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Abstract 

Climate change and its impact on globa l food security have been a source of contention 

among scho lars, stakeho lders, and politicians throughout the world for decades, Moreover, 

particularly Carbon Dioxide (C02) levels playa vita l ro le in global warm ing and changing 

c limate w hich has a worse effect on the food security leve l. However, at the global level, 

empirical stud ies to figure out the influence of CO2 on the four pillars of food security 

(availability, utilization, accessibility, and stability) are still lacking. Therefore, research is 

carried out by taking the panel data for 144 countri es from the year 2000 to year 2021. 

The empirical findings suggest that increasing emissions w ill increase the prevalence of 

malnouri shment, chi ldren's health, and food supply variabi lity and decrease the dietary 

energy supply which declines the food security leve l. Furthermore, climate change due to 

emissions and food prices and population have a negative considerable influence on food 

security but income and food availab ility and agricu ltural land have a positive significant 

impact. It is suggested that, the following measures should be adopted , emiss ion reduction 

targets , transition to renewable energy, sustainab le agriculture, climate-smart agriculture, 

nutrition and food education, soc ial safety nets, and boosted purchasing power by reducing 

inflation rate and raising the income level for increasing food security level at global level. 

Key Words: Climate Change, Emissions of CO2, Food Security, and Panel data 
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Chapter 1 

Introduction: 

1.1: Overview of climate change and greenhouse gas emission 

The c limate is an imperative environmental aspect that determines growth at a global level. 

C li mate change forms changes over an extended period in the environmental factors. The 

factor contains temperature, quantity of light, rainfall , humidity, gases, wind, air, water, 

and soil. C limate change disturbs the agriculture sector, livestock, and wind pattern, 

distribution of rainfall, hydrological cycle, growth, and development of plants . As results 

of that, the who le food chain is fluctuated and creates insecurity across the world especia lly 

the developing nations . 

United Nation (2022) also define that, climate change indicates the variation in temperatures and 

weather conditions, heat waves, heavy rainfall , and droughts which influence global warming. 

Hoffman et al. (2021) reported that there are three main causes of changing c limate, Firstly, 

natural facto rs, secondly, human-based act iv ities e.g. , greenhouse gas emissions and thirdly 

land use changes. World Bank (2020) indicates that, since the 1800s, human activities have 

been the key drivers of climate change. The activities like consumption of fossil fuels like gas, 

coal, and oi l in the agriculture and industry sector will produce greenhouse gas emissions. 

United States Protection Agency (2021) further elaborates that, transport, industry, energy, 

agricu lture sectors are the main source of emission. 

Intergovernmental Panel on Climate Change (2022) demonstrated that man-made emissions had 

s ignificantly contributed to climate change which is produced by all sectors of the economy. 

Pollutant emissions from industry, energy generation, and agri-food zones are patti'cularly play 
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substantial role in climate change. The major source of greenhouse gas emissions from human 

activity on a global scale is the burning of fossil fuels as shown in figure 1. Further detail of the 

source of emissions is given below: 

Methane (CH4) 

16% 

Nitrousoxide 
(N20 ) 

6% 

Carbon Dioxide 
(C02) 

76% 

Figure 1: Source of Greenhouse Gas Emission (Intergovernmental Panel on Climate Change, 2022) 

The major contributor to the emission is CO2 having a share of 76 percent in total emissions as 

shown in below pie chart. Direct human action has an enormous impact and increases the 

emission of CO2. The forestry and land use patterns e.g., deforestation, removal of land from 

agriculture activities, and soil degradation are also the reasons for this emission. 

• Methane (C~) emissions have a 16 percent share in total emissions around the globe. 

The major reasons for the C~ emissions are the agriculture actions, energy 

consumption, waste management, and organic material burning. 

• Nitrous oxide (N20) is the third source of emissions which is produced by the 

utilization of fertilizer in the agricultural sector. 
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• The fluori nated gases have a minimum share of emissions which is 2 percent. The 

industry operations and household usage of the items are the major sources of F-gas 

emissions in the world. 

Therefo re, in recent times, the problem of greenhouse rad iation has become a global issue 

which currently, builds great concern to policymakers and different stakeholders. 

1.2: Effect of emissions of carbon dioxide (C02) on climate change 

Moreover, CO2 are main GHG emission that is initiating climate change. The human-made 

events have increased atmospheric CO2 levels, which eventually reason fo r increasing 

temperatures and drought. During the photosynthes is process sunlight turns into energy and 

transforms CO2 and water into oxygen and sugar. The absorbed CO2 is preserved in the air 

till plants die. Therefore, forests playa vital role in catching CO2. However, at a celtain 

po int, increas ing temperatures and CO2 will be benefic ial fo r agriculture. But increasing 

temperatures and CO2 also enhance the evapotranspirati on fro m plants and so il s and create 

a shortage of water. 

Furthermore, higher levels of CO2 absorption can increase agriculture crops which also 

reduce the nutrient quality of staples such as wheat, barley, rice, and potatoes. (Sheng et aI. , 

201 6, Zhao et aI. , 2018), and Loladze (201 4) indicate that, it is also established from 

laboratory research that, mainly stap le crop like wheat and rice had and lower plant-based 

protein and hi gher level of carbohydrate concentrations of the impact of CO2 on humC\n 

nutrition. Teressa (2021) further elaborate that, higher level of CO2 in the environment also 

decline the di etary zinc, iron protein, and other macro and micronutrients in staple crops. 

15 



Intergovernmental Panel on Cllmate Change (2022) reported that, emissions of CO2 have risen 

intensely from the start of the Industrial Revolution in the world. The world's actual and 

forecasted emissions of CO2 from the year 1850 to 2024 are shown below in figure 2. 

35000 

30000 

25000 

8" 
i 20000 

j 
i 15000 

' 0000 

sooo 

1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 

Figure 2: Actual and projected CO2 Emissions from the year 1850 to 2040 (Intergovernmental 
Panel on Climate Change, 2022) 
According to the Paris Accord Agreement (2015) world leaders have to put huge efforts for 

the significant decline in CO2 to ensure the food security across the globe. United Nations 

(2021) concluded that every country established and determined the achievable targets for 

moving to green and cleaner energy in the world. These steps play a vital role in 

transforming the world free from greenhouse emissions and coping with the changing 

climate effects on the livelihood and food security of human beings. 

1.3. Relationship between C02 Emissions and Food Security: 

Food and Agriculture Organization (2018) reported that, climate change due to emissions 

CO2 affects numerous features of the livelihood of the population, like food security, 

poverty level, and environmental degradation. The literature indicated that main staple crop 

productivity is declining due to unpredictable temperature variations, rainfall patterns and 

increasing levels of CO2 emissions (Syed et aI. , 2022). 
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i\ mass Ive I iterature add resses the adverse effect of g lobal warming on the agricu ltural 

sector especially in production and productivity. During the growing and harvesting season, 

the crops are overly sens itive to fluctuating rainfall and heat degrees. The cropping system 

is affected by the rainfall fluctuations and unexpected deviation in temperature level in 

cropping season due the emissions (Intergovernmental Panel on Climate Change, 2012; 

Nippert et aI., 2006). The weather fluctuations due to the CO2 emissions at specific times of 

the crop growing season and without season raising the humidity level, wind level, and hail 

(Hall , 20 17, Gardiner et aI. , 20 16; Singh et aI. , 2017) are illustrations of different weather 

events which can farm production and productivity. 

Syed et al. (2022) conclude that there is an adverse effect of changing climate on food 

security. Therefore, it is one of the key challenges in the 21 st century. The growing 

population puts pressure to fulfill the future food demand whereas, food crops production 

and productivity and create food insecurity at the global leve l. The results are also validated 

by Ray et al. (2019) that changing climatic conditions severely affect food security across 

the globe. That insecurity situation can interrupt the agricultural productivity, value chains, 

and price mechanisms in the market. Therefore, researchers and policymakers need to be 

study the difficulties in global demographics and the effect of climate food security to meet 

the future food demand of the nations. 

It is depict from the literature that, the emissions affect the all pillars of food se,curity level 

in the world. Furthermore, a stable food supply chain is the guarantee of food accessibility 

and c limate impacts disturb the suppl y chain of food , and that breaks the physical 

accessibility for food in many ways. 

17 
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Figure 3: Climate Change and Impact on Four Pillar of Food Security (Food and Agriculture 
Organization, 2016) 
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However, N issan and U lbrich (20 17) conc lude that r isky weather events heavy rainfall , 

fl oods, storms, and snow also affect infrastructure like roads and bridges creating unsafe 

s ituations for peop le to physically access the markets and create food insecurity. In add ition 

to that, Garc ia (2013) identifi es that food insecurity raises the percentage of malnutrition 

and poor health conditi ons, espec iall y in children and women, and w ill adversely affect 

their educationa l and productive performance due to improper food utilization. 

Ray ct a!. (2019) indicated that increasing CO2 levels are affect ing food security levels in 

different regions and it is projected to be considerabl y upset to meet future demands. 

However, although there is an increase in food production due to inventions and 

innovati ons but nutritional food insecurity is still hi gh due to low income, climate change 

and population pressure. Food and Agri culture Organization (2018) estimated that two 

billion people face a deficit in more than one micronutrient, twenty-two percent of children 

are unders ized , and more than eight hundred milli on humans are undernourished in the 

worl d. 

1.4: Sustainable Developnlent Goals, Food Security, and Climate 

Change 

Susta inable deve lopment goa ls (SDGs), zero hunger (goal 2), and good hea lth and mental 

well -be ing (goal 3) are address ing the food security challenges. Whereas, urgent action 

required combating climate change (goal, 13) is linked with climate change. However, food 

security and nutriti on security are st ill a key hea lth cha llenge, especially in developing 

countries. It is also identifi ed that, there is dare need to increase the sustainably increase in 

production through innovation and stable food supply chain across the globe fo r food 

security. Mo reover, production improves the globa l supply chai n, reduces food losses and 



waste, and guarantees that a ll people have access to nutritious food who suffering from 

hunger and malnutrition. The think tank throughout the globe considers that e liminating 

hunger in the next generation is still achievab le therefore; they are working to achieve these 

goa ls and this research will address the above three goa ls. 

1.5: Pillars of Food Security 

In recent times, achieving food security is an imperative issue and a ris ing alarm of the 

current period . Approximate ly 8.9 percent of the global population was predicted to be in a 

malnutrition situatio n as reported in 2020 (Food and Agriculture Organization, 2022). Food 

security is define as when all people, always, have physical and economic access to 

adequate healthy and nutritious food that fulfills the ir dietary requirements and preferences 

for a hea lthy and good life. Be low are the pillars of food security: 

1.5.1: Food Availability: it deals with the Physical avai lab ility offood avai lability 

reports the "supply side" which is determined by the level of food production, stock 

levels, and net trade. 

1.5.2: Food Accessibility: Physical and economic access to food indicates that 

food production itself does not guarantee househo ld-level food security. Therefore, 

the leve l of income, expenditure, and price shou ld be accessible to the people. 

1.5.3: Food Utilization: food utilization is defined as consuming enough energy and 

nutrient intake by persons as the result of good care and feed ing practices, food 

preparation, and diversity of the di et and intra-household distribution of food. 
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1.5.4: Food Stability: it is the stabi lity of the three above-mentioned pi llars over 

time: if food intake is sufficient for today, but not access to food in different periods 

and that will break you r nutritional status, then a person sti ll considers food 

II1secure. 

Therefo re, to achieve food security all fo ur pillars should be fulfi lled simultaneously. 

However, extreme weather situations, po litica l instability, unemployment, and nSll1g 

inflat ion will have an impact on the food securi ty pos ition. 

1.6: Scope of Study 

Currently, in the situation of prompt change in cl imate, scarce resources, increasing 

populati on, ri sing inflation, and limited income, it is a challenge to meet the human 

nu trit ional foo d demand . Un ited Nation (201 7) estimates that, the world population will 

reach about 9.7 billion in 2050 which will lead to an increase of about eleven billion by the 

completion of the current century. On the supply side, with the increas ing leve l of CO2 

emiss ions along with water shortage and so il degradation, it is difficult to get nutritional 

and adequate food. 

