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Abstract: Currently, food security is becoming a fundamental problem in the global macroeconomic 
dynamics for policymakers and governments in developing countries. Globally, food security offers 
challenges both from achieving Sustainable Development Goals (SDGs) targets and the welfare per-
spective of many poor households. As a result, this study is guided by Neo Malthusian and Access 
theories to investigate Food Security Sustainability: a Synthesis of the Current Concepts and Empir-
ical Approaches for Meeting SDGs in Nigeria using ARDL and ECM techniques. The ARDL re-
vealed that agricultural value-added and GDP positively affect food security for commercial agrar-
ian investments in Nigeria. However, internal displacement, population growth, food inflation, and 
exchange rate volatility negatively affect sustainable food security in Nigeria. The model’s coeffi-
cient of ECMt−1 also shows negative (−0.0130 approximately) and statistically significant (0.0000) at 
1%. Thus, the speed of adjustment requires 1.3% annually for the long-run equilibrium convergence 
to be restored. The study concludes that the SDGs targets for poverty and hunger reduction, mainly 
for food security sustainability alongside small producers by the year 2030, can be rarely achieved 
because the convergence to equilibrium is more than nine years. An active value-addition strategy 
for sustainable food security and the provision of humanitarian interventions are recommended. 
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1. Introduction 
Global access to food and, in particular, developing countries like Nigeria has be-

come an alarming concern since the emergence of the noble coronavirus pandemic (i.e., 
COVID-19). This is because of a great shortage of food supply chains and a significant loss 
of jobs. Low employment as a nexus to a decrease in income can influence the health and 
wellbeing of society, and this is a considerable targeting criterion. In addition, the eco-
nomic, social, and environmental sustainability of food value chains (FCVs) is an increas-
ingly alarming challenge globally [1]. Thus, the food security pillars are categorized ac-
cording to four key dimensions: availability, access, utilization, and stability [2]. For in-
stance, Nicholson et al. [3] discussed the common indicators of the food security pillars 
and their use in agricultural systems models. 

Food security is described as the “availability at all times of adequate world food 
supplies of basic foodstuffs to sustain a steady expansion of food consumption,” which 
first appeared at the 1974 World Food Summit [4], but it has since evolved. In 1996, the 
Food and Agriculture Organization (FAO) declaration on world food security during the 
world food summit in Rome further defined it as “a state when all people, at all times, 
have physical and economic access to sufficient, safe and nutritious food that meets their 
dietary needs and food preferences for an active and healthy life”. Moreover, the FAO 
defines sustainable food systems “as the set of farms and enterprises and their successive 
coordinated value-adding activities that produce particular agricultural raw materials 
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and process them into particular food products that are sold to final consumers and dis-
posed of after use, in a way that is profitable across the board, has broad benefits for soci-
ety and does not deplete natural resources permanently [5]”. The FAO reported the global 
State of Food Insecurity, including the social access to food, and not just physical and 
economic access, in its definition of food security. Social access to food describes one’s 
ability to obtain nourishment in socially acceptable ways, such as going to a supermarket 
to buy groceries rather than stealing food, scavenging for it, or relying on emergency food 
supplies for nourishment [6,7]. 

According to the United States Department of Agriculture (USDA), food insecurity 
exists on a spectrum, with households experiencing high, marginal, low, and extremely 
low food security [4]. Food security and hunger may not always intersect, but they are 
related; if people are food insecure for months at a time, they may very well experience a 
substantial drop in food intake that leads to hunger. In general, agricultural system model 
analyses more commonly employ availability indicators but would provide improved 
guidance for research and programmatic efforts with a focus on indicators of food access 
[8]. People in food-insecure households have common features. The USDA found that 98% 
of people in these households expressed their concerns that food ran out even before they 
could afford to obtain more for further consumption and about 96%, [9] reported lacking 
money for balanced meals, and 47% [10] reported weight loss because they couldn’t afford 
food. Food insecurity differs from hunger, the physiological process that occurs when an 
individual cannot afford to eat an adequate amount of food that would cater to their basic 
nutritional need for a prolonged period. Nigeria is no exception, with a population of over 
190 million, and the economy’s Gross Domestic Product (GDP) is projected to be $500 
billion, with an annual growth rate of around 3%. The revenue from crude oil and gas 
accounts for about 80% of the country’s total earnings federal ministry of agriculture and 
rural development (FMARD, 2018) cited in [11]. Despite the monocultural characteristics 
of the oil sector in Nigeria, the agricultural sector dominates the major source of livelihood 
for most people in Nigeria, with about 70% of the population engaged in agriculture at a 
subsistence level, and it recently contributed 22.35% of the total GDP between January 
and March 2021 [12].  

Although facilities (i.e., Anchor Borrowers’ Programme (ABP) and training program) 
have been provided through the Central Bank of Nigeria (CBN), the agricultural produc-
tivity has been very low due to high postharvest losses and waste with an average of 1.2 
metric tons of cereals/ha. In addition, an old-fashioned land tenure system that limits land 
accessibility with about 1.8 ha/farming household, a very low level of irrigation develop-
ment with less than 1% of cropped land under irrigation, inadequate use and implemen-
tation of technologies, research, and development findings, respectively. Overall, the in-
adequate access to finance, fertilizer, storage facilities, violent conflicts, and markets have 
restrained the sector’s full potentials over the years [7,13]. The ABP, for instance, works 
as a partnership between CBN, private sector organizations, and state governments to 
offer farm facilities including input materials in cash and in-kind directed to farmers at 
the small-scale level to improve the agricultural productivities given the growing demand 
and under production challenges in the economy. The ABP is designed to oblige the farm-
ers to deliver their farm produce at the harvest to the anchor, equivalent to the amount 
the anchor paid in their accounts.  

The ABP program report argues that a collective sum of more than $150 million was 
distributed to over 250,000 smallholder farmers who cultivated approximately 300,000 ha 
of farmland for cassava, soybeans, maize, wheat, cotton, and rice. As this is a continuing 
program of agricultural activity, agricultural inputs demands are expected to grow rap-
idly [14]. Due to the uncertain nature of the agricultural harvest and commodities, the 
welfare and livelihood of the citizens who largely rely on them is also an alarming con-
cern. As a result, the citizens’ financial stability becomes a primary concern if social con-
flict, terrorism, and theft are to be evaded [15]. According to the USDA. Economic Re-
search Service, Nigeria has a population of 19.9 million people who are food insecure, 
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which is greater than the population of seven West African countries altogether [16]. Ac-
cording to the FAO cadre Harmonized Analysis Report, 2018, over 1.7 million people are 
now food insecure. Furthermore, about 2.7 million people in Adamawa, Borno, and Yobe 
in the northeastern region are expected to suffer extreme food insecurity [10]. Worthy of 
note is that the agricultural commodity markets volatility and persistence can determine 
the macroeconomic policy effect, particularly those aimed at stabilizing the Nigerian econ-
omy. Ignoring the market’s return and volatility transmission leads to a failure to consider 
the effect of the stated policy [17]. However, the impact of value-added agricultural pro-
duction, internally displaced persons (IDP’s), per capita GDP, exchange rate policy/fluc-
tuation, population growth, food inflation on sustainable food security for the Sustainable 
Development Goals (SDGs) for poverty and hunger reduction, particularly when in-
tended for food security sustainability alongside small producers by the year 2030 have 
not been investigated in the literature related to Nigeria to the best of researcher’s 
knowledge, although most Nigerian communities depend on agricultural-related produc-
tions. This study seeks to fill this gap in the literature. Second, this study provides hints 
for spillover effects of conflicts in zones that are not actively in conflict areas to help in 
planning and executing operative humanitarian, rehabilitation, and resettlement pro-
grams. Another contribution for this study stem from a theoretical framework in which 
the Neo Malthusian and Access theories guide the investigation. Accordingly, the Neo 
Malthusian theory believed that population growth has the ability to increase more than 
the global society’s ability to produce food to meet its consumption need. While the theory 
of Access offers distinction between right to have access to resources and ability to benefit 
from the accessed resources. This contribution is seldom considered in the previous stud-
ies and this study seeks to fill this gap as well. Finally, the study enables the research and 
analysis of food security and conflict status in a Nigerian context to be known and pre-
dicted and the relevant authorities and institutions to regulate and design productive ap-
proaches affecting food security capacity.  

