [79]
3= Rarely, 4= Always) 9

3. RESULTS AND DISCUSSION

There are two parts to the results of this study. The first part focuses on the FSI results,
as for the results of ordered probit regression analysis, they are discussed in the second
part.

Demographic factors and household food security were studied in this study.
Approximately 600 households from four districts of Pakistan were surveyed. This study
considered age, education, gender, and household composition as demographic factors.
A negative relationship was found between age and household food security, with
younger and older respondents more likely to report food security. Additionally, food
insecurity was more likely to occur in households headed by women. On the other hand,
food security had a positive relationship with education, with less educated respondents
having greater food security (Table 2).

The results of this study show that access to certain farm assets, such as tractors and
threshers, have a positive effect on household food security, while access to others, such
as manual/electric fodder choppers and cycles, have a negative effect. Similarly, access
to certain household assets, such as refrigerators and televisions, have a positive effect
on food security, while access to cars and motorcycles have a negative effect. The study
also found that household livelihood strategies and access to cultivated and non-
cultivated land have a positive effect on food security. On the other hand, access to total
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own land (cultivated and non-cultivated) has adverse effects on food security. Moreover,
household income has a positive effect on food security, according to the study (Table 2).

Additionally, the study found that the fuel consumed for cooking in the household has a
negative effect on food security. This could be because the households that rely on
traditional or less efficient fuel sources may have limited access to adequate and clean
energy for cooking, which can affect their ability to prepare nutritious food and improve
their overall food security.

According to the findings of this study, Baluchistan’s food security is significantly affected
by climate change. The respondents generally had a negative opinion of climate change.
Additionally, the results showed that land irrigation, cropping pattern, natural resources
conservation, use of fertilizer, and water availability were also negatively affected by the
climate change. Conversely, respondents reported positive experiences of extreme
weather conditions.

Table 2: Definition of variables used in ordered probit regression model

Major Component | Sub-component (Variable) Explanation signs
Demographic Respondent’s age Age of the household head negative
Respondent’s gender Gender of the household head negative
Education of respondent Education of the household head | positive
Family members (Male) The number of males in family negative
Family members (Female) The number of females in family negative
S Size of the family, including male .
Family Size positive
and female members
Depending on the type of family, it
Family type could be a nuclear family or a joint | negative
family
. . Household access to farm assets: .
Socio-economic Tractor positive
tractor
Household access to farm assets: .
Thresher positive
Thresher
Tube well Household access to farm assets: ositive
Tube well (electric, solar, diesel) P
Fodder chooper Household access to farm assets: negative
bp Fodder chopper (manual/electric) 9
Asset access by households: Car .
Jeep or Car negative
or Jeep
. Asset access by households: .
Refrigerator ; positive
Refrigerator
Asset access by households: :
Motorcycle negative
Motorcycle
Asset access by households: :
Cycle negative
Cycle
- Asset access by households: .
Television L positive
Television
Asset access by households: .
Computer positive
Computer
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Major Component

Sub-component (Variable)

Explanation

signs

Household livelihood
strategies?

Household Livelihood strategies

positive

Total cultivated land holding
area?

Access to the cultivated land

positive

Total non-cultivated land
holding area?

Access of the Non-cultivated land

positive

Total own land (Cultivated
and non-cultivated)?

Access to land

negative

What is your monthly
income?

Household income (monthly)

positive

Source of fuel consumed for
cooking?

Source of fuel for cooking

negative

Climate change

Do you think climate is
changing?

Opinion of climate change

negative

How do you irrigate your
lands?

Land irrigation

positive

What is cropping pattern
and use of land for
cropping?

Cropping pattern

negative

Are the natural resources
are being preserved /
protected to ensure better
food production, purchase
or availability?

Natural resources conservation

negative

Is fertilizer is excessively
used in your area for
cultivation and better growth
of crops?

Use of fertilizer

negative

Is water available sufficiently
for crop production in your
area?

Water availability

negative

Have you experiences
extreme change in
temperature in last five
years?

Experiences of extreme change

positive

Have you observed different
rainfall pattern in last five
years?

Rainfall pattern

positive

Have climatic extremes
(droughts or floods) badly
affected the food production
in your area?