Moreover, it is determine that, there is relationship between food securi ty and cl imate 

change facto rs that happen through temperature, rainfa ll , and greenhouse gas emiss ions. 

Extreme weather events li ke flood ing, wildfi res, tornadoes, and hailstorms are becoming 

more common and strong which limits the food system by affecting crop productivity, seed 

capital, and large and small rum inates decreas ing the income sources. It 'will create 

econom ic pressure and trade unbalance especiall y in deve loping cOllntries. 

However, it is depicted fro m the literature that, greenhollse gas emiss ions especia lly CO2 

have a significa nt impact on the food system, but exceed ingly rare work is found in the 
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literature. Whereas, there is no empirical work avai lab le on the effect of CO2 emissions on 

food security and its alli ed pillars like food availability, food accessibi lity, utilization , and 

stability. Therefore, this research w ill fill the research gap and provide fU.ture policy 

implications to improve food security around the globe. 

1.7: Research Questions 

Currently, humans live in delicate environments, especially after the Covid 19; they are 

always at threat of hunger and poverty, wh ich are affected by climate change (Mahapatra et 

a I. , 2021).The undernourishment has increased around the world (World Health 

Organization, 2020). In the world , the highest percentage of prevalence of stunting in South 

Asia at 30.7% which is greater than the 22.0% of world average (Micha et aI., 2020) . 

However, the adverse climate change effect is one of the biggest threats in the world food 

security level. Therefore, it is imp011ant to study the effect of CO2 on food security to fulfill 

the upcoming diverse food demands for the population. 

In addition to that, there is a dire need to explore the effect of climatic factors that were 

previously ignored on pillars of food security for achieving sustainable development goals 

and meeting the demand for healthy and nutritiona l food in underdeveloped regions as well 

as the developed regions of the globe. Therefore, the research has been designed to address 

the fo llowing research questions: 

1. What is the effect of CO2 em issions on average dietary energy supply for food 

avai labi li ty and then food security at a global level? 

2 . What is the effect of CO2 emissions on the prevalence of undernourishment for food 

accessibil ity and then food security at a global level? 
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3. What is the effect of CO2 emissio ns on chi ldren who are under 5 years of age 

stunted, wasted, and overweight in food utilization and then food security at a 

global leve l? 

4. What is the effect of CO2 emiss ions on per capita food supply variability in food 

stability and food security at a global leve l? 

1.8: Hypothesis and Objectives 

The research focuses on the empirical impact of the four pillars (availability, utilization, 

access ibility, and stab ility) of foo d security at the world level by us ing panel data. 

Therefo re, the following hypothes is and objectives are designed to test the study: 

HOI Emiss ion of CO2 emi ss ions has no impact on the average dietary energy suppl y. 

H02 Emiss ion of CO2 emissions has no impact on the prevalence of undernourishment. 

H03 E miss ion of CO2 emissio ns has no impact on children who are stunted, wasted , and 

overweight. 

H04 Emission of C02 emissions has no impact on food suppl y var iab ility. 

Hos: Population growth, GDP growth, inflation, share of agricultural land , share of 

irrigated land, and value of food production has no impact on the four pillars of food 

security. 

1.9: Resea rch Contribution 

Based on the above background and ava ilable literature, emiss ions of C02 are the major 

facto r that is the main factor of climate change and have a re lationship with food security in 

several ways. The climatic situation could have serious negative impacts and future food 
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security as 'Nell as on nutritional status in the future in the era of globalizat ion where 

reso urces are scarce and the population is increasing day by day. However, there are 

limited research fo und that have empirica lly examined the effect of CO2 on food security 

pillars on the food security variables like average dietary energy supply, the prevalence of 

undernourishment, children who are under 5 years of age are stunted , wasted , and 

overweight, and food supply variability. 

Previously, research was conducted on time series data at a country level and panel data at 

a regional level on food security. The empirical analysis on the global level by using the 

pane l data estimation is still miss ing from the literature. Therefore, the research is designed 

to empirically es timate the effect of CO2 emissions on food availability, food accessibility, 

food utili zat ion, and food stability on the global level by using pane l data. 

1.10: Framework of the Study 

The thesis contains five chapters in thi s document. The first chapter contains background 

information, facts about climate change about CO2 and, relationship with food security, 

scope, objective, and develop a hypothes is with research questions. Chapter two includes 

all the literature cited for developing research questions. However, the methodology to 

conduct thi s research is in chapter three, and chapter four describes the results and 

di scussion and then chapter five include conclusion and policy recommendation. 

24 



Chapter 2 

2.1: Review of Literature 

These chapters describe the emp irica l of previous stud ies review of previous studies in the 

context of changing cl imatic factors and other variab les and their effect on food security. 

Ringler et al. (2010) adopted a comprehensive cl imate change scenario (CCC) by using 

seventeen Global Circu lation Models (GeMs) chosen for their relative performance in the 

Sub-Saharan Afr ica region. The findings indicated and forecasted that there is a strong 

probability of high temperatures together with complicated precipitation variations for the 

year 2050, which indicates that future agricultural production and growth wi ll be affected 

as a result of c limate change. It is concluded that, due to changing weather condit ions the 

costs of production are raising, food affordability is declining, required ca lories are 

unavailable, and growing ch ildhood malnutrition is affected in Sub-Saharan Africa. 

Kabubo-Mariara and Kabara (2017) est imated the effect of climate change on food 

insecurity from the year 1975 to year 2012 in Kenya. The research merely focuses on the 

food ava il abi lity dimension of food security on major growing crops in Kenya. T~e 

secondary data collected on the rainfall , temperature and cereal yield and results are 

estimated through the multivariate model. The finding suggests that c limate change would 

worsen the food insecurity situation but climatic factors have a non-linear connection with 

food insecurity. 

Ben Zaied and Zouabi (2015) exp lore the long-term climatic variab ility of olive crops 

ca lculated from twenty-four locations by using the time series from 1980 to 2012 in 

Tuni sia by using the panel co integration techniques. The result empirically indicates that 
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rising temperature and rainfall shortfa ll s have had a substantial impact on long-run o live 

productivity in a ll the areas in the last three decades. 

Furthermore, Hagos et al. (2014) exp lore the effect of climatic factors on the chi ldren who 

are ma lnutrition situation in Ethiopia. The panel data co llected from the year 1996 to 2004 

and appli ed the panel regression fixed effects model. The targeted variables include, 

temperature, and rainfall , and dependent variab les inc lude children who are stunting, 

wasting, and underwe ight for three regions. The findings indicate malnutrition children 

with stunting and underwe ight were affected positively by c limatic factors. However, the 

wasted chi ld ren found a positive relationship but were insignificantly affected by the 

rainfall and temperature. 

Tokunag et al. (2015) exp lored the effect of so lar rad iation , precipitation, and temperature 

on rice, potatoes, and vegetab les in eight zones in Japan from the year 1995 to 2006. The 

authors used dynamic and stat ic panel data analyses. The results depict that, the production 

of rice falling due to so lar radiation. Whereas, increas ing temperature and precipitation are 

caused by a decline the vegetable and potato production. 

Wang et al. (2010) estimated the effect of climate change variab les (temperature) on food 

security by taking the panel data from twenty-seven provinces from the year 1985 to the 

year 2007 in China. The data anal yzed by using the fixed and random effect models. The 

author Ll sed agr iculture disaster as a proxy of c limate change whi ch adversely affects the 

per cap ita food consumption. However, temperature change would lead to scarcity in food 

production and as a result it directly affects the food security in China. 

In Pakistan, Arshed and Abduqayumov (2016) estimated the long-run influence of 

cl imate change on the productiv ity of wheat and cotton in twelve major di stricts of Punjab 

26 



fro m the year 197 1 to 20 I O. The authors app ly the yearl y average rainfa ll and temperature 

as a c limate change var iab le. The fi ndings indicate that cotton yie ld was increased by the 

risi ng tem peratu re level. However, ra infall s have a pos itive influence on whe~t 

productiv ity . It is conc lude that, the cereal and cash crop production directly affect the food 

ava il abili ty and util ization in the ru ra l areas. 

However, Kumar et a l. (2013) estimate the effect of the changing c limate on agricultural 

production and then its impact on food securi ty in India. T he secondary data co llected on 

temperature and ra infa ll and cereal production w hich is maj or source of food in the rural 

areas. The panel data was taken fo r thi rteen regions from the year 1980 to 2009 by using 

the dynamic panel data analys is. The results indicate that climatic factors harm the food 

security situati on index and agriculture foo d supply. 

KOI-di et al. (2015) identify the impact of cl imat ic facto rs li ke annual temperature and 

annua l rainfa ll and non-c limatic factors li ke seed fert ilizers, labor used, and machinery on 

w heat production. Therefore, secondary data fo r e leven regions oflran from the years 1991 

to 20 11 are taken for the research. However, the resul ts indicate that there was a non-li near 

re lationshi p exists between c limate va ri ables and wheat suppl y in Iran. Furthermore, 

temperature had a pos itive and s ignificant effect on w heat y ie ld productivity. 

Mahrous et a l (2019) explore the influence of the world-chang ing climate on food security 

in Afri can countries. The pane l data ana lys is fo r five count ies fro m the year 2000 to 201 4 

has been app li ed [or data analys is. The author regresses thc food secLlt:ity on the 

agri cul tural land on cerea l production, populati on, ra infa ll , and temperature. However, 

resul ts indi cate that temperature hurts foo d securi ty, whereas, increas ing the area under 
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cerea l producti on enhances foo d security. In conclus ion, c limate is a crucial facto r to 

consider fo r political, soc ial improvement, ancl economic stabili ty in the reg ion. 

Geffersa (2014) studi ed the influence of c limati c change on famil y fo od security in fifteen 

E thi opian communities 111 rural regions from the year 1994 to 2009.The 

long itud ina l househo ld dataset drawn from the rura l communi t ies of country. The data 

analyzed empl oy ing the fi xed effect mode l. The empirica l findings suggested that climate 

change has adverse and cons iderable effects on food security over time. Furthermore, 

results a lso indicated that other factors like agricultura l land and large ruminates w ill playa 

vita l ro le in ensuring the food security offamilies. 

Furthermore, Demeke et al. (2011) investigated the effect of rainfall variability on food 

security in rural farm families from year 1994 to 2004 in Ethi opia. The paper indicates the 

s ize and unpredictability of rainfa ll had a substantial impact on foo d security leve ls and the 

vulnerability of farm families in the country. In addition, there were se~era l other 

characteri sti cs like fa mil y size and li vestock ownership which have a promis ing impact on 

Ethi opian food securi ty at fa rm areas. 

Affoh et a l. (2022) researchers looked at the empiri ca l re lati onship between c limatic 

factors and food security usage in twenty South African nations from year 1985 to 2018 . 

The pane l data have been taken and appl y the autoregress ive di stributed lag model. The 

results indicate that ra infall had a favorable and substantial long-run effect on access to 

food, food ava ilabili ty, and food usage. On the other hand, temperature influences food 

access and availability. In the short term, they di scovered a assoc iation between food 

availability and CO2 emiss ions using pane l ordinary least squares and dynamic ordinary 

least squares. Furthermore, food use was re lated to temperature, but the re lationship w ith 
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food access ib ili ty was more causal. The authors recommend that governments should 

provide suitable financ ing for food production by subsidizing farmers and estab lishing a 

good irrigation infrastructure in the country to ensure food security. 

Adesete et al. (2022) studied the connection between emiss ions of CO2 and food security 

in thirty African countri es within the region from the year 2000 to 20 19. The one-step and 

two-step system generalized method of moments (GMM) model was applied to capture the 

panel effect in the Sub-Saharan African Region. The results indicate that the rise in CO2 

emiss ions leads to a rise in the prevalence of malnourishment which creates food insecurity 

in food security in the Sub- Saharan African Region. Moreover, climate change in climate 

and food prices have an adverse s ignificant impact on food security. However, income 

level and food supply have a positive and meaningful re lationship with food security in the 

region. In add ition to that, results also define the decrease in CO2 emiss ion as predictable 

for improvement in agriculture productivity and production, decrease in the occurrence of 

undernouri shment rate, and decline the food insecurity. In the end , research concludes that. 

it must improve the capacity of local production of food by executing strategies that 

support to enhance the agr icultural suppl y in the region . 