We organized the rest of this study according to 6 sections. Section 1 offers a general 
overview and the distribution of food insecurity in global and Nigeria, respectively. The 
literature review is uniquely categorized and discussed in Section 2. The categorization of 
the literature has not been investigated by the previous studies in Nigeria because we 
discussed it based on the sustainability pillars: economic, politics and society, environ-
ment, natural resources, and food production. Understanding these pillars will help us to 
meet our current food consumption needs without compromising the abilities of future 
generations to meet their food necessities. Materials and methods are discussed in Section 
3, and Section 4 presents the empirical results of the study. Finally, Section 5 examines the 
discussion. Section 6 provides the conclusion, policy recommendations, limitations, and 
areas for further research. 

Distribution of Food Insecurity in Nigeria 
The survival of the citizens largely depends on agricultural sources of income, but 

social unrest, terrorism, and economic fluctuations have challenged food security sustain-
ability in the country [18]. Figure 1 shows the prevalence of severe food insecurity in Ni-
geria between 2014 and 2019, which increased with population growth. As it can be seen 
from Figure 1, demand for food increased by 0.9% throughout the 2014–2019 period. Fig-
ure 2, presents the Food Insecurity Experience Scale’s (FIES) regional prevalence of food 
insecurity in Nigeria, with Borno excluded in the estimate of the study. It demonstrates 
that food insecurity is more prevalent in southern Nigeria. Figure 3 presents the Famine 
Early Warning System Network’s (FEWS NET) current food security outcome, which 
countered the FIES analysis. The FEWS outlook demonstrates that outside of the north, in 
much of the rest of the country, the agricultural season is progressing favorably with av-
erage and above-average harvests. Therefore, households in these areas will have access 
to food and income and will remain in minimal acute food insecurity. Inside the north and 
areas affected by crisis and conflicts between farmers and pastoralists among other unrest 
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are facing greater difficulty in accessing food and income and will be stressed, famine or 
require emergencies, Figure 4 illustrates that the incidence of moderate and severe food 
insecurity as per the FIES analysis rose in 2020. 

 
Figure 1. Prevalence of severe food insecurity in Nigeria: Source: FAO and https://businessday.ng. 
(accessed on 20 June 2021).  

 
Figure 2. FIES regional prevalence of food insecurity in Nigeria with Borno excluded in the estimate 
(Source: https://blogs.worldbank.org/opendata/how-should-we-measure-food-security-during-cri-
ses-case-nigeria) (accessed on 22 June 2021). 
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Figure 3. Food security outcomes across Nigeria as of June 2018 (Source: https://fews.net/west-af-
rica/nigeria/food-security-outlook/june-2018) (accessed on 23 June 2021). 

 
Figure 4. Incidence of moderate and severe food insecurity as per the FIES analysis in 2020. General 
Households Survey (GHS): National Longitudinal Phone Survey (NLPS). (Source: 
https://blogs.worldbank.org) (accessed on 22 June 2021). 

As shown in Figure 1, the prevalence of acute food insecurity in Nigeria between 
2014 and 2019 has increased with a share of population growth. For instance, there is a 
strong relation between severe demand for food and a percentage of population by 0.9% 
throughout the 2014–2019 period. The implications for future trends of population growth 
could offer Nigeria a huge demographic benefit in food production and significant growth 
in national markets. However, ignoring these opportunities will be challenging the food 
sustainability target in Nigeria. 

As shown in Figure 2, FIES illustrates that the regional comparison of the prevalence 
of elements of food insecurity in Nigeria between the north and the south is contained in 
all of the FIES’ 8 constituent questions. On a regional scale level, food insecurity is more 
prevalent in southern Nigeria for all of the 8 FIES questions. For instance, 84% are worried 
about food availability, 83% suffer health issues due to insufficient food, 83% have few 
foods, 71% skipped meals, 75% became ateless, 60% ranout of food, 58% are hungry when 
asked, and 8% witnessed the wholeday without food in the south East. South-South and 
Southwest have been relatively more food secured than the South East. On the one hand, 
the North West region is more food secure than the rest of the regions in Nigeria, 
according to FIES analysis.  

As shown in Figure 3, Phase 1 shows that most households outside of the northeast 
have access to food and income as a result of average and above-average agricultural har-
vests, and they are experiencing only minimal acute food insecurity. Phase 2: Areas most 
affected by farmer-pastoralist conflict will face more significant challenges in obtaining 
basic requirements and will be stressed. Food emergency is required in most areas of 
Borno, northern Adamawa, and eastern Yobe in Phases 3 and 4, due to the prevailing crisis 
and inability to get humanitarian assistance. 

As shown in Figure 4, The incidence of moderate and severe food insecurity as per 
the FIES analysis in 2020 had risen from 38% to 78% and 69% while moderate food inse-
curity from 7% to 31% and 32% between January 2019 and August 2020.  
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2. Literature Review 
This section presents the empirical works done by various experts on related topics, 

and it is categorized based on the sustainability pillars: economic, politics, and society; 
environment, natural resources, and food production. Understanding these pillars will 
help us to meet our current food consumption without compromising the abilities of fu-
ture generations to meet their food necessities. Furthermore, we examine two of the most 
recent theories related to sustainable food security: Neo Malthusian and access theory. 
These theories offer a basis for investigating food security for poverty and hunger reduc-
tion, particularly when intended for food security sustainability alongside small producer 
farmers by the year 2030. Concentrating on population growth dynamics and other dy-
namic challenges to food security sustainability such as food prices, violent conflict among 
other challenges, these perspective look at the society’s effort to maintain a sustainable 
society.  