Climatic extremes

negative
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Table 3: Eigen values and variance of factors used for FSI construction

Factors Eigen values Variability (%) Cumulative Variance (%)
F1 5.143 14.693 14.693
F2 2.309 6.596 21.289
F3 2.169 6.197 27.486
F4 1.989 5.683 33.169
F5 1.921 5.488 38.657
F6 1.576 4.502 43.159
F7 1.495 4,273 47.432
F8 1.344 3.841 51.273
F9 1.255 3.587 54.859
F10 1.172 3.349 58.208
F11 1.122 3.206 61.414
F12 1.099 3.139 64.553
F13 1.021 2.919 67.472

3.1 Construction of FSI

In this study, a composite index was constructed to measure the food security status of
households. The index was created using a polychoric principal component analysis
(PCA) approach, which employed four major and 35 sub-indicators. These indicators
were grouped into four categories: availability, access, stability, and utilization, each of
which measured diverse characteristics of food security. The number of principal factors
was determined using Kaiser's criterion (1960) and only those with eigenvalues greater
than 1 were retained [80, 81](Table 3). The results of the PCA analysis are presented in
(Annexure-2), where factor loadings are used to indicate the degree to which each
indicator contributes to the variance of each factor [82]. Bold letters indicate the variables
with the highest factor loadings (Annexture-2). The final food security index was
constructed after a varimax rotation using the kaiser normalization procedure [81].

There is a strong correlation between five variables and the first factor (F1) explains
14.69% of the variance: the availability of food items in local markets throughout the year,
the types of food available, the inability of household members to eat preferred foods, the
availability of sufficient stock of food during times of drought or flood or emergency, and
access to clean water for food preparation. A second factor (F2), which accounts for
6.59% of variance, is associated with the availability and accessibility of food within the
local market. This factor takes into account factors such as the sufficient production of
food in the area, the year-round availability of basic food items, the quality of the
accessible food, and the affordability of the available options for households. This factor
is crucial in understanding the overall food security status of the study area, as it assesses
the availability and accessibility of food resources within the community. The third factor
(F3) explains 6.19% of the variance and is associated with several variables, such as the
availability of food items at subsidized rates, the limited variety of foods that household
members have to consume, and the ability to afford and access a sufficient amount of
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food during times of economic hardship or crisis. This factor provides insight into the
economic factors that influence food security within the household. The fourth factor (F4)
explains 5.68% of the variance in the data and is associated with several key variables,
including the types of food that household members have access to, and the frequency
of meals that household members are able to consume on a daily basis. This factor sheds
light on the specific challenges faced by households with limited access to a diverse range
of food options, as well as those that struggle to meet their daily nutritional needs due to
financial constraints. The fifth factor (F5), which explains 5.68% of the variance, is
correlated with the experience of no food to eat, and the compatibility of wages in the
area with food prices. This factor highlights the potential impact of income on household
food security, and suggests that households with lower wages may struggle to afford
sufficient and nutritious food. This aligns with previous research that has found a
correlation between poverty and food insecurity [13, 83] (Table 3 and Annexure-2). Others
factors explain less than five percent of variances. Food security indicators are
constructed using PCA weights created from this study. An adjusted FSI is between 0
and 1, with 0 indicating food insecurity and 1 indicating food security. Four quartiles have
been assigned to respondents based on this range.

Figure 3 and Table 4 illustrate the percentage of households that fall into each quartile.
The number of households experiencing food security issues is 85.67 percent in the last
three quartiles. Majority of household fall in medium (32.17%). Same index scale were
evaluated at districts level (Figure 4).

40
30

20

Percent

a
First Quartile Second Quatrtile Third Quartile Fourth Quartile
(0 - 0.25) (0.251 - 0.50) (0.51 - 0.75) (0.75-1)

Figure 3: Distribution of respondents according to FSI scores
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Table 4: Quartiers on the basis of FSI

. Number of Cumulative
FSI Quartiers Respondents Percent Percent
1st Quartile: 0 - 0.250 (Less food security) 86 14.3% 14.3
27 Quiartile: 0.251 - 0.50 (Medium food security) 193 32.2% 46.5
3 Quartile: 0.51 - 0.75 (High food security) 179 29.8% 76.3
4th Quartile: 0.75 - 1 (Very higher food security) 142 23.7% 100.0
Total 600 100%

The results of the FSI for the Districts Chaghai and Ziarat indicate that they are more food
insecure as compared to Loralai and Nasirabad. According to the data provided, Chaghai
is at the highest level of food insecurity with 79% of households falling in the last two
guartiles of high to very high food insecurity. Ziarat is also found to be highly insecure
with 74% of households falling in the same quartiles. Loralai and Nasirabad are found to
have lower levels of food insecurity, with 51% and 11% of households falling in the last
two quartiles respectively. It is also mentioned that Nairabad and Loralai have low to
medium levels of food insecurity in the first two quartiles (Figure 4.).