Yan and Shahzad (2022) firstly , exp lore the impact of climate affect the cereal yield shift 

on foo d security and gross domestic product in South Asian countries. Secondly, examine 

the effect of c limate change by the poli cy response through the agriculture subsidy and 

South As ian Free Trade Area. The research is carri ed out by the general equilibrium model 

and empiri cal framework. The finding indicates that cereal production declined due to 

climate change, and as a result, prices will increase consumption and gross domestic 
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product w ill fall and we lfa re lost. The agricultu ra l subsidy and SAFTA have found no 

impact on food security. 

Raj et al (2022) rev iew food security and its re lationship with c limate change: the author 

accesses the impacts and adaptation approaches for rural communiti es in the south (rural 

India) and north (USA) of the g lobe during COVID-19. The authors first examine the 

di stinctive c l imate factors, agriculture, demographic factors , and socio-economic structures 

and then associate the limitat ions and 0ppOltunities to food security modeled due to 

COVID- 19. The results indicate that there are s imilarities in both regions in terms of 

dependency on rural , low-income food producers . However, in the pandemic situation, 

agricultural policies vary and create food insecurity and global hunger in th~ region. In 

additio n to that, the smallholder marginal farmers lived in the rural areas and faced poverty 

and food production issues in developing regions. 

Ani et al. (2021) invest igated the influence of climate change on food security in Nigeria in 

the s ix geopo litica l regions. The primary data co llected through the focus group discussions 

and key informant interv iews from the year 2018 to 20 19. The secondary data is co llected 

from the di fferent publi sh research reports . The target groups are farmers however, a 

number of NGOs, civil servants, fertilizer se ll ers, government officials and transporters. 

However, the results indicate that climate change harmed food security in Nigeria which 

created instab ility in the country and built armed clashes over natural reso urces. 

Otekullrill et al. (2021) Food insecurity examined in agri cu ltural farm families in Nigeria. 

The multi -stage sampling approach was adopted, and 2 11 agricultural households were 

se lected by us ing the cross sectional datasets. The logit model is used in terms of utilizing 

the househo ld food insecurity and access sca le technique. The findings indicate that very 
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less agricultural households were food secure, despite the major source being agriculture. 

The study concludes that, encouraging education-related intervention programs and 

providing rural areas with infrastructure amenities including boreholes, electricity supplies , 

and hea lthcare options. 

Tarasuk ct al. (2019) studied the spatial and socio-demographic causes of food insecurity 

in Canadian families between the years 2011 and year 2012 with a sample of 120,909 

househo lds. Furthermore, they used multivariable binary and multinomial logistic 

regress ion to measure the presence and severity of food insecurity in the fami lies. The 

findin gs depict that, food insecurity exists among households which varies from region to 

region. Therefore, it is concluded in a study that promising factors like a province, source 

of income, level of education, and strategies to cope with the insecurity w ill have more 

influence on the food security level. 

Hall ct al. (2019) review the cha llenge faced by the community in terms of temperature 

change and its effect on food security for ach ieving nutrition security in Malawi. The 

temperature is affecting all pillars of food security: avai labi lity, accessibi lity, utilization, 

and stability. The author forecasted the volume and quality of the country's food supply are 

for the year 2050 under the different socioeconom ic characteristics and climatic scenarios. . . 

The food forecasting is based on food estimation and export for diet and malnutrition 

evaluation modeling framework. However, the findings suggest that, in the best and 

optimal scenario, there are adverse effects of change in weather on micronutrient crops, 

which were associated with the nutrition leve l and increased incidence of 

undernourishment 111 Malawi. Therefore, it is a more urgent concern 111 the future than 
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mere ly the amount of food and suppl y of energy, thi s study emphas izes the necess ity of 

goi ng beyond the re li ance on dietary energy supply as a measure of food security . 

Verschuu r et al. (2021) coupled an extreme event attribution (EEA) technique with an 

explanatory framewo rk that looked at the impact of climate change whi ch worsened 

agri cultural production shocks in Lesotho in the year 2007. Moreover, the author also 

eva luated how di fferent crops are affected by c limate change and provided some 

understanding of the co nsequences for food securi ty in the country. The research identifies 

that changing c limate was di scovered to be a signifi cant reason for food producti on shocks 

in a country. However, research further highli ghted that the agricul ture sector's unstable 

pos ition in tensifi es their trade reli ance due to production shocks and the country becomes 

food insecure. 1t is conc luded that the country needs to adopt now as well as for future 

strateg ies and infl uence the ability to create res ili ence against climate change to make the 

country food secure. 

Molotoks et al. (2021) examined the worldw ide consequences of c limatic vari ability, 

population, and agri cultural land on food security through pane l data fro m the year 1990 to 

201 9. The researcher estimates the per capita calorie food estimate and export fo r diet and 

malnutrition assessment (FEEDME) modeling framework. The analyses reyea led that 

populati on shi fts made the scenarios have a greater influence on future food insecurity. 

Furthermore, the ir analyses revealed that population expansion is the key dri ver of shifting 

wor ldw ide undernouri shment. The stud y suggests that improv ing materna l health care and 

boost ing foo d access w ill minimize all the effects of predi cted populati on expansion. 

Premanandh (2011) explores that food insecurity is a complex subj ect that extends outside 

the fundamenta l view of the incapab ili ty of the country to nourish its population in 
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Thailand by taking the data from the 400 household. The models were tested through the 

structural equ ation Mode ling. Numerous driving variables, such as popu lation increase, 

agr icultural land availability, water availability for agriculture, climate, and food supply 

and food accessibility are reshaping the world's food situation. This article examines the 

major variables causing worldwide food insecurity and emphasizes the importance of 

implementing science-based technology advances to solve the problem. Although the 

predictable benefits of modern technology predict a level of food which is sufficient to feed 

the population. 

Fitton et al. (2019) rev iew that rapid population growth, along with growmg food 

consumption, necess itates either a ri se 111 agricu Itural output or an improvement 111 

agricultural productivity. Therefore, in a time of fluctuatin g environment and declining 

water access ibility will agriculture sector and extremely effect the poor section in the 

world. The possible trends, hazards, and worries to agricultural land use and availability 

that may result in reduced water supply are evaluated in the paper. F1ll1hermore, the effects 

of various policy actions on developing risk pressures were investigated. The research 

concludes that, the growing pollution and static natural resources are serious threat to the 

food security level. 

Abdoulaye et al. (2015) the effect of the inflation variable which is the consumer price 

index (CPI) on the food security level in Sub-Saharan Africa is examined in this research. 

It is founded on the idea that price elasticity (changes in food costs) often influences 

household consumer expenditure, which has an impact on household income. According to 

th e report, food inflation has surged in several study areas, aggressive up of CPls and 

33 



having a lmock-on effect on fami lies and the macro economy. Therefore, it has a direct 

impact on the purchasing power of households and pushes them to food insecurity. As a 

resu lt , the effects of price elast ic ity in the context of food prices are a critical food security 

concern. 

Rolnej (2018) the purpose of this research was to demonstrate the link between economic 

growth rate and food security at the world leve l from the year 201 2 to the year 20 15. The 

secondary data were co ll ected from various sources and applied the pane l data techniques . 

T he results revealed cons iderable geographica l disparities in GDP and food security. it 

shows that higher GDP is connected w ith hi gher levels of food security w hich means that, 

ensuring the food security occurred in the nations where there is highest growth in per 

cap ita GDP. There is a significant assoc iation in the var iab les which depict that it is a 

fundamenta l requirement for global food expansion . The safety and security are economic 

growth and rea l income progress, particul arly in impoverished nat ions. 

Islam et al (2023) exp lore that one of the most criti ca l elements of food security is food 

avai labi li ty. T herefore, to prevent hun ger, it is critica l to secure globa l food avai lability. 

T he main obj ective of this research is to explore the population growth rates and their 

impact on essenti al food availability by using time series data from 1950 to 2021. 

Furthermore, the semi -log compound growth rate models are used for forecasting, and for 

stability and decompos ition analysis the Cuddly-Della and Valle instability indexes are 

used. According to the first model , Pakistan's inhabitants are fast expanding, therefore, 

there is a need to enhance the area and productivity to meet food susta inability. 
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2.2: Concluding Remarks 

This chapter reviews the relevant research published articles to identify the research 

problem and research question and explore the empirical model which previously applied 

for panel data estimation. It is concluded that climate change factors playa vital role in 

determining the food security leve l in the country. However, there is limited literature 

found on the emissions of CO2 and its impact on sections of food security at the 

country/ regional level , but no literature found on the global leve l. Therefore, the research 

has been designed to explore the emissions CO2 effect on a global level by using panel 

data . 
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Chapter 3 

3.1: Data and Methodology 

T hi s chapter dea ls w ith the data co llecti on procedure and analytica l and theoretical 

techniques to address the main objective of the research work. The research is des igned to 

empiricall y estimate the impact of CO2 emi ss ion on fo ur pillars of food security on a global 

level. Therefore, to estimate the above mentioned hypothesis fo llowing procedures are 

adopted for the va lidat ion of research results. T he research is based on panel data which is 

a lso known as longitudinal data . That data consists of the cross-sectional as we ll as the time 

series data. However, it a ll ows taking multiple observations of the same country over 

di ffe rent peri ods. Therefore, the research is based on the secondary data whi ch 'is co ll ected 

fo r 144 countries a ll over the world fro m the different sources as mentioned in table 1 from 

the year 2000 to the year 202 1. The fo ur dependent variables of food securi ty, focus 

var iable is em iss ion of carbon dioxide, and control variables are agricultural land, irrigat~d 

land, population growth, gross domestic produ ct, infl ation rate, and food production. The 

samp le and description of the variables are given below sections. 

3.1.1: Sample of the Study 

The research is constructed on the longitudinal data and secondary data co llected from the 

year 2000 to year 202 1 of the 144 countries across the globe from the F AO and World 

Bank database of a ll the regions depending on the availability of the data. However, to 

measure food securi ty, fo ur models have been constructed therefore the sample size varies 

from one model to another model. A brief descripti on is given below in F igure 3. l. The 

fi gure descri bes the sa mple s ize used in the fo ur models . Food ava ilability is measured for 
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145 countries for food accessibility is for 145 countries, food utilizations are for 140 

countries, and food stabi I ity for 141 countries. T herefore, the research is conducted with 

the available data of dependent, focused, and control variables. 

Model 4: Food 
stability : 

141 Countries 

2961 Observations 

Modell: Food 
Availability 

145 Countries 

3046 Observations 

Sample 
Size 

Model :3 

Food Utilization: 

140 Countries: 

26420bservaions 

Figure 3.1: Sample size of the four models from the year 2000 to 2021 

3.1.2: Description and Data Source of Variables 

Model 2: Food 
Acessibilty 

144 Countries 

3002 Observ~ltions 

The table below describes the description of all variables along with their symbol used in 

the model. However, to estimate the effect on food availability, accessibility utilization , 

and stability four models were constituted. Food availability is measured through the 

average dietary energy supply adequacy, and food accessibility is measured through the 

Percentage of population undernourishment, food utilization is estimated through the 

percentage of children. The total emission of CO2 is the focus variable that is a play vital 

contributor to climate and global warming because it creates heat in the world's atmosphere 

and that leads to greenhouse emissions. 
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S.NO Variable Name I Variable Symbol Unit I Description of Variables 
Dependent Variables 

1. Food Availability (Modell) ADES Percentage Average dietary energy supply 

2. Food Accessibly (Model 2) PUN Percentage Prevalence of undernourishment 

3. Food Utilization (Model 3) CSWO Percentage Children who are under 5 years of age are 
stunted, wasted, and overweight 

4. Food Stability (Model 4) FSV kcal/capita/day Food Supply Variability 

Focus Variable 

5. The emission of Carbon GHCO kilotonnes Emission of Carbon Dioxide (C02) 

Dioxide (C02 ) is an Important 
Factor in the Climate Change 

Control Variables 

6. Agriculture Land AL Percentage Agliculturalland percentage of total land area 
Irrigated Agriculture land ALI Percentage Agricultural land percentage irrigated 
Food Production FP Thousand US dollar Value of Food Production in the Country 

7. Income GDPpc US dollar GDPC represents per capita GDP 

8. Food Prices CPI Percentage Food prices are estimated with the inflation 
rate which calculated by the Consumer Price 
Index in each country 

9. Population growth POPg Percentage Population growth rate I 
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However, contro l variables are agricultural land , food production, gross domestic products, 

consumer price index, and population growth rate which also contribute to estimating food 

security across the globe. 