2.1. Economic Perspectives of Food Security 
The COVID-19 pandemic is bound to result in one of the most devastating economic 

recessions in decades the world over. The fact is that the world economy is potentially 
needing additional years to return to pre-COVID-19 stages [19]. Over the last three dec-
ades, most economies have implemented significant trade policy reforms to reduce tariff 
and non-tariff barriers, which have contributed to global trade growth [20]. The justifica-
tions for the trade reforms include increasing efficiency in output growth and resource 
allocation, which alleviate poverty and enhance the availability of food that can be con-
sumed locally [21,22]. For instance, in the countries whose local food production is re-
strained by agro, climatic, and other factors, the global market can supply their national 
food demand [23]. The four pillars of FAO (i.e., food availability, access, utilization, and 
stability) offer a complete framework for analyzing food security, particularly the de-
mand-side effect on labor, household production, and trade related to food [24]. As a re-
sult, openness to trade permits and opens access to developed markets, technological 
transfers, specializations, knowledge spillovers, export revenue generation, and econo-
mies of scale [25]. Therefore, an extensive number of studies limited their scopes on glob-
alization, trade liberalization, and particular aspect of development which include pov-
erty and growth dimensions resulting in inconclusive findings [9]. Although poverty is a 
considerable element of societal wellbeing, the aspect of food security-insecurity is highly 
associated with the basic needs of society, and it has captivated the interest of researchers 
in the most recent decades, the world over [26]. Food security and insecurity along with 
poverty remain pressing concerns globally, not just because of their distressing prevalence 
but because they are dynamic and stochastic. Many of the world’s poorest communities 
are also those most threatened by poverty, climate, conflict, disease, and other shocks [27]. 
Improvement in trade openness is associated with improved national food availability 
and, consequently, food security. However, both in terms of policy and research perspec-
tives, poverty receives more attention than sustainable food security the world over 
[28,29]. 

2.2. Political and Societal Conflict Perspectives  
Food security sustainability does not only suffer economic challenges but also social 

problems related to political and societal issues. For instance, the most detrimental shock 
to the land under cultivation in most developing economies is the prevalence of armed 
conflict [30]. The fact is that conflicts compel significant changes in the utilization of land 
in various ways, such as abandoning the agricultural land due to internal displacement 
[31]. The underutilization of land, loss of labor, and other inputs reduce investments into 
irrigation infrastructure because of doubts about the potential loss of capital in the con-
flict-affected regions [30,32]. Despite laws enacted by the government to conserve forests, 
forest conservation is further forfeited because of occupation by non-state actors [33,34]. 
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The Northeastern states in Nigeria have been dealing with the unprecedented challenges 
of IDPs who deplete the states’ budgets, infrastructure, and resources since their predom-
inance in 2009 [21,35]. For instance, a vast area of land has been under- cultivated and 
harvested due to violent attacks and related doubts in the Northeastern region in Nigeria 
[35]. Another claimed factor is the high cost of essential commodities [36], given that 70% 
of the IDPs depend on farming as the primary means of livelihood [10]. For instance, 
19,000 rice farmers near the Sahel dumped their fertile rice fields unharvested in 2009 for 
fear of violent attacks [36]. 

The effect of abandonment is intensified in the whole northern region because both 
the food selling and transporting population are displaced [18]. The crisis in Nigeria high-
lights the need for engagement because northern Nigeria is the primary source of food 
production in Nigeria.  

As shown in Figure 5, a close comparison of how food insecurity and civil insecurity 
are related. The violence that emerged and confined to a small area has suddenly grown 
into one of the most horrible and trending humanitarian crises. For a long time, the food 
and nutrition crises in the country’s northeast were mostly overlooked by the south, and 
Boko haram was considered a northern Nigerian problem. However, the entire country 
became mindful of the Boko haram when the vulnerability of suicide attacks struck sig-
nificant cities, including the country’s capital, Abuja. It is indeed a threat that neither Af-
rica nor the rest of the world can accept. 

 
Figure 5. Relationship between Civil Insecurity and Food Insecurity (source: 
https://www.oecd.org/development/) (accessed on 23 June 2021) 

As shown in Figure 6, which is adapted from a business day, assessment data from 
the Institute for Economics and Peace’s (IEP) 2021 Economic Value of Peace report. The 
economic impact of violence in Nigeria has cost the country billions of dollars. For in-
stance, Figure 6, illustrates that restraining violence is costly, costing Nigeria $1.34 trillion 
in 13 years (i.e., 2007–2019). 
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Figure 6. The economic impact of violence in Nigeria in billions of dollars ($, billion) (Source: Insti-
tute for economics and peace (IEP) and https://businessday.ng) (accessed on 18 June 2021) 

2.3. Environment, Natural Resources, and Food Production 
Poor soil fertility is a major issue limiting agricultural output in Sub-Saharan Africa 

from an agronomic perspective [26,37]. Agricultural production is nutrient-limited, even 
in the dry savannas of the Sahel [23]. Mineral fertilizers are required because of the signif-
icant limitations of nutrients in African farming systems [26,38]. Similarly, it is well 
acknowledged that merely utilizing mineral fertilizers to manage soils while ignoring the 
need to maintain soil organic matter cannot support agricultural output. This has given 
rise to the integrated soil fertility management (ISFM) paradigm, which acknowledges the 
need for effective nutrient recycling and the use of crop wastes and organic manures, as 
well as the use of mineral fertilizers [25]. The ISFM also believes that excellent crop types 
and agronomic management are critical for enhanced production and effective use of nu-
trients. Intercropping and rotations with grain legumes are important parts of ISFM be-
cause their symbiotic relationship with rhizobia allows them to absorb atmospheric nitro-
gen [10,25]. Legumes also provide the ability to diversify cropping systems as well as in-
tensify them, providing additional advantages in terms of human nutrition, pest and dis-
ease control, and increasing the yields of other crops in the cycle [39].  

In Africa, smallholding farmers dominate the production process of commodities in 
Sub-Saharan Africa [40]. The various farming systems are associated with the cultural 
identities, soils, and climatic nature of these farmers in addition to high population den-
sity, inadequate capital, and continuous pressure on land give rise to small farms [35,41]. 
By investigating 17 Sub-Saharan Africa economies across 93 locations in 13,000 house-
holds, it was found that an outrageous 37% of the households were food insecure and 
even if all their incomes are transformed into calories, they cannot achieve food security 
[42].  

As shown in Figure 7. The recent challenges facing food sustainability in Nigeria, 
particularly with the growing population and under-production challenges without stra-
tegic food reserve in terms of emergencies, are exposed. This has triggered the smuggling 
of food items in considerable quantities to meet the growing demands of the increasing 
population. 
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Figure 7. Statistics of underproduction challenges facing food sustainability in Nigeria (source; 
https://businessday.ng) (accessed on 20 June 2021) 

2.4. Neo Malthusian Theory and Theory of Access Connection to Food Security  
Currently, population growth and productivity are long term challenges associated 

with food scarcity the world over. Therefore, employing Neo Malthusian and Access the-
ories and their perspectives is a significant contribution to build further synthesis on 
global food security challenges particularly the case of Nigeria where population growth, 
violent conflict food prices among other challenges have become threat to food security 
sustainability. Thus, food security sustainability can be achieved ultimately through a sus-
tainable society that meet their current food consumption without compromising the abil-
ities of their future generations to meet their food necessities.  

