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Abstract

This study explored the interrelationships between population growth and food
production in Nigeria. The objectives were to analyze the asymmetric causal
relationship between population growth and food production, examine the asymmetric
effect of population growth on food production and access the response of food
production to shocks in population growth in Nigeria. These were estimated using
secondary time series data from 1981 to 2021 which was subjected to statistical
estimations. The study adopted the asymmetry causality test based on Toda
Yamamoto method, nonlinear ARDL (NARDL) and impulse response function and
variance decomposition. The findings reveal that population growth and food
production in Nigeria exhibit a significant bi-directional causal relationship. itive
and negative population growth both revealed a one-way causality on food ion.
The labor force participation rate is also positively correlated with agri@t@umut,
indicating that a larger labor force engaged in agriculture leads to hi ctivity.
The short-run asymmetric estimates demonstrate that positive populatien growth has a
negative impact on agricultural output, while lagged positive and ‘negative population
growth have positive effects. In the long run, deposit money b g%’egjlt to agriculture
and government expenditure as a percentage of GDP s arginally significant
effects on food production. Shocks in population growth, force participation rate,
government expenditure, deposit money bank credit riculture, inflation rate, and
exchange rate have varying effects on food tion in Nigeria. The study
concludes that population growth has a signifigant fmpact on food production, both
positively and negatively, emphasizin e need for sustainable population
management strategies. The labor force® i&ation rate and other macroeconomic
indicators also play crucial roles in in@ng food production. It was recommended
that policymakers should implement, stfategies that promote agricultural output and
maintain stable population growth

Keywords: Population Gro Food Production, Agricultural Output, Labour Force
Participation.
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Chapter One
Introduction
1.1 Background to the Study

Food is no doubt, an important requirement for human survival. Production of food
depends on agricultural outputs in the society. Globally, agricultural outputs will need
to increase by an estimated 70 percent by 2050 to ensure an adequate food @1.

The situation of food production in Nigeria has been a subject of co§b®%) several

years. Despite being a major producer of agricultural commodities,

[ ) ﬂ
been experiencing a decline in food production due to Varioﬁs«t s such as climate

country has

change, inadequate infrastructure, poor storage faci.liti&%&ﬂ inadequate funding for
the agricultural sector. Reports have shown tha 1a's food production has been
below its potential, and the country has.b@nable to meet the food demand of its
rapidly growing population®. In regentyears, Nigeria's food production has been on
the rise. For instance, the count real production increased from 34 million tons
in 2014 to 44 million tonle& representing a 29% increase. The production of
root and tuber cropsg'@ag cassava and yams, increased from 150 million tons in

2014 to 176 rq{ ons in 2018, representing a 17% increase?.

With tﬁ%%ation of Nigeria growing at an alarming rate, there has been pressure
@ountry’s food production system. Nigeria's population was estimated to be
over 206 million people in 2021, making it the seventh most populous country in the
world. This rapid population growth has led to an increased demand for food, which
the country has been unable to meet*. As a result, Nigeria has been experiencing food
insecurity, with a large number of its citizens suffering from malnutrition. Scholars

are of the opinion that Nigeria's agricultural sector has not been able to keep up with



the country's population growth, resulting in a decline in food production. It was
further argued that inadequate funding, poor infrastructure, and inadequate policies
have contributed to the decline in food production in the country®. Furthermore,
according to a report by the United Nations Development Programme (UNDP), the
rapid population growth in Nigeria has put pressure on the country's food production
system, leading to food insecurity. The report notes that Nigeria's populgtion is

projected to reach over 400 million people by 2050, which will further exacq'f%;t} the

food insecurity situation in the country. ,%\QO

Nigeria is blessed with a very diverse and rich vegetation capa@sf"supporting large
population of livestock and has estimated surface water V@%\Of about 267.7 billion
cubic meter and underground water of about 57.9 b'. n cubic meters. The ecological
zones in Nigeria are also very diverse with the i-arid Sudan (Sahel) zone, Guinea
Savannah and Derived Savannah zon .N‘éﬂ s Forest and Mangrove (high rainfall,
moist sub-humid and very high hl@ity) zone. A few variations exist within each
ecological zone. The ecolo@xa%trends in precipitation in a region determines what

kind of farming systemathe people will practice, their food preference and how they

make use of natfral %ogrces in their environment®’.

Agricult @ the center of the Nigerian economy, providing the main source of
liveli@d for the majority of Nigerians. The farming sector of this West African
country employs about 70 percent of the entire country’s labor force. Nigeria’s small
farms produce 80 percent of the total food and 33 percent of this country’s land is
under cultivation for this purpose® Agriculture accounts for about 24 percent of
Nigeria's GDP. The country is a leader in various types of agricultural production,
such as palm oil, cocoa beans, pineapple, and sorghum. It is the largest producer of

sorghum in the world just after the United States, and ranks fifth in the production of



palm oil and cocoa beans. Nigeria is also a large global exporter in this sector. Oil,
fruits, nuts, seeds are among the ten best performing export categories’. For decades,
Agriculture has been associated with production of essential food products which is
the most important requirement for the survival of mankind. Agriculture therefore
invented food production which is about preparing of food from its raw form to a

consumable one either in the home or for industrial use.

AL
In the 40s and early 50s, the agricultural system practiced ably. su @the
population and have surplus to export. Different regions in Nige%}'écglized in
different kinds of crop production, whether food or cash crops@h‘ere was unity in
the diversity. This system strengthened the country’s foo%%}lfﬁciencylo.The issue
of food production is emerging as a major concern @onal and international policy
discourse. Globally, demand for more food and\démand for more types of food are
rising in response to changes in diet v \sa population growth. Increasing wealth

influences food consumption, as be'@off families are able to spend more money on

food and demand greater @es of animal-based foods both of which require

increased food productia%q

Food productio@)glgeria has been a topic of concern because of its relationship
with the @ of the economy and the country's increasing population. Nigeria
bein e of the world's largest producers of cassava, yams, and cowpeas, and the
ﬁroducer of tomatoes in sub-Saharan Africa still faces challenges in food
production, distribution, accessibility and in achieving food security. In 2018, it was
estimated that 22.2 million people were food insecure in Nigeria, representing 11% of

the country's population®*,

At the same time, projected world population growth from almost 7 billion in 2010 to

9.5 billion in 2050 a 36 percent increase means that total demand for food will



continue to rise, even independent of changing consumption patterns. United Nations,
Department of Economic and Social Affairs projected that with the total fertility rate,
or average number of children per woman, still high in the world’s least-developed
countries (approximately 4.5 children per woman in the 49 least-developed countries,
according to the latest United Nations projection, for 2005-2010), population growth

NP

In same vein, population growth in Nigeria is growing at 3.75% yearly, g its

is fastest in places already suffering from the greatest food insecurity'!.

size every two decades, as rural - urban migration is growing du%txa factors

while this rapid population growth results in small or no pe@@ income except

rural development!'?, &%’\

First to explicitly connect population growt od production is the British

Economist Thomas Malthus'?. It is beheved %\ere is a connection between food

production and population growtth's) result, scholars have studied these

relationships and found that pop dynamics affects savings negatively, and this

affects investment in the ag«églgﬁral sector, leading to low agricultural output. It is

this poor yield in ag ral produced, emanating from the dynamic nature of the
N

population tha reg

>

into food insecurity that characterized the Nigerian

economy

@, the intensity of growth in population in developing nation like Nigeria is
0

¢ severe than that of developed nations with 2.5 percent population growth
rateaccording to world bank!>. Technological, biological and Environmental factors
affect the production of food in a country which is major treat to a developing nation

in order to produce food at sufficiency or surplus rate.



Scholars have proposed food insufficiency as one of the threats that society will
endure during this century as global population has grown exponentially. Current
numbers are estimated around 6.7 billion and are expected to rise 9.3 billion in 2050'°,
The world population will keep growing and the demand for food should experience
increase as well. Food demand is expected to increase anywhere between 59% to 98%
by 2050'7. This will shape agricultural markets in ways we have not seen.before.
Farmers worldwide will need to increase crop production, either by incr@ the
amount of agricultural land to grow crops or by enhancing produ .' %existing
agricultural lands through fertilizer and irrigation and ado.ptiq,%le\w methods like
precision farming'8. However, farmers Worldwide wi&%d to increase crop

production. Right now, crops harvested per unit of @ cultivated are growing too

slowly to meet the forecasted demand for food@

Studies from different countries also k&t international development has been
feared to impose considerable chalf%&s to global food production because there is a
need for more food has to@%ﬁuced with less or fewer agricultural resources. As
population increases, demand for food increases, increasing population along with
land degradation@g%v es challenges of food production!®. Hence, there is a need to
investiga growth between the two variables over years and the causal

relationship between them. Hence, it is needed for carrying out this study.
1.2 Statement of the problem

Studies have also identified priority areas in Africa as the continent have achieved
unprecedented economic growth over the past two decades and is experiencing its
longest period of sustained economic growth since the 1960s. The growth rate has not
only accelerated, but also spread geographically. In 2015, average real Gross

Domestic Product (GDP) grew by 3.5 percent, higher than the global average of 3.1



percent and the Eurozone average of 1.5 percent. Africa’s rapid population growth,
coupled with a changing global food landscape means that African agriculture must
grow to feed the rising population, reduce its external food dependency, and ensure

food security for its population®’.

An assessment of the Food and Agriculture Organization of the United Nations (FAO)
showed that around 795 million people in the world remained undernourished.This
figure represents 167 million and 216 million reductions in the last def:ad @"?ince
1990 respectively. As many Nigerian live in hunger, there seem to‘%\h e in the
future as it has been projected that 19.4 million Nigerians ate @a food insecurity

by August 20222122, Q’§\

Many Scholars have investigated food prod ti%\iﬁom the perspective of food
insecurity in Nigeria, squealing to the discoyery~of petroleum, Nigeria has rapidly
grown into a major food importing na@j)x\the government has become neglectful of
the agricultural sector since pe@m is considered a more viable resource for
economic development. This, situation quickly polarized the nation into high- and
low-income groups. 'ﬂlnately, while only small fraction of the population
benefited from@e)Qil wealth, the population suffered the misfortune of food

insecurit @X} can hardly afford the rising prices of imported foods'®!4,

, though at a subsistence level, a sizable ratio of the population in Nigerian is
still’employed in the Agricultural sector. Providing nutritious and environmentally
sustainable food to all people at all times is one of the greatest challenges currently
facing the society. This problem is particularly acute in Africa, where an estimated
one out of nine people still lack adequate and balanced diet to maintain active and

healthy life. In Nigeria, a country of more than 216 million?. Is it possible for Nigeria



economy to experience zero hunger, availability and access to safe and nutritious food

for all at local levels?

In northern Nigeria, the Boko haram insurgency has led to heightened levels of
displacement and insufficient food production. Even as climate change also impact on
the environment and farming communities, the effects of violence and conflict have
dire. The farmers —herders clash is usually identified as one of the significant causes
of insufficient food production in the country. Now, targeted attacks on f; %}} and
farming communities by Boko haram insurgents and armed \é\gay have
increased the tempo of threats on Nigeria’s food production, \K the food crisis in
the terror-troubled northeast is increasing humanitarian@%’?encies in the region,

attacks on the farmers leave less to be desired. 'Q\Q

The pandemic and the recession are alreadgo ning living conditions in Nigeria.
Adding insufficient food production @ist will not only affect the vulnerable
population, but will also create \@ability for government and the society. Many
farming communities areﬁé? in the triangle of conflict, climate change and

ineffectual policies th@ﬁbt helped to control population growth.

Q

Notwithstand{n\'ggase issues, Nigeria’s population keeps growing and as a result,
there i idercased demand for food, which has led to a decline in food security and
art @food prices. The relationship between population growth and food production
in?%eria has not been fully understood, and the extent to which population growth
affects food production remains unclear. Moreover, it is unknown how food
production responds to shocks in population growth. Therefore, this study seek to
investigate the causal relationship between population growth and food production in
Nigeria, the extent to which population growth affects food production, and how food

production responds to shocks in population growth.



1.3 Research Questions

The research questions drawn for the purpose of this study include;

1.What Asymmetric causal relationship exist between population growth and food
production in Nigeria?

2.To what extent does population growth affect food production in Nigeria? ° ®

3.How does food production respond to shocks in population growth in.N 1% ?

1.4 Objectives of the Study
. "

The broad objective of this study is to investigate th @sus existing between

population growth and food production in Nigeria Qge‘éen 1981 and 2021. The

specific objectives of the study are to: ®

1. Analyze the asymmetric causal re&@ between population growth and food

production in Nigeria. %

2. Examine the asymmeji\c) t of population growth on food production in
Nigeria. o

3. Assess the@@% of food production to shocks in population growth in
Nigeriaé\)

1.5 R@a h Hypothesis

Thi;study seeks to test the following hypothesis:

HO1: There is no significant asymmetric causal relationship between population
growth and food production in Nigeria
HO02: There is no significant effect of population growth on food production in

Nigeria



HO3: There is no response of food production to shocks in population growth in

Nigeria

1.6 Significance of the Study

The aim of the study is to contribute to the existing body of knowled%&le

relationship between food production and population growth ‘1@ . With

increasing number of people driving up the demand for food whicg).r?'cally results in
more use of arable land and water for more food producti \every one out of ten
around the globe are chronically hungry as a result 0%@ of food/water, sufficient
food/ water or right combination of food/wd@)king into food production in
relationship to population growth in de)\&ﬁkging countries such as Nigeria can
improve its economic growth and %' a deep cognizant into providing adequate

food demand and supply. Q:b‘

The findings of the stu will also measure factors that slow down food production.
The possibility @%zing food consumption per capita, each additional person
would incre%sys nutritional needs and in turn cause increase in total food demand.
The studinis also significant to both local and international investors that are looking
@igeria food production. Nigeria’s food crisis may be lurking at a distance but
without an urgent and comprehensive series of intervention, the entire nation will be

facing the consequences of full-blown shortage of food production.
1.7 Scope of the Study

The objective of this study is to examine the relationship between food production

and population growth in Nigeria using annual data from 1981-2021. These period



has a trend of decline in the prevalence of food insecurity and menance of food

insecurity, starting with the introduction of the structural adjustment program in 1986.

1.8 Operational Definition of Terms

Food Production: it is about preparing food, in which raw materials are @%d

into ready-made food products for human use either in the home t\%@we food

processing industries. 4% “

Food Security: it is the state of being with reliable access@ sufficient quantity of

affordable, nutritious food. : Q

N

Population Growth: population growth is t Qease in the number of humans on

earth. (.j\&

Asymmetric Effect: An asymmeu%fect refers to a situation where the impact or
influence of a particular facj%@ 1able is not equal in all directions or under all

|
8
S

N

10



Endnotes

1 0. Doering & A. Sorensen. The land that shapes and sustains us. How to Feed the
World, 2018, 46-58.

28, Kousar, F. Ahmed, A. Pervaiz, and S. Bojnec. Food Insecurity, Population
Growth, Urbanization and Water Availability: The Role of Government Stability.
Sustainability, 13(22), 2021, 12336.

3 Food and Agriculture Organization. "FAOSTAT." 2020. Accessed January 2023.
http://www.fao.org/faostat/en/#home.

# United Nations Development Programme. Nigeria Human Development R@*
2018: Achieving Human Development Outcomes through Agriculture. 201

D

SM. M. Abubakar & M. Y. Muhammad, "Impact of Agricultural Financing on
Agricultural Output: The Role of Commercial Banks," Journal o bal Social
Sciences 4, no. 14 (2023): 103-117. ‘)\\‘

U. M. Shaibu, "Agricultural Sector Policy Periods an wth Pattern in
Nigeria (1960-2020): Implications on Agricultural P9\ ance."

’A. O. Olaniyi & W. A. Abioye, "Comparative*Assessment of Soil Degradation
Potentials of Commodity Crops Grown in Nigeriay" Agricultura Tropica et
Subtropica 56, no. 1 (2023): 19-32.

§ M. Megan, "Why Agriculture in Ni ga)is Important," 2018, Available at:
https://borgenproj ect.org/why-agréb e-in-nigeria-is-important/ Retrieved:
23/09/2022

Statistics," 2022, http statista.com/topics/6729/agriculture-in-nigeria/

? S. Dokua, "Agriculture En@ria - Statistics and Facts Overview Key Figures

10 Wikipedia, "%ij%ture in Nigeria," 2017, Available at:
https://en.wikipedid.org/wiki/Agriculture_in Nigeria. Retrieved on 23/09/2022

E, Ke‘n%r ‘The Food Security Conundrum of sub-Saharan Afiica’; Plant

Produetion Systems Group, Wageningen University, P.O. Box 430, 6700, AK
% gen, the Netherlands 2020

2H. Onyeaka, O. C. Ekwebelem, U. A. Eze, Q. I. Onwuka, J. Aleke, O. Nwaiwu, & J.
O. Chionuma, "Improving Food Safety Culture in Nigeria: A Review of Practical
Issues," Foods 10, no. 8 (2021): 1878.

BK. N. Djimadoumngar, J. Adegoke & M. Bani-Yaghoub, "Population Dynamics and
Precipitation Effects on Food Security in the Grain-Producing Region of the Republic
of Chad," International Journal of Environmental Studies 79, no. 4 (2022):
597-612.

11


http://www.fao.org/faostat/en/

14]. O. Aiyedogbon, S. O. Anyanwu, G. H. Isa, Y. M. Petrushenko, & O. S. Zhuravka,
"Population Growth and Food Security: Evidence from Nigeria."

ISR, K. Mishra, "Fresh Water Availability and Its Global Challenge," British Journal
of Multidisciplinary and Advanced Studies 4, no. 3 (2023): 1-78.

16G. Rusmayadi, D. R. Mulyanti, & A. Z. A. Alaydrus, "Revolutionizing
Agrotechnology: Meeting Global Food Demand through Sustainable and Precision
Farming Innovations," West Science Interdisciplinary Studies 1, no. 08 (2023):

619-628. <:;pp

7W. Willett, J. Rockstrom, B. Loken, M. Springmann, T. Lang, S. Verme g)and C.
J. Murray, "Food in the Anthropocene: The EAT—Lancet CommissiQn hy
Diets from Sustainable Food Systems," The Lancet 393, no. 10170 ( : 447-492.

in Developing Countries: Considerations in the Context of t blem of Sustainable

18K, Pawlak & M. Kotodziejczak, "The Role of Agricultur@r?g Food Security
Food Production," Sustainability 12, no. 13 (2020): 54&%

Systems Importance for Supporting Food Sec Sustainable Development
Goals: A Systematic Review," Science of the Environment 806 (2022):

150718. “‘\\‘{

20y, Bjornlund, H. Bjornlund, and Ay F.*%4n Rooyen, "Why Agricultural Production
in Sub-Saharan Africa Remains mpared to the Rest of the World — A
Historical Perspective," In;% al Journal of Water Resources Development

19C. M. Viana, D. Freire, P. Abrantes, J. Rocha, Xereira, "Agricultural Land
o%

36, suppl. 1 (2020): S20-S53)
210. Udegbunam. ‘9. 4giihlion Nigerians to face food insecurity by August 2022 —

FAO’. Available at:
https://www.preQil‘lﬁlmesng.com/ agriculture/agric-news/516720-19-4-million-nigeri
ans—to—face—fo%l ecurity-by-august-2022-fao.html. Retrieved 23/09/2022

2], Ble‘s%Hoey, A. D. Jones, H. Friedmann, and 1. Perfecto, "Development
Pa;iv@s oward 'Zero Hunger," World Development 118 (2019): 1-14.

ZNational Population Commission. Nigeria as Population now 200 million. 2017

Available at: http://population.gov.ng/nigerias-population-now-200-million-npc.
Retrieved 02/09/2022

12



Chapter Two
Literature Review
2.0 Preamble

This chapter presents a review of past literature by discussing the concepts of the
study, the relevant theories and empirical findings of literature as related to population
growth and food production. The framework of the study was also presented ds, well

as the summary of gaps found in literature.
2.1 Conceptual Review

This section defines and discuss the fundamental terms.of population, population

growth, population growth rate, agricultural production,'and food security.
2.1.1 Population Growth

Population refers to the numbers of people inhabiting in a particular area in a
particular time. Population is alsodescribed as the total number of beings living in a
particular area. It is also a ‘eount of the number of residents within a political or
geographical boundaryssuch as a town, a nation or the world'. Members of a
population frequently rely on the same resources, face comparable environmental
restrictions, ‘and rely on the availability of other members to survive. Knowing the
population of a particular geographical area, help in estimating the amount of
resources that is necessary for their basic needs. As the resources are limited, the

ever-increasing population which makes decision making challenging.

Population Growth is an increase in the population of a country. It refers to growth in
the number of people in a geographical location..population growth can be a useful
factor in providing a workforce for the production of goods and services to boost

economic development, and remains a critical determinant of the potential of a



country’s investment. However, increase in population alone may not increase
poverty incidence in a country, considering the development in China, and other
countries, that have noticed considerable economic growth over the last decades

despite their large population size!-2.

Population Growth Rates are the annual changes in population caused by births,
deaths, and net migration. National military forces stationed abroad; commqﬁial

N

seafarers at sea; diplomatic staff stationed abroad; civilian immigrants’.res' &n the
country; displaced persons’ resident in the country comprise the k%bp ation. It
does, however, preclude the following: foreign armed forces,statienéd in the country;
foreign diplomatic staff stationed in the country; and civ&&%migrants visiting the

country temporarily’. The rate of population Er@has been a critical for the

development of any economy and where if no perly managed, could inflate the

scourge of poverty in the economy. C;\&%

In some ways, population is a S@é‘%' of labour that could be used to improve the
country's output. It broadly tefers to all nationals who are present in, or temporarily
absent from, a count well as aliens who are permanently settled in a country.
Rising populatign growth puts intense pressure on resources of a Nation. It affects
national c@ as government has to devote substantial resources to feed the
grow'@ opulation. It affects food supply, depletes the environment, results to

urb;lzation, migration, unemployment and scarcity of several other resources.

As the world’s population is rapidly growing, this growth is seen in Africa and
Nigeria as Africa remains the world’s second largest continent after Asia, with a
population which increased from 221 million people in 1950 to 888 million people in
2005 and 1 billion in 2009 and Nigeria being the most populous nation in Africa.
Statistics shows that Nigeria’s annual population increased considerably with time,
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from 75.5 million people in 1980 to 122 million people in 2000, which increased to
159 million in 2010 and to 162.5 million people in 2011. The population had been
growing at the rate of 2.8% per annum in the decade preceding year 2000 and beyond
before increasing to 3.2% in 2008 to 2012 and then falling marginally to the current
levels of 3.1%, while it has been estimated at 233 million by 2020, and 389.615
million by 2050%3. Nigeria remains the most populated black nation in the world with

enviable wealth from crude petroleum, providing a great market and i@ent

potentials for different economic activities, which can be ha@ other

economies of the world. However, the country faces num us\ socioeconomic
problems including; poverty, corruption, hunger and ,@-ﬂ unrest, alongside

continuously increasing population growth®. Q

Meanwhile, measures to address food sufﬁcie@ Nigeria therefore must focus on
the need to enhance the income gene iﬁéda acity of government so as to be in a

good standing to provide food a%ther basic infrastructure for the populace in

addition to checking the rap%%ﬁlation explosion.

Major determinants o®ﬁtion Growth in Nigeria includes the following:

i.  Refugee Qgs)ylum seekers

il. Blf%eg
u@eath rate

iv. Infant mortality rate
v. Fertility rate
vi. Migration rate

vii. Life expectancy at birth
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The growth of the population in Nigeria is influenced by the number of refugees and
asylum seekers. In 2014, 941 people sought asylum, and with the addition of refugees,
the number rose to 2620. Birth rate, death rate, infant mortality rate, fertility rate,
migration and life expectancy at birth also determine population growth. Birth rate
has remained high at 38.4 per 1000 people, with a gradual decrease from 42.5 in 2005.
Death rate has been decreasing, with a rate of 12.5 per 1000 people in 2016.. Infant
mortality rate has fallen, with 74.5 deaths per 1000 live births in 2017 for %;}and
64.8 for females. Fertility rate has fallen only slightly, with 5.46 bi . \; man in
2017. Life expectancy at birth was 53.88 years in 2017, i.ncrﬁng at an average
annual rate of 0.84%. Migration rate was -0.35 migrants qu@)() population in 2015,
peaking at -0.2 in 2017. A lower death rate and infa@\ortality rate leads to higher

population growth, while higher fertility ra& rate, migration rate, and life

expectancy at birth result in higher po;{a}@gowt}ﬁ

2.1.2 Food Production

‘b
Agriculture is the science a&gl)lstry of managing the growth of plants and animals.
In a broad sense, agri ¢includes cultivation of the soil, growing and harvesting
crops, breedin@ raising livestock, dairying and forestry®. It involves the
cultivati (@a d, raising and rearing of animals, for the purpose of production of
food % an, feed for animals and raw materials for industries. It involves cropping,
livgock, forestry, fishing, processing and marketing of these agricultural products.
Agriculture is divided into four sections which are fishing, crops, livestock and

forestry.