100 5

80 —

60

40

20 —

Chaghai Loralai Ziarat Nasirabad

[ First Quartile (0—0.25)  [Il Second Quartile (0.251 — 0.50)
[__| Third Quartile (0.51 - 0.75) [l Fourth Quartile (0.75 — 1)

Figure 4: District level comparison of FSI
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Table 5: Ordered probit regression estimates of the determinants of FSI
Major Variables (Sub- Mean SD S.E Std. Err z
components components)
Demographic | Age 3.7900 | 1.28789 | -0.3441508 | 0.0479976 717+
Gender 1.1283 | .33474 | -0.2698384 | 0.1611295 -1.67*
Education 45017 | 2.14733 | 0.0452295 | 0.027058 1.67*
Family (Males) 5.1700 | 3.81602 | -0.1675076 | 0.1270531 -1.32
Family (Females) | 5.5117 | 3.12081 | -0.1415607 | 0.1178283 1.2
Family Size 10.6683 | 6.30354 | 0.1645258 | 0.1223392 1.34
Family Type 1.2167 | 41232 | -0.006913 | 0.130966 -0.05
Socio HHFA (Tractor) 2567 | .45950 | 0.0527781 | 0.1305148 0.4
Economic
HHFA (Thresher) 0683 | .26542 | 0.2747758 | 0.2634204 1.04
HHFA (Tube well) | .2883 | .51540 | 0.0325356 | 0.1154665 0.28
HHFA (Fodder 0817 | .31911 | -0.3177058 | 0.1749539 -1.82*
chopper)
HHFA (Car or 2817 | .48586 | -0.5978395 0.143 418"
Jeep)
HHFA 5417 | 67998 | 0.2144931 | 0.0916744 2.34
(Refrigerator)
HHFA
8300 | .69419 | -0.0493355 | 0.0941681 -0.52
(Motorcycle)
HHFA (Cycle) 3733 | 55178 | -0.1451564 | 0.0946734 -1.53
HHFA (Television) | .5383 | .73218 | 0.3714532 | 0.0957644 3.88*
HHFA (Computer) | .3183 | .59519 | 0.1076882 | 0.1195929 0.9
HH livelihood 3.8300 | 2.03174 | 0.0964835 | 0.0279724 3.45+
strategles
Cultivated land 17.0350 52";475 0.0026452 | 0.0159636 0.17
gﬁg'cu't"’ated 2.0333 | 4.49844 | 0.0040374 | 0.0196438 0.21
Total own land 19.0217 53'1037 -0.0025104 | 0.015938 -0.16
Monthly income 2.0833 | 1.21471 | -0.0065557 | 0.0526258 -0.12
Source of fuel 22083 | 1.77582 | -0.0533828 | 0.0310969 1,72+
cooking
Climate Opinion of climate | ) )35 | 35070 | -0.5901017 | 0.159002 371
Change change
Land irrigation 1.8933 95226 | 0.0766845 0.056477 1.36
Cropping pattern 15417 | .66508 | -0.0518042 | 0.0915977 -0.57
Natural resources | 9595 | 75335 | -0.3363759 | 0.0792156 _4.25¢
conservation
Use of fertilizer 1.6400 79883 | -0.1662484 0.0756709 -2.2%
Water availabiliy 1.8917 | 55115 | 0.0145489 | 0.1063507 0.14
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E)’((t‘?gg]ee”gﬁgnoge 1.1750 | .52742 | 0.1033868 | 0.1290189 0.8
Rainfall pattern 1.1383 | .44669 | 0.7638616 | 0.162721 4.69*
Climatic extremes | 1.1633 | .52324 | -0.0391664 | 0.1161292 -0.34
Jcutl 2466981 | 05157775 | -3.477887
Jcut2 ~1.682344 051435 | -2.690452
/cut3 -0.687553 | 0.5102141 | -1.687554

Model diagnostics: observations: 600; LR chi2 =295.12; Prob>chi2= 0.0000; R2=0.1774;
Significance level=0.05 (*)

3.2 Factors Affecting Food Security
3.2.1 Demographic Attributes and Food Security

Demographic factors such as the household head's age greatly influence household food
security. An odd ratio of 0.579 and a p-value of less than 0.5 in this study indicate that
age affects food security significantly. The results of the sample data show that there is a
significant variation in food insecurity among different age groups of households. Food
security appears to be more likely in households with older household heads, while food
insecurity appears to be more common in households with younger household heads.
According to previous studies, elder household heads also tend to be more food secure.
The figure presented in the study also supports this trend. The results recommend that
the age of the household head should be taken into account when designing interventions
to improve household food security (Table 5) (Annexure-6) (Annexure-3).