The Neo Malthusian theory [43,44] extended the classical hypothesis developed by 
[45] that population growth will grow more than the agricultural production. Therefore, 
the society is going to fail in its ability to address hunger challenges. In this case, Neo 
Malthusian have a pessimistic perspective on agricultural production because they assert 
that the society cannot meet its ability to produce subsistence for its inhabitants. Although, 
some societal shifts are put in place (i.e., in existence), for example, the fertility statistics 
in most developed economies have significantly reduced to a barest minimum level with 
the Green Revolution having a significant impact above expectation [46]. Similarly, [47] 
assert that increase in food supply is associated with population growth. Although, the 
developed economies have strongly addressed their fertility issues and [48] assertions 
have robust biological basis, these remedies are yet to be realized in continent like Africa, 
particularly Nigeria where population size has continued to increase despite declining 
food production in the country as projected by Neo Malthusian theory. Currently, Nigeria 
is among the first 20 economies with the highest population growth rate [49]. Thus, the 
most pressing challenge to food sustainability is shortage in food availability, worsened 
by challenges of access and utilization of food items intensified by the increasing scarcity. 
Food availability is significant for conserving resources to maintain sustainable methods 
of food production and economic development [50].  

The theory of Access hypothesizes that “access” must be understood beyond the clas-
sical concept of “the right to benefit from things” but to the notion of “the ability to derive 
benefits from things. The theory stresses the fact that individuals may have the right to 
access certain resources. However, they may not certainly have the ability to benefit pro-
ductively from the use of such resources because of inadequate knowledge, capital, mar-
ket connections, technology, identity, access to authority, access to labour and social rela-
tions [51]. 

However, we incorporate this theory due to its inclusive basis for investigating the 
significance of access in addressing household food security issues through right to access 
private property (i.e., bundle of rights) and bundle of powers to access resources. The 
bundles of right covers all forms of formal and informal rules or norms. However, bundle 
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of power intercedes in analogous to right-based access mechanism to figure how re-
sources users gain control and eventually claim benefits [52]. For example, accessing land 
and water for irrigation are the most significant resource in agricultural production. 
Therefore, having access to production can improve productivity and sustainable liveli-
hoods of smallholder farmers which can inevitably help to achieve food security sustain-
ability [53]. However, inadequate access to productive resources can certainly expose the 
smallholder farmers to food insecurity and become vulnerable to unsustainable liveli-
hoods [54].  

Previous studies have failed to incorporate the full prospect of Neo Malthusian and 
Access theories complementary application since resourceful smallholder farmers that 
have access to production can positively induce increase in productivity, sustainable live-
lihood of the smallholder farmers and food security sustainability.  

Although these two theories are not identical, but are more connected than studies 
have acknowledged thus far. However, the method we employed in this investigation are 
able to capture the changes that are essential to the sequential procedures of analysis. Un-
covering the trends from a point of global attention to a new and specific point of attention 
can definitely offers an idea of how food security has been affected by population growth, 
food prices value addition, GDP per capital, internal displacement and currency fluctua-
tions in Nigeria. Therefore, problems associated with food security distribution should be 
addressed with immediate effect. Based on the foregoing theories, this study seeks to test 
the following hypothesis; 

H1: Increase in value addition, GDP per capital, population growth, food prices, internal 
displacement and currency depreciation have significant impact on food availability, ac-
cess, utilization and stability.  

3. Materials and Methods 
In this study, we investigate Food Security Sustainability: a Synthesis of the current 

Concepts and Empirical Approaches for Meeting SDGs in Nigeria using an Autoregres-
sive Distributive Lag (ARDL) model. The ARDL is utilize along with ECM technique to 
assess both the long run and short-run relationship obtainable between variables and to 
appraise and compare the FIES and FEWS analysis with the empirical results obtained in 
this study to offer a standpoint from the current point of attention to a new point of atten-
tion on the issues related to food security sustainability and food insecurity challenges in 
Nigeria. The ARDL technique is applied within the framework of various series regardless 
of the order of integration and could also generate a variety of optimal lags besides mul-
tiple variables provided that none of the variables is integrated of order I(2) [55]. The 
method has major advantages over other techniques such as least-squares methods, coin-
tegration technique, VECM technique, and VAR technique. For instance, with the same 
technique, one can estimate both short and long-run parameters with a self-defined lag 
length structure. In addition, the problem of endogeneity is solved through the ARDL 
technique [56]. Meeting the requirements for estimating the ARDL technique along with 
EC, The ARDL technique is implemented due to variables’ stationarity order of I(0) and 
I(1). Therefore, Figure 8 below, presents the map of Nigeria as the study area.  
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Figure 8. Map of Nigeria as the area of a study showing 36 states, including the federal capital. 
(Source: https://images.app.goo.gl/ejp7ReDPuMbvoQ2z6) (accessed on 8 May 2021). 

As shown in Figure 8. The map of Nigeria shows the 36 states including the federal 
capital territory Abuja (i.e., FCT). Therefore, the legend shows the six geopolitical zones 
namely; South-east region, South-south region, South-west region, North-central region, 
North-east region and North-west region. Thus, the decision to choose Nigeria as a case 
study is well justified due to the dimensions of extreme poverty, increase in population 
growth and the volume of IDPs compared with the rest of the world following United 
Nations (UN) and Statista country growth classification.  

3.1. Model Specification and Data Description 
The study employed annual time series data covering 1981 to 2019 obtained from the 

World Development Indicators Database, and the long run econometric model of this 
study is specified as below: 𝐿𝐹𝑃𝐼 ൌ 𝛼 ൅ 𝛽ଵ𝐿𝐴𝐹𝑉𝐴௜௧ ൅ 𝛽ଶ𝐿𝐼𝐷𝑃௜௧ ൅ 𝛽ଷ𝐿𝐺𝐷𝑃𝑝𝑐௜௧ ൅  𝛽ସ𝐿𝑃𝑂𝑃𝑡𝑙௜௧ ൅ 𝛽ହ𝐿𝑅𝐸𝐸𝑅௜௧ ൅ 𝛽଺𝐿𝐼𝑁𝐹𝑐𝑝௜௧  ൅  Ɛ௜௧ (1)

where LFPI is the food production index (2004–2006 = 100) which includes nutritional ed-
ible food crops as a proxy for sustainable food security in Nigeria. LAFVA is the agricul-
tural value-added including hunting, fishing, and forestry that correspond to Interna-
tional Standard Industrial Classification (ISIC) from divisions 1–5 and measured as a per-
centage of GDP LIDP is the internally displaced persons associated with violence, disaster, 
and other ethnic and religious conflicts measured based on the number of cases in Nigeria 
over time. LGDPpc is G.D.P. per capita. GDP is divided by the midyear population meas-
ured in constant local currency units. POPtl is the population total regardless of citizen-
ship or legal status measured as a midyear estimate. REER is the real effective exchange 
rate index (2010 = 100) measured by the national currency value against several weighted 
average foreign currencies. We included the exchange rate due to its importance in influ-
encing economic activities in Nigeria. Nigeria is arguably a net importer of food items. 
Therefore, the exchange rate is expected to affect economic activities, particularly when 
food prices are unfavorable. INFcp is the inflation rate based on consumer prices meas-
ured based on annual percentage. The i and t subscripts represent economy-specific and 
t time horizons, respectively. To directly interpret elasticities, minimize the effects of serial 
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correlation, heteroscedasticity amongst other spurious regression issues in the data, all 
the variables have been logged linearized. Accordingly, the α represents the intercept pa-
rameter while 𝛽ଵ,  𝛽ଶ, 𝛽ଷ, 𝛽ସ,𝛽ହ, and 𝛽଺ will provide us the long-run elasticities of LFPI 
with respect to LAFVA, LIDP, LGDPpc, LPOPtl, LREER, and LINFcp, respectively. The Ɛt 
is the error term and should exhibit normal, identical, and independent distribution 
around zero mean and constant variance (i.e., NIID ~(0,1)). Figure 9, presents the time 
series plot of the total macroeconomic indicators of food security sustainability. 