Table 3.2: Data Source and Expected Signs for the Variables 

Variable name Data Source Expected Signs of each 
model 

Dependent Variables 

ADES FAOSTAT 

PUN World Development Indicators and FAO STAT 

CSWO FAOSTAT 

FSV FAOSTAT 

Focus Variable 

GHCO F AOSTAT and IPCC 
+ + + -

Control Val·iables 
AL World Development 

+ 
Indicator - - -

ALl World Development 
+ 

Indicator - - -

FP World Development 
+ 

Indicator - - -

GDPpc World Development 
+ 

Indicator - - -

cpr World Development 
+ + + 

Indicator -

POPg World Deve lopment 
+ + + 

Indicator -

Furthermore, table 3 l11dlcates the data source and expected sign of the dependent variables. 

The data is collected from the Food and Agriculture Organization database and World 

Development Bank indictor's websites. The emission of CO2 has a negative impact on the 
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AD ES, and a pos itive w ith the PUN, CSWO, and FSV acco rding to the availab le li te rature. 

The access ibi li ty of agricul tural land and food production w ill have a positive impact on 

fo od ava il ab ility. 

3.1.3 : Description of the Variables 

According to the World Food Securi ty Committee, food security is fo unded on fo ur pillars: 

foo d ava ilabili ty, food access, foo d use, and food stabili ty. Food access refers to the 

ph ysica l ava ilability of food and its cost, whereas food utilizati on refers to the right use of 

food in term s of fundamenta l nutrition and knowledge. Food stability is always defined as 

the ongo ing ava il ability and supply of enough food, regardless of economic di sruptions. 

T hi s section describes the variables used to estimate the model. 

3.1.3.1: Average dietary energy supply (ADES) 

T he first section of food securi ty is the food ava ilab ili ty to the population. The country is 

ca ll ed food secure where enough food w ith proper quality is ava il able fo r the entire 

popul ation either suppli ed from domestic supply or imports of the product. Food and 

Agriculture (201 3) a lso reported that ava ilability states the adequacy and stability of the 

foo d prod uced and fulfilled in the country. Therefore, the average dietary energy supply 

adequacy is the true representative va ri able fo r food ava ilability. That measure is used to 

assess the suffi ciency of food ava ilable to fulfill the population's energy requirements. It is 

usua ll y stated as a percentage and indicates the proportion of di etary energy ava ilable to a 

populat ion as compared to the suggested energy intake fo r susta ini ng a hea lthy life . 
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3.1.3.2: Prevalence of Undernourishment (PUN) 

Food accessibi lity is a vital component of food security. Ericksen (2008) indicated that 

accessibi lity is a ll about physical access in terms of food production and affordability, and 

having enough resources to buy food is called food secure human beings . The people have 

enough income and resources to access the food domestically by producing at home or 

buying fro m the market or other sources. Therefore, the prevalence of severe and moderate 

food insecurity/undernourishment is an estimation of the percentage of the population in 

the country that declares food insecure. It is a critical indicator used to measure food 

insecurity and malnourishment at the world level. However, the prevalence of 

undernourishment is estimated by the F AO as a fraction of the population whose food 

consumption is insufficient to meet their needs and the dietary energy requirements that are 

compulsory to reta in a normal active and healthy life which is expressed as a percentage. 

Therefore, that variable is used to estimate the food accessibility in the model. 

3.1.3.3: Children under 5 Years of Age Stunted, Wasted, Overweight (CHWO) 

Food utility is an important pillar of the food security. It is knowledge of the appropriate 

utilization of nutrition awareness. Food and Agriculture Organization (2013) define that 

everyo ne can utilize the proper food , and have access to effective nutritional food, 

sanitation, and safety measures of the food , and then the country becomes food secure. 

However, the children's growth is the most common indicator to estimate the nutritional 

position of the country. Moreover, internationally it is documented as an important health 

indicator for observing the health status of inhabitants. However, children who have growth 

obstacles because of unhealthy foods that will cause persistent infections are inclined to 

have a hi gher ri sk of suffering mortality and illness. Therefore, this variable is taken to 
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indicate the nutriti onal imbalance and undernouri shment resulting in under nutrition 

(assessed by underweight, stunting, and wasting) and overweight to est imate food security 

at the g loba l leve l. 

3.1.3.4: Food Supply Variability (FSV) 

Food stability is an important section of the food security concept, which joins the other 

pillars of three pillars to estimate food security over time. The country's stability is based 

on its volume to provide food at all times. This also explains how insecurity can be 

transient, with short-term shocks caused by a draught/dry season, a change in work status, 

or a surge in food prices. There is a relationship between food security and climate change, 

and it has a direct relationship with food supply variability (Ani et aI., 2021). Therefore, the 

food supply variability indicator is taken to estimate the food stability in the country. The 

variable captures variability in the availability of food over time by various sources which 

include food imports, domestic production, and shocks and aids. However, it measures the 

food supply that can fluctuate from one period to another. Food supply variability can be 

influenced by diffe rent factors which include climate situation, market dynamics natural 

disasters, and political and economic stability in the country. 

3.1.3.4: Emission of Carbon Dioxide (GHCO) 

Greenhouse gas emissions are the discharge of gases 111 the world's atmosphere that 

contribute to the emissions of greenhouse and as a result, affect climate change. These 

gases trap radiation and heat and back towards the Earth's surface which leads to an 

increase in global temperatures. However, CO2 is the predominant greenhouse with a 76 

percent share in total emissions caused by using fossil fuels (coal , oil , and natural gas) in 

the creation of power, transportation, and industrial activities. Therefore, the emission of 
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CO2 has been taken as the c limate change variable to explore the impact on fOM pillars of 

food security. T he data has been taken from the World Development Indicator and Food 

and Agr iculture Organizat ion from the year 2000 to the year 202 1. 

3.1.3.5: Agriculture Land (AL) 

N umerous studies focu sed on the g lobal cha ll enge of ensurIng food security from 

agricultural land utilizat ion (Stephens et a I. , 20 18; Antle et aI. , 2017) . However, 

agricultural and agricultural land is c losely interre lated because and has a vital ro le in 

ensuring the ava il ability and access ibility of foo d for the increasing g loba l popu lation. 

However, it also affects and ensures the sustainab le use and management of agricu ltura l 

land to embrace nove l and inventi ve methods such as climate-smart agriculture to preserve 

g loba l food security. Therefore, agricultural land in overall land refers to cultivated, under­

sta ble crops and stab le pastures. 

3.1.3.6: Agriculture Land Irrigated (ALI) 

Population growth , along w ith growing food consumption, requires e ither the extension of 

a n agr icultural area or suffic ient yield gai ns from existing resources. the vulnerability of 

agriculture and climatic shockwaves like droughts and heat stress which affect the national 

security situation and pol ic ies. T herefore, the variable of the percentage of agricultura l land 

irrigated has been taken in the research to est imate food security. The variables provide a 

portion of the dependency of an agri cultural country on irri gation. 

3.1.3.7: Food Production (FP) 

T he value of foo d production and food security are interrelated, and the fo undat ion of food 

security and the ir connection is cr itica l to ensuring access to suitab le, safe, and nutritional 
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foo d to meet their di eta ry requirement. However, food production directly has a huge 

impact on food ava il abili ty . Moreover, sufficient and efficient food production has played a 

s ignifica nt ro le in foo d security, because it guarantees that adequate foo d is produced to 

meet the nutriti onal needs of the people. Therefore, keeping in v iew the importance of the 

va ri ables, the tota l food production of all food items has been taken to estimate food 

securi ty in each se lected country. 

3.1.3.8: Real GDP per capita (GDPpc) 

Income has had a v ital ro le in estimating the foo d security leve l of any economy because 

directly affects the purchas ing power and ability to access and afford suffic ient, safe, and 

nutri tious food in the country. Fo r example, hi gher income levels economics allocate more 

resources to purchas ing foo d adequate income all ows people to get di vers ified food items 

that inc lude more nutr iti ona l e lements. A lso, they adopt more coping strategies to dea l with 

the shocks and food insecurity s ituation. Therefore, Gross Domesti c Product per capita 

(GDPpc) are w idely used in research to compare the li ving stander and moni tor the 

economic dynamics in the world. 

3 .1.3 .9: Consumer Price Index (CPI) 

World Bank (2023) indicated that the increas ing food prices at global, regional, and 

country leve ls due to the economic and environmental situat ion in the world w ill threaten 

foo d security. However, connection between the foo d prices and security is interlinked. The 

fl uctuati ons in foo d prices can have significa nt effects on food security, part icularly in 

countri es where a large section of the peop le depend on agriculture and have limited 

purchas ing power. Furthermore, the Consumer price index is an important economic 

indicator used to est imate the fl uctuation in the prices of the goods and serv ice basket of 
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Lhe househo ld over t ime. It is a key representative to measure the inflation rate or raise food 

prices in the country. 

3.1.3.10: Population Growth (POPgr) 

Population growth rate indicates the rate at which a population increases or decreases over 

a year w hich, is usua ll y expressed as a percentage in the World deve lopment indicators. 

However, the rising population increases the demand which creates foo d imbalance and 

insecurity . According to Malthus (1986) hypothesized the theory that the population is 

increasing speed ily whereas agricultural production and food are not sufficient to meet the 

requirement for food for the world. Therefo re, the hi gh growth of the population has 

become a key hazard to a ll pillars of food securi ty. 

3.2: Theoretical Framework 

Theoretica l frameworks playa pertinent ro le in research which provides an organized and 

strong groundwork for conducting research. It also supports in formulation of research 

quest ions, data co llection and analys is, and the understanding of outcomes. Furthermore, it 

supports to defi ne and explai n the notions, variables, and assoc iations being studied. 

However, by establi shing the theories and concepts, the research findings are more likely to 

have broader applicab ility and generalizability which enhances the cred ibility and 

relevance of the research outcomes . There are many ways of mode ling food security pillars. 

However, this research applies the uses grouping of co nventional utility theories, supply, 

and demand as used by (Adesete et a I. , 2022) . In add ition to that, utility-d riven food is 

re lated to the sati sfaction level acquired by the person. Therefore, higher food 

consumption, food utilizat ion, food access ibility and food stability of utility would outcome 
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111 a drop in food insecurity. These are the assumptions proposed for thi s study for 

theoretica l framework: 

3.2.1: Conventional Utility and Modified Supply Demand Theory 

In econom ics, Utility theory is to understand the individual's behavior to make cho ices 

under conditions of uncertainty or risk. These theories fi nd to explai n how human behavior 

by assuming that individuals are rational decision-makers who seek to maximize their 

overall well-being or satisfaction level is known as "utility". Therefore, in this research, we 

assumed that consumer maximizes their sati sfaction leve l with the given choices and 

achi eve food security with scarce resources. Therefore equat ion 3. 1 shows the utility 

function . 

U= f (Z) --------------------------- (3. 1) 

Whereas, 

U= Uti lity 

Z= Basket of Food Commodities Xl, X2, X3------------Xn 

Z= (X 1, X2, X3 ------------Xn) ------------------------------- (3.2) 

Therefore, 

U= F(X l , X2, X3------------Xn) ------------------------------ (3.3) 

Furthermore, food commodities depend on the : 

Z = F( climate factor, other factors) ----------------------------(3.4) 

The c limate factor used in the research is the emi ssion of CO2 which l'I ses 111 the 

atmosphere due to human act iv iti es and contributes to globa l warm ing and c limate change 
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which leads to numerou s and severe risky weather events, li ke droughts, heat waves, and 

floods in the wor ld. Furthermore, these events can have negative effects on crop yie lds, 

disrupt production, and decrease food security levels in the country. 