Scholars generally use agricultural output/productivity to measure food production in
an economy. Some researchers have estimated agricultural productivity using the ratio
of agricultural outputs to inputs. It includes animal enterprise output, crop enterprise
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output, by-products, fodder and cultivation, and other output that covers the monetary
worth of output from those agricultural activities but is not livestock or crop
enterprise output. The link between agricultural outputs and agricultural inputs is used
to calculate agricultural output. Agricultural output is the entire value of output from
crop cultivation, livestock, forestry, and fishing in an economy. Agriculture's main
product categories are livestock and crops. Agricultural output consists. of _the
following components: output sold (including trading across agricultural @s’b}gs);
stock fluctuations; production for own final consumption; output pr: . &L further

processing by agricultural producers; and intra-unit consumq{ Qf livestock feed

products®’. &%'\

Agriculture is both the main traditional pursuit a@% sustained growth of the
modern economy. Economic growth has gone hand/in hand with agricultural progress;
stagnation in agriculture is the princi .eﬁéh tion for poor economic performance,
while rising agricultural productivb%,has been the most important concomitant of
successful industrializatim&ong the roles conventionally ascribed to the
agricultural sector in a gtowing economy are those of providing adequate food for an
increasing pop@i)@ pplying raw materials to a growing industrial sector,
constituti g@umajor source of employment, earning foreign exchange through

comn&di exports, and providing markets for the products of the industrial sector.

I\&a relies on $10 billion of imports to meet its food and agricultural production
shortfalls (mostly wheat, rice, poultry, fish, food services, and consumer-oriented
foods). Europe, Asia, the United States, South America, and South Africa are major
sources for agricultural imports. The Government of Nigeria has initiated agricultural
programs such as the Anchor Borrowers Program (ABP) to diversify its economy

away from oil. GON at the Council on Agriculture and Rural Development Regular
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meeting, approved the implementation of new Agricultural policy named ‘“National
Agricultural Technology and Innovation Plan” (NATIP). The four-year blueprint
designed to help Nigeria’s COVID-19 economic recovery. This policy will replace the
Agriculture Promotion Policy (APP) that was launched in 2016 but terminated in

December 20208.

The agriculture sector in Nigeria has been impacted by several factors such, as
flooding, Boko Haram insurgency and conflicts between herdsmen. a ~&f'\ners,
which have hurt food production. To improve food production, Varid%kt%l;s have
been proposed such as increasing farmers access to agricuhﬁﬂance to increase
productivity, and promoting agricultural diversity. Agr@%ﬁ’} represents a crucial
part of Nigeria's economy, contributing over 80% o@tal industry size. Despite its
significance, the sector's contribution to GDP eclined from 31% in 2013 to 78

billion USD in 2017%1°, Cj\\

Low food production is a major@ in Africa, with over 50% of the population
relying on subsistence farming. The agriculture sector plays a vital role in the African
economy, accounting %Se'} 40% of GDP and employing 65-70% of the population.
The food econemy,~which includes all aspects of food production, processing,
packagin @ﬁortation, and retailing, employs 85 million people in Nigeria, with
75% @fi‘%i economy employment in agriculture. However, food production has
&ed, leading to an increase in food imports, with food import expenditure

estimated to increase to 110 billion USD by 2025!"-°,

To control food importation and increase local food production, the Nigerian
government has implemented programs such as the Agricultural Transformation
Agenda, Anchor Borrowers, Commercial Agriculture Credit Scheme, and
Agricultural Credit Guarantee Scheme Fund, among others. Despite these efforts,
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agricultural financing has declined in Nigeria, with the ratio of the agriculture budget
to the national budget below the standard set by the Maputo Declaration on
Agriculture and Food Security. In addition, credit to agriculture has declined from
83.20 in 2013 to 40.62 in 2015. The government must take steps to improve
agricultural financing and support the agriculture sector to increase food production

ALY

Food security refers to the availability, accessibility, and affordability of f%%meet

and reduce reliance on imports'?,

the nutritional needs of individuals and households. This is a maj of%} allenge,
with nearly 100 million people unable to access sufficient fQOK Over 400 million
suffering from chronic malnutrition. The absence of oneécr'n}re components of the
food systems, including institutions, practices, @thnology that control food

production, processing, distribution, retailingh\.ahd consumption, leads to food

insecurity! 14, CJ)\&

Nigeria, once a major food expo@s transformed into a major food importer, with
the government spending\ﬁg% billion on food importation in 2014. This
transformation has b *Qtt'l‘ibuted to various reasons, including rapid population
growth, poor p@and the "Dutch disease"!>. The government has taken action to
address thi @u by implementing programs such as Operation Feed the Nation, the
H

A ric@ur Development Project, and the National Fadama Development Project.
OQ

ver, these programs have fallen short due to corruption in Nigeria'®.

Food and nutrition security involves providing energy, protein, and essential nutrients
for a healthy lifestyle. The World Health Organization recommends an intake of 2500
—3400Kcal of energy per person per day and 65-86g of crude proteins per day, with at
least 40% of protein from animal sources!’. Despite the efforts made by the
government and other organizations, food insecurity remains a major issue in many
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low-income countries, with sub-Saharan Africa and South Asia being the regions with

high levels of human malnutrition!”.

Food insecurity is linked to poverty, hunger, and malnutrition. Hunger is a state of
distress caused by a lack of food, while malnutrition refers to an abnormal
physiological condition caused by inadequate intake or absorption of essential
nutrients. Poverty refers to several levels of deprivation related to human capa.biki&s,
including consumption, health, education, rights, security, and decgnt v The
poverty rate is defined as the ratio of people with income below t‘@é line to

half the total population median household income!® 68 . | )ﬁ'\

From 2013 to 2017, food prices rose from 9.3% to 1@@ hindering food supply
efforts and leading to escalating food prices. é?\m& ral production encompasses
food, fuels, and raw materials, with cereals, vegetables, fruits, oils, meats, and spices
being some of the major food producv@j‘he poverty rate in Nigeria is high, with an
estimated 74.1% of the rural popp&%n and 25.9% of the urban population living in

poverty in 2010, and rural zﬁgs%ving a higher poverty rate than urban areas®’.

'}
Food insecurity is a s@; issue in many low-income countries, affecting one out of

seven people‘o\ighﬁ planet. Despite the efforts made by the government and other
organizati Qood insecurity remains a global threat, with 11 million children under
t f five dying from hunger and hunger-related diseases annually. Improving
self-sufficiency, affordability, and availability are crucial policies to achieve food

security?!> 22,

Limitations of Food Production in Nigeria

Natural Disasters and Climate Change: One of the major challenges affecting food

production in Nigeria is the impact of natural disasters and climate change. Nigeria is
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susceptible to frequent droughts, floods, and heat waves that can damage crops, cause
soil degradation and reduce agricultural yields. Climate change has also led to
unpredictable weather patterns that make it difficult for farmers to make informed
decisions about what and when to plant. The loss of fertile land and soil degradation
as a result of environmental degradation and poor agricultural practices exacerbates

N

Infrastructure Deficiencies: Infrastructure deficiencies also pose a %ﬁcant
[ ]

this challenge?2.

challenge to food production in Nigeria. The country lacks adeq\%% ortation
networks and storage facilities, making it difficult to get crop,{%rﬁ\ the farm to the
market and keep them fresh during transportation. Th@cs’;}we of proper storage
facilities and refrigeration equipment also leads %‘@niﬁcant food waste, further
reducing the availability of food. The inadequ ral electrification also limits the

use of modern agricultural technologi@ ces the productivity of farmers!®2?,

Access to Inputs and Financial ‘%;%Urces: Another key challenge affecting food
production in Nigeria is w@ access to inputs and financial resources. Many
farmers struggle to ire’ the necessary inputs such as seeds, fertilizers, and
pesticides, and @(ﬁe nancial resources to invest in their farms. This leads to low
yields a @Ned profits, discouraging farmers from continuing with agricultural
activi@. he lack of access to credit also limits the ability of farmers to adopt new

tec;ologies and improve their farming methods!'®: 17,

Pest and Disease Outbreaks: Pest and disease outbreaks are also major challenges
facing food production in Nigeria. The spread of pests and diseases such as the fall
armyworm, cassava mosaic disease, and tomato leaf miner, among others, can lead to

significant crop losses and reduce yields. The absence of effective pest and disease
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control measures and inadequate research and development efforts to address these

challenges exacerbates the situation?’.

Political Instability and Corruption: Political instability and corruption also pose
significant challenges to food production in Nigeria. The lack of stable and
predictable policies, regulatory frameworks, and legal systems creates a hostile
environment for investment and growth in the agricultural sector. Corruption imthe
distribution of subsidies and input supplies also leads to misallocatior.l 0 @ces,
reducing their impact on food production. Additionally, the uneq %‘[ion of

land ownership and access to resources among different groupg@i@eria also creates

a challenging environment for food production and exace@%}ood insecurity?.

2.2 Th tical Revi .@
o coretica ceview Q
S

2.2.1 Malthusian Theory .

The relationship between food pro cgn)and food supply was first expressed by an
English Economist called Thor@(obert Malthus (1798-1823). Malthus stated that
population increased in ﬁge etric progression (i.e., 2, 4, 16, 132...) while food

production incre’:s@

er than food production and tended to outstrip it in a short time.

rithmetic progression (i.e., 2, 4, 6, 8...)** 2. Thus,
population gr
He wro Qess humans can limit reproduction voluntarily through self-restraint,

p@m would be reduced by catastrophic events such as diseases, starvation,

misery and wars. It was believed that a balance between population growth and food

supply can be established through preventive and positive checks?®.
Checks on Population

When the increasing population rate is greater than the food supply, disequilibrium

exists. As a result, people will not get enough food even for survival. People will die
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due to a lack of food supply. Adversities such as epidemics, wars, starvation, famines
and other natural calamities will crop up which are named as positive checks by

Malthus. On the contrary, there are man-made checks known as preventive checks?*.
Positive Checks

Nature has its own ways of keeping a check on the increasing population. It brings the
population level to the level of the available food supply. The positive checks include
famines, earthquakes, floods, epidemics, wars, etc. Nature plays up when the

population growth goes out of hand?*.
Preventive Checks

Preventive measures such as late marriage, self-control, and simple living, help to
balance the population growth and food supply. These measures not only check
the population growth, but can also prevent the catastrophic effects of the positive

checks.

The Malthusian Trap (or “Malthusian Population Trap”) is the idea that higher levels
of food production created by more advanced agricultural techniques create higher
population levels, which then lead to food shortages because the higher population
needs to live on land that would have previously used to grow crops. Even as
technological advancement would normally lead to per capita income gains, theorizes
Malthus, these gains are not achieved because in practice the advancement also
creates population growth. Once the population exceeds what food supplies can
support, this supposedly creates a Malthusian crisis with widespread famine as well as
rampant disease. This ends up decreasing the population to earlier levels. The reality,
however, has been that population growth has not itself created the crisis that Malthus

predicted?’-28,
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Criticism of Malthusian Theory of Population

The Malthusian theory was criticized based on the following:

1.

Population Growth:The gloom and doom forecasts put forward by Malthus have
not played out. In Western Europe, populations have grown (not at the rate
Malthus predicted) and food production has also risen because of technological
advancements.

Food Production:Thanks to many technological advancements, food production
has dramatically increased over the past century. Often, the food production rate
has grown higher than the population growth rate. For example, during the 1930s
in the US, 25% of the population worked in the agricultural sector while the
total GDP was less than $100 billion. Today, less than 2% of the population
works in the agricultural sector, while the total GDP is over $14 trillion.

Global Trade:The limited availability of land at the time was the basis for
Malthus’ theory on food production constraints. However, thanks to globalization,
we can trade goods and services for food, which increases the amount of food a
country can consume.

Calculations:Malthus did not provide calculations for the geometric growth of
populations and the arithmetic growth of food. Since then, experts have pointed

out that the growth rates are not consistent with Malthus’ predictions?-3031,

2.2.2  The Classical Growth Theory

The classical growth theory is a major paradigm in the field of economics, developed

in the late 18th and early 19th centuries. It is centered on the idea that the economy is

self-sustaining and will naturally grow, provided that certain conditions are met, such
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as a well-functioning market system and an efficient allocation of resources. The
theory was first popularized by Adam Smith and later refined by Thomas Malthus and
David Ricardo*. According to the theory, economic growth is driven by increases in
labor and capital inputs, which result in increased output. The key contribution of
classical growth theory was the insight that sustained economic growth requires not
just a supply of capital and labor, but also the development of technological ad.va(rgs,
which increase productivity and efficiency®! 3. In addition, the theory emphéi}'p} the
importance of economic institutions and the role they play in pr .}Séonomic
growth. The classical growth theory continues to be influential %e\development of

° \
economic thought and remains a cornerstone of modern ec@t analysis.

NS

The fundamental principle of the classical t}@r is that the economy is
self-regulating. Classical economists maintain thatthe economy is always capable of
achieving the natural level of real GDQ@ t, which is the level of real GDP that
is obtained when the economy's r%;rces are fully employed. While circumstances
arise from time to time tha&@%the economy to fall below or to exceed the natural
level of real GDP, self<adjustment mechanisms exist within the market system that
work to bring @)@n y back to the natural level of real GDP. The classical
doctrine tha economy is always at or near the natural level of real GDP is based
=

on tWé

ra re flexible*33.

ly held beliefs: Say's Law and the belief that prices, wages, and interest

2.2.3 The Theory of Optimum Population

The Optimum Theory of Population is a major contribution to the field of
demography and population studies. It was first proposed by Thomas Robert Malthus
in 1798, and later developed by David Ricardo, John Stuart Mill, and Thomas Hill
Green®*’, The theory states that there is an ideal population size for a society, beyond
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which population growth becomes negative and detrimental to economic and social

development?.

The Optimum Theory of Population holds that population growth should not be
unchecked, as this will lead to overpopulation and result in reduced living standards,
unemployment, and poverty. On the other hand, a population decline will lead to a
lack of workers, reduced economic growth, and reduced social welfare. The theory
postulates that there is an optimal balance between population size an %}%mic
development, where the economy is able to provide for the needsﬂ% ulation,

and the population is able to contribute to the economy throug ctive labor’®.

The Optimum Theory of Population has been a subject 0@@ debate and discussion

Q

among economists, demographers, and policy a@ While it remains a valuable
contribution to the field of population stu@ is often criticized for being too
simplistic and failing to account for t}@p exities of population dynamics. Despite
its limitations, the Optimum Theq@Population continues to influence thinking and

policymaking in the areas o'ﬁggﬁation and development?’.

ﬂ
224  The Neo- cu@g Theory

Q

The Neo-Classical”Growth Theory is a theoretical framework in economics that
explaiﬂ%@ationship between economic growth and the accumulation of factors of
p %\o such as capital and labor. It was developed by a number of prominent
economists including Robert Solow, Trevor Swan, and Paul Romer® 3°, The theory
represents a revival of classical economic principles and emphasizes the role of

technological progress and capital accumulation in driving economic growth?°.

The key idea behind the Neo-Classical Growth Theory is that economic growth is a

result of increases in the productive capacity of an economy. According to this theory,
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economic growth is driven by increases in the efficiency of production, which is
influenced by advances in technology and the accumulation of physical and human
capital. The theory suggests that as an economy accumulates more capital, it becomes
more productive and can produce more output with the same amount of labor and
other inputs*’. This leads to higher levels of output, income, and consumption, and a

N

The Neo-Classical Growth Theory has been widely accepted and has had a %ﬁcant

higher standard of living for the population.

impact on economic policy. It has been used to inform policies aif%} omoting
economic growth and development, including policies a.irv&h improving the
business environment, encouraging technological inn(%&%}’\\, and increasing the
availability of capital. It has also been used to .6@% the relationship between
population growth and economic growth, with_some economists suggesting that
population growth can have both .ﬁ‘q}e and negative effects on economic
growth#2, Overall, the Neo-Classieal Growth Theory continues to be a central

component of modern macv@mic theory and is widely used by policymakers and

researchers to understm%m;ld explain the complexities of economic growth and

development. ‘ QB»
2.3 Em‘@eview

jan Population Theory in Nigeria from 1982 -20127. The study applied vector
error correction model and the result shows that Population Growth has no significant
impact on Economic Development in Nigeria. This is in line with the works of®. In
other words, the Malthusian population theory is relevant when applied to the Nigeria
economy. The study posited that population growth is detrimental to economic
development it is tantamount to averring that overpopulation and poverty are
correlated which portends danger. This combination is associated with increased vices,
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disease and death. This could be attributed to so many reasons chief amongst which is
economic backwardness that basically depicts the inadequacy of social welfare
programmes, infrastructure or the wherewithal to support the existing population.
Also, communal and religious laws further influence population growth contradicting
the axiom of moral restraint as enunciated by Malthus. The effect of population on the
economy in Nigeria is much more than the food problems enunciated by Malthus.
Some of these consequences are congestion, high dependency ratio and @ing
social problems, emigration, higher unemployment and/or : yment,
inequality including the current acts of insurgency and terrf)ris&'qlus, appropriate
measures should be taken to curb this growing menace whi become endemic in
the Nigerian economy resulting in pervasive p’o@v and portends danger to
sustainable development. Another scholar noﬁ@% the role of agriculture in the
process of economic development ha b@%onomic and political roots>. It was
argued that if the role is passive requirinig only gradual transfers of capital and labour
to the industrial sector, the Ve@n‘[’s role in the agricultural sector can be minimal
or even discriminatory, t r0'1§1g heavy taxation. If agriculture plays a more positive
role in stimulati @%h in other sectors, but needs to grow rapidly itself for the
stimulation t g")fective, the government’s role may need to be more active. As a
third ps%‘lity, he suggests that governments might need to intervene much more

@ in agricultural development if non-market growth linkages are stimulated by

rapid growth of agricultural incomes.

Another study titled “Agricultural Land Use and Population Growth in Nigeria
focused on the Need for Synergy for a Sustainable Agricultural Production” revealed
annual exponential growth rates of 0.62% for the agricultural land and 0.72% for

arable land in the time frame considered. Likewise, the exponential growth rates of
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2.57%, 1.67% and 4.75% were obtained for the total population, rural and urban
population, respectively*®. Additionally, significant positive correlations between
population and agricultural land variables were established in Nigeria. The findings
further revealed that the annual increment in the total output of some arable crops like
cassava, yam, cocoa bean, maize, sorghum, groundnut and rice were mostly due to
land expansion than an increase in land productivity. Based on these results, the
apparent reason to implement several population policies enacted previously in the
country is justifiable. It is also shown that agricultural land-related variables and
population variables have significant exponential growth rates in the period
considered. This is an indication that farmland is not used sustainably amidst the
mounting population pressure. In conclusion, the country needs to efficiently harness
its enormous human and natural resources to ensure short- and long-term sustainable

development in agriculture.

In a study, population growth and food security in Nigeria, using simple regression
analysis technique, concludes that population growth affects negative agricultural
output in Nigeria®. Thus, given rise the food insecurity. Peters examines the
relationship among population dynamics, savings and agricultural output in Nigeria®.
It was found that population dynamics affects savings negatively, and this affects
investment in the agricultural sector, leading to low agricultural output. It is this poor
yield in agricultural produced, emanating from the dynamic nature of the population
that resulted into food insecurity that characterized the Nigerian economy. This partly
explained the rise in food import bill in the country. Another scholar investigates oil
resource management and good insecurity in Nigeria. He uses the unrestricted Vector
Autoregressive (VAR) model and found that over dependence oil resulted in the

neglect of the agricultural sector, hence the decline in food production for the teeming
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population in Nigeria®>. This is an archetype of Dutch disease, because before the
advent of oil exploitation and exploration agriculture was the mainstay of the Nigerian
economy. Another scholar examines strategies for food security and health
improvement in the sub-Saharan Africa®®. They established that sub-Saharan Africa is
plaque by poverty and severe malnutrition, with 30 to 45 countries plumage into food
crisis. Another scholar investigates food security in Sudan®!. He states that Sudan's
poor domestic policy affected farmer negatively, given rise to persistent hunger and
malnutrition. He pointed out that the civil unrest put peasant farmers and the entire
population at a great disadvantage. Another scholar in his study food security and
sustainable development in India, states that, the capacity to achieve a balance
between the population of the people and the production of food grains and other
agricultural products was marked by a sense of despair'®. Another scholar
investigates food security in sub-Saharan Africa'”'. He found that about 840 billion
people globally are malnourished and the most affect in the African continent. He
contends that efforts to address food security have proven abortive and food insecurity
becomes the order of the day. Other scholars examine the socio-economic
characteristics and food security status of farming households in Kwara State, North
central®. They used three-stage random sampling technique to obtain a sample of 94
respondents. The result shows that 36 percent of the respondent households were food
secure, while 64 percent of respondent households are food insecure. This result gives

credence to the prevalent of food insecurity in the country.

Another scholar examined population growth and food security in Nigeria using the
cointegration approach’!. Their finding indicate that population has adverse effect on
food security. They assert that food security is necessary for the following reasons:

First, many countries, especially the developing countries have had tortuous uprising,
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resulting to instability and overthrowing of governments. Such revolt according to
other scholar had their root causes insufficient supply of the major staple food stuffs
and the attendant high prices. If such instabilities are to be checkmate then adequate
attention must be devoted to ensuring food, self-sufficiency and security because a

hungry man is an angry man.
2.4 Gaps in Literature Review . (b

Several studies by different scholars such as According to Chavis ﬁnamiﬁg&mtives
in form of tax deductions and social welfare, which is put in place to assiSts parents to
cater for their children assisted in producing more children“’s@{}actor is fertility
treatment drugs, which allows multiple fertilized eg @%e injected and Peters
examines the relationship among population ics, savings and agricultural
output in Nigeria®”. He found that populatig amics affects savings negatively,
and this affects investment in the agrio@tﬁﬁ}sector, leading to low agricultural output.
It is this poor yield in agricultur@@duced, emanating from the dynamic nature of
the population that result&\igg food insecurity that characterized the Nigerian
economy. This partly ined the rise in food import bill in the country but fail to

consider the as@ric causal relationship between population growth and food

producti \@ﬁ is one of the objectives of this study

@sidering other investigation on food security in sub-Saharan Africa'’!. He
found that about 840 billion people globally are malnourished and the most affect in
the African continent. He contends that efforts to address food security have proven
abortive and food insecurity becomes the order of the day. He fails to consider the
effect of the growing population on the food production which this study is also going

to focus.
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While studying population growth and food security in Nigeria between the period of
2000 to 2012, did a comparative analysis of the population growth rates of Nigeria,
India, and United State of Ameria ,it was observed that within this period, Nigeria
witnessed high growth rate when compared to India and United State of
America®' .On average within the study period the country witnessed 0.99% growth
rate in its population. It therefore becomes pertinent to investigate the reasons for
population growth rates. Some of the factors leading to this according Q‘}'A\dul
Rahman include crude birth rate of about 44 per 1000, relative high ; 1%’61 with
a rate of 6.0 live-births per woman in the 1990s. Another sc?ol Teksim research on
the causes of rapid population growth in India: includes hi@fility rate, in 2000 the
birth rate was 25.8 per 1000 principally caused by éq@narriage, universal marriage
and joint family system!®. Mortality rate was@%v as at 1991 the death rate was

10 per 1000, this reduced to 8.5 per 1::0@900 due effective control of epidemic
n

and other deadly diseases, develop f medical centers and the decline of infant
mortality rate. The number, of @fn immigrants also contributes to the population
explosion having the le %ﬁaﬁon growth rate, the factors were considered in the

?%food production to shocks in population growth was not

studies but the Q %)

considered bghg scholars and this form a basis for more research work.

~

2.4 Theoretical Framework

The framework of this study is founded on the Malthusian theory of population. The
theory stated that the growth of population is higher than that of the growth of food
production. This was explained further that while population grows at a geometrical
rate, food production grows at an arithmetical or subsistence level. The theory is

therefore based on the inability of the growth of food production to satisfy the needs
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of a growing population. However, the growth of food production is determined by

the population of the economy. This relationship can therefore be expressed as:
FP = f{POPG) (2.1)
Where,

FP = food production

POP = Population growth

33



Endnotes

"National Population Commission. Nigeria as Population now 200 million. 2017
Available at: http://population.gov.ng/nigerias-population-now-200-million-npc.
Retrieved 02/09/2022

20. O. Ogunleye, O. A. Owolabi, and M. Mubarak, "Population Growth and
Economic Growth in Nigeria: An Appraisal,” International Journal of
Management, Accounting & Economics 5, no. 5 (2018).