The role of gender in household food security has been consistently demonstrated in
research. There is a greater likelihood of food insecurity among female-headed
households than among male-headed households according to studies conducted in a
variety of countries and settings. [84]. The study found that gender was a significant
predictor of household food security, with an odds ratio of 0.645 and a p-value of less
than 0.5. Other studies have also found similar results. For instance, women-headed
households were more likely to experience food insecurity [85] conducted in Bangladesh.
There is a greater risk of food insecurity for households with female heads than for
households with male heads, according to these findings. It is important to note that these
findings may be influenced by cultural, societal and economic norms that may make it
tough for women to access resources and opportunities to improve their food security.
Therefore, it is imperative to consider gender-specific strategies to address food
insecurity in female-headed households (Table 5) (Annexure-6) (Annexure-4).

A household head's education refers to how many years he or she has attended school.
Education was found significant (odd ratio = 1.081, p <= 0.05). Many studies have found
that household food security is significantly influenced by education, confirming the
findings of this study. Additionally, studies by [86-89] have also found that education is
positively associated with household food security. It is worth noting that education can
improve the food security status of a household in various ways. First, education equips
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individuals with the knowledge, skills and confidence to make informed decisions about
food and health. Furthermore, the educated individuals are more likely to have access to
better-paying jobs and, as a result, have higher income and purchasing power, which in
turn, can lead to better access to food. Additionally, education can also lead to greater
awareness of food safety, food preservation, and nutritional value, which can improve the
overall food security of the household. In conclusion, this study found that education is a
significant predictor of household food security, with more educated household heads
being more likely to have food security. The literature supports these findings, with several
studies finding that education is positively associated with household food security.
Therefore, it is important to consider education as a key factor when designing
interventions to improve household food security. (Table 5) (Annexure-6) ((Annexure-5)

3.2.2 Social Attributes and Food Security

The access to farm assets, such as a tractor (odd ratio = 1.912, p <= 0.05) and thresher
(odd ratio = 2.087, p <= 0.05), had a positive impact on food security status. Similarly,
access to a tube well, whether electric, solar or diesel (odd ratio = 1.906, p <= 0.05) also
had a positive impact on food security. However, access to a manual or electric fodder
chopper had a negative impact on food security (odd ratio = 0.586, p <= 0.05).
Additionally, the study revealed that access to non-farm assets, such as a car or jeep
(odd ratio = 0.385, p <= 0.05), refrigerator (odd ratio = 1.423, p <= 0.05), television (odd
ratio = 1.891, p <= 0.05), and computer (odd ratio = 1.867, p <= 0.05) had a positive
impact on food security status. These findings suggest that households with access to
assets, both farm and non-farm, are more likely to have food security compared to
households without access to these assets. This indicates the significance of asset
ownership in improving household food insecurity (Table 5) (Annexure-6).

The results of this study align with previous research on the relationship between
household assets and the food security. A study conducted by Hoddinott and Yohannes
[90] found that the ownership of land, livestock, and agricultural tools, positively impacted
household food security in Ethiopia. These findings suggest that the ownership of assets
can play a crucial role in improving household food security in developing countries like
Pakistan. Other studies have reported similar findings. As an example, food insecurity is
associated with a lack of resources at all income levels [91]. As most households grow
their own food, assessing food security at the household level will be crucial to policy
makers. According to the study, household food security is determined by both physical
and non-physical assets [92].