1. Income (Gross domestic product) 

2. Population growth (Populati on) 

3. Food price (Co nsumer price index) 

4 . Food Supply (Value of Food Production) 

5. Agri culture land (Percentage of agr iculture land of total land) 

6. Irri gated agriculture land (Percentage of irrigated land of total agricultura l land) 

3.2.2: Linkages between Utility, Average Dietary Energy Supply 

(FSAV), and Food Security 

The average dietary energy supply is adequate quantities of food with proper quality 

ava il able for the entire population. Then that will ca ll the food-secure population in the 

world . Whereas, 

I . Food utility is positively related to the average energy dietary supply 

If - FSAV 

2. utility is positively assoc iated w ith food security 

Uf - FS 

3. Level of sati sfaction interprets to the increas ing the rate of average dietary supply which 

enhances the food security level in a country. 

Uf - FS - FSA V (Average energy dietary supply) 
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Accordin g to the theory utility resulting (U) from the intake of the food commod iti es 

basket which is (X l , X2, X3 . . . X n) increases which mean consu mers wou ld be available 

for more and more nutritional food , and higher satisfaction w ill lead to enhance the food 

security leve l. However, the hi gher food supp ly var iability leads to a higher satisfaction 

level of the consumer which increases the food insecurity in a country. 

3.2.3: Linkages between Utility, Food Security and Prevalence of 

Undernourishment (FSAC) 

Accessibi lity is a ll about phys ical access 111 terms of production and affordabi lity and 

havin g enough resources to buy the nutritional food ca lled food secure . Therefore, it is a 

cr iti ca l CO IT1ponent of food security. The relationship between food utility and pre­

preva lence of undernouri shment and food security is g iven below. 

1. the utility is adverse ly associated with the prevalence of undernouri shment rate 

(FSAC) 

2 . Food utility is positively linked to food security because it increases the food 

security level. 

Uf ~ FS. 

3. Food security (utility) decodes the prevalence of malnourishment rates al)d 

undernourished populations. 

Uf ~ FS ~ FSAC (PUN) 

The theory utility derived (U) from th e intake of the food commod iti es which are (Xl , X~, 

X3 ... Xn) increases which mean consumers would get more and hi gher satisfaction will 
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According to the theo ry utili ty deri ved (U) from the intake of the food commodities whi ch 

are (X l , X2, X3 .. . X n) increases whi ch mean co nsumers wo uld get more and higher 

sati sfaction w ill lead to enhanced food security level. However, the hi gher number means 

lesser avail ability of nutr itional foo d and sati sfaction leve l of the consumer which increases 

the food insecurity in a country. 

3.2 .5 Linkages between Utility, Food Supply Variability (FSST) and 

Food Security 

Food supp ly vari ability IS a lways a continuous supply and access to suffi cient and 

nutri t iona l food regardless of shocks that smash the economy in a country. Therefore the 

per capita food suppl y vari ab ili ty indicator has been taken to estimate the food security. 

The va ri able captures the va ri ability in the availability of foo d over t ime by various so urces 

w hi ch inc lude foo d impo rts, domesti c p roducti on, and shocks and a ids. 

1. Food ut ility is inversely re lated to the food supply variabili ty 

Uf - - FSST 

2. Food utili ty is pos it ively assoc iated w ith food security 

Uf - FS 

3. Food security (utility) is inversely w ith food suppl y va ri ability in the country 

Uf - FS - - FSST (Food supply var iability) 

According to the theo ry utility derived (U) from the intake of the food commodi ties which 

are (X l , X2, X3 . .. An X n) increase which means consumers would get more and hi gher 

sati sfaction will lead to enhanced food security level. However, the hi gher food supply 
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var iab ility leads to a hi ghe r sat isfaction leve l of the consumer which increases the food 

insecurity in a country. 

3.2.6: Graphical Illustration of the demand, and Utility theory and 

effect of Emission of Carbon Dioxide 

T he original demand , supply, and uti lity curves are U , DO, and SS; correspondingly, E is 

the origina l equilibrium point of supply and demand curves. However, the U is the 

preferable budd Ie on of the indiffe rence curves and budget line which also denotes the level 

of food security in the country. However, the hi gher the utility resulting fro m the food 

group then the upper will be the food security and lower Ie means lower utility and food 

security wi II be low. Furthermore, if more greenhouse gas emiss ion creates the event of 

c limate change like heat waves, drought, and rainfa ll that w ill directly impact and decl ine 

the food production leve l in a state which shifts the suppl y curve upward from SS from 

SS 1. T hat shift moves the equilibrium point at E1 and dec lines the quantity produced in a 

country move from Q3 to Q 1. 

Moreover, the equilibrium quantity produces fall s to Q1 from Q3 by changing the 

equilibrium point E l from E. Furthermore, not enough food available, therefore, food 

demand would drop to the same extent as the food supply. Due to the drop in equilibrium 

quantity, the utility curve a lso shifts downward from Ie to Ie 1 due to the decrease in food 

quantity. However, there is a significant decline in satisfaction levels due to food 

consumpti on. the graph depicts the variance between U2 and U representing the price 

effect which is because of c limate change on food security because price surges due to the 

shortage of suppl y and increas ing demand which affects consumer income. 
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Figure 3.2: Demand, supply, and utility of consumer food security and raising C02 emissions 
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T he rea l income fall , causes uti lity to shift inward fro m U on IC to Ul on lei. That effect 

is called the income effect which occurs due to changing c limate change on fqod security 

and the dec line in the eq uilibrium capacity from Q3 to Q2. In the upper graph, higher food 

prices wo uld be the reason that consumers reduced their demand for food items and shifted 

to non-food commodities. As a result of that, the equilibrium quantity falls further from QI 

to Q2. However, the Q2 equilibrium shows that the substitution effect and this happen 

because of the c limate change on different pillars of food security. 

3.3: Econometrics Model 

Econometric models playa v ita l role in app lying statistica l and mathematical methods to 

anal yze the above-mentioned data to justify the theory. However, the main goal is to 

quantify and scope of the economic re lationsh ips, eva luate the theories, and build the 

causa l and effect of the vari ab lcs and predictions about economic outcomcs. Furthermore, 

these techniques support the researcher's estab li shed causa l relations between economic 

vari ab les . However, it is a backup for governments and policymakers to use econometrics 

to assess the effect of numerous policies. Therefore, this segment describes the econometric 

model used in the research to get the outcome and effect on food security in the world . 

3.3.1: Model Specification 

Recalling the equati on 3.4 in the above section 

Z = f( cl i mate facto r, other factors) ----------------------------(3.4) 

Consumption of food commod ities depends on the factors. 

C limatic factor (greenhouse gas emiss ion of carbon diox ide) CHeO 
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Other Factors (OF) are. 

Income (Gross domestic product) GDPpc 

Population growth (Popu lation) POPg 

Food price (Consumer Price Index) CPI 

Food Supply (Value of Food Production) FP 

Agriculture land (Percentage of agriculture land) AL 

lrrigated agricu lture land (Percentage of irrigated land) ALI 

Food security depends on the 

FS = f (GHCO, OF) -------------------------------------------------- (3.5) 

Transforming Eq uation .3 .5 to a Cobb-Douglas function, 

FS = A (GHCO)U(OF)P -------------------------------------------(3.6) 

A = intercept in each model 

The natural logarithm of Equation 3.6 

Ln (FS) = Ln (A (GHCO) U (OF) p) -------------------------------------- (3.7) 

Ln (FS) = Ln (A) + Ln (GHCO) U + Ln (OF)P --------------------------- (3.8) 

Ln (FS) = Ln (A) + aLn (GHCO) + ~Ln (OF) ------------------------ (3.9) 

Ln(A) = p 

The four econometric models were developed to estimate the food security on the globe by 

using the panel data estimations. The four models have been developed in the study to 

identify the impact of the emiss ion of C02 and other factors on the pillars of food security. 

1. Food Avai lab ility (Average energy dietary supp ly) 

2. Food Access ibility (Prevalence of undernourishment) 
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3. Food Utiliza tion (Children who are under 5 Years of Age stunted, wasted , and 

overweight) 

4. Food Stability (Food Supply Variability) 

3 .3.1.1: Food Availability Model 

In the research food avai labi li ty is captured through the average dietary energy supp ly in 

the world. The country is cal led food secure where adeq uate quantiti es of food w ith proper 

quality are available for the entire population either supp lied from domestic supp ly or 

imports of the product. The empirical model is designed from the equations 3.10 has been 

developed. 

LnADESit = p + aLnGHCOit +P1LnGDPpCit + P2LnCPlit + 

P3LnPOPit + p4LnALit + psLnALlit + P6LnFPit + l-lit ------ (3.10) 

Whereas 

i: Cross-sectiona l data of 145 countries all over the world 

t: time series data of the country from the year 2000 to 2021. 

P is constant term; a is regression coefficient of focus ; pL.p5 are regression coefficient of 

control variab les; and cit error term in equation (3.10). 

3.3.1.2: Food Accessibility Model 

Food accessibility wil l measured through the occurrence of undernourishment in the 

population In the wo rld . The occurrence of severe and moderate food 

insec urity/nouri shment is an estimation of the percentage of the population in a country 
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declared food insecure. It is a cr iti cal indicator used to measure food insecurity and 

malnourishment at the world level. The empirical model is desi gned from equat ions 3.11 

has been developed. 

LnPUNit = p + aLnGHCOit +P1LnGDPpcit + P2LnCPlit + 

P3LnPOPit + p4LnALit + psLnFPit + ""it ------ (3.11) 

Whereas 

i: Cross-sectional data of 144 co untries allover the world 

t: time series data of the country from the year 2000 to 202 1. 

P is constant term ; a is regression coefficient offocus; pL.pS are regress ion coefficient of 

contro l var iab les; and cit error term in equation (3.11). 

3.3.1.3: Food Utilization Model 

Food utilization is measured through the vari able taken to indicate the nutritional 

imbalance and undernouri shment resulting in under nutrition (assessed by underweight, 

stunting, and wast ing) and overweight to estimate the effect on food security in the world. 

It is a cr itical indicator used to measure malnouri shment and food insecurity at the world 

leve l. The empiri ca l mode l is des igned from the equations 3.12 has been deve loped. 

LnCSWOit = p + aLnGHCOit +PILnGDPpCit + P2LnCPlit + 

P3LnPOPit + psLnALlit + P6LnFPit + ""it ------ (3.12) 
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Whereas 

i: Cross-sectional data of 140 countries all over the world 

t : time series data of the country from the year 2000 to 202 1. 

P is constant term; a is regress ion coeffi c ient offocus; Pl. .. pS are regress ion coeffi cient of 

contro l vari ables; and cit error term in equation (3. 12) . 

3.3.1.4: Food Stability Model 

Food stability is an important section of foo d security, which j o ins all pillars to estimate the 

effect on foo d security. That also e laborates that uncertainty can be temporary w ith fl eeting 

peri od shockwaves the result of a draught/dry or a vari ati on in employment pos ition and 

increase in food pri ces. The var iable captures vari ability in the availability of food over 

time by vari ous sources which include food impo rts, domesti c production, and shocks and 

a ids. The empi rical model is des igned fro m the equations 3. 14 has been developed. 

LLnFSVit = p + aLnGHCOit +P1LnGDPpCit + P2LnCPIit + 

P3LnPOPit + psLnALit + P6LnALIit + J.lit ------ (3.14) 

Whereas 

i: Cross-sectiona l data of 141 countries all over the world 

t: time series data of the country from the year 2000 to 202 1. 

P is constant term ; a is regress ion coeffi cient of focus; pL.pS are regress ion coefficient of 

contro l variables ; and cit error term in equation (3 .14) . 

57 



3.4: Panel Data Techniques 

Panel data is a lso recognized as longi tudi nal w hi ch inc ludes the cross-sectional and time 

seri es dataset in which the conduct of co untries in time in di fferent years. Over the di fferent 

time whi ch offers advantages fo r stud ying changes over time and across di ffe rent units. 

A re ll ano (2001 ) wrote in his book that, traditiona ll y, time seri es parameters re lied on 

concepts of stationary, pre-determinedness, and uncorre lated shocks. Cross-sectional 

parameters, on the other hand , rei ied on exogenous instrumenta l factors and random 

sam pling for identifi cati on. Therefore, the pane l has data developed by joining th e time 

series and cross-sectional sco pes . 