3 T. Tavershimaet al., Food Security and Population Growth in Nigeria, Official
Publication of Direct Research Journal of Agriculture and Food Science10, 8),
2022, 176183, [Online]. Available: https://doi.org/10.26765/DRJAFS L1 568458

“National Population Commission. Nigeria as Population now 200 miNion. 2017
Available at: http://population.gov.ng/nigerias-population-now-20Q-million-npc.
Retrieved 02/09/2022

SU. Bala, A. Ibrahim, and N. B. Hadith, "Impact of Population Growth, Poverty, and
Unemployment on Economic Growth," Asian Busines$-RéSearch Journal 5 (2020):
48-54.

°D. Frona, J. Szenderak, and M. Harangi-Rakes, "Phe Challenge of Feeding the
World," Sustainability 11, no. 20 (2019): 5816

7 N. Hyacinth, Topic : Food Security antd-Population Growth in, IJRDO - Journal of
Social Science and Humanities Research, (4), 2020, pp. 93—113.

8 Trade.gov. Agriculture Sectory Nigeria - Country Commercial Guide Available at:
https://www.trade.gov/country-commercial-guides/nigeria-agriculture-sector.
Retrieved on 25/09/2022

% A.S. Nevin, T\ Oyafiiran, & O. Onomia, ‘Feeding 398 Million People in Africa’s
Largest Econoigiy by 2050 Food Security Challenges and Agricultural Innovations'’.
PricewaterhouseCoopers(PWC) 2019. Limited.
https://WwwWWpwc.com/ng/en/assets/pdf/feeding-africas-largest-economy-2050.pdf

W, O\A” Matthew, R.Osabohien, T.O Ogunlusi, & O. Edafe, ‘Agriculture and social
protection for poverty reduction in ECOWAS’.Cogent Arts Human. 6, 2019.
1682107.

T, Allen, P. Heinrigs, &I.Heo ‘Agriculture, Food and Jobs in West Africa’. West
African Papers, N14. OECD Publishing, Paris.

12 A.A Alola & U.V Alola, ‘The dynamic nexus of crop production and population
growth: housing market sustainability pathway’. Environ. Sci. Pollut. Control Ser.
26 (7), 6472-6480. 2019.

34



13R.0sabohien, E.Osuagwu, E.Osabuohien, U.E. Ekhator-Mobayode, O.Matthew, &
O. Gershon,. Household access to agricultural credit and agricultural production in
Nigeria: a propensity score matching model.S. Afr. J. Econ. Manag. Sci. 22 (1),
2020, a2688.

40. A. Matthew, R.Osabohien, T.O Ogunlusi, & O. Edafe, ‘Agriculture and social
protection for poverty reduction in ECOWAS’.Cogent Arts Human. 6, 2019.
1682107.

I5R. Osabohien, O. Matthew, O. Gershon, T. Ogunbiyi, & E, Nwosu, ‘Agriculture
development, employment generation and poverty reduction in West Africa’. O
Agric. J. 13 (1), 2019 82-89. %
I6R. Osabohien, E. Osabuohien, & E. Ohalete, ‘Agricultural sector per, e,
institutional framework and food security in Nigeria’. Bio base Appl.\Econ. 8 (2),
2019 161-178. -

7" A.A. Mota. S.T. Lachore& Y.H Handiso ‘Assessment of, insecurity and its
determinants in the rural households in Damot Gale Wor olaita zone 'southern

Ethiopia. Agric. Food Secure. 8 (1), 2019. 11. ‘

¥ A.S. Nevin, T. Oyaniran, & O. Onomia, ‘Fe 8 lehon People in Africa's
Largest Economy by 2050 Food Security Cha enges and Agricultural Innovations’.

PricewaterhouseCoopers(PWC) 2019.
https://www.pwc. com/ng/en/assets/pd@%mg africas-largest-economy-2050.pdf.

FN. Bachewe, G. Berhane, B & A.S. Taffesse ‘Agricultural transformation
in Africa? Assessing the evz en thlopla World Dev. 105, 286-298. 2018.

20S.0. Omondi, ‘Small-s le oultrjy enterprises in Kenyan medium-sized cities’. J.
Agribus. Develop. E Econ. 9 (3), 2019 237-254.

210. A. Matthe sa ohien T, O. Ogunlusi, & O. Edafe, ‘Agriculture and social
protection fo rly reduction in ECOWAS’. Cogent Arts Human, 6, 1682107.
2019

2Q c;uba and I. F. Cookey, "Food Prices and the Challenge of Food Security in
‘ State, Nigeria," Asian Journal of Economics, Business and Accounting 16,
no (2020): 17-27.

21, G. Ukpong and M. M. Inyeinyang, "Assessing the Issues of Natural Resources
Exploitation on Attaining the Related Sustainable Development Goals,"
University-Led Knowledge and Innovation for Sustainable Development 292
(2021).

24 K. Waha, M. T.Van, S.Wijk, Fritz, L. See, P. K., Thornton, J.Wichern, & M.

Herroro, ‘Agricultural diversification as an important strategy for achieving food

security in Africa’. Global Change Biol. 24, 8, 2018 3390-3400.

35


https://www.pwc.com/ng/en/assets/pdf/feeding-africas-largest-economy-2050.pdf

23T. Malthus, ‘Essay on the Principle of Population’. England: W. W. Norton.
1798.

26T, Suri and C. Udry, "Agricultural Technology in Africa," Journal of Economic
Perspectives 36, no. 1 (2022): 33-56.

27]. Xie, J.Yu, B.Chen, Z. Feng, J. Lyu, L. Hu Gan, & K.H Siddique,. ‘Gobi
agriculture: an innovative farming system that increases energy and water use
efficiencies’ A review. Agron. Sustain. Dev. 38 (6), 2018 38-62.

285 Kousar, F. Ahmed, A. Pervaiz, and S. Bojnec, "Food Insecurity, Population
Growth, Urbanization and Water Availability: The Role of Government Stabilit %
Sustainability 13, no. 22 (2021): 12336. &

2A. M. Okunola, S. P. Nathaniel, and V. B. Festus, "Revisiting Popula 5;, wth
and Food Production Nexus in Nigeria: An ARDL Approach to Cointegration,"
Agricultural and Resource Economics: International Scientific E&mg’\nal 4, no.

1868-2019-383 (2018): 41-51. )\\‘
%Aﬁ"ects the Future

30-T. R Malthus, An Essay on the Principle of Populatior@&
Improvement of Society, with Remarks on the Specula ﬁis f Mr. Godwin, M.
Condorcet, and other Writers, 1st edn. London: o@ n. 1798

31 T. R. Malthus, ‘An Essay on the Principles-of Population’, 2nd edition,1803,

Everyman edn N
>

32 P, C. Edwards, "The Beginnings culture," in 4 Companion to Ancient
Agriculture, 119-148. ‘-b‘

33 B. Thokchom, P. Qiu, P.ﬁéﬁ and P. K. Iyer, Water Conservation in the Era of
Global Climate Change%ljgv er, 2021).

34 J. Diamond Coll, w Societies Choose to Fail or Succeed, Viking
Books, New Yoik1 5°586-63863-7,

3. X.P. . C. Hansen, S. V. Stehman, P. V. Potapov, A. Tyukavina, E. F.
Vermotey J. R. Townshend, "Global Land Change from 1982 to 2016," Nature

565:: IQ7 0 (2018): 639-643.

36 I/ El Bilali, C. Callenius, C. Strassner, and L. Probst, "Food and Nutrition Security
and Sustainability Transitions in Food Systems," Food and Energy Security 8, no. 2
(2019): e00154.

37-N. Watts, M. Amann, S. Ayeb-Karlsson, K. Belesova, T. Bouley, M. Boykoff, et
al., "The Lancet Countdown on Health and Climate Change: From 25 Years of
Inaction to a Global Transformation for Public Health," The Lancet 391, no. 10120
(2018): 581-630.

36



38 L. Rosa, D. D. Chiarelli, M. C. Rulli, J. Dell’Angelo, and P. D’Odorico, "Global
Agricultural Economic Water Scarcity," Science Advances 6, no. 18 (2020):
eaaz6031.

3% R. K. Mishra, "Fresh Water Availability and Its Global Challenge," British
Journal of Multidisciplinary and Advanced Studies 4, no. 3 (2023): 1-78.

40- Global Ecology & Biogeography, 11 (2002), pp. 377-392

41-C. Zhang, X. Chen, Y. Li, W. Ding, and G. Fu, "Water-Energy-Food Nexus:
Concepts, Questions and Methodologies," Journal of Cleaner Production 195
(2018): 625-639.

42-V. Erokhin, G. Tianming, and J. V. Andrei, "Theories of International frade and
Competitiveness," in Contemporary Macroeconomics: New Global Disorder,
697-739 (Singapore: Springer Nature Singapore, 2023).

43-J. A. Santos, H. Fraga, A. C. Malheiro, J. Moutinho-Pereifanl. T. Dinis, C. Correia,
et al., "A Review of the Potential Climate Change Impactganhd Adaptation Options for
European Viticulture," Applied Sciences 10, no. 9 (202Q):3092.

4 W, Willett, J. Rockstrom, B. Loken, M. Springmann, T. Lang, S. Vermeulen, et al.,
"Food in the Anthropocene: The EAT-Lancet«Comfimission on Healthy Diets from
Sustainable Food Systems," The Lancet*393, fto. 10170 (2019): 447-492.

4-S. Goldstein, "Urbanization, Migrationand Development," in Urban Migrants in
Developing Nations, 3-19 (Routledge,2019).

46. J. H. von Thiinen, Der isolirte Staat in Beziehung auf Landwirtschaft und
Nationalokonomie (Walter de Gruyter GmbH & Co KG, 2022).

47 FAO (Food and Aggieulfure Organization) (2020). The Food and Agriculture
Organization Statistics website, 2020. http://www.fao.org/faostat/en/#data

- FAO (Fogd‘and Agriculture Organization) (2020). The Food and Agriculture
Organization Statistics website, 2020. http://www.fao.org/hunger/en

4%, S.KC. Kyire, J. K. Kuwornu, R. K. Bannor, E. K. Apiors, and E. Martey,
"Journal of Agriculture and Food Research," Journal of Agriculture and Food
Research 12 (2023): 100593.

30-S. B. Akpan and V. O. Ebong, "Agricultural Land Use and Population Growth in
Nigeria: The Need for Synergy for a Sustainable Agricultural Production," Journal of
Agribusiness and Rural Development 61, no. 3 (2021): 261-270.

17, 0. Aiyedogbon, S. O. Anyanwu, G. H. Isa, Y. M. Petrushenko, and O. S.
Zhuravka, "Population Growth and Food Security: Evidence from Nigeria."

37



52 W. Adekunle and C. I. Ndukwe, "The Impact of Exchange Rate Dynamics on
Agricultural Output Performance in Nigeria" (July 16, 2018).

53 T. M., Todaro. Agricultural Productivity and Macroeconomic Variable Fluctuation
in Nigeria, Int. J. Econ. Fin., 4(8), 2013 114-125.

3%0. 0., Timmer. Soil and Water Pollution Levels in and around Urban Scrapyards,
IOSR J. Env. Sci. Toxic. Food Technol., 8(4), 201, 1-8.

%Y. E. Ajibade, M. M. Onimisi, A. Yusuf, and A. F. Achor, "Fish Processing and
Marketing Among Women Fish Mongers in Ofu Local Government Area, Kogl
Nigeria."

36 S., Akpan, & V., Ebong. Agricultural Land Use and Population ngerza
The Need for Synergy for a Sustainable Agricultural Production, Journal of
Agribusiness and Rural Development, 6/(3), 2021, 261 270 o
https://doi.org/10.17306/J.JARD.2021.01424 \
37 UN.org, United Nations statistic division &%
(UNSD)http://data.un.org/Explorer.aspx?d= PopD1V

’8 Trade and investment review, 2013. UNCTA%
http://unctad. org/en/Pubhcatlonslerary/dltct d3 en.pdf

39 Economic theories fact sheet, 2008 ‘
http://www.economictheories.org/ malthuseconomic-theory-principle-of.html

"Population Growth and Food, Sgcurity Nexus: Testing the Validity of
Neo-Malthusian Hypoth% .f;o Nigeria."

1. UNDP, Afric l‘@ evelopment report, towards a food secured future United
Nations commi% r Sustainable development. 2012

http://www.uor

- E. A. Qjiya, C. L. Gwand%@k! . Sancho, S. A. Nev, and 1. U. Matudi,

sa/earthsummit/nigeriac.htm#chap10

02 K. @gbe, V. Okoruwa, O. Obi-Egbedi, and K. Olagunju, "Population Growth
Pr bl%s nd Food Security in Nigeria," available at SSRN 3330999.
63 DB

. Balana and M. A. Oyeyemi, "Agricultural Credit Constraints in Smallholder
Farming in Developing Countries: Evidence from Nigeria," World Development
Sustainability 1 (2022): 100012.

- K Amen, Population Growth and Food Security in Developing Countries:
International Journal of Developing Economics, 15(3): 2015.180-1989.

6. W. Drammeh, N. A. Hamid, and A. J. Rohana, "Determinants of Household Food
Insecurity and Its Association with Child Malnutrition in Sub-Saharan Africa: A

Review of the Literature," Current Research in Nutrition and Food Science
Journal 7, no. 3 (2019): 610-623.

38


http://www.un.org/esa/earthsummit/nigeriac.htm

6. S. Abosede, "Water, Food Security, and Trade in Sub-Saharan Africa," in
Handbook of Research on Globalized Agricultural Trade and New Challenges
for Food Security (IGI Global, 2020), 384-399.

67 B. S. Ngcamu and F. Chari, "Drought Influences on Food Insecurity in Africa: A
Systematic Literature Review," International Journal of Environmental Research
and Public Health 17, no. 16 (2020): 5897.

- 0. 0. Ogunleye, O. A. Owolabi, and M. Mubarak, "Population Growth and

Economic Growth in Nigeria: An Appraisal," International Journal of ‘ \
Management, Accounting & Economics 5, no. 5 (2018). Q)
- M. Akbari, P. Foroudi, M. Shahmoradi, H. Padash, Z. S. Parizi, ni, et

al., "The Evolution of Food Security: Where Are We Now, Where Sh We Go
Next?," Sustainability 14, no. 6 (2022): 3634. -

70-1. E. Adesida, W. Nkomoki, M. Bavorova, and M. Y. M ’\”E fects of
Agricultural Programmes and Land Ownership on the Adoptien of Sustainable

Agricultural Practices in Nigeria," Sustainability 13 (2021): 7249.

"I 1. I. Evans, "Population Glut as Impedimen Security in Nigeria: The Way
Out," Nnamdi Azikiwe University Journal of International Law and
Jurisprudence 14, no. 1 (2023): 89-101° )\\

Zhuravka, "Population Growth a d Security: Evidence from Nigeria" (2022).

O

73 K. Oguntegbe, V. Okoru . Obi-Egbedi, and K. Olagunju, "Population Growth
Problems and Food SeCIK'ty}in igeria," SSRN 3330999 (2018).
T

.\
4 T. M. Habtew, d@% eshmati, "Impacts of Improved Agricultural Technology
Adoption on Welfare'in Africa: A Meta-Analysis," Heliyon 9, no. 7 (2023).
> M. Le ‘\.Nisbett, L. Cabral, J. Harris, N. Hossain, and J. Thompson, "Food
Politics evelopment," World Development 134 (2020): 105024.
Chernova, I. V. Mitrofanova, I. Adamickova, and E. V. Kleitman,

Digitalization of Agricultural Industry — the Vector of Strategic Development of
Agro-industrial Regions in Russia," AGRIS on-line Papers in Economics and
Informatics 14, no. 1 (2022): 45-58.

72 J. O. Aiyedogbon, S. O. Anyan% ~H. Isa, Y. M. Petrushenko, and O. S.

77 K. Oguntegbe, V. Okoruwa, O. Obi-Egbedi, and K. Olagunju, "Population Growth
Problems and Food Security in Nigeria," available at SSRN 3330999 (2018).

78. . Nicolétis, P. Caron, M. El Solh, M. Cole, L. O. Fresco, A. Godoy-Faundez, and

R. Zurayk, Agroecological and Other Innovative Approaches for Sustainable
Agriculture and Food Systems that Enhance Food Security and Nutrition, Report

39



by the High Level Panel of Experts on Food Security and Nutrition of the Committee
on World Food Security (2019).

- UNICEF, The State of Food Security and Nutrition in the World 2020 (2020).

80. L. Scheiterle and R. Birner, "Assessment of Ghana’s Comparative Advantage in
Maize Production and the Role of Fertilizers" (Sustainability 10, no. 11, 2018): 4181.

81 E. A. Etuk and J. O. Ayuk, "Agricultural Commercialisation, Poverty Reduction
and Pro-Poor Growth: Evidence from Commercial Agricultural Development Progg

in Nigeria" (Heliyon 7, no. 5). \

82. 0. A. Olayiwola, "Nomadic Terrorism, Displacement, and Food Insecurt
Challenge in the Food Basket of the Nation," in Global Food Politics a oaches
to Sustainable Consumption: Emerging Research and Opportunities lobal,

2020), 101-117. i -
8- AL Ogunniyi K.O. Olagunju S. Fadare& A Rufai. The }@fgm of Governance
Quality, Migration and its Implication on Food and Nutr% ecurity in SubSaharan
Africa: What does Dynamic Generalized Method of s estimation
reveal?Conference paper presented at the 30t ational Association of
Agricultural Economist Conference, Vanco itish Columbia. 2018 July28 -

August 2, 2018. https:// ageconsearch.umn.ed%?ec d/275994/

84 Ogunniyi Adebayo, Omonona B.T,Q)i}\c\
irrigation technology use on crop % 0p income and household food security in
Nigeria: A treatment effect appro% IMS Agriculture and Food, 3(2): 2018
154-171.

yewale, & K.O Olagunju. Impact of

8. K Olagunju., A. Oguniyi& Oguntegbe The Impact of Foreign Trade on GZ.
Oyetunde-Usman and lagunju "Determinants of Food Security and Technical
Efficiency Arno I1fttral Households in Nigeria" (Economies 7, no. 4, 2019):
103.

86 A. S. 0§04, "Globalization And Agricultural Productivity Paradigm: The Nigeria
Perspeé%(Archives of Business Research 6, no. 1, 2018).

E@Olagunju A, Ogunniyi & M.S. Olufadewa Spatial Analysis of Structural
Determinants of Child Poverty in Nigeria. Conference paper presented at the 30th

International Association of Agricultural Economist Conference, Vancouver, British
Columbia. July 28-August 2, 2018. https://ageconsearch.umn.edu/record/275996/
2018

8. 0. M. Adeboun, A. Adetola, O. B. Titus, and A. E. Olaoluwa, "Rural Infrastructure

Access and Household Welfare in Ogun State" (International Journal of
Management Research and Emerging Sciences 12, no. 1, 2022)

40



8.J. 0. Leke and E. N. Leke, "Environmental Sustainability and Development in
Nigeria: Beyond the Rhetoric of Governance" (International Journal of
Development and Management Review 14, no. 1, 2019): 25-37.

% K. Oguntegbe, V. Okoruwa, O. Obi-Egbedi, and K. Olagunju, "Population Growth
Problems and Food Security in Nigeria" (2018), SSRN 3330999.

L M. P. Todaro and S. C. Smith, Economic Development (Pearson UK, 2020).

2. E. Ndor, A. A. Obadiah, and U. I. Nasir, "A Review of Sustainable Agricultural
Development and Economic Growth: Nigerian Experience," World Journal of
Advanced Research and Reviews 8, no. 1 (2020): 19-25.

93 M. Vilar-Compte et al., "Urban Poverty and Nutrition Challenges Assdeiafed with
Accessibility to a Healthy Diet: A Global Systematic Literature Review,"
International Journal for Equity in Health 20 (2021): 1-19.

% A. A. Adenle, K. Wedig, and H. Azadi, "Sustainable Agri€ulfure and Food
Security in Africa: The Role of Innovative Technologies andynternational
Organizations," Technology in Society 58 (2019): 101443"

%- A. Kehinde and M. Kehinde, "The Impact of\Credit Access and Cooperative
Membership on Food Security of Rural Households in South-Western Nigeria,"
Journal of Agribusiness and Rural Development 57, no. 3 (2020): 255-268.

%. K. M. Shikuku, "Information Ex8han®e’Links, Knowledge Exposure, and Adoption
of Agricultural Technologies in Nerthétn Uganda," World Development 115 (2019):
94-106

7. J. T. Dada, "Exchange Rate Regime and Economic Growth in Nigeria: Evidence
from Sectoral Level," Intexnational Journal of Business and Emerging Markets 14,
no. 3 (2022): 231=25M™

% A. O. Omotayo, Economics of Food Intake, Nutrition, and Farm Households'
Health in"Southwest Nigeria (Doctoral dissertation, North-West University, South
Africa, 20T18).

% B.\Rdy and R. Shaw, "Defining Urban Water Insecurity: Concepts and Relevance,"
in Urban Drought: Emerging Water Challenges in Asia (2019), 1-15.

100. H. Fu et al., "The High Helium Abundance and Charge States of the Interplanetary
CME and Its Material Source on the Sun," The Astrophysical Journal Letters 900,
no. 2 (2020): L18.

101 Moro and IgbenFood self-sufficiency: A condition for development. 1999

102. R, L. Kwazer and A. F. Tanyia, "Population Pressure and Environmental
Degradation in Kwande Local Government Area of Benue State, Nigeria," Journal

of Environmental and Tourism Education (JETE) 6, no. 1.

41



13- TasimWhat are the factors of rapid growth of population in india 2010

104 T, Ye et al., "Improved Population Mapping for China Using Remotely Sensed
and Points-of-Interest Data within a Random Forests Model," Science of the Total
Environment 658.

105 World Bank Open Data. online at. http://data.worldbank.org/.

196. 7. C. Chiaka and L. Zhen, "Land Use, Environmental, and Food Consumption

Patterns in Sub-Saharan Africa, 2000-2015: A Review," Sustainability 13. \cb"

107- Barrett, C. B., Reardon, T., Swinnen, J., and Zilberman, D. "Agri- e chain
revolutions in low- and middle-income countries," Journal of Economic Literature

60, no. 4 (2022): 1316-1377. &,\

42



Chapter Three
Methodology
3.0 Preamble

This chapter discuss the methods that is used in achieving the objectives of this study.
The type and scope of the data used as well as the source of the data used for

estimation was presented. The model of the study was also specified and the &

technique of estimation as well as the apriori expectation. ;' \QO
3.1 Model Specification %“

The general model for this study is based on the Malthus theory in the previous
chapter with the aim of investigating the nexus between food production and
population growth. The model is formulated from the equation 2.1 which can be

expressed statistically as:
FP: = a, + aiPOPG; + & G.1)

From the equation 3.1, fmvroduction (FP) is measured by agricultural GDP
(AGDP), while POP, %‘:ﬁe growth of population. In addition, there are other
macroeconomic@a les identified by scholars which determine food production
such as ¢ rcial bank loan to agriculture, government expenditure on agriculture,
%u@n ation and exchange rate!?. Integrating these into the model, it can be

re-eXpressed statistically as:

AGDP; = a0+ aiPOPG¢ + a2 DCA¢ + a3GEA + a4LFP; + asEXR; + asINF + & (3.2)
Where,

AGDRP is agricultural output as a percentage of GDP

POPG is the growth of population
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DCA is the deposit money bank credit to agriculture
LFP is the labour force participation rate

EXR is the exchange rate

INF is the inflation rate

ao is the intercept

a1-6 are the coefficient of the independent variables Q')(\

¢ is the error term ‘%

[ ) “
3.1.1 Model of the Asymmetric Causal Relationship Betwe@ulation Growth

To estimate the asymmetric causal relationshi Qeen population growth (POPG)

and Food Production in Nigeria.

and food production in Nigeria (AGDP), y@ata will be filtered through the VAR
model to obtain the residual series: a@n the residual series will be used for the
nonlinear Granger causality an@s. In this study, the nonlinear Granger causality

test proposed by Diks and PansHenko is used?.
'\

In determining @ etric causality, if the past and present values of POPG;
contain the a@?onal information about the future value of GDP;, then POPG; can
strictly@er cause AGDP.. Let Fx; and Fy; denote the set of past observations that
@9 POPG: and AGDP; before time t + 1, respectively. Let ~represent the
equivalence of the distribution. The time series POPG; can strictly Granger cause

AGDP; when the following conditions are met:

(AGDPy1, . . . ,AGDP)j(Fxs, Fyo)~ (AGDPy1, . . . , AGDP:)|Fx. (3.3)
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where k > 1 represents the boundary of the predict, and at the time k = 1, the
conditional distribution of Y; is compared with and without the past and present

values of X:. Suppose the lag vector matrices

POPG = (POPG_ ,,...,POPG)and AGDP = (AGDP_ ,,,..., AGDP)

(3.4)

The null hypothesis assumes &
That does not contain any information that can predict the V@DP as

follows: . o
D

N
Ho : AGDP(t + 1) (AGDP ;AGDP )~ Y(t+1)/AGDP QQ{O (3.5)

For a strictly stationary bivariate time se@uaﬁon (3.5) means that the

distribution of the (Lx + Ly + 1) dimensi(‘))&ﬁx)ector W= ( ,AGDP , ) will
remain constant, where Z; = AGDPy,. Fe’keep the presentation compact and easy to
discuss, the time subscript 1 rer%(bﬂ, and Lx = Ly = 1 is assumed. Then, under these
assumptions, the conditi ;ﬁtribution of Z, given (POPG, AGDP) = (x,y), is the
same as that of @@DP =y. Thus, Equation (3.5) can be re-expressed by the

joint probabil& sity function, as follows:
(% GG
(Q ) ) (3-6)

According to Equation (3.7), POPG and Z are conditional and independent of AGDP

=y for each fixed y value, so the modified null hypothesis Ho indicates that the

following relation is established:

QEE[vv(vv)()' 1(1)1(1)]:0 (37)
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Let w(Wi) denotes the local density function estimated value of the random vector

W at Wi, as follows:

.
w(Wi) = & (31) o (3.8)

where = I(||[Wi -W;j || < n), I(+) is the index function, and , is the bandwidth

parameter associated with the number of samples (n). When a local density function is

given an estimation, the following test statistic is constructed: %'&\

W=7 C..C . ) C )= ‘%\%
. 9
oy S

ForLx=Ly=1,when ,= =~ ( >0, < <‘;@%§tatisﬁc Tu( n) satisfies the

following condition: @

(3.10)

where denotes the distrj%ti%:p(;nvergence, and S, denotes the estimated value of

the asymptotic variance T.(- .