3.2.3 Climate change Attributes and Food Security

The present study revealed that climate change is a significant in determining the status
of household’s food security in Balochistan, Pakistan. The variable "opinion of climate
change" was found to be significant, with an odd ratio of 0.385 and a p-value < 0.05. This
suggests that households that believe that climate change is happening are expected to
be food insecure. Additionally, the variable "natural resources conservation" was found
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to be significant, with an odd ratio of 0.573 and a p-value < 0.05. This suggests that
households that do not believe that natural resources are being preserved/protected to
ensure better food production, purchase or availability are expected to be food insecure.
The variable "use of fertilizer" was also found to be significant, with an odd ratio of 0.745
and a p-value < 0.05. This recommends that households that are not using fertilizer
excessively in their area for cultivation and better growth of crops are expected to be food
insecure. The variable "rainfall pattern” was also found to be significant, with an odd ratio
of 3.395 and a p-value < 0.05. This recommends that households that have observed
different rainfall pattern in the last five years are more likely to be food insecure (Table 5)
(Annexure-6).

These findings align with literature which have found that food security is adversely
affected by the climate change. It can cause changes in precipitation patterns,
temperature, and weather extremes, which can negatively affect crop yields and food
availability [5, 93]. Additionally, climate change can also affect the availability of water
and land, further exacerbating food insecurity. Therefore, it is crucial that efforts are made
to address climate change in order to improve food security in Balochistan, Pakistan and
internationally. There is consistency with literature on this topic in these findings. Studies
[94-96] have shown that climate change can negatively impact food security by floods
and droughts, which can damage food systems [97]. Additionally, changing climate can
alter crop growth patterns, leading to changes in the types of crops that can be grown in
a particular area [98]. Furthermore, studies have also shown that conservation of
biodiversity, soil, and water can improve food security by protecting the resources that
are critical to food production [99, 100]. Similarly, the use of fertilizer can be beneficial for
crop growth, but excessive use can lead to soil degradation and other negative
environmental impacts, which can ultimately harm food security (FAO, 2016).

4. CONCLUSION

This research examined how household food security is affected in Balochistan, Pakistan,
an area that is deprived. Food security in this region is primarily determined by
demographic, social, and climate change factors. A major predictor of food security was
the household head's age, gender, education, access to farm and non-farm assets,
conservation of natural resources, fertilizer use, and rainfall patterns. Furthermore, the
results demonstrate that climate change has a significant impact on food security in the
region. A number of recommendations are made based on our findings. These include
promoting sustainable agriculture practices, improving educational opportunities, and
implementing climate change adaptation and mitigation strategies. This research
contributes to ongoing efforts aimed at enhancing food security outcomes in deprived
Balochistan. It sheds light on the multifaceted and complex nature of the issue. Moreover,
the academicians and policymakers are provided with evidence-based recommendations
as a result of this study. In summary, this paper addressed the original research question
and provided valuable insights into the factors affecting household food security in
deprived Balochistan. The findings have substantial implications for addressing the
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complex and multifaceted nature of the issue and improving food security outcomes in
the region. Future research should focus on developing context-specific interventions to
improve food security outcomes in deprived regions like Balochistan. These interventions
should be based on a comprehensive understanding of food security factors. In
conclusion, this paper provides a substantive conclusion that adds value to the research
and is tailored to the audience's expectations. The conclusion has undergone several
rounds of editing and revision to ensure that it is clear, concise, and effectively
communicates the key points of the paper.
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ANNEXURES

Annexure 1: Sample size and coverage for household survey in four districts of
Pakistan

. . . Percentage
. . No. of Confidence | Margin | Population | As per | Sample
District | Population Household Level of Error | proportion | formula | collected Cg::r':) d
Loralai 397,400 55876 85% 5% 25% 156 150 0.268
Nasirabad 490538 66681 85% 5% 25% 156 150 0.224
Zirarat 160,422 28,999 85% 5% 25% 155 150 0.517
Chaghi 226,008 31,081 85% 5% 25% 155 150 0.482