 
Figure 9. shows a time series plot of the total macroeconomic indicators as drivers of food security sustainability from 
1981 to 2019 (Source: authors’ computation based on research data). 

The Agricultural season and Rainfall performance in both the northern and southern 
parts of Nigeria are represented in Figure 10. 
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Figure 10. Agricultural season and Rainfall performance in northern and southern Nigeria (Source: 
https://fews.net/west-africa/nigeria) (accessed on 23 June 2021). 

As shown in Figure 10, the current situation and development of the agricultural sea-
son, which have seen near average rainfall over much of the country so far. The rainy 
season starts in March in the south and may in the north as is customary. However, certain 
central and northern areas may have one to three weeks delays at the start of the season. 
However, the ongoing insecurity, particularly in most northern states, is again restricting 
many from accessing land or participates fully in cultivation. The kidnapping in the north-
ern region of Nigeria also continues. Farmers who formally relied on agriculture for a 
living are finding it difficult to return to farming. In the worst affected communities, 
where agricultural constraints are the most severe extreme levels of acute food insecurity 
are likely if displace persons are cut off due to a change in hostilities and emergency aid 
is discontinued. 

3.2. Estimation Techniques 
To carry out this investigation, the study performed a unit root test to determine the 

order and long-run relationship of the variables in the model using Augmented Dicky 
Fuller (ADF), Phillip Perron (PP.) Tests and Johansen Co-integration test, respectively. 
When using non-stationary variables in a typical time series model, there is always the 
risk of producing misleading findings unless the variables share a common trend (i.e., are 
cointegrated) which describes their long-run relationship. This study used a multivariate 
cointegration test to assess whether the variables share one or more cointegrating associ-
ations. Accordingly, the stationarity property has been ascertained at the mixed other of 
1(0) and 1(1). In this study, we employed trace statistics and maximum eigenvalue statis-
tics. λ୲୰ୟୡୣ ൌ  െ𝑇 ෍ 𝑙𝑜𝑔௡

௜ୀ௥ାଵ ቀ1 െ ௜ቁ  𝑟 ൌ 0,1,2 … . , 𝑛 െ 1 (2)
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where: the alternative hypothesis is that the variables of interest have more than r cointe-
grating relations. 

The null hypothesis (i.e., H0) of at most r cointegration relationships specified by 
maximum eigenvalue statistic can be estimated as follows: λ୫ୟ୶ ൌ  𝑇𝑙𝑜𝑔 ቀ1 െ ௜ାଵቁ  𝑟 ൌ 0,1,2 … . , 𝑛 െ 1 (3)

The alternative hypothesis (i.e., H1): there are r+1cointegration relationships among 
the variable of interest. 

Given that, it is possible to have up to r linearly independent cointegration relation-
ships (where r ≤ k − 1) in every system of variables for both trace and maximum eigenvalue 
tests. The asymptotic distribution, like the univariate Dickey-Fuller test for unit roots, is 
non-standard and depends on the deterministic components included (i.e., constant and 
trend). From the unit root test and cointegration results, the necessary condition for esti-
mating the ARDL bound technique is met since the variables are integrated of order I(0) 
and I(1). This means the variables have a long-run relationship and our findings are trust-
able in the long run. The ARDL technique in this study is derived as given below; 

𝐿𝐹𝑃𝐼௧ ൌ 𝛼଴ ൅ ෍ 𝛼ଵ௜୫
୧ୀଵ 𝐿𝐹𝑃𝐼௧ି௜ ൅ ෍ 𝛼ଶଵ௜୬

௜ୀ଴ 𝐿𝐴𝐹𝑉𝐴௧ି௜ ൅ ෍ 𝛼ଷଵ௜୪
௜ୀ଴ 𝐿𝐼𝐷𝑃௧ି௜ ൅ ෍ 𝛼ସଵ௜୪

௜ୀ଴ 𝐿𝐺𝐷𝑃𝑝𝑐௧ି௜ ൅ ෍ 𝛼ହଵ௜୪
௜ୀ଴ 𝐿𝑃𝑂𝑃𝑡𝑙௧ି௜

൅ ෍ 𝛼଺ଵ௜୧
௜ୀ଴ 𝐿𝑅𝐸𝐸𝑅௧ି௜ ൅ ෍ 𝛼଻ଵ௜୪

௜ୀ଴ 𝐿𝐼𝑁𝐹𝑐𝑝௧ି௜ ൅ Ɛ௜௧  (4)

In Equation (4), where the α indicates the coefficient matrixes of the explanatory var-
iables in the study, m, n, l indicates the maximum number of optimal lags length of the 
variables included in the model coefficients. Ɛ௜௧ Indicates the error term. 

Accordingly, we specify Equation (5) to test and confirm the presence of cointegra-
tion among the variables in the study as given below: 

Δ𝐿𝐹𝑃𝐼௧ ൌ 𝛼଴ ൅ ෍ 𝛼ଵ௜୫
୧ୀଵ Δ𝐿𝐹𝑃𝐼௧ି௜ ൅ 0 ෍ 𝛼ଶଵ௜୬

௜ୀ଴ Δ𝐿𝐴𝐹𝑉𝐴௧ି௜ ൅ ෍ 𝛼ଷଵ௜୪
௜ୀ଴ Δ𝐿𝐼𝐷𝑃௧ି௜ ൅ ෍ 𝛼ସଵ௜୪

௜ୀ଴ Δ𝐿𝐺𝐷𝑃𝑝𝑐௧ି௜ ൅ ෍ 𝛼ହଵ௜୪
௜ୀ଴ Δ𝐿𝑃𝑂𝑃𝑡𝑙௧ି௜

൅ ෍ 𝛼଺ଵ௜୧
௜ୀ଴ Δ𝐿𝑅𝐸𝐸𝑅௧ି௜ ൅ ෍ 𝛼଻ଵ௜୪

௜ୀ଴ Δ𝐿𝐼𝑁𝐹𝑐𝑝௧ି௜ ൅ 𝛼଼𝐿𝐹𝑃𝐼௧ି௜ ൅ 𝛼ଽ𝐿𝐴𝐹𝑉𝐴௧ି௜ ൅ 𝛼ଵ଴𝐿𝐼𝐷𝑃௧ି௜൅ 𝛼ଵଵ𝐿𝐺𝐷𝑃𝑝𝑐௧ି௜ ൅ 𝛼ଵଶ𝐿𝑃𝑂𝑃𝑡𝑙௧ି௜ ൅ 𝛼ଵଷ𝐿𝑅𝐸𝐸𝑅௧ି௜ ൅ 𝛼ଵସ𝐿𝐼𝑁𝐹𝑐𝑝௧ି௜ ൅ Ɛଵ௧  
(5)

From Equation (5), the null hypothesis; H଴: 𝛼଼ ൌ, 𝛼ଽ ൌ, 𝛼ଵ଴ ൌ, 𝛼ଵଵ ൌ, 𝛼ଵଶ ൌ, 𝛼ଵଷ ൌ, 𝛼ଵସ ൌ 0 (no cointegration) while the hypothesis Hଵ: 𝛼଼ ്, 𝛼ଽ ്, 𝛼ଵ଴ ്, 𝛼ଵଵ ്, 𝛼ଵଶ ്, 𝛼ଵଷ ്, 𝛼ଵସ ് 0 (cointegration). To determine the influence of the results and by comparing the 
calculated F-statistics value to both the lower bound I(0) and upper bound I(1) critical 
values, [57] recommends that the null hypothesis of no cointegration is rejected if the com-
puted value of the test statistics is larger than the upper bound I(1) critical value. In this 
study, a cointegrating relation exists among the variables of interest.  