3.1.2 Model of @%gimetric Effect of Population Growth on Food Production
in Nigeria. 6\*

T @ate the asymmetric effect of population growth on food production in Nigeria,
&udy adapts the asymmetric ARDL of Shin, Yu and Greenwood which was

derived from the expansion of the linear ARDL*. In line with the study by these

scholars, the non-linear long run equation is specified as

7 + (3.11)
Where popg; is a k x 1 vector of regressors.
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Given that int; is defined to be a random walk, such that:

POPY; = POPYt—1 + L, H~N(0, 02) (312)

The above data generating process may be re-written as follows after recursive

substitution;
POPg: = Popgo + [y My, =1,..., (3.13)
Assuming zero threshold, the error term can be partitioned as; Q')(\

He = Hi + W ‘%\ (3.14)
. )

S
t — t +_ t — Q&

=M= =B T =k o \Q (3.15)

Taking partial sum yield;

From the foregoing, the following expression foﬁs:

" = Apopgj and y;” = Ayj” (.j\\‘ (3.16)
Ui and P are partial sums of sitive and negative changes in popg.
Thus, Yy which is a kxl&%)of regressors is defined as;

Popg; = Popgs @@% popg; (3.17)

Linking 1@0)\@6 3.2 to the symmetric ARDL of Shin, Yu, and Greenwood, the

follm@g on-linear variant of the unrestricted ECM is obtained;

A = o+ 1t it 1t :_11 A -1+
= -1 - _
o A T+ 5 A _+ (3.18)

+

Where a; =—pP* and o, =—pP~ and 6; is the autoregressive parameter; T
and T are the symmetric distributed lag parameters; V¢ is the stochastic error term

that is independently and identically distributed with zero mean and constant variance.
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Equation (3.8) may be re-written as;

Aagdp; = o+ -1+ i+ 1t Jpz_ll 0;Aagdp;—; +

o (" Apopg;; + TG Apopg ) + by (3.19)
The restricted ECM may be written as;

Nagdp= jecmiq +  '6jAagdpg + L (T ApOpgE; + T Apopgi ) + My
(3.20@

3.1.3 Model for the accessing the response of food production-t@(s in

population growth in Nigeria.

To achieve the third objective, the study adapts the unrestrici@gr autoregressive

(VAR) approach developed by Sims in estimating Se@able VAR models using

) : v : : to %@ﬂ empirical insight on the

response of food production to shocks in poglatlon growth in Nigeria®. The model is

stated as: CJ)\\‘
X, =u+A4X,  +.+4X_, +u cb‘%’

Q) (3.21)
Where Xiis a 7x1 Vectogtgsix incorporating , . , , , ,
as variables; A4 i polynomial for the lag operator of considered variables; and

U is a VectoKQf un-estimated shocks for each of the population growth and other
control@ariables and it is assumed to be serially uncorrelated structural
d@aance for Var (u)) = Q. where Q is a diagonal matrix, so the structural

disturbances are assumed to be mutually uncorrelated.
3.2 Data Measurement and Description of Variable

This study measures food production using agricultural contribution to GDP and
population growth rate which is the change in the number of individuals in a

geographical area (Nigeria) over a specific period of time. Other variables included in
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this study include credit facilities available to agriculture measured by commercial

bank loan to agriculture and government expenditure to agriculture as well as

macroeconomic variables such as exchange rate, inflation, and labour force.

3.3 Data Requirement and Sources

For this study, time series (annual) data were obtained from the CBN Statistical

Bulletin and the World Bank World Development Indicators. The variables u’se{@d

their measurement are defined in the table below.

Table 3.1: Description Measurement of the Variables in the Study

Variable

Indicator

. %
Description

Food Production
(AGDP)

Agriculture, forestry,
and fishing, value
added (% of GDP)

A\ %
This is an economic ﬁn{t&pﬁ that measures the
contribution of these s o the overall economic
output of a country. I ents the value of goods and
services produee e agriculture, forestry, and
ter deducting the cost of inputs such

fishing industri *{
as seeds, é}u% and other materials.

Population
Growth (POPG)

Population growth
(annual %)

o

This indi®ator) that measures the rate at which a
populatién is increasing or decreasing over a period of
0 Je%lt is expressed as a percentage, and is
calc d¢as the difference between the number of

and deaths in a population, plus the net migration

Gate (the number of immigrants minus the number of

emigrants), divided by the total population, multiplied
by 100.

Labour Force
Participation
(LFP)

&
Labor force 'ye
participatign rate)total

(% of total,population
ages l% deled

stimate)

This is a measure of the percentage of the working-age
population (those aged 15 years and older) who are
either employed or actively seeking employment. This
indicator is based on a modeled estimate by the
International Labour Organization (ILO).

Inflation (INF)

~0

flation, Consumer
Prices (Annual %)

Inflation measured by consumer price index (CPI) is
described as the change in the prices of a basket of
goods and services that are typically purchased by
specific groups of households.

Govern erﬁy
E @e(GE)

Government
Expenditure (% of
GDP)

This is an economic indicator that measures the total
amount of money a government spends on goods and
services, expressed as a percentage of the country's
Gross Domestic Product (GDP).

Exchange Rate Official Exchange Rate  Exchange rate is the price of one currency in terms of
(EXR) (LCU Per USS, Period  another currency.

Average)
Bank Credit to Deposit Money Bank This is an economic indicator that measures the extent to
Agriculture Credit to Agriculture which deposit money banks (DMBs) are providing
(DCA) (% of GDP) credit to the agricultural sector of an economy. It

represents the total value of loans disbursed by DMBs to
the agricultural sector, as a percentage of the country's
Gross Domestic Product (GDP).
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3.4 Estimation Procedure

In order to achieve the objectives of this study using the specified model, the variables
will be subjected to the test of stationarity using the Augmented Dickey-Fuller test
which uses non-parametric statistical methods to take care of the serial correlation in

the error terms without adding lagged difference terms.

The first objective of this study which is to estimate the asymmetry c’aK ity
relationship between population growth and food production in N.ig%’vill be
accessed using the asymmetry causality based on Toda Yamamoto te is utilizes a
modified Wald test for restrictions on the parameters of a VA@,—;\odel (where k is
the lag length in the system). Toda and Yamam.oto %@ that this test has an
asymptotic  y2 distribution when a VAR (k+ @model is estimated (where d
max is the maximal order of integration @ed to occur in the system). The
advantage of this procedure is that i@ not require knowledge of cointegration

properties of the system. This tesgédboe done even if there is no cointegration and/or

the stability and rank condimgs}are not satisfied.

To estimate the asym'flfect of population growth on food production in Nigeria,
the assymetr)‘\'&)l‘ bound test will be conducted to test for cointegration of the
variabl %{ establishing a long run relationship, the Non-linear Autoregresive
%@ed Lag (NARDL) will then be estimated to establish a long run and short run

non linear asymmetric relationship.

To determine the response of food production to sudden changes in population growth
in Nigeria. This will be achieved using the impulse response function and variance
decomposition tests. The Impulse Response Function (IRF) will be used to

graphically examine how food production reacts to population growth changes. The
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IRF inspects how the dependent variable in the VAR model reacts to shocks in the
error terms. What is desirable about the IRF, is that it allows for the response analysis
of each shock to each variable in the model, holding other shocks and variables
constant. Variance decomposition assists with the interpretation of an estimated VAR
model by explicitly specifying the proportion at which each variable’s forecast errors
can be explained by its own shocks against exogenous shocks to other Variab.les in a
regression model. Given the statistical efficacy of variance decomposition, %&'s\(udy
will make use of variance decomposition to examine how populatig@ hanges

impacts food production in Nigeria. 4%.\
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Chapter Four
Results and Discussion of Findings
4.0 Preamble

This chapter presents the analysis, results and interpretations of the findings of this
study. The discussion commence with the preliminary study consisting of descriptive
statistics, trend analysis and correlation analysis followed by the pre-estimati@s,
where the unit root and co-integration tests were carried out. T é@r also
provided some diagnostic tests using some test statistics in orderlo%sure that the
estimated results are reliable for meaningful inferences. This;cgy 20ncludes with a

discussion of findings from the analysis. . QQ}&

4.1 Preliminary Analysis @

The preliminary analysis presented ®MS study include the trends analysis,

descriptive statistics and correlation@ ysis of the variables for empirical analysis for
empirical analysis based on %Cb%ormulated hypothesis. Facts of the trends of
agricultural output as a reentage of GDP (AGDP), growth of population (POPG),
deposit money k@%t to agriculture (DCA), labour force participation rate (LFP),
exchange ra@XR), Government Expenditure as a Percentage of GDP (GE), and

inflation rate (INF) are presented using trends and summary statistics.

&resentation of Data

The data used in the analysis of this study is presented in the appendix 1. The table
shows the time series annual data from 1981 to 2020 for the variables agricultural
output as a percentage of GDP (AGDP), growth of population (POPG), deposit

money bank credit to agriculture (DCA), labour force participation rate (LFP),
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exchange rate (EXR), inflation rate (INF) and Government Expenditure as a

Percentage of GDP (GE).

4.1.2 Graphical Trend Analysis of Variables

The trend of each variable and the relationship among the variables are discussed

below using graphical analysis. The trends are presented such that the rela@p

between AGDP and POPG are discussed in relation with other varia:és\@g, LFP,

GE) over the period under investigation.
A

Agricultural Output as a Percentage of GDP (AGDP), Growth
of Population (POPG) and Deposit Money Bank Credit to
Agriculture (DCA)

AGDP POPG DCA

3.5

B
o

35 /\ 3
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Fi r@: Trend Analysis of Agricultural Output as a Percentage of GDP (AGDP), Growth of
@e: Authors Computation 2023
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The figure 4.1 shows the trend behaviour of Agricultural Output as a Percentage of
GDP (AGDP), Growth of Population (POPG) and Deposit Money Bank Credit to
Agriculture (DCA) from 1981 to 2021. It was observed from the AGDP grap@ it
shows a gradual increase from 1981 to 1984, followed by relatively s b& Q)ls until
around 1997. From 1997 to 2000, there is a sharp decline in AGDP, which could be
attributed to various factors such as drought, economic insté]%@y, ?policy changes
affecting the agricultural sector. After 2000, AGDP Q s some fluctuations but
overall demonstrates an upward trend, startin sharp rise between 2002 and
2003 followed by occasional periods of gl'&decline. This could be as a result of
government policy and investments aimed Jat boosting agriculture outputs. The sudden
downward movement in AGD@. e mid-1990s and subsequent recovery may
indicate the impact of extemal shocks or internal factors affecting agricultural

productivity in Nige@

At the same t&gPe)PG shows a consistent increase in population growth from 1981
to arm@OQS notwithstanding the fluctuations in AGDP. This upward trend is
e @‘. given the natural growth of the population over time. However, after 2005,
there is a noticeable deceleration in population growth, with a relatively slower
increase until 2021. The sudden downward movement in population growth around
2005 could be due to changes in demographic patterns, improved family planning

measures, or other social and economic factors influencing birth rates. Understanding
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the reasons behind these shifts in population growth is essential for assessing their

impact on food production.

DCA on the other hand which indicate the amount of deposit money bank credit
allocated to agriculture over the years shows that from 1981 to 1995, there is a general
increasing trend, which is also followed by an increase in AGDP during the same
period, suggesting a growing focus on supporting agricultural activities through qn&lit
facilities. However, after 1995, there is a sudden drop in DCA, followesl b ds of
fluctuation. The downward movement in DCA could be attribu@@b nges in

banking policies, economic conditions, or shifts in prioriﬁq@ﬁin the financial

sector. %\
&

Agricultural Output as a Percentage of GDP (AGDP),
Growth of Population (POPG) and Labour Force
Participation Rate (LFP)

e AGDP . LFP eme POPG

..

o

N
POPG(%)

AGDP, LFP (%)

N W

o o
o m b .
(9] (9]

ure 4:2: Trend Analysis of Agricultural Output as a Percentage of GDP (AGDP), Growth of
Po tion (POPG) and Labour Force Participation (LFP)
Source: Authors Computation 2023
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Agricultural Output as a Percentage of GDP (AGDP),
Growth of Population (POPG) and Government
Expenditure as a Percentage of GDP (GE)

AGDP GE POPG
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Figure 4.3: Trend Analysis of Agricultural Output as a Percentage PXAGDP), Growth of
Population (POPG) and Government Expenditure as a Percentage (GE)

Source: Authors Computation 2023 A
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In line with the foregoing, the government expenditure (GE) demonstrates a relatively
stable upward movement from 1981 to 1993, with gradual increases in government
expenditure as a percentage of GDP. However, in 1994, there is a sudden downward
movement where GE experiences a significant decrease. From 1994 to 1999, GE
shows a declining trend. After 1999, there is a sudden upward movement in GE, with
a substantial increase until around 2003. From 2003 to 2010, GE displays a re.latively
stable upward trend, followed by a slight decline until around 2016. After %{p\, GE
exhibits a gradual increase. These sudden changes can be attribu .\S@mmen‘[
policies from different administrations which requires diffefent Ve]S of government

expenditure in different sectors. %’\
&>

Meanwhile the trend behaviour of labour force.@cipaﬁon rate (LFP) which
represents the proportion of the working-age po ion that is actively engaged in the
labor force shows a relatively stable .eﬁ‘q}w' h minor fluctuations over time. From
1981 to around 2012, the LFP rem% around the same level, indicating a consistent
labor force participation ra@ever, from 2012, there is a sudden fall in LFP and
continue to maintain a r&%tivgely stable growth till 2021. This could be due to various
factors such as@%e in employment patterns, shifts in the economy towards

non-agric lt%b;ectors, or policy changes impacting labor force participation.
4.1.3 @sc iptive Statistics of Variables

The descriptive statistics showing the properties of the variables used in this study is
presented in table 4.1 below. The table shows the summary of statistics of agricultural
output as a percentage of GDP (AGDP), growth of population (POPG), deposit
money bank credit to agriculture (DCA), labour force participation rate (LFP),
exchange rate (EXR), Government Expenditure as a Percentage of GDP (GE), and

inflation rate (INF) between 1981 and 2021.
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These descriptive statistics provide an overview of the central tendency, variability,
skewness, kurtosis, and normality of the variables in the study. It helps in
understanding the average values, distribution shapes, and ranges of the variables,
which can further inform the analysis and interpretation of their relationships in the

context of the nexus between population growth and food production in Nigeria.

Table 4.1: Descriptive Statistics . QO
AGDP POPG LFP DCA GE IN‘E EXR
Mean 22.869%4 2.6232 58.2589 0.5867 8.4452 189989 100.7601
Median 22.0705 2.6082 60.2635 0.5484 8.150 \ 1157 106.4643
Maximum 36.9650 3.0029 60.6730 1.0039 17. %\ .8355 358.81
Minimum 12.2404 2.4406 52.4000 0.1626 é% 5.3880 0.6177
Std. Dev. 4.6476 0.1190 2.7167 0.2225, 2 16.8684 100.7283
Skewness 0.4428 0.9423 -0.7028 0.1667 \ 4950 1.8234 0.8887
Kurtosis 4.6244 4.1895 1.8691 2. 3‘% 5.7402 5.1590 2.9947
Jarque-Bera 5.7053 8.2781 5.4245 @ 27.4153 29.9363 5.2654
Probability 0.0576 0.0159 0.0663 0. 0.0000 0.0000 0.0718
Sum 914.77 104.93 2330.35 )&3.47 337.81 759.95 4030.41
Sum Sq. QJ\
Dev. 842.4082 0.5524 87.8455 1.9315 254.04 11097.27  395701.7
Observations 40 40 &10 40 40 40 40

Source: Author’s computation (&)

From the result in tableN it can be observed that AGDP has a mean of
approximately 22.8@1' ?ndicates that agriculture contributes about 22.87% to the
overall GDP& igeria on average within the period under consideration. Also,
betweb% and 2021, the maximum and minimum values of AGDP are 36.97%

4%, respectively. This shows that agricultural output has varied between
these extremes during the observed period. The standard deviation of AGDP is 4.65%,
indicating a moderate amount of variability or dispersion around the mean value. The
skewness value of 0.44 indicates a slight right-skewness, implying a relatively longer
right tail, while the positive kurtosis value of 4.62 indicates the presence of outliers or

extreme values in the distribution. The Jarque-Bera test which assesses the normality

of the distribution has a p-value of 5.71% suggests that the distribution of AGDP is
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not significantly different from a normal distribution at a conventional significance

level of 5%.

With regards to POPG (Population Growth), the average population growth rate in
Nigeria within is approximately 2.62%. This indicates that the population has been
growing at an average annual rate of 2.62% during the observed period. The
maximum and minimum values of POPG are 3.00% and 2.44%, respectively with a
standard deviation of POPG is 0.12%, suggesting a relatively low V%&'}y in

population growth rates. The positive skewness value of 0.94 indic@

distribution, meaning there might be a few periods with Iﬁg@d})ulaﬁon growth

-skewed

rates. The kurtosis value of 4.19 suggests the presence %&%’16 outliers or extreme
values. The p-value of 0.02% from the Jarque-Ber@ldicates that the distribution

of POPG is not normally distributed.

The labour force participation rate (L@}}!igeria has an average value of 58.26%.
This indicates that approximate% 26% of the working-age population actively
participates in the labor % he distribution of participation rates is slightly
left-skewed, with a ra £52.40% to 60.67%. The data shows moderate variability

(standard deviaﬁ'ong)— 2.72%) around the mean. While the distribution is slightly

negativel§ s@éd and distributed normally based on the Jarque-Bera test. Deposit

mone@

ank credit to the agriculture sector (DCA) in Nigeria has an average value of
0.59%. This indicates that, on average, 0.59% of the credit provided by deposit money
banks is directed towards agriculture. The distribution of credit to agriculture is
slightly left-skewed, with a range of 0.16% to 1.00%. The variability in credit

allocation is moderate, with a standard deviation of 0.22. The Jarque-Bera test

suggests that the distribution is normally distributed.
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With respect to GE, INF and EXR, it was found that government expenditure (GE) in
Nigeria contributes, on average, 8.45% to the country's GDP. The distribution of
government expenditure as a percentage of GDP is slightly left-skewed, with a range
of 5.09% to 17.29%. There is a moderate amount of variability (standard deviation =
2.55%) in government expenditure. The distribution exhibits positive skewness and
positive kurtosis, indicating a right-skewed distribution with a relatively. hE%h‘er
concentration of values on the right side of the mean. The Jarque-Bera tes@'){g}ests
that GE is not normally distributed. While the average inflation rat : Nigeria
during the observed period is approximately 19.00%. This i.nc{&s.\that prices have
been increasing at an average annual rate of 19.00%. T@E‘tribution of inflation
rates is right-skewed, with a range of 5.39% to 72.821@‘%2re is a significant amount
of variability (standard deviation = 16.87%) ir@%tion rate data. The distribution
exhibits positive skewness and p 1?{%%urtosis, indicating a right-skewed
distribution with a relatively highe%;iéentration of values on the right side of the

mean. The Jarque-Bera test &dl@‘ that the distribution is not normally distributed.

The average exchange QR(EXR) in Nigeria is approximately 100.76 Nigerian Naira
per unit of anotl@)@e y (e.g., USD). The distribution of exchange rates is slightly
right-ske e%\dth a range of 0.62 to 358.81. There is a significant amount of
Variabéit standard deviation = 100.73%) in the exchange rate data. The distribution
exhibits a slightly right-skewed shape, indicating a relatively lower concentration of
values on the left side of the mean. The kurtosis value suggests the presence of some
outliers or extreme values. The Jarque-Bera test indicates that the distribution is

normal.
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4.2 Pre-Estimation Test

In order to determine the appropriateness of the method to be used for empirical
analysis in this study, some pre-estimation test were carried out to determine the

thecorrelation , stationarity level and the cointegration of the variables.
4.2.1 Correlation Analysis

The table 4.2 below presents the correlation analysis result among the Variable,ab&is
study. It show the degree of association between agricultural outpu é@)ulation

growth as well as other macroeconomic variables between 1981 and 2

.\
Table 4.2 Correlation Matrix C:\
AGDP POPG LFP DCA INF EXR
AGDP 1
POPG -0.1520 1
LFP  0.6627  -0.0067 Q
DCA -0.1463 -0.4248 0. 0831
GE 0.2521 -0.0559 0.5695
INF 0.0500 -0.2082 0. 2449- 195 0. 2216 1
EXR 0.1792 -0.2093 -0.3 \ 112 -0.4276 -0.3418 1

Source: Author’s computation ;2 \_)

The results as shown in the t@ibﬁ 2 indicates that the Agricultural Output as a
Percentage of GDP (A as a correlation coefficient of -0.1520 with POPG,
indicating a we @%Ve correlation between agricultural output and population
growth. This\%gests that as the population grows, there is a slight tendency for
agricult utput as a percentage of GDP to decrease. AGDP has a strong positive
on of 0.6627 with Labour Force Participation Rate (LFP). This imply that a
higher participation rate in the labor force is associated with a greater agricultural
output as a percentage of GDP. This makes intuitive sense, as increased labor force
participation can contribute to higher agricultural productivity. On the other hand,
AGDP has a weak negative correlation of -0.1463 with DCA (Deposit Money Bank

Credit to Agriculture), indicating that as bank credit to the agricultural sector
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increases, there is a slight tendency for agricultural output as a percentage of GDP to

decrease.

There is also found a moderate positive correlation of 0.2521 between AGDP and GE
(Government Expenditure as a Percentage of GDP). The implication of this is that
higher government expenditure as a percentage of GDP is associated with a greater
agricultural output. Increased government investment in agriculture can enhz&:e
productivity and stimulate growth in the sector. There is a weak positivg C(Sg;g}n of
0.0500 between AGDP and INF (Inflation Rate) which indicate t \tie inflation
rate increases, there is a slight tendency for agricultural out;@&s’h percentage of
GDP to increase. Similarly, AGDP has a weak positiv@%}aﬁon of 0.1792 with
EXR (Exchange Rate). This implies that as the e. ﬂge rate increases, there is a

slight tendency for agricultural output as a percehtage of GDP to increase.

In summary, the correlation matrix provides insights into the relationships between
the variables. It shows that labor f& participation rate and government expenditure
as a percentage of GDP &ﬁ%ﬁsitively correlated with agricultural output as a
percentage of GDP i ria. While, population growth, bank credit to agriculture,
inflation rate, a@gange rate show weak correlations, indicating that other factors

may hav @5 significant influence on agricultural output.

%@it Root Test

The pre-estimation technique used examine the stationarity level of individual
variables is the Augmented Dickey Fuller (ADF). It indicates whether the variables
are stationary or non-stationary. This permits this study to determine the stationary
level of the variable under study in order to suggest the appropriate technique to

estimate the parameter coefficients. Intercept model is used to statistically find the

63



significance of the variables at 1%, 5% and 10% critical point at levels and first
difference. Furthermore, it should be noted that the lag length for ascertaining this
stationarity level of our variables as well as unit-root test is automatic and optimally
chosen by the Schwarz-Bayesian Information Criterion (SIC). The results of the unit

root tests for the variables are summarized in the table 4.3 below.