It is a lso di scovered in the literature that its ori gina l motivation was the aim to leverage 

pane l data fo r managing unobserved time- invari ant heterogene ity in cross-sectional 

mode ls. Furthermore, it a ll ows the researcher to control for param eters such as country 

cultura l factors or vari ables that change over time but not across entiti es ( i.e. , national 

polic ies, federa l regulations, international agreements, etc). This is because it considers 

indiv idual di fferences. However, it allows us to include variabl es at many levels of study 

(e .g' l students, schoo ls, di stri cts, and states) fo r multilevel modeling. The analys is has the 

following advantages . 

1. It permits the researcher to regulate the unobserved enti ty or indiv idual who will 

be affected by the dependent variables . 

2. The pane l data a lso support and prov ide true and more informati on and 

stati st ica l influence by using data fro m multipl e periods by comparing to cross­

secti ona l data a lone. 
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3. The pane l data estimation can prov ide percept ions of causa l and effect 

relationships and policy im pacts. T herefore, researchers to moni to l~ the before 

and after interventions of the effect. 

3.4.1: Pre-estimation techniques 

P re-estimati on tests are di agnost ic tests and procedures that are conducted before 

appropriating a stati sti ca l model to assess the assumpti ons, data qual ity, and potential 

issues that mi ght affect the re liability and va lidity of the analys is. These tests he lp ensure 

that the underl ying assumptions of yo ur chosen model are met and that your data is suitable 

fo r the analys is you intend to perfo rm. Here is the fo llowi ng test applied before the 

estimation. 

3.4 .1.1: Cross-sectional Dependence Test 

The cross-sectional dependency test dea l with macro panels w ith lengthy time'series. The 

null hypothes is in the Breusch-Pagan LM test of independence is that res idua ls are not 

linked across indi viduals. 

Ho = Res iduals are not corre lated 

HI = Res idua ls are correlated 

It is very imperati ve to eva luate the cross-secti onal dependence of panel data models. 

However, Adesete et al. (2022) reported that the test would indicate whether any policy has 

a spillover effect of any policy regarding climate change w ill affect among the used 

countri es. The cross-sectiona l dependence test a lso supports thi s research in a way that 

would statistica lly establi sh whether or not climate change 111 any of the nations under 

considerati on would have a mul tipli er effect among them. 
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3.4.1.2: Normality Test 

In the ana lys is, it is important to assess the norma l distribution of the data in the model. 

Therefore, the Jarque-Bera test is used to determine whether a given dataset has the 

skewness and kurtosis that would be expected in a normal distribution. It is often used as a 

test for normality, particularly in cases where the sample size is moderate to large . Carlos 

Jarque and Anil K. Bera are the founders of the test. Therefore, that test is used 'to diagnose 

the norm ality of the data. The N ull hypothes is is. 

Ho = series normally distributed 

I-II = series not normally distributed 

3.4.1.3: Hetroscedasticity Test 

In a panel regression ana lys is, there is an important assum ption of homoscedasticity which 

means there constant va ri ance of residuals. It is an important assumption because vio lating 

this can affect the rat ionality of statistica l inference inc lud ing hypothes is tests and 

confidence interva ls. Moreover, can lead to inefficiency in parameter estimation and can 

bias the standard errors of coefficients, incorrect parameters, and resulting incorrect 

conclusions about the effect of var iab les. Therefore, to estimate the hetroscedasticity the 

null hypothesis is 

Ho = Homoscedast icity (constant variance) 

HI = Hctrosccdasti c ity (not constant variance) 
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3.4.1.4: Multicollinearity Test 

The correlations between the explanatory variables initiate a multicollinearity problem. As 

a result, the conelation coefficient for these two variables appears to be the most natural 

technique to discover multicollinearity concerns. When there are just two explanatory 

variables in an equation, the simple conelation coefficient is an appropriate metric for 

detecting multicollinearity. It raises variance and type II enors . It makes a variable's 

coefficient consistent yet unreliable. It indicates that the analytical strength of the model is 

not diminished, but the coefficients may be statistically insignificant with a Type II. The 

number of inflated variances induced by multicollinearity measured by VIF. However, 

because the research model contains more than two independent variables, the Variance 

In /:1ation Factor (VIF) is used to assess the degree of multicollinearity in panel data 

regression ana lysis . It denotes the increase in variance of a regression coefficient caused by 

co \linearity. 

3.4.1.5: Serial Correlation Test 

Serial correlation tests are used on large panels with extended periods. In small panels 

where with very few years, this is not an issue. Serial corre lation causes the standard errors 

of the coefficients to be less than they are and the R-squared to be larger. The model was 

estimated using a Breusch-Pagan Lagrange-Multiplier test for serial corre lation. 

Ho = no first-order autocorrelation 

Hl = first-order autocorrelation 

Serial correlation in panel data can arise when the residuals of a regression model for a 

particu lar entity are corre lated over time. Th is violates the assumption of independence of 

errors, which is crucial for va lid statistical inference. Just as in time series data, serial 
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corre latio n in panel data can lead to biased parameter estimates, inefficient standard errors, 

and incorrect hypothes is tests. 

3.4.2: Pooled Ordinary Least Square Model 

The pooled ordinary least sq uare regress ion mode l is employed to investigate the panel data 

to check the effect of different variables in above mentioned models on the food security 

pillars at the globa l level. It provides modest valuation and understand ing in which the 

researcher neglects the time series and cross-sectional effect. However, it also defines that, 

it denied the heterogene ity effect in each model and individua lity which may ex ist among 

the countries and sections . Furthermore, in the pooled regress ion, at both the lags and the 

lead of the variables and its current values by log- linearity of all the variables The 

Eco nometric model , which is used in defined in equations 3.10, 3.1 1, 3.12, and 3. 13 for 

fo ur food security models. 

Moreover, the Ord inary Least Squares (OLS) method usua lly estimates the coefficient of a 

linear regress ion mode l which aims to find the line that minimizes the sum of the squared 

differences between the actua l values and the va lues estimated by the linear equation. In 

addit ion to that, the linear regression model is where data from multiple sources or groups 

are pooled into a s ingle dataset for analysis. T herefore, this approach assumes that the 

interactions between the dependent and exp lanatory var iab les are the same across all 

entiti es, and the mode l estimates a single set of coefficients that interpret to all the groups. 

However, this pooling of data can foremost to more effective parameter estimations when 

the essenti al relationships are indeed simi lar across groups. 
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3.4.3: Random Effect Model 

The random effect model is the method that is based on the evidence that individual effects 

may be estimated and not associated with other independent variables. Unlike the fixed 

effects mode l, the variation bel ween countries in this model is supposed to be random and 

uncorrelated with the explanatory variables included in the model. According to Green 

(2008) "the main difference between fixed and random effects is whether the unobserved 

indi vid ual effect represents elements that are correlated with the model's repressors, not 

whether these effects are stochastic or not." The mathematica l model is the 

Yit = pi + aZit + PXit +tit ------------------------------ (3.15) 

Whereas 

i = 1.. .n ; t = 1.. .. T 

Pi (i=l . . .. n) = Represents the country-specific random effects 

Yit = Dependent variable where i = countries and t = time. Whereas, ADES, PUN, CSWO, 

and FSV are the dependent variables in each model. 

a = coefficient for that focus variable 

Zit = represents the focLls variable 

X it = Contro l vari ables 

~ = Coeffic ient of control variable, 

Cit = Overall error term 

Furthermore, the country's qualities that mayor may not impact the predictor variables 

requirement be specified in random-affects. However, the concern is that variables may not 
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be ava il ab le and that creates om itted variable bias in the model. However, if the differences 

between countries influence the dependent and unrelated to the independent then apply the 

random effects model to the data. 

3.4.4: Fixed Effect Model 

The fixed effect model is commonly applied in the panel data techniques to estimate the 

parameters. The individual characteristics of any country are not random which impacts the 

outcome variables, which is necessary to contro l them and get a good estimation in the 

panel data analysis. In this way, the consequence of the interpreters is not partial to those 

fixed features. FUlihermore, in individual's country fixed effects it assumed a. correlation 

behveen the individual 's country enol' term and explanatory variables. 

Mo reover, all indi vidua l' s country's fixed effects are not correlated with another 

indiv idual' s country. Moreover, each entity is represented by its own set of dummy 

variables which co ntrol the dummy variables control the unobserved individual-specific 

factors that could affect the dependent variable. The fixed effects model equation is given 

below. 

Yit = pi + aZit + PXit +tit + "it ------------------------------ (3.14) 

Whereas 

i = 1...n; t= 1.. .. T 

Pi (i= 1 .. .. n) = is the unknown intercept for each country 

Yit = dependent va riable, where i = country and t = time. Where, ADES, PUN, CSWO, and 

FSV are the dependent vari ables in each model. 

a = coefficient for that focus variable 
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Zit = represents the focus independent variab le 

Xit = represents contro l variab les, 

~ = Coeffic ient fo r that contro l variables, 

Cit = Overa ll erro r term 

Ui = wi thin entity error term 

According to Stock and Watson (2003) if the unobserved var iable does not vary over time, 

any fluctuations in the dependent estimator must be attributable to these fixed features . 

Therefore, the fixed effects model has control over unobserved country-specific facto rs that 

may affect the dependent variab le, as well as cases where country-spec ific effects stay 

constant all over time. Furthermore, the model explains a ll time- invariant variations 

between countries, so the pred ictable coeffic ients of fixed-effects models cannot be 

affected by missi ng time-i nvariant facto rs such as cu lture, religion, gender, ethnicity, etc. 

3.4.5: Post Estimation Techniques 

Post-es timation techniques in panel data analys is are methods and procedures that are 

performed after estimating a model to assess its va lidity, interpret results, and address 

potential issues. These techniques help ensure that the conclusions drawn from your 

ana lys is are dependab le and that the assumpti ons of the model are met. Here are post-

est imat ion techniques used in pane l data analysis. 

3.4.5.1: Breusch- Pagan Lagrange Multiplier Test 

After testing the pooled ordinary least square model and random effects model Breusch -

Pagan Lagrange M ult iplier test is used to conc lude whi ch test is significa nt for the panel 
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data. The test was developed by Trevor Breusch and Adri an Pagan in the year 1979 to use 

in a linear regress ion model. The test supports in selection between a poo led ordi nary least 

square and a random effect model. The null hypothesis is of the test is that; the variances 

across countries are zero w hich means no noteworthy diffe rence across co untries and 

conc ludes that no pane l effect in the estimated model. 

Ho = variances across co untries are equa l to zero (random effects inappropriate) 

H I = vari ances across countries are not equal to zero (random effects appropriate) 

3.4 .5.2 : Ha usman Test 

After estimating the fixed effect and random effect the Hausman test was app lied to 

estimate whi ch test was appropriate. Green (2008) reported in hi s book that tests are 

app li ed to conc lude whether the country's characte ristics are correlated w ith the dependent 

variab le or not. Therefore, the null hypothes is of the test was given. 

Null Hypothes is = the random effect model appropriate 

A lternate Hypothes is = the f ixed model appropriate 

3.5: Concluding Remarks 

This chapter dea ls w ith the procedure to conduct the research. In the first section, a brief 

descri pt ion and source of data co llection of the dependent, focus, and contro l variables are 

exp ia ined, and then the theo retica l and empirical modeling to estimate the effect predictor 

on foo d security of the countri es across the wo rld. The pre and post-estimation model w~s 

deve loped to choose the best mode l. 
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Chapter 4 

4.1: Results and Discussion 

In thi s section, the results are presented and di scuss the effects of research with 

interpretat ion or analys is. The given tables, figures , and graphs, and presented to achieve 

the obj ective of the research of the study logicall y and refer back to research questions or 

hypotheses . It is a key component of the research. This section includes the pre- and post­

estimation test and model-specific results provide the research to build the conclusion and 

recommendations which provide the direction for further research for different 

stakeholders. 

4.1.1: Pre-Estimation Techniques 

In thi s section, pre-estimation techniques are used in the research befo re conducti ng formal 

statist ica l methods and data analys is. These techniques also help to prepare their data and 

hypotheses fo r analys is. Here pre-estimation techniques used in the study are the cross­

sectiona l dependence test ; hetroscedasticity test, mu ltico llinearity test, and autocorrelation 

test are applied to test the data and model. 