To evaluate the outcome from the short-run dynamics, the following error correction 
model is estimated; 

𝐿𝐹𝑃𝐼௧ ൌ 𝛼଴ ൅ ෍ 𝛼ଵ௜୫
୧ୀଵ 𝐿𝐹𝑃𝐼௧ି௜ ൅ ෍ 𝛼ଶଵ௜୬

௜ୀ଴ 𝐿𝐴𝐹𝑉𝐴௧ି௜ ൅ ෍ 𝛼ଷଵ௜୪
௜ୀ଴ 𝐿𝐼𝐷𝑃௧ି௜ ൅ ෍ 𝛼ସଵ௜୪

௜ୀ଴ 𝐿𝐺𝐷𝑃𝑝𝑐௧ି௜ ൅ ෍ 𝛼ହଵ௜୪
௜ୀ଴ 𝐿𝑃𝑂𝑃𝑡𝑙௧ି௜

൅ ෍ 𝛼଺ଵ௜୧
௜ୀ଴ 𝐿𝑅𝐸𝐸𝑅௧ି௜ ൅ ෍ 𝛼଻ଵ௜୪

௜ୀ଴ 𝐿𝐼𝑁𝐹𝑐𝑝௧ି௜ ൅ 𝛼଼𝐸𝐶𝑀௧ିଵ ൅ Ɛଶ௧ 

(6)

where, 𝛼଼, represents the speed of adjustment coefficient and the short-run correction to 
equilibrium. The coefficient should be negative and statistically significant so that the sys-
tem can converge to equilibrium in the subsequent period.  
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4. Results 
Given the dimension of the sample data in this study, the lag order was limited to a 

maximum of 2 lag using Schwarz-Bayes Criterion (SBC). The study scrutinized the struc-
tural breaks utilizing the cumulative sum of squares to ascertain the stability of the pa-
rameters in the estimated model which is exhibited in Figure 11 which follows Adedoyin 
et al., [58]. Hence, we identified the ARDL technique (1, 0,0,1,0,0,0) as the most appropriate 
as dictated by the data. We performed both ADF and PP unit root tests and all the varia-
bles (i.e., LFPI, LAFVA, LIDP, LGDPpc, LPOPtl, LREER) are non-stationary at level except 
for LINFcp which has been found to reject the null hypothesis of non-stationary at the 
level. Accordingly, the rest of the variables became stationary when converted into the 
first difference based on 1% and 5% level of significance and the hypothesis of nonstation-
ary is reject for both as shown in Table 1. This made it appropriate to estimate the ARDL 
model. Therefore, the empirical results such as coefficients, test statistics, and probabilities 
will be approximated to 2 decimal points following [18]. 

Table 1. Unit root test. 

 ADF PP 
Variables Test-Statistics Test Statistics  Test-Statistics Test Statistics  

(1981–2019) level First Difference Level First Difference 
LFPI −3.53 −5.00 * −0.82 −6.41 * 

LAFVA −1.94 −7.23 * −2.18 −8.07 * 
LIDP −1.89 −6.09 * −1.90 −6.10 * 

LGDPpc −1.47 −3.54 ** −2.93 −3.54 ** 
LPOPtl −1.72 14.28 ** −1.84 −5.42 ** 
LREER −3.14 −4.74 * −2.18 −4.29 * 
LINFcp −4.29 ** −6.26 ** −2.87 ** −10.61 ** 

*, ** show stationarity based on 1% and 5% levels of significance respectively. 

4.1. Descriptive Statistics 
A descriptive statistical analysis is performed and presented in Table 2, to better un-

derstand the dynamics of the total LFPI in the economy. The average growth rate of the 
LFPI based on historical trends in the Nigerian economy is around 4.43 percent, with max-
imum and minimum values of 4.83 percent and 3.51 percent, respectively. The maximum 
growth rate may be considered the initial effect of 1987, structural adjustment program 
(SAP), and a domestic violence-free economy. This is further ascertained by the long-run 
positive impact of GDPpc. The economy grows from its lowest point of negative growth 
to its highest point in 2002, possibly as a result of the positive impact of the democratic 
government’s pursuit of private-sector-led development following the fall of the military 
regime, as well as the phenomenal rise in oil prices, which has a significant impact on 
growth. The annual fluctuation rate from 2.99% to 3.28% (LAFVA), 8.51% to 13.79% (LIDP), 
12.69% to 12.86% (LGDPpc), 18.85% to 19.11% (LPOPtl), 4.52% to 4.82% (LREER) and 2.08% 
to 2.80% (LINFcp) established a fairly symmetrical data set across all observations with 
skewness of zero were realized with exception of LFPI, LAFVA and LIDP that have a de-
cline skewness of −1.12%, 1.58% and −1.27% respectively. This could be attributed to in-
ternally displaced persons resulted from domestic political crises and terrorist activities, 
which affect the agricultural value-added and food security in Nigeria. Given the 1.56 
percent standard deviation, it is possible to conclude that the series has significant disper-
sion, which is confirmed by the average value of the kurtosis measure of 2.54, confirming 
that actual LFPI growth is platykurtic. Global Food Security Index identifies Nigeria as 
the 94th to 100th largest economy globally. However, it has the largest economy with the 
highest population growth in Africa. 
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Table 2. Descriptive statistic. 

Variables LFPI LAFVA LIDP LGDPpc LPOPTL LREER LINFcp 
Mean  4.43 3.07 12.18 12.80 19.11 4.70 2.46 

Median  4.65 3.05 12.82 12.80 19.00 4.71 2.48 
Maximum  4.83 3.28 13.79 12.86 19.12 4.82 2.80 
Minimum  3.52 2.99 8.52 12.70 18.85 4.53 2.09 
Std. Dev. 0.49 0.06 1.57 0.04 0.08 0.08 0.21 
Skewness −1.12 1.59 −1.27 −0.42 −0.15 −0.28 −0.33 
Kurtosis 2.54 5.11 3.45 3.02 1.76 1.96 2.18 

Observation  39 39 39 39 39 39 39 

4.2. Johansen Cointegration Test 

Table 3 shows that the trace, as well as the Eigen-value, revealed unique cointegration equa-
tions at a 5% (0.05) significance level. While the null hypothesis states that there is no long-run rela-
tionship among the variables of interest, the (*) represents a rejection of the null hypothesis of no 
cointegration at the 5% significance level and the implication for this is, the null hypothesis of no 
cointegration is rejected. This shows the implication for the existence of a long-run relationship 
among the variables up to the third null hypothesis. By implication, this food security sustainability 
can converged to its long-run equilibrium condition after some shock in the system. 