Table 4.3 Summary of the ADF Test .
At Levels At First Difference \J’
Variable Series ADF Test Test ADF Test Test er (‘)f
Statistics Critical Statistics Critical tegration
Values Value \QO
Agricultural Output as a -2.5623 -3.6155 -6.9653 -3.6155% I(1)
Percentage of GDP (AGDP)
Deposit Money Bank Credit -1.4900 -3.6055 -6.0883 « ol 0%+ (1)
to Agriculture (DCA) \§
Growth of Population -1.3106 -3.6463 —4.7585&%- 6210%** (1)
(POPG) %)
Labour Force Participation 1.7076 -3.6104 ‘—362& -2.9389%*%* I(1)
(LFP) N\
Government Expenditure asa -1.8645 -3.610 %.2329 -3.6104%** (1)
Percentage of GDP (GE)
*

Inflation (INF) 3.0091 1(0)

Note that; ***1%, ** 5%, level of significance Calculated at trend and intercept
and lag lengths selected automatica'%l'l g the Schwarz Info Criterion. See results in
appendix I for details

Source: Author’s computatb{)q)%

2.9369*
Exchange Rate (EXR) 2.1688 i:&ﬁ -4.1205 -3.6155*** (1)

The stationarity test rﬁlts\ summarized in table 4.3 shows that only INF was
stationary at liveIQtQS% level of significance which suggest that at levels,
the statisjéc e variables is stationary and integrated of order zero, which imply

that t&v

fo er variables (AGDP, POPG. LFP, GE, DCA and EXR), as a result of their non

iable converges to its long-run equilibrium or true mean at levels. While

stationarity at levels, they were subjected to further test at first difference where they
were found to be stationary. Where AGDP, DCA, POPG, GE and EXR are stationary
at 1% level of significance, LFP is stationary at 5% level of significance. The
implication of this is that the statistic of the variable were stationary and integrated of

the first order, hence a long-run equilibrium convergence.
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4.3 Analysis of the Asymmetric Causal Relationship Between Population Growth

and Food Production in Nigeria.

The first objective is to analyze the asymmetry causal relationship that exist between
population growth and food production in Nigeria. The variables for this study were
observed to be a mixture of 1(0) and I(1), as a result, the asymmetry causality will be
tested based on the Toda-Yamamoto (TY) causality test. The TY causality es‘umqt&

requires an optimum lag length which in this study was obtained based 1ke ]
Information Criterion (AIC) after running a VAR (2) model for t 6? From

the VAR (2) result, the lag length criteria test was carried out, B@b\n the AIC, lag 7

was chosen as the optimal lag length as shown in table 4. '@

It is important to note here that this optime%%@hgth was obtained using three

independent variables which are the p change in population growth
(POPG_POS), negative change in pog@a)& growth (POPG_NEG) and labour force
participation (LFP). This is beca\{@e estimates when all the independent variables
are included is unreliablew result of the presence of serial correlation which
violates the assumpti 'i\ndependence of errors. The result of this estimates is
reported in the peggla Therefore, this study proceed to estimate the asymmetry
causality @ship between population growth and food production in Nigeria with
food @d ction measured by agricultural contribution to GDP (AGDP) as the
c&dent variable while the positive and negative change in population growth
(POPG_POS and POPG_NEG) and Labour force participation are the independent

variables.

Table 4.4 Lag Order Selection

Lag LogL LR FPE AIC SC HQ

65



NN W —=O

7

-12.60578
138.1877
159.9792
180.4192
200.2398
239.4595
294.3396
445.4236

NA
255.8920
31.69667
24.77577
19.22003
28.52343
26.60850
36.62643*

3.22e-05
9.19¢-09
6.78e-09
5.86¢-09
6.01e-09
2.40e-09
5.81e-10
1.28e-12%*

1.006411
-7.162891
-7.513889
-7.782980
-8.014535
-9.421791
-11.77816

-19.96507*

1.187806
-6.255917
-5.881335
-5.424847
-4.930823
-5.612499
-7.243285

-14.70462*

1.067445
-6.857722
-6.964584
-6.989540
-6.976960
-8.140080
-10.25231

-18.19509*

Source: Author’s computation

The model was further tested for serial correlation among the variables of study

before proceeding to carry out the causality test. The diagnostic autocorrela@/[

Test was carried out to test for serial correlation. The result as prese K@%?able in

table 4.5 the test statistic is not statistically significant, which provid

the residuals are not autocorrelated.

Table 4.5: Autocorrelation LM Test

\ "
&

evidence that

A
Lag LRE* stat df Prob. A RGO\ Sstat Df Prob.
1 24.35973 16 0.0819 058932 (16, 6.7) 0.1738
2 29.94339 16 0.0183 .301820 (16, 6.7) 0.0612
3 11.52948 16 0.77 0.553834 (16, 6.7) 0.8434
4 27.79857 16 : 33 2.763945 (16, 6.7) 0.0929
5 7.435279 16 @2 0.302570 (16, 6.7) 0.9766
6 15.29423 16 N 2 0.861148 (16, 6.7) 0.6241
7 19.21664 16 A, 2576 1.284729 (16,6.7) 0.3893

Source: Author’s computation Q;O"

Having established th

%pr)opriateness of the estimation method, the asymmetry

causality test b %Qé TY procedure was reported in the table 4.6 below which

depict th

metric causal relationship between population growth and food

production in Nigeria.

QQ
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Table 4.6 Asymmetric Causality Results based on TY Procedure

Dependent Independent Variables Direction of
Variables  “"AGpp~ POPG POS  POPG_NEG LFP All Causality
POPG POS,

24.4969  40.0233* POPG NEG

kok skskok N _ s

AGDP 26.9500 12.5015 ok o LFP— AGDP

(one-way causality)

GDP,
17.3657 34.0174* 125.1365 PO G, LFP
POPG_POS . 42.7000%** - o V@l}?_ms
. -way causality)
68.9087 127%* LFP— POPG _NEG
POPG NEG  8.18581 8.77497 s S5 (one-way causality)
. Q’\
LFP 6.7007 1.5772 6.1004 C.’\ 877668 No Causality
Note that; ***1%, ** 5% and * 10% level of signific 1@’&'
Source: Author’s Computation ‘ é

From the results presented in table 4.6, it ¢ Qseen that the analysis indicates a
significant bi-directional causal relatiéféb ween positive population growth and
food production in Nigeria. This méans that an increase in the population growth rate
has a direct impact on fo%gduction, leading to higher levels of production. It
suggests that populatioe&%m;vth can be considered a driving force behind increased
food productio@ igeria. However, as a result of the return causality, food
productio %&heads to an expansion in population growth. Hence, policies aimed at
increaél od production can contribute to population growth in Nigeria.

@Nhile, there was found a significant one-way causality from negative population
growth to food production in Nigeria. This result implies that a decline in population
growth rate can cause changes in food production in Nigeria. It suggests that a
decrease in population growth could potentially have significant effects on food

production in Nigeria.
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Labour force participation rate (LFP) on the other hand was found to also exhibit a
one-way causality to food production in Nigeria. This implies that a larger labor force
actively engaged in the agricultural sector leads to higher productivity and,

consequently, increased agricultural output.

Furthermore, negative population growth (POPG_NEG) was found to have a one-way
causal relationship with positive population growth (POPG_POS). This meanso&at

changes in negative population growth can influence subsequent changes @smve

population growth. ‘%\

It was also found a significant positive one-way causahtyx@? the labor force
participation rate to positive population growth (POPG P@)and negative population
growth (POPG_NEG). This indicates that an q@z in labor force participation
positively influences both positive and negative“population growth. A larger labor
force actively participating in econon@\}\utles contributes to population dynamics
in Nigeria. %’
o

Meanwhile, none of the 11%?11)(1%‘[ variables (AGDP, POPG_POS, POPG_NEG)
have a significant ca@?fect on the labor force participation rate (LFP). This
indicate that gh\‘&& in agricultural output or population growth do not significantly
influe bor force participation rate in the agricultural sector. It is important to

@ the coefficient for LFP is not statistically significant, indicating no causal
&nship. This implies that there are other factors responsible for changes in LFP
which may include wages and salaries. Hence, policies aimed at increasing
agricultural output or population growth may not directly impact the labor force

participation rate in Nigeria.
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The stability of the model is further tested using the inverse roots of the AR
characteristic polynomial which provide insights into the persistence or decay of

autocorrelation in the time series.

Inverse Roots of AR Characteristic Polynomial

1.5

1.0 4

0.5

0.0 4 .

-0.5 _ .

-1.0

-1.5 T T | T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Figure 4.4: Inverse Roots of AR Characteristic Polynomial
Source: Author’s Computdtion

As shown on the-fighr'e 4.4, the inverse roots of the AR characteristic polynomial
have roots within the bounds, which indicates that the autoregressive process exhibits
stable dynarhics and that the autocorrelations decay exponentially over time. The
stability condition ensures that the process remains well-behaved and avoids issues

such as explosive growth or extreme fluctuations.

4.4 Examination of the Asymmetric Effect of Population Growth on Food
Production in Nigeria.

The second objective is to examine the asymmetric effect of population growth on
food production in Nigeria. This is achieved by estimating the non-linear long run and

short run dynamic interrelationship among the variables in the study using the
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non-linear autoregressive distributed lag (ARDL) technique.This method is used as a
result of the order of integration which was found to be a combination of 1(0) and I(1)
series. In view of this, the bound test for non-linear cointegration was conducted to
determine long run relationship among the variables. The table 4.7 presents the result

of the bound test for non-linear cointegration test.

Table 4.7 Asymmetric Cointegration Test Results using NARDL Bound Testy,

Test Statistic F-Statistic k Re@'

Faap(AGDP| POPG*, POPG-, LFP, DCA)

NARDL Model (3, 4, 1, 3, 2) 12.0115 4 : @%grauon

—

Critical Value 10% 5% 2.5% 1%
Bounds 1(0) Bound 2.08 2.39 \ 2.7 3.06

1(1) Bound 3 338 AN 373 4.15
Source: Author’s computation @y

The table 4.7 shows the asymmetric long-run %@mn among the variables. The
ct

Akaike Information Criterion is used to seli appropriate lag structure of the

NARDL framework (AIC). The resul@‘t

upper bound values at 1% critical %vels for the asymmetric relationship between

t the F-statistics values in exceed the

agricultural output as a per@of GDP (AGDP) and growth of population (POPG)
as well as other ma onomic variables. Consequently, the null hypothesis is
rejected, and IC)QO cluded that the variables exhibit a non-linear long-run
equilibri @tegraﬁon relationship at the conventional level. Additionally, the
NAR% und results provide evidence of an asymmetric long-run relationship
@en food production and population growth in Nigeria. Given the identification
of non-linear cointegration among the variables, tables 4.8 display the non-linear

short-run and long-run estimates obtained using the NARDL estimator.
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Table 4.8: Short run and Long run Asymmetric Effect of Population Growth on
Food Production in Nigeria.

Asymmetry Short Run Estimate

e (N
Variable Coefficient Std. Error t-Statistic P,l\i)@‘
d(AGDP(-1)) 0.506451 0.087373 5.796400 ‘N)‘UOO
d(POPG_POS) -115.8838 18.07491 -6.411308 .0000
d(POPG_POS(-1)) 79.52912 13.65879 5 822 \QO 0.0000
d(POPG_POS(-2)) 28.38271 7.535387 0.0021
d(POPG_NEG) 76.85737 13.31264 5. 732 0.0000
d(POPG_NEG(-1)) 45.56472 14.81785 4%8 0.0082
d(POPG NEG(-2)) -10.28262 11.52250 395 0.3873
d(POPG NEG(-3)) 44.47844 8.920784 % 985935 0.0002
d(LFP) 0.299307 0.358758 & 0.834288 0.4181
d(LFP(-1)) -0.280916 0.434 Q -0.646871 0.5282
d(LFP(-2)) -0.856383 0.5 -1.690806 0.1130
d(LFP(-3)) -0.905706 % -2.113027 0.0530
d(GE) 0.306104 2.667454 0.0184
d(GE(-1)) -0.598477 7136489 -4.384797 0.0006
d(GE(-2)) -0.685790 ﬂ 0.109446 -6.266003 0.0000
CointEq(-1)* -1.09](@6 0.099555 -10.95970 0.0000
Asymm}gv Long Run Estimate

POPG POS - 941 9.054819 -2.013228 0.0637

POPG NEG 897564 6.259298 -1.581258 0.1361

LFP V -0.473185 0.482202 -0.981301 0.3431

DCA -7.955490 2.677605 -2.971121 0.0101

GE %'\ 0.809691 0.403344 2.007446 0.0644

C O\ 51.97615 31.95225 1.626682 0.1261
R-squared Q Q‘i 0.9003 F-Statistics(Prob.) 10.3033(0.0000)
Adjusted R-square 0.8256 Durbin-Watson stat 3.12165

Diagnostic Tests
25.1016(0.0624)
0.2144(0.8983)

%Q"
otrelation
Nommality Test

Source: Author’s computation

Heteroskedasticity test 26.1874(0.1352)

Stability Test Stable
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Table 4.8 presents the result of the short run and long run asymmetry effect of
population growth on food production in Nigeria between 1981 and 2021. From the
results, it can be observed that in the short run, the coefficient of d(AGDP(-l&N& a
p-value < 0.01 indicate that agricultural output as a percentage of GD. b@\Q%gositive
and statistically significant influence on itself at 1% level. This i‘rﬁs that a 1%
increase in agricultural output as a percentage of GDP in th&*.@ i .; period leads to

a 0.51% increase in the current period. This suggests th &}d production put plays a
significant role in influencing itself in the shor@.\

The positive change in population growﬂ\&‘%the current period d(POPG_POS) is
found to have a negative and signf&a(héffect on food production in Nigeria at 1%
level of significance. With the Q@%cient of -115.8838 it means that a positive shock
in population growth which 'gz se a positive change in the current period, leads to a
decrease of 115. 3@n food production. Meanwhile, the first and second lag of
the positive %idin population growth d(POPG_POS(-1)) and d(POPG_POS(-2))
both ha‘%m‘[ive and significant effect on food production in Nigeria at 1% level of

“@I\CG. The implication of this is that a sudden increase in population growth in

the past has will lead to increase in food production in the current period

The negative change in population growth in the current period d(POPG_NEG) on the
other hand is found to have a positive and significant effect on food production in
Nigeria at 1% level of significance with a coefficient of 76.86 indicating that a

negative shock in population growth in the current period leads to an increase of
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76.86 units in the food production in the current period. This suggests that negative
population growth shocks have a positive effect on food production in Nigeria. The
first and third lag of the negative shock in population growth d(POPG_NEG(-1)) and
d(POPG_NEG(-3)) were both found to have a positive and significant effect on food
production in Nigeria at 1% level of significance. This means that unexpected
reduction in the growth of population in the past will lead to an increase .in food

production in the present. Q‘S\

Only the third lag of labour force participation d(LFP(-3)) wa@ to have a

statistically significant effect on food production in Nigeria@ﬁiting a negative
effect at 10 percent level of significant. The implication &t%}is that an increase in
labour force participation in the past will lead to @he in food production in the
present. With respect to government expendittiee/as a percentage of GDP, it was
found that in the current period, d(G ] \a ositive and significant effect on food
production in Nigeria at 5% le@of significance, with a coefficient of 0.31
suggesting that a 1% increaéxin)%bvernment expenditure leads to a 0.31% increase in
food production in Nigeria. However, the first and second lag d(GE(-1)) and d(GE(-2))
were both founc@)@%egaﬁve and significant effect on food production in Nigeria
at 1% level pfidignificance. The implication of this is that increase in past government
expen ‘iéas a percentage of GDP will lead to a reduction in food production in

N1 a.

The coefficient of CointEq(-1)* is -1.091096. This coefficient represents the error
correction term and reflects the speed of adjustment to long-run equilibrium. The
t-statistic of -10.95970 indicates that this coefficient is statistically significant at a
high level of confidence (p < 0.01). It implies that deviations from the long-run

equilibrium are corrected at a significant speed in the short run.
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In summary, the short-run estimates provide evidence of various relationships
between the variables. Positive population growth has a negative impact on
agricultural output, while lagged positive and negative population growth have
positive effects. Lagged agricultural output, government expenditure, and the lagged
error correction term show positive relationships with agricultural output. The labor
force participation rate does not demonstrate a statistically significant relat.ionship

with agricultural output in the short run. These findings contribthi'g\ our

understanding of the nexus between population growth and fo@?@tion in
Nigeria. . ‘6.\

In the long run as reported in the table 4.8, it was four@he positive shock of
population growth POPG_POS was found to have @tive and significant effect on
food production in Nigeria at 10% level of\significance, with a coefficient of
-18.22941. This indicates that whenQ.e} lation growth rate increases, it puts
pressure on the country's food ction, potentially leading to a decrease in

agricultural output. Howe@e p-value (0.0637) suggests that this result is
marginally significant. %'\

The negative sh@j@population growth POPG_NEG on the other hand was found to
have a n @: and insignificant effect on food production in Nigeria. This suggests
that @ec ine in population growth can somewhat alleviate the pressure on food
@ction in Nigeria. However, the p-value (0.1361) indicates that this result is not

statistically significant at conventional levels.

LFP (Labour Force Participation Rate) was found to have a negative but insignificant
effect on food production in Nigerian indicating that labor force participation rate
alone may not directly affect the relationship between population growth and food
production. DCA (Deposit Money Bank Credit to Agriculture) on the other hand was
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found to have a negative and significant effect on food production in Nigeria at 5%
level of significance. This implies that greater access to credit for the agricultural
sector can lead to higher agricultural output, which, in turn, can help alleviate the
pressures caused by population growth on food production. While for GE
(Government Expenditure as a Percentage of GDP), a positive and significant effect
was discovered at 10% level of significance. This implies that higher government
spending, particularly on initiatives related to agriculture and food produ%@can
help mitigate the negative effects of population growth on a c. output.

However, the p-value (0.0644) indicates that this result is margin& s\igniﬁcant.

In summary, the NARDL long-run results provide m@%dence regarding the
nexus between population growth and food produc@ Nigeria. While the negative
population growth and labour force participation’ rate do not show a significant
relationship with food production, @%ﬁt money bank credit to agriculture
demonstrates a significant negativ%#sociation. Meanwhile, positive population

growth and government &e@ture as a percentage of GDP appear to have

marginally significant eﬁf%mon food production in the long run.

Overall, the Van@ljgm the model, jointly explains 82.56% of the variation in food
producti @ Nigeria considering the degree of freedom, however, the
Durb'QW tson statistics of 3.12 shows that there is a presence of first order serial
@aﬁon in the model. The overall test using the F-statistic (10.3033) is statistically
significant at 1% level of significance showing that model is well specified and

statistically significant.

The diagnostic tests also shows that the residuals are normally distributed and that
there is an absence of autocorrelation in the residuals, as the p-value for the test is

greater than 0.05. The Breusch-Pagan-Godfrey heteroskedasticity test confirms that
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there is no significant heteroskedasticity in the residuals, meaning that the mean and
variance remain constant throughout the study period. These tests ensure the
consistency of the model. The stability tests was also carried out using the Cumulative
Sum of recursive residuals (CUSUM) and Cumulative Sum of recursive residual
square (CUSUMSQ) tests. The graphical representation of the CUSUM and
CUSUMSAQ statistics is presented in the appendix. The results for CUSI{M and
CUSUMSAQ test results indicates the absence of any instability of the cqﬁ%nts
because the plot of the CUSUM and CUSUMSAQ statistic fall insid . ﬁ?ﬁ@l bands
of the 95% confidence interval of parameter stability. By 1r.n1:1\ tiqn, this model is

not suffering from structural change. @

200 - : AQQ)

100

-100 |

-200 |

-300

Q Multiplierfor POPG(+)
== Multiplier for POPG(-)

Q ===- Asymmetry Plot (with C.I.)

Figure 4.5 Asymmetric Cumulative Dynamic Multiplier
Source: Author’s computation

Figure 4.5 shows the asymmetric cumulative dynamic multiplier of the effect of
population growth in food production in Nigeria. The black line shows the positive
effect of population growth on food production, while the black dotted line shows the

negative impact. The red tick line shows the asymmetry in short term and finally, the

76



dotted Red lines show the upper and the lower bounds of the asymmetry. This shows
that the effect of shocks in population growth are only significant in the short run as

food production returns to convergence in the long run.

4.5 Analysis Result of the Assessment of the Response of Food Production to

Shocks in Population Growth in Nigeria ‘ ®
shocks

<

The third objective of this study is to assess the response of food produt %
in population growth in Nigeria between 1981 and 2021. In order t(jﬁdeve this, two
econometric analysis was conducted, which are the impulseéﬁ%so s.g function (IRF)
and the variance decomposition analysis (VDA). :H& ngs with respect to the
mechanism through which food productio ) respond to one-standard
deviation of population growth (POPG),@sit money bank credit to agriculture
(DCA), labour force participation rate @ exchange rate (EXR), inflation rate (INF)
and Government Expenditure as entage of GDP (GE) are presented in figure 4.6
below. The Impulse RespNunction (IRF) was generated from the unrestricted
VAR model to trace t@gnse of one endogenous variable (AGDP) to one standard

Q

shock in anothe ables.

Qﬁg
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Response to Cholesky One S.D. (d.f. adjusted) Innov ations +2 S.E.

Response of AGDP to AGDP

Response of AGDP to POPG

Response of AGDP to LFP
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Figure 4.6: Impulse Response Function Graph of Food Production to Population
Growth Shocks

Source: Author’s computation

The figure 4.6 depicts the impulse response function plot of food production to shocks
from population growth and other macroeconomic indicators using a period of ten
(10). The IRF analysis result revealed that the current agricultural output as a
percentage of GDP (AGDP) respond negatively to one standard deviation shf)cks on
itself from the initial period till the fifth period, after which it slopes upwa@l’ the
eight period and then decline till the tenth period. The implication.% is that
unexpected changes in AGDP tend to have significant inﬂue.nce n %hanges in itself.
Whereas, with regards to shocks in population gowth‘&@Pé, AGDP slightly
respond negatively from the initial period and com@% increase till the seventh
period after which it returns to convergence é@%sponse of AGDP is relatively

stable. This imply that food production m@ ond slightly to shocks in POPG over

the periods. §)

As a result of shocks in labeur &de participation rate (LFP), AGDP responded with a

significant increase fro eninitial period till the fourth period after which it decline

till it converges @%’%ht period and remained till the end of the period. This imply

that LFP En%have significant influence on changes in food production in the short

term. Similarly, AGDP significantly respond positively to shocks in Government

diture as a Percentage of GDP (GE) till the fourth period, going further, the
AGDP falls till it converges in the eight period till the tenth period. It means that GE
only have significant effect on the changes in food production in the short term in

Nigeria.

Meanwhile, with respect to shocks in deposit money bank credit to agriculture (DCA)

and inflation rate (INF), the response from food production shows slight negative
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changes and a return to convergence as a return of unexpected changes in INF and the
response from AGDP to unexpected changes in DCA is unstable in the with slight
changes over the period ending with slight increase starting from the seventh period.
This means that unexpected changes in inflation and deposit money bank credit to
agriculture only have slight influence in changes in food production in Nigeria. In
addition, food production responded negatively initially to shocks in exchar.lge rate
(EXR), then begin to rise from the third period till the fifth period after whi \falls
till the eight period while from there, it tends towards conver c.% means

unexpected changes in EXR is responsible for changes in food od,gction largely in

the short term. &%'\

To complement the impulse response analysis, t y azaflce decomposition test is
carried out. While, the impulse reaction functiogaced the effects of a shock to one
endogenous variable on the other V@i the VAR, Variance Decomposition
separates the variation in an endo%us variable into the component shocks of the
VAR. Thus, the Variance%%ﬂposition provides information about the relative

importance of each randﬂgmnovation in affecting the variables in the VAR system.

The table 4.9 S@Qle result of the variance decomposition test of the response of
food pro c@ to shocks in population growth and other macroeconomic variables.
The t@e resents separate variance decomposition for each endogenous variable.
T&econd column, labeled “S.E”, contains the forecast error of the variable at the
given forecast period. The source of this forecast error was the variation in the current
and future values of the shocks to each endogenous variable in the VAR. The other
columns for each of the macroeconomic variables give the percentage of the forecast

variance due to each shocks, with each row adding up to 100. Also, the forecast

80



period of 10 years is selected but split into short-run and long-run where 1 to 5 years

is considered short-run while 6 through 10years is the future or long-run

Table 4.9 Result of Variance Decomposition Analysis
Period S.E. AGDP POPG LFP DCA GE INF EXR

1 2.755387 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 3.599077 93.71034 0.043727 2.908378 0.291084 0.021668 0.003350 3.021449
3 3.826492 85.82263 0.040039 8.421079 0.415547 1.361658 0.150839 3‘1%0
4 3.965890 80.04763 0.066146 12.75399 0.390853 2.951290 0.218291 07
5 4.045734 76.92877 0.309008 14.72347 0.377992 3.477035 0.2915 2210
6 4.096107 75.78785 0.623678 15.16778 0.371421 3.662262 0. .8%%.888099
7 4.138755 75.50915 0.718035 15.05755 0.406333 3.723374 885324
8 4.160175 75.14975 0.717798 14.95040 0.539395 3.735099 0. 720 4.160835
9 4.171444 74.74952 0.714201 14.88038 0.748157 3.731337 0%42721 4.433682
10 4.187148 74.55611 0.708876 14.76917 0.946317 3.71§&${). 46638 4.557511

Cholesky Ordering: AGDP POPG LFP DCA GE INF EXR A\ ¢

Source: Author’s computation %'&-‘D

The variance decompositi “test result as presented in table 4.9 provides insights into

the contribution, of ¢ach”variable to the overall variation in the dependent variable
over time 1@ case, the dependent variable is agricultural output as a percentage of
GDP ‘%’), and the independent variables include population growth (POPG),
la®force participation rate (LFP), deposit money bank credit to agriculture (DCA),
government expenditure as a percentage of GDP (GE), inflation rate (INF), and
exchange rate (EXR). The result shows that AGDP (Agricultural Output as a
Percentage of GDP) In the first period, AGDP explains 100% of its own variance
since no other variables are included yet. However, moving from the first period to

the fifth period, the explanatory power of AGDP gradually declines, suggesting that
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other variables are gaining importance in explaining agricultural output. Meanwhile,
AGDP continues to be the dominant contributor to its own variance throughout the
long run (from the sixth period). However, its explanatory power decreases compared

to the short run, suggesting the increasing importance of other variables.