4.1.1.1: Cross-section Dependence Test 

Cross-sectional dependence tests play a significant role in panel data est imation which 

supports to explore the potential concerns re lated to interdependence and correlation 

between observations w ithin cross-sectiona l data. Moreover, it also supports policy and 

dec ision-maki ng based on the results. However, if cross-sectional dependence is present 

but goes ignored , policy recommendations or strategic decisions based on flawed analysis 
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co uld misinfo rmed and countries bear the consequences . Therefore, the Breusch-Pagan LM 

test was applied to measure the occurrence of dependency in panel data in the study. The 

test is based on regress the res iduals of an indiv idual-specific regression .agai nst the 

res iduals of c lose entiti es' regress ions. 

Ta ble 4.1: Cross-sectional dependence Test (Breusch- Pagan LM test) 

Models Chi2 Prob 

Food Ava ilability Model 2220.489 0.00 

Food Access ibility Model 3 174.508 0.00 

Food Utilizati on Model 3635.986 0.02 

Food Stability Model 1876.122 0.0] 

The null hypothes is declares that the residual s are not correlated; it suggests the presence of 

cross-sectional dependence. Whereas the alternate hypothes is is that there is a presence of 

cross-sectional dependence. T he table below describes the Breusch- Pagan LM test which 

indicates the pro value is less than 0.05 which means we reject the null hypothesis and 

accept the alternate and, in each model, there is a cross-sectional dependency that affects 

each other. 

4.1.1.2: Normality Test (Jarque-Bera) 

A normality test is used to determine whether the dataset is a normal di stribution or not. 

The normal di stribution is a symmetric bell-shaped curve which indicates the common 

assumption statistical investigates . However, it is important because numerous statistical 

tests and approaches like t-tests and regress ion analys is always assume that the data is 

normally di stributed. 
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Table 4.2: Normality Test (Jarque- Bera) 
Model Statistics Prob 

Food Availabi li ty Mode l 0.786 0.687 

Food Access ibili ty Model 1.2357 0.456 

Food Utilization Model 0.875 0.901 

Food Stability Model 2.096 0.376 

Here the above table shows that in the entire model, the p-value is higher than 0.05 which 

means that, we accept the null hypothes is and declare that disturbance in data is normally 

d istri butee!. 

4.1.1.3: Test for Hetroscedasticity 

The hetroscedast ic ity problem ari ses when the variability of the errors (residuals) in ·a 

regression model is not constant across all levels of the independent variables. In other 

words, the spread or dispersion of the residuals changes as the values of the independent 

var iab les change. This violation of the assumption of homoscedasticity can lead to biased 

coefficient estimates and incorrect statistical inference. 

Table 4.3: Breusch-Pagan / Cook-Weisberg Test for Hetroscedasticitv 
Models Chi2 Prob 

Food Availability Model 235 .83 0.576 

Food Access ibility Model 456.98 0.98 

Food Utilization Model 11 2.9 0.76 

Food Stab ility Model 76.76 0.14 

The Breusch-Pagan test is one of the most common tests used to identify the 

hetroscedasticity. It invo lves regress the squared residuals from the origina l regression an 

the independent variab les used in the original regression. The null hypothesis is 

homoscedasticity, and if the p-value of the test is sma ll (typically less than 0.05), you reject 
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the null hypothes is and conclude that hetroscedasticity is present. But here in above table 

shows that there is no hetroscedasticity present in the data. 

4.1.1.4: Test for Multicollinearity 

Multicollinearity is a statisti ca l problem that happens when two or more explanatory 

variables in a model are hi ghly correlated with each other. The consequences of 

multicollinearity can be unbiased parameters, large standard errors leading to wide 

confidence intervals, failure to get the significant statistical effect, and signs of the 

estimator leading to wrong interpretation . 

Table 4.4: VIF for Food Availability Model 
Variable VIF INIF 

GHCO 3.15 0.32 

GDPpc 1.1 2 0.89 
r-----' 

CPI 2.03 0.49 

POPg 1.02 0.98 

AL 3.45 0.29 

ALI 2.14 0.47 

Mean VIF 2.15 3.44 

The Variance Inflation Factor (VIF) is estimated the used to assess multicollinearity in 

several regress ion models. Therefore, VIF used to estimate and quantify the variance of an 

estimated regress ion coefficient is inflated due to multicollinearity. 

Table 4.5: VIF for Food Accessibility Model 
Variable VIF INIF 
GHCO 2.15 0.47 

GDPpc 0.98 1.02 

CPI 3.14 0.32 

POPg 2.28 0.44 

AL 3.05 0.33 

FP 2. 14 0.47 
Mean VIF 2.29 3.04 
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T he table explains the multico llinearity in each model. A rule of thumb for interpreti ng the 

variance inflation factor is if the mean value is equal to 1 that shows the explanatory 

variab les are not correlated, if the value is not between I and 5 that shows the moderatel y 

corre lated var iab les and if the va lue is greater than 5 that mean there are hi gh correlated 

vari ables. However, in some literature till va lue of 10 is acceptable to rum the estimates . In 

this sludy, a ll the mode ls show that the value lies between 2 to 4 which indicates there is 

moderate multi co llinearity is found. 

Table 4.6: VIF for Food Utilization Model 

Variable VIF INIF 

GHCO 1.45 0.69 

GDPpc 1.9 0.5 3 

cpr 3.34 0.3 0 

POPg 2.57 0.39 

ALI 4.04 0.25 

FP 1.14 0.88 

Mean VIF 2.4 1 3.03 

In some cases, ignorin g multico llinearity mi ght be a reasonable approach , especially if the 

primary goa l is prediction and the limi tations of the model are well understood. 

Table 4.7: VIF for Food Stability Model 
Variable VIF lIVIF 
GHCO 3.15 0.32 

GDPpc 2.43 0.41 

cpr 2 .24 0.45 

POPg 3.09 0.32 

AL 1.04 0.96 

ALI 2.14 0.47 

Mean VIP 2.35 2 .93 
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However, for research or ana lyses where understanding the indiv idual relationships 

between var iables is important, address ing or mitigating mul ticollinearity is usually 

reco mmended to ensure the va lidity and re li ability of the results. 

4.1.1.5: Test for Serial Correlation 

Seria l co rre lation is known as autocorre lation which refers to the correlation of a vari able 

w it h itself over d iffe rent periods in a t ime series data set. It is important to evaluate that 

seri a l corre lation can have important imp licati ons for t ime series ana lys is and can impact 

the va li d ity of statistica l tests and model assumpti ons. If there is seri a l corre lation in the 

data tha t leads to unbi ased standard errors and inaccurate hypothes is testi ng w hi ch leads to 

inaccurate p va lues. In thi s research, the Woo ldridge test is appli ed to test the ex istence of 

ser ia l autocorrelat ion with the null hypothes is that, there is no seria l autocorre lat ion. 

T bl 48 W Id 'd T f A I . a e .. 00 1'1 Ige est or utocorre ahon 
Model Chi2 Prob 

Food Ava il abili ty Mode l 1420.48 0 .65 7 

Food Access ibility Mode l 1373.50 0 .325 

Food Utilizati on Mode l 1030.98 l.087 

Food stabili ty Model 1028.12 0 .110 

However, the p-va lue IS hi gher than 0.05 w hich means that we reject the null hypothes is 

and co nclude that there is no seria l auto-corre lati on in any mode l in the study. 

4.1.2: Comparison between Preferable Models: 

T hi s secti on est imates the preferable model between the po ll ed ord inary least square and 

random effect mode l and conc ludes which one is preferable and the ex istence of pan~ l 

effect fo r the fin al estimation and after that chooses between the random and fixed effect 

through the Hausman test. 
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4.1.2.1: Selection between the Pooled ordinary regression analysis and Random 

Fixed Effects model 

T he Breusch-Pagan Lagrange Multiplier test for selection between the random effects 

model and Pooled regression Model with the null hypothesis that variances across countries 

are equal to zero means that random effect is inappropriate and there is no significant 

difference between the countries, and researcher choose the pooled ordinary least square 

model. However, The LM test aids in determining whether to use a random effects 

regression or a conventional OLS regression . The table given below describes the result of 

the Breusch-Pagan Lagrange multiplier test. 

Table 4.9: Breusch and Pagan Lagrangian Multiplier Test 

l Model Statistics Prob 

I r ood Availability Model 9062.090 0.000 

Food Access ibility Model 7289.580 0.000 

Food Utilization Model 1634.530 0.000 

Food Stability Model 2356.871 0.000 

The results depict that the p-value is less than 0.05 percent therefore, conclude that reject 

the null hypothes is and accept the alternate and decide that random effect estimation is 

appropriate and there is panel effect in data and model. 

4.1.2.2: Selection between the Random Effects and Fixed effect model 

The below table gives the statistic and p-value for the Hausman test to select between the 

random and fixed effect model with the null hypothes is that the difference in coefficients is 

not systemati c (Random is appropriate). 
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Table 4.10: Hausman test for fixed and random effect model selection 

Model Statistics Pl'ob 
Food Ava ilability Mode l 45.58 0.000 

Food Access ibility Model 260.96 0.02,0 

Food Utilization Model 62.54 0.000 
Food Stability Model 239.45 0.010 

furthermore , it is necessary to estimate whether the individual effects are fixed or random, 

the Hausman specification tests. The p-value from the Hausman test suggested that fixed 

effect estimation is more effective than the random effect in food ava ilability, accessibility, 

utilization, and stability models. 

4 .3: Empirical Finding and Discussion 

In this section , the empi rical finding is described in a way that pooled regression analys is, 

and then a random effect model are estimated to check the panel data effect on the model. 

Based on the LM test results, it depict in table 4. 12 the data have the pane l effect and 

rando m effect model is appropriate. 

Moreover, further fixed effect tests were applied the check the individual entity effect in 

the model and dec ide the better test on the finding of the post-estimation test on the data at 

the g lobal leve l. The Hausman test results depict that the differences in coeffic ient are 

systemati c there is poli cy and cu ltural effect in the data. Therefore the fixed effect model in 

appropriate for all the food availabi lity, accessibi lity, utilization and stabi lity models which 

is presented in the next section. 
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4.3.1: Fixed Effect Model 

The estimated values of four models of food security (avai labi lity, food access ibility, 

utilization, and stabi lity) are g iven 111 Tab le 4.11. The dependent variables are average 

dietary energy suppl y to estimate the ava il ab ility of food , prevalence of undernourishment 

for food accessibi li ty, ch ildren under 5 years who are stunted , wasted, and overweight for 

food utilization, and food supp ly variability for food stabil ity. Moreover, the focus variable 

is emiss ion of CO2 and contro l var iables are income level of the economy, 'population, 

inflation rate, availabil ity of agricultura l land, water level fac ility at agricu lture, and food 

production is tested through the pooled regression ana lys is, random effect model and then 

fix ed effect model to estimate the food security at g lobe level. T he data depict that the fixed 

effect estimation are more appropriate in all the models. Therefore, the fixed effect model 

results are presented in this section. The findings imply that the regression's explanatory 

power is strong in the entire models. 

In the food availabi li ty model , there is significant and negative impact of emission of CO2 

on the average dietary energy suppl y (ADAS) on a 1 percent level. It indicate that, 

whenever there is increase the level of CO2 create uncertain events (like drought, high 

temperatures, and rainfall) that is directly have adverse effect the agriculture productivity 

and production level in the economy. Whereas, that decline reduce the food avai labi lity in 

the country as we ll as in the global level and increase the food insecurity and more people 

have limi ted food to eat. Erenstein (2017) also indicate that avai lability refers to people 

having enough food to meet their nutritional needs, which also covers the food supply 

chain. Previous research has largely concentrated on the cumulative effects of climate 

change on agricu ltural systems and food supply which will affect the food security level. 
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The GDPpc, FP and ALl have positive and signifi cant relationship w ith the ADES which 

show that as the income level and resource of the country increase people get more 

nutriti ona l and ba lance food to consume and more food secure country. Adesete et al. 