Table 3. Johansen Cointegration Test. 

H0: No. of CE (s) Eigen-Value Trace Stat. Prob * Max-Stat. Prob * 
None * 0.77 178.26 0.00 * 54.03 0.00 * 

At most 1 * 0.71 124.24 0.00 * 45.61 0.01 * 
At most 2 * 0.62 78.63 0.00 * 35.95 0.03 * 
At most 3  0.42 42.67 0.14 19.99 0.34 
At most 4 0.32 22.68 0.26 14.39 0.33 
At most 5 0.20 8.29 0.44 8.13 0.37 
At most 6 0.00 0.16 0.69 0.16 0.69 

* represents Significance level rejecting the null hypothesis of no cointegration. 

Since the conditions necessary for implementing the ARDL bounds test are ascer-
tained [59], Table 4, presents the results of the ARDL Bounds tests approach. Furthermore, 
as shown in Table 4, the calculated value of F- statistics of 6.38 is higher than the corre-
sponding upper bound table value which is 3.99. Thus, the null hypothesis of no cointe-
gration is rejected and the study concludes that there is the existence of cointegration re-
lationship among LFPI and LAFVA, LIDP, LGDPpc, LPOPtl, LREER, and LINFcp. By im-
plication, the agricultural food value-added, internally displaced persons, GDP per capita, 
population growth, real effective exchange rate, and food inflation have long-run effects 
on food security sustainability in Nigeria during the study period. 

Table 4. ARDL Bound Test Results. 

K F. Statistics 1% Critical Values 
6 6.38 I (0) I (1) 
  2.88 3.99  

The results of the effect of LAFVA, LIDP, LGDPpc, LPOPtl, LREER and LINFcp on the 
LFPI in the short and long run are statistically significant as shown in Table 5. Also, Table 
5, shows null hypotheses of the ECM results, and short-run dynamics of no short-run and 
long-run relationships are rejected. Therefore, the results show that our model’s coeffi-
cient of ECMt−1 is negative (−0.0130 approximately) and statistically significant (0.0000) at 
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1%. Therefore, LAFVA, LIDP, LGDPpc, LPOPtl, LREER, and LINFcp are significant predic-
tors of LFPI in both the short-run and the long-run analysis coefficients. As a result, the 
convergence of the disequilibrium to the long-run equilibrium requires 1.3% annually. 
This is a relatively sluggish adjustment. Although the growth in the food production in-
dex is sluggish, by implication, this indicates that the deviation in food security sustaina-
bility (LFPI) in Nigeria can adjust to its long-run equilibrium relations after some shocks 
from the LAFVA, LIDP, LGDPpc, and LPOPtl, LREER and LINFcp. By implication, the re-
sult revealed that it would take more than nine years on average for the long-run equilib-
rium to be fully restored. This means that LAFVA, LIDP, LGDPpc, and LPOPtl, LREER, 
and LINFcp in Nigeria have not only some beneficial information limited in their lags but 
also some beneficial information that can predict sustainable food security-insecurity in 
Nigeria. The contribution of this result revealed that Nigeria’s food security sustainability 
can be determined by the increase in value-added production strategies, effective conflict 
management, and resolution strategies. The SDGs target for zero hunger and food secu-
rity sustainability alongside small producers by the year 2030 can be rarely achieved. The 
finding from our result makes some sense at least because they are in line with the find-
ings of the National Bureau of Statistics, FIES, FEWS, OECD, and World Bank in terms of 
underproduction challenges and food emergencies in Nigeria. See Figures 1–7. Besides 
the findings from these institutions, there is also the existence of developing nature of the 
country and in a particular system of agricultural food production alongside none mech-
anized farming operating in the country are constraining the ability of the agricultural 
sector is playing a vital role in the sustainable food security process in Nigeria. 

Table 5. ARDL (1, 0,0,1,0,0,0) Estimates of Short run and Long-run Coefficients. 

Short Term Coefficient and Error Correction Model 
Variables  Coefficient  Std. Error t−Statistics Probability  
ΔLFPI (–1) −0.01 0.13 −0.11 0.91 
ΔLAFVA 0.44 * 0.10 4.227688 0.00 
ΔLIDP −0.10 ** 0.04 −2.26 0.02 
Δ𝐿𝐺𝐷𝑃.௉஼ 19.68 * 2.37 8.31 0.00 𝐿𝐺𝐷𝑃.௉஼(ିଵ) 0.00 * 0.00 3.45 0.00 𝑃𝑂𝑃.௧௟ −60.00 * 2.34 −25.66 0.00 
ΔLREER 11.12 * 0.55 20.24 0.00 Δ𝐿𝐼𝑁𝐹௖௣ −1.13 * 0.14 −8.34 0.00 𝐸. 𝐶. 𝑇.௧ିଵ −0.013 * 0.001 −7.365 0.000 

Long-Term Coefficients 
Variables  Coefficient  Std. Error t−Statistics Probability  
LFPI (–1) 0.78 * 0.12 6.24 0.00 
LAFVA 0.36 * 0.10 3.59 0.00 
LIDP 0.01 * 0.00 2.72 0.00 𝐿𝐺𝐷𝑃.௉஼ 0.00 0.00 1.57 0.13 𝐿𝐺𝐷𝑃.௉஼(ିଵ) 0.43 * 0.13 3.26 0.00 𝑃𝑂𝑃.௧௟ −0.40 * 0.11 −3.48 0.00 

LREER 0.15 * 0.05 2.85 0.00 𝐿𝐼𝑁𝐹.௖௣ −1.05 * 0.16 −6.42 0.00 
C −6.24 ** 2.65 −2.36 0.02 

*, ** show stationarity based on 1% and 5% levels of significance respectively. 

The results of the diagnostics test for the study model are presented in Table 6. As 
shown in Table 6, the model residuals are homoskedastic and serially uncorrelated. By 
implication, the null hypothesis of the existence of heteroskedasticity and serial correla-
tion is rejected. In addition, the functional form of the model is correctly specified and its 
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errors are normally distributed. On a final note, the coefficients of the model are also sta-
ble. However, the null hypothesis of specification bias, the absence of normal distribution 
of the model around zero mean, and constant variance and instability of the model are 
rejected.  

Table 6. The ARDL diagnostic checks results. 

Test Calculated Statistic Probability 
B-G-LM Test 0.59 0.54 
B-P-G- Test 0.17 0.17 

Jarque- 1.22 0.54 
Ramsey RESET Test 0.12 0.12 

Coefficient Stability Tests:   
Cusum: Stable^ Cusum(Q): Stable ^   

^ shows significance based on 5% and greater than 5% significance level respectively. 

To confirm the significance of the associated parameter for the explanatory variable 
in the model, the Wald test discussed by [59] was employed. The decision is that, if the 
Wald test is significant for a specific independent variable or a set of independent varia-
bles, we may infer that the parameters related with the variables are none zero, and the 
variables are to be added to the model by rejecting the null hypothesis of equals to zero. 
However, if the Wald tests results of the variables are not significant, variables are to be 
removed from the model and we do not reject the null hypothesis of non-zero. Finally, the 
result of the joint Wald test of coefficient restriction is presented in Table 7.  