However, POPG (Growth of Population) on the other hand does not contribute to the
variation in AGDP in the first period since its contribution is zero. Meanwhile, (i&m
the second period onwards, POPG starts to have a positive effect on \ Its
contribution gradually increases, indicating that population growt‘@ role in
explaining the variation in agricultural output. Although @G\ plays a more
substantial role in explaining the variation in AGDP @{%} the long run as its
contribution increases significantly compared t@ short run, indicating that
population growth has a stronger impact on agticultural output in the long term but

the explanatory power of POPG is notsi gséﬂc nt because throughout the period, the

percentage of variation in AGDP e@ned by POPG is less than 1%.

Similar to POPG, DCA @?gs)lt Money Bank Credit to Agriculture) and INF
(Inflation Rate) both, '}wgligible impact on AGDP their contribution to the
variation in ag@gal output remains below1% throughout the ten periods.This
implies t t@ss to credit provided by deposit money banks and inflation both have
a mo %ninent role in explaining agricultural output in the long term, although

the;contribution to the variation remain low.

Furthermore, LFP (Labour Force Participation Rate) does not influence AGDP during
the first period, whereas from the second period onwards, LFP begins to contribute to
the variation in AGDP, and its contribution increases over time. This suggests that the
labor force participation rate has a significant impact on agricultural output. The

contribution of LFP to the variation in AGDP remains significant as it explains up to
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15% of the variation in AGDP during the long run. Its impact on agricultural output
continues to increase, suggesting that a higher labor force participation rate

significantly influence food production over time in Nigeria.

With regard to GE (Government Expenditure as a Percentage of GDP), during the
short run, GE does not significantly affect AGDP. Its contributions to changes in food
production is relatively low, however, the impact of GE on AGDP continue to g&w
during the long run, its contribution increases up to 3.7%, indicating tllat '\ment
expenditure explains about 3.7% of the changes in food prodﬂ@n igeria.
Whereas, EXR (Exchange Rate) has a limited effect on AGQ&me short run. Its
contribution is relatively low across the first five period%&{%minue to grow up to
about 4.5% in the long run. The implication of this '@Qat EXR contribute up to 4.5%

of the changes in food production in Nigeria.

Overall, the variance decomposition@ﬁ&s indicate that LFP, GE and EXR are
important factors influencing foo@uction in Nigeria. However, POPG, DCA and

INF have relatively limited effects on food production in Nigeria.

'}
4.6 Discussion of Flgn@

This study e IOQJ the interrelationships between Food Production and Population
Growth‘%bgeria using data from 1981 to 2021. The objective was to analyze the
z@ric causal relationship between population growth and food production,
examine the asymmetric effect of population growth on food production and access
the response of food production to shocks in population growth in Nigeria. Findings
from the analysis provided some insight into the relationship that exist between

population growth and food production in Nigeria.
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The first objective analyzed the asymmetric causal relationship between population
growth and food production in Nigeria. Findings from the analysis revealed several
important findings regarding the relationship between population growth, food
production, and labor force participation in Nigeria. Firstly, there is a significant
bi-directional causality between positive population growth and food production,
indicating that population growth has a direct impact on food production, a.nd vice
versa. Additionally, negative population growth has a one-way causal re@&hip
with food production, suggesting that a decline in population grow, . ct food
production in Nigeria. Furthermore, the labor force parti.ciK n, rate exhibits a
one-way causal relationship with food production, indicati@t a larger labor force
engaged in agriculture leads to higher productivity 'a;@pcreased agricultural output.
Moreover, negative population growth inﬂ@%bsequent changes in positive
population growth, and an increase in b@ye participation positively affects both
positive and negative population g@i’i—[owever, changes in agricultural output or
population growth do not ign@f,br‘\tly influence the labor force participation rate,
suggesting that other fact rsﬂsuch as wages and salaries, play a more significant role
in determining @Q’e participation in the agricultural sector. Therefore, policies

aimed at incréasing agricultural output or population growth may not directly impact

the labor\force participation rate in Nigeria.

®Qﬁndings are in line past studied that also examine the relationship between
population growth, food production, and labor force participation in Nigeria. Firstly, a
study found a significant bi-directional relationship between population growth and
food production, emphasizing the positive impact of population growth on
agricultural output!. Similarly, another study identified a strong positive association

between population growth and agricultural productivity in Nigeria, highlighting the
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role of population dynamics in driving food production®. Furthermore, other scholars
have also demonstrated the positive impact of labor force participation on agricultural
output, affirming the notion that an increased labor force in the agricultural sector

leads to higher productivity and improved food production.

In contrast, there are also studies that present opposing perspectives. One of such
found no significant relationship between population growth and agricuh&al
productivity in Nigeria. The study suggests that population growth 2.110 @}g}not
directly translate into increased food production, indicating that ot %such as
technology, infrastructure, and access to resources play a, ial “role*. Similarly,
another study argued that the impact of population growtl@%icultural productivity
is contingent on various socio-economic factors, s ) % education, access to credit,
and agricultural policies®. The study highli @the need for comprehensive and
targeted interventions to maximize the .tﬁ@ita benefits of population growth on food
production. Additionally, scholars @ found that labor force participation does not
significantly influence agr@ output in Nigeria, contradicting the notion of a

strong positive relationsh%b@tween the two variables®.

The second obj @was to examine the asymmetric effect of population growth on
food p@ in Nigeria. This was analyzed using the NARDL model. The result
show@at the short-run estimates provide evidence of various relationships between
th@riables. Positive population growth has a negative impact on agricultural output,
while lagged positive and negative population growth have positive effects. Lagged
agricultural output, government expenditure, and the lagged error correction term
show positive relationships with agricultural output. The labor force participation rate
does not demonstrate a statistically significant relationship with agricultural output in

the short run. These findings contribute to our understanding of the nexus between
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population growth and food production in Nigeria. In the long run however, the
results shows that while the negative population growth and labour force participation
rate do not show a significant relationship with food production, deposit money bank
credit to agriculture demonstrates a significant negative association. Meanwhile,
positive population growth and government expenditure as a percentage of GDP

appear to have marginally significant effects on food production in the long run.

This results supported by some studies that explore similar area such as a s L@%ich
found an increase in population growth negatively affects food pro \élg\!igeria.
This align with the current analysis, which also demonstra.tes@egative impact of
positive population growth on agricultural output’. Simi%\‘%}lother study supports
the positive effects of lagged population growth %%1 production, indicating that
past population growth shocks influence cu agricultural output positively®.
Furthermore, others also observed .p‘éiii relationship between government

expenditure and agricultural outpuf i, Nigeria, which is consistent with the current

analysis that highlights the@& relationship between government expenditure and

food production®. ® "

On the other ha@,ﬁre are other studies with contrasting findings. For instance, a
study ar Q‘:\af population growth does not significantly impact agricultural output
in Ni%ia. This contradict the current analysis, which reveals a negative impact of
positive population growth on food production!®. Additionally, another study suggests
that the labor force participation rate positively affects agricultural output, contrary to
the current analysis that does not find a statistically significant relationship between
labor force participation and food production in Nigeria!!. Moreover, scholars also

challenges the positive relationship between government expenditure and agricultural
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output, indicating that government expenditure does not significantly influence food

production in Nigeria, in contrast to the findings of the present analysis'?.

The third objective was to access the response of food production to shocks in
population growth in Nigeria. This was analysed using the impulse response function
and variance decomposition. The impulse response function analysis reveals that food
production in Nigeria is sensitive to shocks in various macroeconomic 1ndlc rs.
Agricultural output as a percentage of GDP (AGDP) responds ne @%‘y to
unexpected changes in itself, with a gradual increase and subse éQne over
time. Shocks in population growth (POPG) have a slight n ﬂése'ﬁmpact on food
production, with a relatively stable response. The labor f %artlclpatlon rate (LFP)
positively influences food production in the short te;@hile government expenditure
as a percentage of GDP (GE) shows a positiveteffect in the short term but declines

over time. Unexpected changes in de f:iﬂo ey bank credit to agriculture (DCA),

inflation rate (INF), and exchange %(EXR) have slight to moderate effects on food

production in Nigeria, with@ response patterns.

It was also found fro atiance decomposition test that the contribution of various
variables to the@on in agricultural output as a percentage of GDP (AGDP) in
Nigeria. @'itself initially explains 100% of its own variance but gradually
decre@lﬁ;explanatory power over time, suggesting the growing importance of other

les. Population growth (POPG) has a positive effect on AGDP, although its
contribution remains below 1% throughout the period, indicating a relatively weak
impact. Deposit money bank credit to agriculture (DCA) and inflation rate (INF) also
have negligible effects on AGDP, with their contributions remaining below 1%. In
contrast, the labor force participation rate (LFP) shows a significant impact on AGDP,

with its contribution increasing over time and explaining up to 15% of the variation in
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AGDP during the long run. Government expenditure as a percentage of GDP (GE)
and exchange rate (EXR) have limited effects on AGDP in the short run, but their
contributions increase in the long run, with GE explaining about 3.7% and EXR

contributing up to 4.5% of the changes in food production in Nigeria.

Past studies have also supported these findings. Studies have found a positive shocks
in population growth negatively affect agricultural output, indicating a .sip&ar
response pattern'® 4. Additionally, another study examined the impact. of '\ation
growth on agricultural productivity in Nigeria and reported a neg@e tionship
between population growth and food production, aligning wit fesent analysis!>.
Furthermore, a study investigated the nexus betwe%%’}ulation growth and
agricultural productivity in Nigeria and highlight@ significance of labor force

participation, similar to the current findings'®.

Meanwhile, other studies differ in th@ ings. For instance, a study examined the
relationship between population g&@h and agricultural productivity in Nigeria and
found a positive relationé&tween population growth and food production,
contrasting the negati sdct observed in the current analysis'’. Similarly, another
study explored @Qexus between population growth and agricultural output in
Nigeria cé\ﬂorted a positive relationship, contrary to the negative influence
obser@ in the present study'®. Additionally, some other scholars also investigated
the ‘impact of population growth on agricultural productivity in Nigeria and found no
significant relationship between the variables, differing from the significant effects

observed in the current analysis'®.
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Chapter Five
Conclusion
5.0 Preamble

This chapter presents the summary of major findings and conclusion.
Recommendations were also offered based on the findings and areas for further

studies were also suggested. &
5.1 Summary of Findings ‘:\ QO

The production of food that is sufficient enough to meet the.d@dq of the growing
population in Nigeria has been a growing concern. This st&gt’}ﬁerefore explored the
relationship that exists between population growth’ s@fqo)od production in Nigeria.
The specific objectives were to analyze the a?)é\etric causal relationship between
population growth and food productio ,’e@qe the asymmetric effect of population
growth on food production and ac%s' e response of food production to shocks in
population growth in Nigeria. ¥his"was done using secondary time series data from

1981 to 2021 sourced fr: vgorld bank development index (WDI) and CBN statistical

bulletin. Q)QQ

The data @bjected to statistical tests starting with the decriptive statistics which
provi@t properties of the data used for the analysis, it was found that agriculture
co utes an average of approximately 22.87% to the country's GDP, with moderate
variability and a slightly right-skewed distribution. The population growth rate
averages around 2.62%, showing relatively low variability and a right-skewed
distribution. The labor force participation rate stands at 58.26%, with moderate
variability and a slightly left-skewed distribution. Deposit money bank credit to

agriculture averages 0.59%, exhibiting a moderate range and a slightly left-skewed
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distribution. Government expenditure contributes around 8.45% to GDP, with
moderate variability and a slightly left-skewed distribution. The average inflation rate
is approximately 19.00%, indicating significant variability and a right-skewed
distribution. The exchange rate averages 100.76 Nigerian Naira per unit of another
currency, showing considerable variability and a slightly right-skewed distribution.
These findings provide valuable insights into the economic landscape of Nigefia. The
correlation matrix provides insights into the relationships between the V&%‘% It
shows that labor force participation rate and government expenditu . X?f@centage
of GDP are positively correlated with agricultural output as a &eﬂtage of GDP in
Nigeria. While, population growth, bank credit to agrig@é, inflation rate, and
exchange rate show weak correlations, indicating tﬁq@wr factors may have a more

significant influence on agricultural output. l‘h@ test of stationarity shows that

the variables in this study are stationa t@and at first difference.

With regards to the objectives, diff%,t methods were used to estimate each objective.
The asymmetry causality ta&\b%ﬁ on Toda Yamamoto method was used to estimate
the first objective, the s%oqd objective was achieved using the non linear ARDL
(NARDL) metk@)%i the third objective was achieved using a combination of
impuls% function and variance decomposition. Using these methods, the

findings provides some insights into the relationship between population growth, food
;@ction, and labor force participation in Nigeria.

Findings from the first objective shows that there is a significant bi-directional
causality between positive population growth and food production, indicating that
population growth has a direct impact on food production, and vice versa.
Additionally, negative population growth has a one-way causal relationship with food

production, suggesting that a decline in population growth can affect food production
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in Nigeria. Furthermore, the labor force participation rate exhibits a one-way causal
relationship with food production, indicating that a larger labor force engaged in
agriculture leads to higher productivity and increased agricultural output. Moreover,
negative population growth influences subsequent changes in positive population
growth, and an increase in labor force participation positively affects both positive
and negative population growth. However, changes in agricultural output or
population growth do not significantly influence the labor force particip@;\fate,
suggesting that other factors, such as wages and salaries, play a m . Q@ant role
in determining labor force participation in the agricultural sectc&l’h\erefore policies
aimed at increasing agricultural output or population gro @»y not directly impact

the labor force participation rate in Nigeria. \

The second objective was to examine the asy&ic effect of population growth on
food production in Nigeria. The res{jl@w that the short-run estimates provide
evidence of various relationships @een the variables. Positive population growth
has a negative impact onﬁ{gﬂmral output, while lagged positive and negative
population growth haVAQ%Gsitive effects. Lagged agricultural output, government
expenditure, ath)Qa ed error correction term show positive relationships with

agricultuél éﬁput. The labor force participation rate does not demonstrate a

statist significant relationship with agricultural output in the short run. These
@ s contribute to our understanding of the nexus between population growth and
food production in Nigeria. In the long run however, the results shows that while the
negative population growth and labour force participation rate do not show a

significant relationship with food production, deposit money bank credit to agriculture

demonstrates a significant negative association. Meanwhile, positive population
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growth and government expenditure as a percentage of GDP appear to have

marginally significant effects on food production in the long run.

From the third objective, the impulse response function analysis reveals that food
production in Nigeria is sensitive to shocks in various macroeconomic indicators.
Agricultural output as a percentage of GDP (AGDP) responds negatively to
unexpected changes in itself, with a gradual increase and subsequent decline(&er
time. Shocks in population growth (POPG) have a slight negative ir.np é;\food
production, with a relatively stable response. The labor force parti %e (LFP)
positively influences food production in the short term, while, g&?&gfﬁen‘[ expenditure
as a percentage of GDP (GE) shows a positive effect i@ﬁoﬂ term but declines
over time. Unexpected changes in deposit money .a®credit to agriculture (DCA),

inflation rate (INF), and exchange rate (EXR) haye/slight to moderate effects on food
production in Nigeria, with varying rew terns.

It was also found from the Varianqeé;@omposition test that the contribution of various
variables to the variation Mcultural output as a percentage of GDP (AGDP) in
Nigeria. AGDP itsel "zﬂly explains 100% of its own variance but gradually
decreases in ex@y power over time, suggesting the growing importance of other
variables: @\ﬁtion growth (POPG) has a positive effect on AGDP, although its
contribution remains below 1% throughout the period, indicating a relatively weak
irn&t. Deposit money bank credit to agriculture (DCA) and inflation rate (INF) also
have negligible effects on AGDP, with their contributions remaining below 1%. In
contrast, the labor force participation rate (LFP) shows a significant impact on AGDP,
with its contribution increasing over time and explaining up to 15% of the variation in
AGDP during the long run. Government expenditure as a percentage of GDP (GE)

and exchange rate (EXR) have limited effects on AGDP in the short run, but their
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contributions increase in the long run, with GE explaining about 3.7% and EXR

contributing up to 4.5% of the changes in food production in Nigeria.

The findings of the study highlight the significant relationships between population
growth, labor force participation rate, and food production in Nigeria. Positive
population growth has a direct impact on food production, while negative population
growth influences food production negatively. Additionally, the labos fwe
participation rate positively affects food production in the short term. Ijov%;sother

xchange

factors such as deposit money bank credit to agriculture, inflation r%}i

rate also play a role in influencing food production in Nigeria, )ﬁ'\
5.2 Conclusion QQ’)&%

In conclusion, this study sheds light on the co é@lationship between population
growth and food production in Nigeria. I@dings indicate that population growth
has a significant impact on food ro\uction, both positively and negatively,
emphasizing the need for sustai population management strategies. The labor
force participation rate is Mund to be a key factor affecting agricultural output,
highlighting the i@ 2 of promoting employment and productivity in the
agricultural sectQ)—lowever, the study reveals that other factors such as access to

credit, i Ql, and exchange rates also influence food production, suggesting the

\QQ' of comprehensive policies that consider these multifaceted dynamics.

The results further demonstrate the asymmetrical effects of population growth on food
production in Nigeria, with positive population growth having a negative short-term
impact on agricultural output but positive effects in the long run. Moreover, the study

highlights the sensitivity of food production to shocks in various macroeconomic
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indicators, emphasizing the importance of economic stability and effective policy

responses to maintain food security.

While population growth and its relationship with food production are complex, this
study provides valuable insights for policymakers and stakeholders. It underscores the
need for holistic approaches that address population dynamics, labor force
participation, access to credit, inflation, and exchange rates to foster sustainable(ﬁ&gd
production in Nigeria. By considering these findings, policymaker§ c @%Velop
targeted strategies that promote agricultural productivity, enﬂ@n oyment
opportunities, and mitigate the challenges associated wi pulation growth,
ultimately contributing to food security and economic de\@en‘[ in the country.

5.3 Recommendations ,@

Based on the findings of the study, the fwng recommendations can be made to

policymakers and stakeholders in Ni eq_)\

1. Conduct a comparative an, of three developing countries within a specific
region to assess th@eeness of integrated healthcare, education, and family
n

'}
planning pr&;@

elation to their impact on agricultural productivity and

stable poéﬂl? ton growth over the past decade.
2. Conduct a longitudinal study across diverse agricultural regions to analyze the
Qﬂ‘relation between the implementation of targeted skill development programs
and the retention rates of agricultural workers over a five-year period. Investigate
how varying wage structures, benefits, and working conditions influence the

stability and productivity of the labor force within the agricultural sector

3. Conduct a comparative analysis of two regions—one with significant government

investment in modern farming technologies and another without—assessing the
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impact on agricultural productivity over a ten-year period. Explore the correlation
between increased funding for agricultural R&D, improved infrastructure, and the
implementation of financial support mechanisms on food production

sustainability and resilience in the face of population growth

4. Conduct a cross-national analysis of government agricultural expenditure policies
in three different economic landscapes, exploring the nuances of the imp%of
specific types of support (e.g., direct subsidies, budgetary alloc.atio éﬂarket
facilitation policies) on agricultural productivity over a‘@a period.
Investigate the correlation between various forms of go@gﬂbn‘[ support and
their effectiveness in fostering sustainable 10%‘% food production,
considering factors like market access, t@ﬁoogical advancements, and

farm-level profitability.

5. Conduct a comprehensive analys@ﬁhe impact of inflation and exchange rate
fluctuations on the agricult@ector in Nigeria over the last two decades,
employing econometrfc\ep%els to quantify the specific thresholds or tipping
points at which t “;fc':bnomic variables significantly affect different segments
of the agri@g supply chain. Investigate how targeted interventions such as
pric t@ation mechanisms and market regulations influence the resilience of
a%’cu tural production during periods of inflation spikes or currency volatility,

Qtimately assessing their role in fostering sustained agricultural investment and

output.

6. Conduct a comparative case study analysis of two countries—one with a highly
collaborative multi-stakeholder approach in the agricultural sector and another
with limited collaboration—exploring the impact of diverse collaborative models

on agricultural productivity and sustainable development over a ten-year period.
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Assess the mechanisms, structures, and levels of engagement among government
agencies, agricultural associations, research institutions, and other stakeholders,
evaluating how effective collaboration influences policy implementation,
knowledge exchange, and the resolution of multifaceted challenges within the
agricultural domain. Additionally, investigate the role and impact of international

partnerships and donor involvement in enhancing agricultural strategies and

outcomes. %&\

5.4 Contribution to Knowledge ‘%\ :

The findings presented in this study make significah @Hhution to our
understanding of the relationship between populatic:n i@h and food production in
Nigeria. The study provides valuable insights i @ausal dynamics between these
variables, highlighting the direct impact @tive population growth on food
production and the influence of neg@&pulation growth on agricultural output.
Moreover, the study emphasizes @sitive effect of a larger labor force engaged in
agriculture on productivit}ﬁ@%agricultural output. By examining the asymmetric
effects of population % “on food production, the study reveals the complex nature
of this relations@JQboth the short and long run. Additionally, the analysis of the
response @production to shocks in various macroeconomic indicators including
inflation and exchange rate sheds light on the sensitivity of the agricultural sector to
f&aﬁons in population growth, labor force participation, government expenditure,
credit availability, inflation, and exchange rates. Overall, these findings contribute to
the existing body of knowledge on the intricate interplay between population growth

and food production, providing valuable insights for policymakers, researchers, and

stakeholders in Nigeria's agricultural sector.
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5.5 Area of Further Research

Further research could investigate how technological advancements, such as
mechanization, irrigation systems, and improved farming practices, interact with
population growth and labor force participation to influence food production.
Understanding the impact of technology on agricultural productivity could provide

valuable insights into strategies for increasing food production and ensuring fQod

&

security in Nigeria. :
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Appendices

Appendix I: Pre-Estimation Tests

LI Descriptive Statistics

AGDP POPG LFP DCA GE INF EXR
Mean 22.86948 2.623292 58.25893 0.586783 8.445272 18.99895 100.7601
Median 22.07050 2.608257 60.26350 0.548487 8.150014 12.71577 106.4643
Maximum  36.96508 3.002988 60.67300 1.003945 17.28619 72.83550 358.8108
Minimum  12.24041 2.440609 52.40000 0.162611 5.089349 5.388008 0.617708
Std. Dev.  4.647603 0.119017 2.716736 0.222546 2.552236 16.86848 100.7283
Skewness  0.442825 0.942310-0.702821 0.166767 1.495011 1.823489 O.§8 717
Kurtosis 4.624443 4.189591 1.869109 2.243555 5.740249 5.159022 2. 4
Jarque-Bera 5.705318 8.278198 5.424571 1.139090 27.41532 29.93637 &499
Probability  0.057691 0.015937 0.066385 0.565783 0.000001 0.0000% 71881
Sum 914.7793 104.9317 2330.357 23.47131 337.8109 7 30.406
Sum Sq.
Dev. 842.4082 0.552435 287.8455 1.931539 254. 04%&@97 27 395701 7
Observations 40 40 40 40
L.II Correlation : QQ)
AGDP POPG  LFP DG&Q(\" GE INF EXR
AGDP  1.00000
POPG -0.152038 1.000000
LFP  0.662755 -0.006752 1.000 %

DCA -0.146345 -0.424861 0.08 02 .000000
GE 0.252134 -0.055937 0. 0.373159 1.000000
INF  0.050035 -0.208236 71 0.519562 0.221625 1.000000

EXR  0.179252 -0.20933 19029 -0.511202 -0.427600 -0.341823 1.000000

L.III Unit Root Test ®

AGDP

At Level
Null Hypo
Exogeno

O

s AGDP has a unit root

onstant

@gth: 2 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.562353 0.1096
Test critical values: 1% level -3.615588

5% level -2.941145

10% level -2.609066

*MacKinnon (1996) one-sided p-values.
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At First Difference
Null Hypothesis: d(AGDP) has a unit root
Exogenous: Constant

Lag Length: 1 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -6.965308 0.0000
Test critical values: 1% level -3.615588
5% level -2.941145
10% level -2.609066
*MacKinnon (1996) one-sided p-values.
DCA
Level
Null Hypothesis: DCA has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.490023 0.5283
Test critical values: 1% level -3.605593
5% level -2.936942
10% lewel -2.606857

*MacKinnon (1996) one-sided psvahics.
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At First Difference
Null Hypothesis: D(DCA) has a unit root
Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -6.088303 0.0000
Test critical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932
*MacKinnon (1996) one-sided p-values.
POPG
At Level
Null Hypothesis: POPG has a unit root
Exogenous: Constant
Lag Length: 7 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statisti¢ -1.310623 0.6129
Test critical values: 1% level -3.646342
5% level -2.954021
10%’1owel -2.615817
*MacKinnon (1996) one-sidedp-values.
At First Difference
Null Hypothesis: D(ROPG) has a unit root
Exogenous: GonStant
Lag Lengthy2\(*Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Awgmented Dickey-Fuller test statistic -4.758562 0.0004
Test critical values: 1% level -3.621023
5% level -2.943427
10% level -2.610263

*MacKinnon (1996) one-sided p-values.
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LFP

At Level

Null Hypothesis: LFP has a unit root

Exogenous: Constant

Lag Length: 1 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.707631 0.4196
Test critical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932
*MacKinnon (1996) one-sided p-values.
At First Difference
Null Hypothesis: d(LFP) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistie -3.277711 0.0229
Test critical values: 1% (level -3.610453
5% level -2.938987
0% level -2.607932
*MacKinnon (1996) effe-sided p-values.
INF
At Level
Null Hypothesis: INF has a unit root
Exogenous: Constant
Lag Iiehgth: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.009107 0.0426
Test critical values: 1% level -3.605593
5% level -2.936942
10% level -2.606857

*MacKinnon (1996) one-sided p-values.