(2022) and Muringai et al. (2020) conclude that food production has a positive and 

s ignifica nt impact on the food security leve l and nutritional requirements of the global 

population . However, raising inflation and population have negative and s ignificant effect 

on the food availability as shown in table 4.11 in model l. Whereas, the higher consumer 

price index (CPl) has made the country more food insecure because in the fixed effect 

model estimation cpr is negatively and significantly related to food avai lability the hi gher 

food costs reduce diet quality and increase food insecurity. 

Moreover, the growin g level of CO2 has positive re lationship with prevalence of under 

nouri ~hment (PUN) w ith five percent level sign ifi cant. It is conc lude from the results that, 

whenever there is increase in the emi ssions of CO2 are the main reason to less food 

production due to fluctu ated weather condition and people don't have enough nutritional 

food to eat and that w ill increase the preva lence of under nourishment percentage of the 

population and increase the food insecurity. There is a dynamic and reasoned pattern of 

climate change impacts on food accessibility. The countries that are already experiencing 

under nourishment and food insecurity issues have face severe consequences of CO2 

emiss ion. The income level (GDPpc) and ava ilability of agricultural land (AL) have 

negative and significant relationship with the prevalence of undernourishment. The CPl has 

pos itive re lat ionship with the prevalence of undernouri shment in the model. The increasing 

food prices can lead to reduced access to food fo r weak sections of the population and 
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Table 4.11 : Fixed effect model estimation and effect of focus and control variables for each model 
FSAV Model FSAC Model FSUT Model FSST Model 

(ADES) (PUN) (CSWO) (FSV) 
Variables Standard Standard Standard Standard 

Coefficients Coefficients Coefficients Coefficients 
Error Error Error Error 

Intercept 123.367 0.809 3.940 0.670 16.200 1.845 0.559 1.040 

CHCO -0.882*** 0.050 l.270** 0.321 0.709** 0.110 0.640*** 0.008 

CDPpc 1.718** 0.439 -0.730*** 0.040 -1.855** 0.971 -0.390*** 0.070 

CPI -0.750*** 0.012 0.906*** 0.010 0.069* 0.028 0.025 0.1 58 

POPg -0.872*** 0.007 1.060** 0.006 0.612*** 0.016 l.186*** 0.234 

AL 0.549 0.676 -1.34* 0.065 - - -0.958*** 0.016 

ALI 0.620** 0.311 - - -0.246 0.188 - l.234*** 0.087 

FP 0.986*** 0.017 0.950* 0.050 -0.12** 0.04 - -

R-squared 
0.699 

F-
0.750 

F-
0.723 

F-
0.768 

F-
Overall statistics statistics statistics statistics 

R-squared 
0.896 63.890 0.490 66.660 0.548 7.100 0.560 45.700 within 

R-squared 
0.320 0.000*** 0.650 0.000*** 0.599 0.000*** 0.170 0.000*** between 

Level of significance is *** p<O.Ol, ** p<O.OS, * p<O.1. 
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create a potentially worsening hunger and malnutrition situation in the economies. The 

purchasing power influences food costs and, eventually, food access and utilization. 

Furthermore, in the food utilization model , an increase level of emission of carbon 

dioxide (GHCO) have positive and significant relationship with the children are stunted, 

wasted and overweight due to unavailability of healthy and balance food and country 

become more food insecure. However, results depict production of diversified food (FP) 

and higher GDP economies (GDPpc) are more food secure across the globe. The results 

also suppOlted by the Mendelsohn et a!. (2006) that real income including per capita GDP 

has a hu ge influence on ensuring the economic viability, availability and utilization of 

the food which ensures the food security of the country. The value of food production has 

the negative and significant relationship "vith the children stunted, wasted and overweight · 

as shown in table 4 .11 in model three. The population growth has strong, positive and 

significant relationship with the prevalence of under nourishment. Whenever, there is 

increase in population people have less nutritional and unhealthy food to eat and more 

people face food deficiency in a country. Nelson (2010) concludes that, the increasing 

population in the world will have to look at the severe food shortage in the future. 

In addition to that, in the food stability model , the GHCO has a positive and significant 

relationship with the food supply variability (FSV) as emissions of CO2 increase that will 

create more uncertain climatic (drought, high temperature, and unpattern rainfall) 

co nditions that increase the level food supply variability and decline the food stability 

level for the world. The increasing CO2 is reason a rise or reduction in temperature, as. 

well as an increase or decrease in the frequency of severe events. As a result of that, 

decline in biodiversity will subsequently risked agricultural and productivity as well as 
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food security. It a lso indicates that agr icultura l land and irrigation fac ilities also have a 

negative relationshi p w ith the food supply variability which shows that hi gher the natural 

reso urces in term of land and water ava il abi lity then lesser the food supply variability in 

th e country and enhance the food security level across the g lobe .. The reason behind that, . 

the country has more resources they have more coping strategies to miti gate the climate 

effect and not have an effect on their food security. 

Lastly, the R square in each mode l has indicated that explanatory power is better in fixed 

effect mode ls of food security. However, the Overall F -statistic is also significant because 

the p-va lue is less than 0.05 which shows that the overall model is good and significant. 

4.4: Concluding Remarks 

This chapter presents the empiri ca l findings of four models that are estimated uSll1g 

before and post est imates. The next chapter compri sed the conclus ion and policy 

recommendations based on the results mentioned above. 
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Chapter 5 

5.1: Conclusion 

CI imate change and its impact on global food security have been a source of contention 

among scho lars, stakeholders, and politicians throughout the world for decades: It has an 

influence on food production and hence food security, affecting the lives and revenue of 

sma II-sca le foo d producers as we ll as the live lihoods of poor net food consumers through 

food price hikes and vo latility, limiting access and availab ility to food. According to . 

stud ies, hi gher CO2 levels may cause changes in the nutritional content of some meals 

(e.g., lower concentrations of proteins and some vitam ins and minerals) . 

However, Food and Agriculture Organization (2020) indicated that, increas ing CO2 

leve ls as having an impact on all components of food security because they directly affect 

aquatic spec ies, cu ltivated plants, livestock, and forests , which have an impact on price, 

quality, and quality and affect agricultural livelihood and its allied sectors, which in turn 

affect food availability, utilization, accessibi lity, and stabi li ty. As a result, the people are 

unabl e to obta in a hea lthy national good as we ll as safe drinking water when extreme 

vveather events occur because of em iss ions. Accord ing to the literature, the effects of 

climate change on agriculture and food security at the regional and national leve ls have. 

been studied. 

However, at the globa l leve l, empirical studies to determine the influence of CO2 on the 

four pillars of food security (availability, utilization, access ibility, and stability) are still 

mi ss ing. Therefore, the research is des igned to in vestigate the relationship between CO2 

emissions and average dietary energy supply, the prevalence of under nutrition, children 
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under the age of five who are stunted , wasted, and overweight, and food supply' 

variabi lity, as we ll as GDP per capita, inflation rate, population growth, agr icultural land , 

and irrigated land as the contro l variables . The concl usion is based on panel data 

estimat ion from about 144 countries spanning the years 2000 to 202 1. 

The results indicate that, emiss ion of CO2 have adverse and substantia l connection with 

four pillars (availability, access ibility, utilization and stability) of food security in all 

estimated model s. Furthermore, food insecurity is more prevalent in densely populated 

nations . Ri s ing food prices, on the other hand , have a negative influence on food security 

s ince they reduce people's purchasing power in the country. Income, agricultural 

reso urces, and agr icultura l water ava il ability a ll have a favorable impact on food security. 

Therefo re, followin g pol icy recommendation have been suggested to improve the food' 

security leve l 

5.2: Policy Recommendation 

CO2 emissions and food security are closely related , and controlling CO2 emissions has 

s ignifi cant policy implications for guaranteeing food security. The CO2 is the main source 

of emiss ion of greenhouse gases which is respons ible for climate change. However, 

hi gher leve l of CO2 lead to global warming, which has an impact on weathel' patterns, 

precipitation , and temperature regimes. These changes have the great potential to have a 

substanti a l influence on the global food security issue. Therefore, the following action 

should be taken to enhance the food security and reduce the c limati c effect. 

1. Switching to renewab le energy sources such as so lar power, bio energy 

hydroelectri c and w ind power are dramatically reducing C02 emissions . Thi s 
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transformation can he lp decrease the impact of climate change on agriculture and 

other sectors and improve the food security: 

2. Transportation acco unts for almost a quarter of all greenhouse gas emissions, 

therefore, take a initiatives and promote the decarbonize travel in wherever 

feasible, walk, cycle, or use an electric vehicle. 

3. Awareness program shou ld be started regarding the so lar panels and save 

e lectric ity which will improve the env ironment and enhance the food security 

across the world. 

4. Promote sustainable and c limate smart agricultural techniques such as 

agroforestry, organic farming crop diversification; improved water management 

and so i I conservation which can improve agricu ltura l systems and support in 

production of nutritional food in the country. 

5. Investment shou ld be in research and innovation to produce climate-resi li ent crop 

varieties to increase the productivity in the agriculture and improve the food 

security level 

In last, the climate situation requires that "we need to achieve net zero greenhouse gas 

emissions by 2050, and everyone has a role to play," sa id UNEP's Cl imate Change 

Coordinator Niklas Hagelberg. "As individuals, we must change our co nsumption habits 

and put pressure on those who represent us - our employers, our politicians - to transition 

to a low-carbon world as soon as possible ." 
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Annexure 
Annexure 1: Random effect model estimation and effect of focus and control variables for each model 

I FSAVModel FSAC Model I FSUT MOdi FSST Model 

I (ADES) (PUN) (CSWO) (FSV) 
Variables I 

Standard Standard Standard I Standard 
Coefficients Coefficients Coefficients Coefficients 

Error Error Error Error 

Intercept 121.364 1.331 6.870 0.910 25.315 1.683 
I 

64.614 6.350 

GHCO -0.627*** 0.055 0.870*** 0.400 0.728** 0.076 0.905*** 0.000 

GDPpc 0.550** 0.350 -0.650* 0.550 -0.546** 0.188 -0.404** 0.001 

CPI -0.353* 0.015 0.330** 0.360 0.313 0.846 0.587* 0.176 

POPg -0.427*** 0.070 0.800*** 0.010 0.705* 0.016 -0.398 0.008 

AL 0.026* 0.012 -0.060 0.100 0.668** 0.0 13 

ALI 0.124** 0.009 - - -0.067 0.021 -0.740*** 0.007 

FP 0.415** 0.127 0.345*** 0.023 I 0.203** 0.006 - -

R-squared ! 
0.959 

Wald 
0.630 0.884 

Wald Wald 
Wald chi2 0.560 

Overall chi2 chi2 chi2 

R-squared 
within 

0.853 912.030 0.396 191.880 0. 521 18.540 0.340 132.860 

R-squared 
0.650*** 0.000 0.764*** 0.000 0.201*** 0.001 0.450** 0.000 

between 
H* 1 percent, 1,* 5 percent and * 10 percent level of significant 
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~ 

.. --.- -.- - ... - - - . - - - - - --- - - - --- - - - -- - - - -- - -den ffl d . bles fl del 

FSAV Model FSAC Model FSUT Model FSST Model 
(ADES) (PUN) (CSWO) (FSV) 

Variables 
Standard Standard Standard Standard 

Coefficients Coefficients C oefficien ts Coefficients 
Error Error Error Error 

Intercept 110.683 5.678 16.630 1.222 34.510 1.542 37.099 2.456 

GHCO -0.146* 0.021 0.322** 0.019 0.408* 0.034 0.128** 0.852 

GDPpc 0.120* 0.440 -0.853*** 0.649 -0.346** 0.188 -0.234** 0.940 

CPI 0.054** 0.045 0.013** 0.047 0.829* 0.508 0.288 0. 144 

POPg -0.072* 0.031 0.060* 0.024 0.413** 0.019 0.487 0.043 

AL 0.417*** 0.020 -0.120** 0.019 - - 0.055* 0.019 

ALI 0.230 1.980 - - -0.206* 0.093 -1.023** 0.005 

FP 0.023** 0.109 0.024* 0.076 -0.007* 0.023 - -

R-squared 0.290 0.459 0.264 0.398 

F -statistics 30.940*** 0.000 45 .390*** 0.000 26.660*** 0.000 7.820*** 0.000 

*,'* 1 percent, H 5 percent and * 10 percent level of significant 
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