Annexure 2: Polychoric PCA factors used for FSI construction

Dimension | Indicator | F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 | F11 | F12 | F13
Availability | FAVY-1 021 | .25 | -058 | 379 | -.114 | 025 | 218 | -.184 | .103 | 362 | -.055 | -.062 | .087
FAV-2 A15 | 738 | 077 | 081 | 098 | 101 | -042)-093 | -118 | -012 | -.039 | 149 | 058
FAV-3 |-110| 084 | -179 | .702 | .000 | -092 [ -.071 [ -.009 | -076 | -.084 | -.031 | -161 | .087
FAV-4 024 | 126 | .602 | -105| -031 | 029 | 374 | -059 | -108 | -.090 | -109 | 235 | 268
FAV-5 025 | -.063 | -154 | - 141 | -017 | .728 | -036 | .019 | -.071 | 240 | -198 | - 140 | .070
FAVE | -007 | -035| 381 | 005 | 224 | .542 | 293 | 122 | 1563 | -027 | -072 | 210 | .201
FAV-7 165 | -.019| .791 | -028 | -017 | .027 | -130 | .027 | 034 | .094 | -.035 | -019 | .033
FAV-8 |-058| 130 | 481 | .693 | 061 | .039 | .089 | .047 | .088 | 029 | -027 | 141 | -108
FAV-9 207 | -199| 100 | 424 | 670 | 010 | .051 | .083 | 172 | -184 | .166 | -089 | .133
Assess FAC-1 | -002 | 003 |-070 )| -015)| 059 | -127 | 069 | -070 | -.024 | 127 | .800 | .000 | .147
FAC-2 | .8B18 | 080 | 127 | 106 | .060 | -017 [ 022 | 069 | 099 | 013 | -032 | .019 | .104
FAC-3 | .542 | 468 | 023 |-052| 212 | 165 | 034 [ 119 | 108 | -.089 | -075 | -.042 | .111
FAC-4 180 | .634 | -188 | -172 | 109 | -.0862 | 101 | 152 | 185 | .024 | 125 | -002 | .038
FAC-5 216 | 884 | 237 | 177 | -091 | -118]| 108 | .070 | .017 | .O77 | -.042 | -058 | .105
FAC6 | .786 | 067 | -120 | -258 | 125 | -073 | -011 | -053 | -.037 | .233 | -078 | .057 | .120
FAC-7 095 | 477 | 108 | 028 | 014 | 057 | -009 | -026 | 041 | -.025 | .169 | - 069 | .B17
FAC-8 |-223|-082| 085 | -091|-091| 146 | -159| 208 | -703 | .059 | 158 | -.008 | -075
FACH |-179| 103 | 064 | 188 | 234 | -082 | -.097 [ -.046 | -.687 | 115 | -455 | -.010 | .151
Stability FST-1 484 | 049 | 027 | 236 | -.065| 122 | 018 | -.254 | 130 | -.116 | 293 | 334 | .058
FST-2 .622 | 298 | 125 | -165 | -0856 | 046 | 273 | 013 | 032 | -059 | .075 | -020 | -.146
FST-3 017 | 103 | .048 | 021 | 039 | .032 | .767 | -074 | .040 | -004 | .093 | .069 | -.092
FST-4 | -019 | 188 | 029 | -398 | 295 | 032 | -121| 489 | -.031 | -144 | 156 | 203 | .146
FST-5 139 | .004 | 159 | -050 | 262 | -.186 | -162 | .070 | .221 | .688 | .305 | .085 | .089
FST-6 |-.010 ] .020 | -.063 | .191 | -060 | .081 [-014[-.006 | -030 | .023 | .042 | -799 | .034
FST-7 165 | 067 | 012 | 202 | -109 | 077 | .032 | .774 | 007 | 134 | -193 | 114 | 111
FST-8 | -193 | .095 | 128 | .006 | .320 | .O77 [-188 | .026 | .615 | 149 | .054 | -027 | .085
FST-8 075 | -109 | -456 | 033 | -218 | 168 | -116 | -130 | 223 | 282 | -247 | 101 | 3562
FST-10 | -158 | -.124 | .059 | -.149 | .057 | -008 | -015| .662 | -.159 | .042 | .067 | -.204 | -316
FST-11 | .086 | 145 | -044 | -080 | .784 | 007 | 135 [-.011 | 075 | 186 | -046 | .164 | - 059
FST-12 | -046 | .083 | -.025 | -041 | 012 | 257 [ 129 [ 099 | -111| .789 | 011 | -031 | -068
Utilization FUT-1 081 | 212 | 055 | 270 | 133 | 249 | 308 | 081 | -211| .140 | 160 | 480 | -.052
FUT-2 423 | 159 | 183 | 171 | -172 | 494 | -081 | .053 | -.008 | .011 | .024 | 238 | -.125
FUT-3 990 | 189 | 059 | -010 | 178 | 451 [ .028 [ -.036 | -066 | 100 | .233 | - 111 | .007
FUT-4 182 | 334 | 146 | -020 | 370 | 263 | 301 | -157 | 074 | -.051 | 167 | -117 | -.078
FUT-5 265 | 025 | -102 | 008 | 283 | -.082 | .889 | 220 | -.011 | 211 | -.060 | -.041 | .301