116



GE

At Level

Null Hypothesis: GE has a unit root

Exogenous: Constant

Lag Length: 1 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.864578 0.3450
Test critical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932
*MacKinnon (1996) one-sided p-values.
At First Difference
Null Hypothesis: d(GE) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SICamaxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -10.23291 0.0000
Test critical values: 1% ¥evel -3.610453
5% level -2.938987
10% level -2.607932
*MacKinnon (1996),0néssided p-values.
EXR
Level
Nutl Hypothesis: EXR has a unit root
Exogenous: Constant
Lag'Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 2.168856 0.9999
Test critical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932

*MacKinnon (1996) one-sided p-values.
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At First Difference

Null Hypothesis: d(EXR) has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic

-4.120537 0.0026

Test critical values: 1% level -3.615588
5% level -2.941145
10% level -2.609066
*MacKinnon (1996) one-sided p-values.
LIV Lag Selection
VAR Lag Order Selection Criteria
Endogenous variables: AGDP POPG'LFP DCA GE
INF EXR
Exogenous variables: C
Date: 06/09/23  Time: 16:19
Sample: 1981 2021
Included observationgi 3%
Lag Logh. LR FPE AIC SC HQ
0 _"8305269 NA 21972.88 29.86260 30.17051 29.97007
1 <368.1791 252.5411 42.65515 23.56550 26.02875 24.42524
2 -313.5560 63.72689 43.19655 23.25311 27.87171 24.86513
3 -191.0293 95.29852 2.008324 19.16830 25.94224 21.53258
79.77204 0.006415 10.49451 19.42380 13.61107
4 14.09879 * * * * *

* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion
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LIII Unit Root Test

AGDP

At Level

Null Hypothesis: AGDP has a unit root

Exogenous: Constant

Lag Length: 2 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 2562353 0.1096
Test critical values: 1% level 3615588
5% level 2941145
10% level -2.609066
*MacKinnon (1996) one-sided p-values.
At First Difference
Null Hypothesis: d(AGDP) has a unit reot
Exogenous: Constant
Lag Length: 1 (Automatic - based om\SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test)statistic -6.965308 0.0000
Test critical values: 1% level -3.615588
5% level -2.941145
10% level -2.609066
*MacKinnon(4996) one-sided p-values.
DCA
Level
Null Hypothesis: DCA has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.490023 0.5283
Test critical values: 1% level -3.605593
5% level -2.936942
10% level -2.606857

*MacKinnon (1996) one-sided p-values.
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At First Difference
Null Hypothesis: d(DCA) has a unit root
Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -6.088303 0.0000
Test critical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932
*MacKinnon (1996) one-sided p-values.
POPG
At Level
Null Hypothesis: POPG has a unit root
Exogenous: Constant
Lag Length: 7 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statisti¢ -1.310623 0.6129
Test critical values: 1% level -3.646342
5% leyel -2.954021
10%’1owel -2.615817
*MacKinnon (1996) one-sidedp-values.
At First Difference
Null Hypothesis: d(ROPG) has a unit root
Exogenous: GonStant
Lag Lengthy2\(*Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Awgmented Dickey-Fuller test statistic -4.758562 0.0004
Test critical values: 1% level -3.621023
5% level -2.943427
10% level -2.610263

*MacKinnon (1996) one-sided p-values.
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LFP

At Level

Null Hypothesis: LFP has a unit root

Exogenous: Constant

Lag Length: 1 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.707631 0.4196
Test critical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932
*MacKinnon (1996) one-sided p-values.
At First Difference
Null Hypothesis: d(LFP) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.277711 0.0229
Test critical values: 1% level -3.610453
5% level -2.938987
10% levyel -2.607932
*MacKinnon (1996) one-sided p-values.
INF
At Level
Null Hypothesis: INF has\a unit root
Exogenous: Constant
Lag Length: 0 (Aut@matic - based on SIC, maxlag=9)
t-Statistic Prob.*
AugmentediDickey-Fuller test statistic -3.009107 0.0426
Test cxitical values: 1% level -3.605593
5% level -2.936942
10% level -2.606857

*MacKinnon (1996) one-sided p-values.
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GE

At Level

Null Hypothesis: GE has a unit root

Exogenous: Constant

Lag Length: 1 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.864578 0.3450
Test critical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932
*MacKinnon (1996) one-sided p-values.
At First Difference
Null Hypothesis: d(GE) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -10.23291 0.0000
Test critical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932
*MacKinnon (1996) one-sided p-vatues.
EXR
Level
Null Hypothesis: EXR has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=9)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 2.168856 0.9999
Test'eritical values: 1% level -3.610453
5% level -2.938987
10% level -2.607932

*MacKinnon (1996) one-sided p-values.
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At First Difference

Null Hypothesis: d(EXR) has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=9)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic

-4.120537 0.0026

Test critical values: 1% level -3.615588
5% level -2.941145
10% level -2.609066
*MacKinnon (1996) one-sided p-values.
LIV Lag Selection
VAR Lag Order Selection Criteria
Endogenous variables: AGDP POPG LFP DCA GE
INF EXR
Exogenous variables: C
Date: 06/09/23  Time: 16:19
Sample: 1981 2021
Included observations: 36
Lag LogL LR¢ FPE AIC SC HQ
0  -530.5269 NA 21972.88 29.86260 30.17051 29.97007
1 -368.1791 25275411 42.65515 23.56550 26.02875 24.42524
2 -313.5560( €372689 43.19655 23.25311 27.87171 24.86513
3 -191.0293) 95.29852 2.008324 19.16830 25.94224 21.53258
79.77204 0.006415 10.49451 19.42380 13.61107

4 14.09879 *

*

*

*

*

%ndiCates lag order selected by the criterion
LR¥sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error

AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion
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Appendix I1a

Objective One: Result of the Asymmetric Causal Relationship Between
Population Growth and Food Production in Nigeria.

I VAR Result

Vector Autoregression Estimates

Date: 06/15/23

Time: 13:00

Sample (adjusted): 1984 2021
Included observations: 38 after adjustments
Standard errors in ( )& t-statistics in [ |

POPG PO POPG_NE
AGDP S G DCA LEP GE

AGDP(-1)

AGDP(-2)

POPG POS(-1)

POPG POS(-2)

POPG NEG(-1)

POPG NEGU?)

DCA(-1)

DCA(-2)

LFP(-1)

0.792716 0.000874 0.001945 -0.010326 0.025220 -0.105999
(0.17905) (0.00147) (0.00137) (0.00686).(0.04245) (0.13016)
[4.42727] [ 0.59492] [ 1.42201] [-1.506 LGN, 0,59409] [-0.81435]

-0.390236 -0.002191 -0.000787 -0,004%09 0.031663 0.093067
(0.19090) (0.00157) (0.00146),(6:00731) (0.04526) (0.13878)
[-2.04417] [-1.39810] [-0.53949]N.0.64419] [ 0.69957] [ 0.67061]

12.60917 0.219256 -0.391396 0.475476 -1.450842 -5.975510
(13.7937) (0.11323).)60.10536) (0.52816) (3.27031) (10.0275)
[0.91413] [ 1.93686] [8.71474] [ 0.90025] [-0.44364] [-0.59591]

-13.60746 0398977 0.238689 -0.708513 1.165888 -9.045523
(14.3471) @,;H777) (0.10959) (0.54935) (3.40152) (10.4298)
[-0.9484%] [)3.38766] [ 2.17801] [-1.28973] [ 0.34276] [-0.86728]

229362 0.615488 0.981736 0.177171 3.316450 -7.715261
(MN6072) (0.11991) (0.11158) (0.55931) (3.46317) (10.6189)
[-1.56728] [ 5.13298] [ 8.79874] [ 0.31677] [ 0.95763] [-0.72656]

12.27599 -0.645998 -0.098287 -0.324615 -1.442411 -4.079470
(10.4221) (0.08555) (0.07961) (0.39906) (2.47094) (7.57644)
[ 1.17788] [-7.55081] [-1.23462] [-0.81345] [-0.58375] [-0.53844]

2.585635 -0.099556 -0.028918 0.549627 -0.886113 -1.253164
(4.99465) (0.04100) (0.03815) (0.19124) (1.18417) (3.63092)
[0.51768] [-2.42817] [-0.75798] [ 2.87394] [-0.74830] [-0.34514]

-1.548664 -0.086953 -0.037740 0.171373 1.266854 2.061052
(4.90836) (0.04029) (0.03749) (0.18794) (1.16371) (3.56818)
[-0.31552] [-2.15807] [-1.00659] [ 0.91185] [ 1.08864] [ 0.57762]

1.014326 -0.011377 0.013696 -0.026839 1.198695 0.453834

(0.76090) (0.00625) (0.00581) (0.02913) (0.18040) (0.55315)
[ 1.33306] [-1.82149] [ 2.35636] [-0.92121] [ 6.64465] [ 0.82046]
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LFP(-2)

GE(-1)

GE(-2)

-0.083770 -0.000782 -0.009347 0.014557 -0.440843 0.156763
(0.77657) (0.00637) (0.00593) (0.02973) (0.18411) (0.56453)
[-0.10787] [-0.12267] [-1.57567] [ 0.48958] [-2.39441] [ 0.27769]

-0.089430 0.001526 0.000113 0.010318 0.038122 0.019134
(0.27020) (0.00222) (0.00206) (0.01035) (0.06406) (0.19643)
[-0.33097] [ 0.68813] [ 0.05469] [ 0.99732] [ 0.59509] [ 0.09741]

0.029619 0.005012 0.001247 0.003506 0.034450 0.109380
(0.26318) (0.00216) (0.00201) (0.01008) (0.06240) (0.19132)
[0.11254] [ 2.32006] [ 0.62032] [ 0.34793] [ 0.55211] [ 0.57091]

-49.53514 0.980996 -0.296835 1.101403 13.76156%°34.78593
(28.5102) (0.23404) (0.21777) (1.09165) (6.75939)(20.7258)
[-1.73745] [ 4.19164] [-1.36304] [ 1.00893] [ 2.03592] [-1.53364]

R-squared

Adj. R-squared
Sum sq. resids
S.E. equation
F-statistic

Log likelihood
Akaike AIC
Schwarz SC
Mean dependent
S.D. dependent

0.678816 0.986488 0.989836 0.865373\ 01956144 0.621344
0.524647 0.980002 0.984957 0.800752y 0.935093 0.439589
179.4420 0.012092 0.010470 0.263083 10.08648 94.83010
2.679119 0.021993 0.020464 0102583 0.635184 1.947615
4.403075 152.0975 202.8799\ $3.39152 45.42089 3.418583
-83.41272 99.08382 10168204%°40.56491 -28.71825 -71.29518
5.074354 -4.530727 -4.674756 -1.450785 2.195697 4.436588
5.634580 -3.970500 *4. 144530 -0.890558 2.755924 4.996815
23.61586 0.457403 0.857006 0.598821 58.53161 8.485703
3.885832 0.155518-0.166851 0.229816 2.493192 2.601656

Determinant resid covariance

(dof adj.)

I:50E-08

Determinant resid covariance Y1.22E-09

Log likelihood

66.45609

Akaike informationeriterion 0.607574

Schwarz criterién

3.968935

Number of coeftieients 78
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Lag length

VAR Lag Order Selection Criteria

Endogenous variables: AGDP POPG_POS POPG_NEG DCA
LFP GE

Exogenous variables: C

Date: 06/15/23  Time: 13:01

Sample: 1981 2021

Included observations: 36

Lag LogL LR FPE AIC SC HQ

0 -142.0863 NA 0.000151  8.227019  8.490939  8.3¢Q134
1 74.53510  349.0012* 6.81e-09* -1.807506 0.039933* -1¢1€2700*
2 98.51115  30.63606  1.58e-08 -1.139508  2.291450 _ (0,057988
3 144.9453  43.85451  1.47e-08 -1.719185  3.295292%,0.031002
4 191.4727  28.43340  2.81e-08 -2.304039* 4.293956” =0.001162

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion

Toda Yamamoto Causality

Vector Autoregression Estimates

Date: 06/15/23  Time: 13;03

Sample (adjusted): 1985 201%

Included observations: 33\after adjustments
Standard errors in ()& tystatistics in [ |

POPG_PO POPG NE
AGDP S G DCA LFP GE

AGDPEI)  0.232517 -0.000117 -0.001626 -0.019939 -6.43E-05 -0.010990
(0.26981) (0.00119) (0.00362) (0.01248) (0.08343) (0.34703)
[ 0.86179] [-0.09869] [-0.44944] [-1.59770] [-0.00077] [-0.03167]

AGDP(-2)  -0.471086 0.000232 0.000998 0.004815 0.014513 0.009729
(0.19084) (0.00084) (0.00256) (0.00883) (0.05901) (0.24547)
[-2.46843] [ 0.27576] [ 0.38975] [ 0.54546] [ 0.24593] [ 0.03964]

AGDP(-3) -0.018280 0.000443 -0.001919 -0.026728 -0.027248 -0.114841

(0.24234) (0.00107) (0.00325) (0.01121) (0.07493) (0.31170)
[-0.07543] [ 0.41593] [-0.59051] [-2.38450] [-0.36362] [-0.36844]
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POPG_POS(-1)
POPG_POS(-2)
POPG_POS(-3)
POPG NEG(-1)
POPG NEG(-2)
POPG_NEG(-3)
DCA(-1)
DCA(-2)
DCA(-3)

6\

LFREY)

QQ

LFP(-2)

55.61903 0.627205 -0.130166 -0.244046 -7.611950 -42.93052
(30.2641) (0.13315) (0.40593) (1.39986) (9.35803) (38.9263)
[ 1.83779] [ 4.71034] [-0.32066] [-0.17434] [-0.81341] [-1.10287]

10.81510 0.232808 0.337295 0.031006 3.607655 2.701951
(16.1461) (0.07104) (0.21657) (0.74683) (4.99256) (20.7674)
[0.66983] [3.27719] [ 1.55747] [ 0.04152] [ 0.72261] [0.13011]

-28.88007 -0.097278 -0.141377 -0.870469 3.122528 7.262019
(15.7473) (0.06928) (0.21122) (0.72838) (4.86924) (20.2544)
[-1.83397] [-1.40404] [-0.66935] [-1.19507] [ 0.64128] [ 0.35854]

1.560427 0.306133 1.146443 0.436426 -2.13126 ‘040347
(24.2023) (0.10648) (0.32462) (1.11947) (7.48363)(31.1294)
[0.06447] [ 2.87491] [ 3.53162] [ 0.38985] [- 0.07197]

~45.18872 -0.627889 -0.661818 -0.909160 44255094 18.32190
(32.1441) (0.14143) (0.43115) (1.48% 93935) (41.3443)
[-1.40582] [-4.43969] [-1.53502] [-O. [0.42811] [ 0.44315]

40.91033 0.417769 0.2863 5&98761 -7.453410 -38.21590

(25.4633) (0.11203) (o 117779) (7.87355) (32.7513)
[ 1.60664] [ 3.72901] [ [-0.44045] [-0.94664] [-1.16685]

8.240689 -0.05 0029 0.039637 -2.075505 -0.876170
(5.32335) (0. ozéf 7140) (0.24623) (1.64604) (6.84699)
[ 1.54803] [- [-0.28052] [ 0.16098] [-1.26090] [-0.12796]
9.020000 7106 0.029277 0.324251 0.366695 -4.372396
(5 925&%02607) (0.07948) (0.27409) (1.83227) (7.62165)
%201 1.80683] [ 0.36836] [ 1.18302] [ 0.20013] [-0.57368]

0772 -0.006321 -0.003533 -0.049677 0.398031 5.236114
33579) (0.02788) (0.08498) (0.29306) (1.95910) (8.14921)
[ 0.38997] [-0.22676] [-0.04157] [-0.16951] [ 0.20317] [ 0.64253]

1.596356 -0.005760 0.010097 0.020804 1.135972 0.037431
(0.89170) (0.00392) (0.01196) (0.04125) (0.27572) (1.14692)
[ 1.79025] [-1.46821] [ 0.84424] [ 0.50440] [ 4.11997] [ 0.03264]

-0.712978 -0.003067 0.008849 -0.008055 -0.897356 0.091932

(1.19782) (0.00527) (0.01607) (0.05540) (0.37038) (1.54065)
[-0.59523] [-0.58203] [ 0.55080] [-0.14538] [-2.42280] [ 0.05967]
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LFP(-3)

GE(-1)

GE(-2)

GE(-3)

AGDP(4)

POPG_POS(4)

POPG NEG(4)

DCA(4)

DEP(4)

GE4)

0.453973  0.000341 -0.009837 0.028783 0.349766 -0.302786
(0.89064) (0.00392) (0.01195) (0.04120) (0.27540) (1.14556)
[0.50971] [ 0.08700] [-0.82344] [ 0.69867] [ 1.27004] [-0.26431]

-0.204218 0.004880 0.001576 -0.001118 0.018581 -0.422903
(0.30525) (0.00134) (0.00409) (0.01412) (0.09439) (0.39261)
[-0.66902] [ 3.63393] [ 0.38492] [-0.07920] [ 0.19687] [-1.07714]

-0.327131 0.006750 -0.000766 -0.012130 0.055129 0.224813
(0.25668) (0.00113) (0.00344) (0.01187) (0.07937) (0.33015)
[-1.27446] [ 5.97710] [-0.22261] [-1.02164] [ 0.69458] [.0'68094]

0.177810 0.006209 -0.002207 -0.023111 0.032620°<0.118212
(0.35236) (0.00155) (0.00473) (0.01630) (0.108931)(0.45321)
[ 0.50463] [ 4.00529] [-0.46689] [-1.41801] [ 0:29939] [-0.26083]

-67.14507 0.726717 -0.677781 -4.568974_ 48.29509 85.66226
(84.0338) (0.36973) (1.12714) (3.88693) (25.9842) (108.086)
[-0.79902] [ 1.96554] [-0.60133] [-[Z17846] [ 1.85863] [ 0.79254]

0.180841 -0.000433 -0.004098.%0.010412 -0.017213 0.181700
(0.18826) (0.00083) (0/60253) (0.00871) (0.05821) (0.24214)
[0.96060] [-0.52300] [-0,43%482] [-1.19570] [-0.29570] [ 0.75039]

23.74418 0.333(191 %0.008706 -1.235642 -5.044249 -16.62994
(22.5120) (0.09905Y (0.30195) (1.04128) (6.96097) (28.9553)
[ 1.05474] [ 3:36396] [ 0.02883] [-1.18665] [-0.72465] [-0.57433]

25.95768 )0.057916 0.107316 -1.201526 10.31413 7.007162
(14,6221) (0.06433) (0.19612) (0.67634) (4.52132) (18.8072)
[ F07524] [ 0.90024] [ 0.54718] [-1.77652] [ 2.28122] [ 0.37258]

5341796  0.081058 -0.017373 -0.365847 0.071069 -8.174954
(7.47016) (0.03287) (0.10020) (0.34553) (2.30986) (9.60825)
[-0.71508] [ 2.46625] [-0.17339] [-1.05880] [ 0.03077] [-0.85083]

-0.007626 -0.005136 0.001582 0.061590 -0.255916 -0.675161
(0.70925) (0.00312) (0.00951) (0.03281) (0.21931) (0.91225)
[-0.01075] [-1.64575] [ 0.16632] [ 1.87741] [-1.16692] [-0.74011]

-0.078264 0.001706 0.001253 -0.013976 -0.017085 -0.583570

(0.32755) (0.00144) (0.00439) (0.01515) (0.10128) (0.42130)
[-0.23894] [ 1.18373] [ 0.28519] [-0.92243] [-0.16869] [-1.38515]
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R-squared
Adj. R-squared
Sum sq. resids
S.E. equation
F-statistic

Log likelihood
Akaike AIC
Schwarz SC

Mean dependent
S.D. dependent

0.943030
0.772120
29.56118
1.922277
5.517697
-45.00922
4.242983
5.376701
23.89345
4.026825

0.998995 0.988664
0.995981 0.954656
0.000572 0.005318
0.008458 0.025783
331.4242 29.07169
134.0555 97.27158

0.966222
0.864890
0.063246
0.088914
9.535157
56.41937

-6.609426 -4.380096 -1.904204

-5.475708 -3.246378
0.450741 -0.827521
0.133409 0.121082

-0.770486
0.594224
0.241895

0.978608 0.783528
0.914433 0.134112
2.826404 48.90473
0.594391 2.472467
15.24908 1.206511
-6.276183 -53.31552
1.895526 4.746395
3.029244 5.880113
59.14847 8.794120
2.031983 2657049

Determinant resid covariance

(dof adj.)

Determinant resid covariance

Log likelihood

Akaike information criterion

Schwarz criterion

Number of coefficients

2.97E-10
6.03E-14
221.2946

-4.320884

2.481423
150

Asymmetric Causality

VAR Granger Causality/Block ExogeneitysWald Tests
Time: 13:58
Sample: 1981 2021

Date: 06/15/23

Included observations: 33

Dependent variable: AGDP

Excluded Chi-sq Df Prob.
POPG, POS 12.48025 3 0.0059
POPG NEG 9.045637 3 0.0287

DCA 15.97358 3 0.0011
LFP 7.105876 3 0.0686
All 27.99533 12 0.0055
Dependent variable: POPG POS
Excluded Chi-sq Df Prob.
AGDP 0.498391 3 0.9192
POPG _NEG 11.48884 3 0.0094
DCA 1.435891 3 0.6971
LFP 0.578529 3 0.9013
All 30.85715 12 0.0021
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Dependent variable: POPG NEG

Excluded Chi-sq Df Prob.
AGDP 0.308973 3 0.9583
POPG_POS 3.819951 3 0.2816
DCA 0.266081 3 0.9663
LFP 2.984908 3 0.3940
All 17.34454 12 0.1371
Dependent variable: DCA
Excluded Chi-sq Df Prob.
AGDP 5.275152 3 0.1527
POPG POS 3.011554 3 0.3898
POPG NEG 2.293297 3 0.5138
LFP 0.315953 3 0.9570
All 19.23621 12 0.0830
Dependent variable: LFP
Excluded Chi-sq df Prob.
AGDP 0.622141 3 0.8913
POPG_POS 1.935240 3 0.5860
POPG NEG 4.068506 3 0.2542
DCA 2.776819 3 0.4273
Adt 11.75277 12 0.4657
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Serial Correlation Test

VAR Residual Portmanteau Tests for Autocorrelations

Null Hypothesis: No residual autocorrelations up to lag h

Date: 06/19/23 Time: 09:42
Sample: 1981 2021
Included observations: 38

Lags Q-Stat Prob.* Adj Q-Stat Prob.* df
1 60.32263 --- 61.95297 --- ---
2 117.4467 - 122.2506 --- - . (b'
3 182.4398 0.0000 192.8146 0.0000 64 ,&\
4 246.0049 0.0000 263.8579 0.0000

*Test is valid only for lags larger than the VAR lag order.
df is degrees of freedom for (approximate) chi-square distrib
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Appendix IIb
Objective One Reported

Optimal Lag Length

VAR Lag Order Selection Criteria

Endogenous variables: AGDP POPG_NEG POPG POS
DCA

Exogenous variables: C

Date: 06/17/23  Time: 18:40

Sample: 1981 2021 {b‘
Included observations: 33 . QL
Lag LogL LR FPE AIC SC \&3@

0 -12.60578 NA 3.22¢-05 1.006411 1.187806 »1.067445
1 138.1877 255.8920 9.19¢-09 -7.162891 -6. ?%? -6.857722
2 159.9792 31.69667 6.78¢-09 -7.513889 -5 -6.964584
3 180.4192 24.77577 5.86e-09 -7.782980 4847 -6.989540
4 200.2398 19.22003 6.01¢-09 -8.0145 930823 -6.976960
5 239.4595 28.52343 2.40e-09 -9.4 -5.612499 -8.140080
6 294.3396 26.60850 5.81e-10 %ﬁ6 -7.243285 -10.25231
7 4454236 36.62643* 1.286-12*\- 6507* -14.70462* -18.19509*

* indicates lag order selected by the ¢ 'te;}m
LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error

AIC: Akaike information %r%ﬂ%

SC: Schwarz information critesion
HQ: Hannan-Quinn in ation criterion

Q&

S
&
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Asymmetry Causality - VAR Output
Vector Autoregression Estimates

Date: 06/17/23  Time: 20:06

Sample (adjusted): 1987 2015

Included observations: 29 after adjustments
Standard errors in ( )& t-statistics in [ |

133

AGDP POPG POS POPG NEG LFP
AGDP(-1) -0.598676  -0.001810  -0.001634  -0.004104
(0.30410)  (0.00113)  (0.00152)  (0.13011)

[-1.96866]  [-1.60232]  [-1.07182]  [-0.03154]

AGDP(-2) -1.270692 9.26E-05  -0.002132 6488
(0.23697)  (0.00088)  (0.00119)° .10139)

[-5.36216]  [0.10521]  [-1.79 N £0.55713]

AGDP(-3) -1.236400 0.001342 o%e -0.057101
(0.37785)  (0.00140) 0189)  (0.16166)

[-3.27223]  [0.9561 1& -1.89414]  [-0.35321]

AGDP(-4) 0.974399 - 0?9 -0.002963  -0.324407
(o 35133) 1)  (0.00176)  (0.15032)

[-2.77343] _ &497971 [-1.68167]  [-2.15811]

AGDP(-5) -0.9291 -0 001359  -0.004606  -0.476645
(0.47 (0.00177)  (0.00239)  (0.20396)

-1 ] [-0.76740]  [-1.92686]  [-2.33701]

POPG POS(-1) \}38.6302 1.143763 0.278083 2.050089
(59.8785) (0.22245)  (0.30026)  (25.6193)

Q [-2.64920]  [5.14174]  [0.92615]  [0.08002]

POPG ogj) 2714191  -0.398297  -0.514265 18.21128
(74.1370)  (0.27542)  (0.37176)  (31.7199)

% [3.66105]  [-1.44616]  [-1.38334]  [0.57413]
ROPG POS(-3) -115.4100 0.520316 0453398  -17.64618
Q (45.5856)  (0.16935)  (0.22859)  (19.5040)
[-2.53172]  [3.07244]  [1.98349]  [-0.90475]



POPG POS(-4)

POPG POS(-5)

POPG NEG(-1)

POPG NEG(-2)

POPG NEG(-3)

POPG NEG(-4)

POPG NEG(-5)

LFP(-1)

C)QQ '\[ 1.15581]

,%Q
QQ LFP(-3)

LFP(-4)

LFP(-5)

-8.262353
(21.6585)
[-0.38148]

76.27459
(25.8354)
[2.95233]

-63.05796
(43.7219)
[-1.44225]

-113.3388
(65.0255)
[-1.74299]

-80.07879
(57.8261)
[-1.38482]

75.79713
(57.2501)
[ 132397}

72.6
(30
- 2]

[
\.)646603

(1.42463)

1.518598
(3.38560)
[ 0.44855]

3.760362
(2.43260)
[ 1.54582]

-7.409434
(5.24010)
[-1.41399]

-4.246249
(5.41437)
[-0.78426]
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-0.141406
(0.08046)
[-1.75746]

-0.615221
(0.09598)
[-6.41004]

-0.357245
(0.16243)
[-2.19944]

-0.791996
(0.24157)
[-3.27857]

-0.418600
(0.21482)
[-1.94859]

20972]

0.615212
(0.11368)
[5.41156]

-0.000823
(0.00529)
[-0.15549]

0.024496
(0.01258)
[1.94761]

-0.002809
(0.00904)
[-0.31087]

0.045992
(0.01947)
[2.36261]

-0.063389
(0.02011)
[-3.15144]

4

-0.047767  -5.598491
(0.10860)  (9.26667)
[-0.43982]  [-0.60415]
0.011647  2.012536
(0.12955)  (11.0538)
[0.08990]  [0.18207]
-0.090015  -37.60751
0.21924)  (18.7066)
[-0.41057]  [- @38]
-0.563037 %.03463
(032607 \,(27.8215)
[-1.7267 [-1.36710]
: ‘ﬁ@;% 2701531

98997)  (24.7411)

QO 1.09094]  [-1.09192]
-0.060387  -5.182885
(0.28708)  (24.4947)
[-0.21035]  [-0.21159]
0.404843  -4.945490
(0.15345)  (13.0931)
[2.63825]  [-0.37772]
0.015134  0.447778
(0.00714)  (0.60953)
[2.11854]  [0.73462]
0.030074 1.804493
(0.01698)  (1.44854)
[1.77145] [ 1.24573]
0.018437  -0.128673
(0.01220)  (1.04080)
[151150]  [-0.12363]
-0.048008  -1.832127
(0.02628)  (2.24200)
[-1.82707]  [-0.81718]
0.018402  -0.305726
0.02715)  (2.31656)
[-0.67780]  [-0.13197]



POPG POS(6)

POPG NEG(6)

LFP(6)

302.3720
(175.186)
[ 1.72601]

71.14269
(61.9337)
[ 1.14869]

127.6038
(42.7466)
[2.98512]

-0.351462
(2.39534)
[-0.14673]
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-0.082486 0.319803 202.5929
(0.65081) (0.87846) (74.9541)
[-0.12674] [ 0.36405] [ 2.70289]
-0.579466 0.070373 -37.02177
(0.23008) (0.31056) (26.4986)
[-2.51852] [ 0.22660] [-1.39712]
0.070668 0.504729 48.58830
(0.15880) (0.21435) (18.2893)
[ 0.44501] [ 2.35469] [2.65665]
-0.020017 -0.013544 497005
(0.00890) (0.01201 102486)
[-2.24948]  [-1.127641\ (2.43645]
. yﬁ'\



R-squared 0.976759 0.999689 0.998721 0.977034

Adj. R-squared 0.869853 0.998256 0.992837 0.871390
Sum sq. resids 9.853703 0.000136 0.000248 1.803815
S.E. equation 1.403831 0.005215 0.007039 0.600636
F-statistic 9.136570 698.0084 169.7266 9.248403
Log likelihood -25.49721 136.7689 128.0704 -0.877034
Akaike AIC 3.413601 -7.777168 -7.177268 1.715658
Schwarz SC 4.545156 -6.645613 -6.045712 2.847213
Mean dependent 24.49676 0.452875 -0.825362 59.61016
S.D. dependent 3.891324 0.124897 0.083172 674844
Determinant resid covariance (dof adj.)  4.53E-11

Determinant resid covariance 4.00E-14

Log likelihood 282.7141

Akaike information criterion -12.87684

Schwarz criterion -8.350617

Number of coefficients 96

Asymmetric Causality Based on Toda Yamamoto
VAR Granger Causality/Block Exogeneity Wald<T€Sts
Date: 06/17/23 ~ Time: 19:03

Sample: 1981 2021

Included observations: 29

Dependent variable: AGDP

Excluded Chi-sq df Prob.
POPG NEG 12.50148 5 0.0285
POPG_POS 26.95009 5 0.0001

LEFP 24.49690 5 0.0002

All 40.02328 15 0.0004
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Dependent variable: POPG _NEG

Excluded Chi-sq df Prob.
AGDP 8.185808 5 0.1463
POPG_POS 8.774972 5 0.1184
LFP 68.90870 5 0.0000
All 127.7467 15 0.0000
Dependent variable: POPG _POS
Excluded Chi-sq df Prob;,
AGDP 17.36577 5 00039
POPG_NEG 42.70001 5 070000
LFP 34.01744 5 0.0000
All 125.1365 15 0.0000
Dependent variable: LFP
Excluded Chi-sq df Prob.
AGDP 6.700737 5 0.2439
POPG NEG 6.100483 5 0.2966
POPG_POS 1.5%7241 5 0.9040
All 8.766887 15 0.8894

Post Estimation Test

Inverse Roots of AR Characteristic Polynomial

1.5

1.0

0.5 1

0.0

-0.5

-1.0

-1.5

-1.5 -1.0 -0.5 0.0 0.5

1.0 1.5
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Autocorrelation LM Test

VAR Residual Serial Correlation LM Tests
Time: 10:40

Date: 06/19/23
Sample: 1981 2021
Included observations: 34

Null hypothesis: No serial

correlation at lag h

Lag LRE* stat df Prob. Rao F-stat df Prob.
1 24.35973 16 0.0819 2.058932 (16, 6.7 38
2 29.94339 16 0.0183 3.301820 (16, 6.7 0612
3 11.52948 16 0.7757 0.553834 (16, 6.7 .8434
4 27.79857 16 0.0334 2.763945 (16, 6.7 0.0929
5 7.435279 16 0.9639 0.302570 (16, N 0.9766
6 15.29423 16 0.5032 0.861148 ( 0.6241
7 19.21664 16 0.2576 1.284729 (16, 0.3893
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ARDL Result

Dependent Variable: AGDP

Method: ARDL
Date: 06/12/23

Time: 23:37
Sample (adjusted): 1985 2021

Appendix I11
Objective Two: Result of the Asymmetric Effect of Population Growth on Food

Included observations: 37 after adjustments
Maximum dependent lags: 4 (Automatic selection)

Model selection method: Akaike info criterion (AIC)
Dynamic regressors (4 lags, automatic): POPG LFP DCA GE

Fixed regressors: C

Number of models evalulated: 2500
Selected Model: ARDL(2, 4, 0, 0, 4)

Production in Nigeria.

Variable Coefficient Std. Errot t-Statistic Prob.*
AGDP(-1) 0.392599 0.145%53 2.704729 0.0129
AGDP(-2) -0.445906 0. 127101 -3.508282 0.0020

POPG 9.254381 %979709 1.159739 0.2586

POPG(-1) 5.307504 9.508002 0.558214 0.5823
POPG(-2) -12.20672 8.715436 -1.400587 0.1753
POPG(-3) -2.589822 6.927644 -0.373839 0.7121
POPG(-4) -20.28388 5.488415 -3.686652 0.0013

LFP 0,086793 0.253114 0.342900 0.7349

DCA 308366 2.251352 -3.246212 0.0037

GE 0.092923 0.175638 0.529063 0.6021

GE(-1) -0.318814 0.172398 -1.849295 0.0779

GE(-2) -0.272881 0.174646 -1.562479 0.1324

GE(-3) 0.653028 0.157685 4.141347 0.0004

GE(#) 0.358193 0.183818 1.948625 0.0642

C 73.80168 16.13109 4.575121 0.0001

R-squased 0.881422 Mean dependent var 23.75930
Adjusted R-squared 0.805964 S.D. dependent var 3.836077
SAEwof tegression 1.689775 Akaike info criterion 4.178003
Stun squared resid 62.81746  Schwarz criterion 4.831078
Log likelihood -62.29306 Hannan-Quinn criter. 4.408243
F-statistic 11.68088 Durbin-Watson stat 2.123059

Prob(F-statistic)

0.000000

*Note: p-values and any subsequent tests do not account for model

selection.
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NARDL Result

Dependent Variable: AGDP
Method: ARDL
Date: 06/12/23

Sample (adjusted): 1986 2021

Included observations: 36 after adjustments

Time: 23:40

Maximum dependent lags: 4 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (4 lags, automatic): POPG_POS POPG NEG LFP

DCA GE
Fixed regressors: C
Number of models evaluated:

12500

Selected Model: ARDL(2, 3, 4, 4, 0, 3)

Variable Coefficient Std. Error t-Statistic Prob.*
AGDP(-1) 0.415356 0.118952 3491801 0.0036
AGDP(-2) -0.506451 0.113807 -4.450104 0.0005
POPG_POS -115.8838 36.15206 -3.205455 0.0064
POPG_POS(-1) 175.5229 42.99938 4.082177 0.0011
POPG_POS(-2) -51.14641 20.88545 -2.448902 0.0281
POPG_POS(-3) -28.38271 12051019 -2.700494 0.0172
POPG NEG 76.85737 23.37879 3.287482 0.0054
POPG NEG(-1) -42.09 84 29.03206 -1.449840 0.1691
POPG _NEG(-2) -55.84734 29.27804 -1.907482 0.0772
POPG NEG(-3) 54.76107 22.97375 2.383636 0.0319
POPG_NEG(-4) 4447844 13.50859 -3.292605 0.0053
LFP 0299307 0.527518 0.567388 0.5794
LFP(-1) €1.096513 0.870402 -1.259778 0.2283
LFP(-2) -0.575468 1.011141 -0.569127 0.5783
LFP(-3) -0.049323 1.030321 -0.047871 0.9625
LFP(-4) 0.905706 0.620756 1.459037 0.1666
DCA -8.680200 3.208847 -2.705084 0.0171
GE 0.306104 0.191304 1.600094 0.1319
GEE1) -0.021131 0.209474 -0.100877 0.9211
GE(-2) -0.087312 0.173978 -0.501859 0.6236
GE(-3) 0.685790 0.156161 4.391557 0.0006
C 56.71094 35.73057 1.587183 0.1348
R-squared 0.939228 Mean dependent var 23.91296
Adjusted R-squared 0.848070 S.D. dependent var 3.773245
S.E. of regression 1.470741 Akaike info criterion 3.887171
Sum squared resid 30.28312 Schwarz criterion 4.854877
Log likelihood -47.96908 Hannan-Quinn criter. 4.224926
F-statistic 10.30332 Durbin-Watson stat 3.121653

Prob(F-statistic) 0.000027

*Note: p-values and any subsequent tests do not account for model

selection.
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NARDL Long Run and Bound Test
ARDL Long Run Form and Bounds Test
Dependent Variable: d(AGDP)

Selected Model: ARDL(2, 3, 4, 4, 0, 3)
Case 2: Restricted Constant and No Trend
Date: 06/12/23  Time: 23:29

Sample: 1981 2021

Included observations: 36

Conditional Error Correction Regression

Variable Coefficient Std. Error t-Statistig Prob.
C 56.71094 35.73057 L5883 0.1348
AGDP(-1)* -1.091096 0.135942 =8.026209 0.0000
POPG POS(-1) -19.89003 9.845013 -29020315 0.0629
POPG NEG(-1) -10.79919 6.691296 #1.613916 0.1289
LFP(-1) -0.516290 0.530619 -0.972996 0.3471
DCA** -8.680200 3.208847 -2.705084 0.0171
GE(-1) 0.883450 0.461602 1.913880 0.0763
d(AGDP(-1)) 0.506451 0.1'13807 4.450104 0.0005
d(POPG_POS) -115.8838 36.15206 -3.205455 0.0064
d(POPG POS(-1)) 79.52912 19.42729 4.093680 0.0011
d(POPG_POS(-2)) 28.38274 10.51019 2.700494 0.0172
d(POPG NEG) 7685431 23.37879 3.287482 0.0054
d(POPG_NEG(-1)) 4556472 19.03736 2.393437 0.0313
d(POPG NEG(-2)) £N).28262 18.06292 -0.569267 0.5782
d(POPG _NEG(-3)) 44.47844 13.50859 3.292605 0.0053
d(LFP) 0.299307 0.527518 0.567388 0.5794
d(LFP(-1)) -0.280916 0.592835 -0.473852 0.6429
d(LFP(-2)) -0.856383 0.623700 -1.373069 0.1913
d(LFP(-3)) -0.905706 0.620756 -1.459037 0.1666
d(GE) 0.306104 0.191304 1.600094 0.1319
d(GE®&L)) -0.598477 0.248389 -2.409432 0.0303
A(GE(2)) -0.685790 0.156161 -4.391557 0.0006

* p-value ihicompatible with t-Bounds distribution.

** Yariable interpreted as Z = Z(-1) + D(Z).
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Levels Equation
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.
POPG POS -18.22941 9.054819 -2.013228 0.0637
POPG NEG -9.897564 6.259298 -1.581258 0.1361
LFP -0.473185 0.482202 -0.981301 0.3431
DCA -7.955490 2.677605 -2.971121 0.0101
GE 0.809691 0.403344 2.007446 0.0644
C 51.97615 31.95225 1.626682 0.1261

EC = AGDP - (-18.2294*POPG POS -9.8976*POPG NEG -0.4732*LFP

-7.9555*DCA + 0.8097*GE + 51.9761 )

F-Bounds Test

Null Hypothesis:"\No levels relationship

Test Statistic Value Signif. 1(0) I(1)
Asymptotic:
n=1000
F-statistic 12.01150 10% 2.08 3
K 5 5% 2.39 3.38
2.5% 2.7 3.73
1% 3.06 4.15
Finite Sample:
Actual Sample Size 36 n=40
10% 2.306 3.353
5% 2.734 3.92
1% 3.657 5.256
Finite Sample:
n=35
10% 2.331 3.417
5% 2.804 4.013
1% 3.9 5.419
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NARDL ShortRun ECM

ARDL Error Correction Regression

Dependent Variable: D(AGDP)

Selected Model: ARDL(2, 3, 4, 4, 0, 3)
Case 2: Restricted Constant and No Trend

Date: 06/12/23
Sample: 1981 2021

Included observations: 36

Time: 23:33

ECM Regression
Case 2: Restricted Constant and No Trend
Variable Coefficient Std. Error t-Statistic Prob.
d(AGDP(-1)) 0.506451 0.087373 5.796400 0.0000
d(POPG_POS) -115.8838 18.07491 “6:411308 0.0000
d(POPG_POS(-1)) 79.52912 13.65879 5.822560 0.0000
d(POPG_POS(-2)) 28.38271 7.535387 3766589 0.0021
d(POPG_NEQG) 76.85737 13.31264 5.773261 0.0000
d(POPG_NEG(-1)) 45.56472 14.81785 3.074988 0.0082
d(POPG_NEG(-2)) -10.28262 11.52250 -0.892395 0.3873
d(POPG_NEG(-3)) 44.47844 8920784 4.985935 0.0002
d(LFP) 0.299307 0858758 0.834288 0.4181
d(LFP(-1)) -0.280916 0.434268 -0.646871 0.5282
d(LFP(-2)) -0.856383 0.506494 -1.690806 0.1130
d(LFP(-3)) -0.905706 0.428630 -2.113027 0.0530
d(GE) 0.306104 0.114755 2.667454 0.0184
d(GE(-1)) -00898477 0.136489 -4.384797 0.0006
d(GE(-2)) 20685790 0.109446 -6.266003 0.0000
CointEq(-1)* -1.091096 0.099555 -10.95970 0.0000
R-squared 0.900345 Mean dependent var 0.142484
Adjusted R-squared 0.825604 S.D. dependent var 2.946575
S.E. of regression 1.230511 Akaike info criterion 3.553838
Sum squared resid 30.28312 Schwarz criterion 4.257624
Log likelihood -47.96908 Hannan-Quinn criter. 3.799478

Durbin-Watson stat 3.121653

* p-value thcompatible with t-Bounds distribution.

F-Bounds Test

Null Hypothesis: No levels relationship

Test Statistic Value Signif. 1(0) I(1)
F-statistic 12.01150 10% 2.08 3
K 5 5% 2.39 3.38
2.5% 2.7 3.73

1% 3.06 4.15
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NARDL ShortRun ECM

ARDL Error Correction Regression

Dependent Variable: d(AGDP)

Selected Model: ARDL(2, 3, 4, 4, 0, 3)
Case 2: Restricted Constant and No Trend

Date: 06/12/23
Sample: 1981 2021

Included observations: 36

Time: 23:33

ECM Regression
Case 2: Restricted Constant and No Trend
Variable Coefficient Std. Error t-Statistic Prob.
d(AGDP(-1)) 0.506451 0.087373 5.796400 0.0000
d(POPG_POS) -115.8838 18.07491 “6:411308 0.0000
d(POPG_POS(-1)) 79.52912 13.65879 5.822560 0.0000
d(POPG_POS(-2)) 28.38271 7.535387 3766589 0.0021
d(POPG_NEQG) 76.85737 13.31264 5.773261 0.0000
d(POPG_NEG(-1)) 45.56472 14.81785 3.074988 0.0082
d(POPG_NEG(-2)) -10.28262 11.52250 -0.892395 0.3873
d(POPG_NEG(-3)) 44.47844 8920784 4.985935 0.0002
d(LFP) 0.299307 0858758 0.834288 0.4181
d(LFP(-1)) -0.280916 0.434268 -0.646871 0.5282
d(LFP(-2)) -0.856383 0.506494 -1.690806 0.1130
d(LFP(-3)) -0.905706 0.428630 -2.113027 0.0530
d(GE) 0.306104 0.114755 2.667454 0.0184
d(GE(-1)) -00898477 0.136489 -4.384797 0.0006
d(GE(-2)) 20685790 0.109446 -6.266003 0.0000
CointEq(-1)* -1.091096 0.099555 -10.95970 0.0000
R-squared 0.900345 Mean dependent var 0.142484
Adjusted R-squared 0.825604 S.D. dependent var 2.946575
S.E. of regression 1.230511 Akaike info criterion 3.553838
Sum squared resid 30.28312 Schwarz criterion 4.257624
Log likelihood -47.96908 Hannan-Quinn criter. 3.799478

Durbin-Watson stat 3.121653

* p-value thcompatible with t-Bounds distribution.

F-Bounds Test

Null Hypothesis: No levels relationship

Test Statistic Value Signif. 1(0) I(1)
F-statistic 12.01150 10% 2.08 3
K 5 5% 2.39 3.38
2.5% 2.7 3.73

1% 3.06 4.15
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1.6

1.2 ] P

0.0 e

0.4

B i

Series: Residuals
Sample 1986 2021
Observations 36

Mean -2.37e-14
Median 0.054133
Maximum 1.796280
Minimum -2.060610
Std. Dev. 0.930179
Skewness 0.106870
Kurtosis 2.688177

Jarque-Bera  0.214378
Probability 0.898356

20 15 AQ0=N05° 00 05 10 15 20
Hetexoskedasticity Test

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 1.779176  Prob. F(21,14) 0.1352
Obs*R-squared 26.18743 Prob. Chi-Square(21) 0.1994
Scaled explained SS  3.342966 Prob. Chi-Square(21) 1.0000
AutoCorrelation Test

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 5.758120 Prob. F(4,10) 0.0624
Obs*R-squared 25.10164 Prob. Chi-Square(4) 0.0000
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Appendix IV
Objective Three: Result of the Assessment of the Response of Food Production to
Shocks in Population Growth in Nigeria

IRF Result

Response to Cholesky One S.D. (d.f. adjusted) Innov ations + 2 S.E.

Response of AGDP to AGDP Response of AGDP to POPG Response of AGDP to LFP

Response of AGDP to DCA Response of AGDP to GE Response GDP to INF

Varian%@'nposition Result

Perio ‘E. AGDP POPG LFP DCA GE INF EXR

2.755387 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
3.599077 93.71034 0.043727 2.908378 0.291084 0.021668 0.003350 3.021449

3 3.826492 85.82263 0.040039 8.421079 0.415547 1.361658 0.150839 3.788210
4 3.965890 80.04763 0.066146 12.75399 0.390853 2.951290 0.218291 3.571807
5 4.045734 76.92877 0.309008 14.72347 0.377992 3.477035 0.291512 3.892210
6 4.096107 75.78785 0.623678 15.16778 0.371421 3.662262 0.498918 3.888099
7 4.138755 75.50915 0.718035 15.05755 0.406333 3.723374 0.700229 3.885324
8 4.160175 75.14975 0.717798 14.95040 0.539395 3.735099 0.746720 4.160835
9 4.171444 74.74952 0.714201 14.88038 0.748157 3.731337 0.742721 4.433682
10 4.187148 74.55611 0.708876 14.76917 0.946317 3.715374 0.746638 4.557511

Cholesky Ordering: AGDP POPG LFP DCA GE INF
EXR
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