Bold figures highlight the highest factor loading; Barlett’s test of sphericity: Chi square:
6143.98 (P <0.000), df: 600
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Annexure 3:

Number of respondents

Annexure 4:
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Stacked Bar Count of Age of respondent by Quartiles

Quartiles

W 15t Quartile: 0-0.25 (Low food sacurity)

B 2nd Quartile: 0.251-0.50 (Medium food security)
M 3rd Quartile: 0.51-0.75 (High food security)

W 4th Quartile: 0.75-1 {Wery higher food security)

18-24 2534 3544 45.54 55-64 B5VYears
Years Years Years Years Years and
above

Age Group

Male Female

[ 4th Quartile: 0.75-1 (Very higher food security)
[ |3rd Quartile: 0.51-0.75 (High food security)
I 2nd Quartile: 0.251-0.50 (Medium food security)
I st Quartile: 0-0.25 (Low food security)
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Annexure 5:

Illiterate
Frimary
Mid dle
Matric

Interrme diate
Graduation
Post-graduation

[ 4th Quartile: 0.75-1 (Very higher food security)
[ |3rd Quartile: 0.51-0.75 (High food security)

B 2nd Quartile: 0.251-0.50 (Medium food security)
B 1st Quartile: 0-0.25 {Low food security)
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Annexure 6: FSI determinant estimates and odd ratios based on ordered logit

regression

Major components | Variables (Sub-components) | Odd Ratios Coef. S.E z

Demographic Age 0.5797995 | -0.545073 | 0.082855 | -6.58
Gender 0.6455074 | -0.4377186 | 0.280896 | -1.56
Education 1.081351 0.0782108 | 0.045741 | 1.71
Family (Males) 0.7348461 | -0.3080942 | 0.201999 | -1.53
Family (Females) 0.7670827 | -0.2651607 | 0.182608 | -1.45
Family Size 1.35628 0.3047455 | 0.192364 | 1.58
Family Type 1.030884 0.0304167 | 0.226808 | 0.13

Socio Economic HHFA (Tractor) 1.13447 0.1261657 | 0.222558 | 0.57
HHFA (Thresher) 1.463241 0.3806537 | 0.437504 | 0.87
HHFA (Tube well) 1.06308 0.0611703 | 0.193686 | 0.32
HHFA (Fodder chopper) 0.5860058 | -0.5344255 | 0.298927 | -1.79
HHFA (Car or Jeep) 0.3854893 | -0.9532417 | 0.238216 | -4
HHFA (Refrigerator) 1.423082 0.3528247 | 0.152387 | 2.32
HHFA (Motorcycle) 0.8937823 | -0.112293 | 0.160881 | -0.7
HHFA (Cycle) 0.779561 -0.2490244 | 0.16103 | -1.55
HHFA (Television) 1.891178 0.6371999 | 0.169191 | 3.77
HHFA (Computer) 1.166857 0.1543142 | 0.204746 | 0.75
HH livelihood strategies 1.154588 0.1437438 | 0.047802 | 3.01
Cultivated land 1.011951 0.01188 0.030394 | 0.39
Non-cultivated land 1.01036 0.0103062 | 0.036416 | 0.28
Total own land 0.9885209 | -0.0115455 | 0.030364 | -0.38
Monthly income 0.9770839 | -0.0231828 | 0.088714 | -0.26
Source of fuel cooking 0.9062329 | -0.0984589 | 0.052218 | -1.89

Climate Change Opinion of climate change 0.3856301 | -0.9528766 | 0.275252 | -3.46
Land irrigation 1.153263 0.1425951 | 0.097973 | 1.46
Cropping pattern 0.9424966 | -0.059223 | 0.15446 | -0.38
Natural resources conservation | 0.5732234 | -0.5564798 | 0.137016 | -4.06
Use of fertilizer 0.745909 -0.2931516 | 0.128767 | -2.28
Water availability 1.017819 0.0176619 | 0.180978 | 0.1
Experiences of extreme change | 1.1733 0.15982 0.214425 | 0.75
Rainfall pattern 3.395916 1.222573 0.272743 | 4.48
Climatic extremes 0.9645168 | -0.036128 | 0.189987 | -0.19

HHFA= Household and Farm Assets
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