Table 7. ARDL Wald test coefficient restriction. 

T-Statistics  Value Df Probability 
F-Statistics  123.34 (6113) 0.00 
Chi-square  6 0.00 

H0 = C (2) = C (3) = C (4) = C (5) = C (6) = C (7) = 0. 

As shown in Table 7, the result in Table 7 as shown by the computed F-statistics, 
which is 123.34 and the corresponding probability value of 0.00 approximately, left us 
with a decision to retain all our variables in the model because the parameters related to 
these variables are none zero. 
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Figure 11. The ARDL Cusum and Cusum of Squares Showing 5% significance level boundaries 
Plots. (Source: authors’ computation based on research data). 

As shown in Figure 11, the cusum and cusum of squares stability tests have been 
carried out to further inspect and ascertain the model. However, the left-hand panel is the 
cusum test while the right hand is the cusum of squares test. The two red lines indicate 
the 5% significance bounds. The blue lines from each panel (i.e., left and right panels) 
indicate cumulative sum and cumulative sum of squares’ stability of parameters. When 
the lines fall within the two boundaries at 5% level of significance, they are considered 
stable while it is considered coefficient instability if the lines diverge the significance 
boundaries. Yet, the study scrutinized the structural breaks by means of the cumulative 
sum of squares to ascertain the stability of the parameters, which follows Adedoyin et al., 
[58]. The outcome of the estimated parameters shows that the test statistic is within the 
5% significance level. Over time, the result confirms the stability of the estimated coeffi-
cients as recommended, see Brown, Durbin, and Evans, 1975 [60].  

5. Discussion 
Food security continues to play a significant role in the global macroeconomic dy-

namics of many countries. For policymakers and governments in developing and partic-
ularly in low-income countries, food security offers even further challenges both from the 
perspective of achieving SDGs targets and the welfare perspective of the many poor 
households in the global economies as documented in the literature. For instance, COVID-
19 has continued to pose serious economic [19] and welfare challenges to households in 
Sub-Saharan Africa [16,23]. By implication, this is an alarming aspect for the prospect of 
sustainable development of food security in Nigeria. We examine first the findings from 
the recent concepts. The study finds that food security has extensively been associated 
with increasing food availability and access for a population. Thus, we argue that it is an 
essential means of achieving the SDGs for poverty and hunger reduction, particularly 
when focused on small farmers. The physical, political, economic, and social settings, in 
which a family lives, however, have influenced the riskiness of specific social unrest. For 
example, rural economies in agrarian regions in Nigeria are more prone to shocks because 
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of conflicts and overall insecurity and this has been imposing a fastening restraint on the 
long-run growth of agricultural production and domestic income ever since the emer-
gence of unprecedented insecurity in Nigeria [18]. Agriculture is vital to rural economies, 
and improvement in agricultural productivity can result in economic development or 
poverty alleviation because livelihoods are so important to food security and sustainabil-
ity. However, this will only work in settings where people have access to their land. How 
well these people adapt to a certain threat is largely determined by the strength and di-
versity of their livelihood. The survival of the citizens largely depends on agricultural 
sources of income but social unrest, terrorism, and economic fluctuations have challenged 
food security sustainability in Nigeria [18].  

The findings from our results make some sense at least because they are in line with 
the recent concepts of the National Bureau of Statistics, FIES, FEWS, OECD, and World 
Bank in terms of underproduction challenges and food emergencies in Nigeria, e.g., see 
Figures 1–7. For instance, Figure 1 exhibits the prevalence of food insecurity in Nigeria 
between 2014 and 2019, which increased with population growth in the country over time, 
where demand for food rose to 9.1 percent between 2017–2019. Figure 2 demonstrates 
FIES analysis that food insecurity is more prevalent in southern Nigeria on account that 
northern Nigeria has been the food basket of Nigeria, but in Figure 3, FEWS outcome 
countered the FIES analysis because outside of northern Nigeria, in much of the rest of the 
country, the agricultural season is progressing favorably with average and above-average 
harvests. Therefore, households in these areas will have access to food and income and 
will remain in minimal acute food insecurity while inside the north and areas affected by 
crisis and conflicts between farmers and pastoralists, among other social unrest are facing 
greater difficulty in accessing foods and income and will be stressed, famine or require 
emergencies, Figure 4 illustrates that the incidence of moderate and severe food insecurity 
as per the FIES analysis rose in 2020 which justifies the FEWS analysis. Besides the find-
ings from these institutions, there is also the existence of developing characteristics of Ni-
geria as an African country. In specific terms, it is argued that the system of agricultural 
food production alongside none mechanized farming operating in the country is con-
straining the ability of the agricultural sector is playing a vital role in the sustainable food 
security process in Nigeria [7].  

Next, we examine the empirical approaches. The discussion starts from Figure 2, be-
cause it gave us a road map to proceed with the subsequent analyses. The findings re-
vealed unique cointegration equations at a 5% (0.05) significance level, and the implication 
for this is, the null hypothesis of no cointegration is rejected. This shows the implication 
for the existence of long-run relationship among the LAFVA, LIDP, LGDPpc, and LPOPtl, 
LREER, and LINFcp up to the third null hypothesis for both Trace and the Max Eigen-
value cointegration results. This result is in line with the findings of [61]. The long-run 
relationship among LAFVA, LIDP, LGDPpc, and LPOPtl, LREER, and LINFcp can be ex-
plained as follows. First, the increase in value-added agricultural production and per cap-
ita GDP could positively enhance the goal for sustainable food security. Second, pressure 
from increasing internally displaced persons, exchange rate volatilities, population 
growth, and food inflation could ultimately affect the goal of achieving sustainable food 
security. For example, previous studies found that forced displacement and increase in 
population have an inverse relationship with agricultural food production [18]. Similarly, 
food inflation reduces the availability and access to food, particularly at the local level. 
Thurs, our results are in line with the findings of [17,62], who find that increase in output 
and economic performance increase food security while exchange rate volatility, increase 
in population, and forces displacement are related to an increase in food insecurity in the 
long run. Next, we examine the ARDL Bounds test findings (e.g., see Figure 3). The find-
ings reveal that the calculated value of F- statistics of 6.38 is greater than the correspond-
ing upper bound table value which is 3.99. The null hypothesis of no cointegration is re-
jected. Thus, the computed F-statistics 123.3378(0.0000) of the joint Wald test left us with 
a decision to retain all our variables in the model because the parameters associated with 
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these variables are not zero. As shown by the F- statistics, the implication for this is, the 
LAFVA, LIDP, LGDPpc, and LPOPtl, LREER, and LINFcp are bound together because of 
equilibrium forces towards a long-run relationship [57,58]. These indicators provide in-
formation related to the food security or insecurity and hunger relation in the long run. 
For instance, a previous study has shown that food security and hunger may not always 
be linked, but they are related; if people are food insecure for months at a time, they may 
very well experience a substantial drop in food intake that leads to hunger. In general, 
agricultural system model analyses more commonly employ availability indicators but 
would provide improved guidance for research and programmatic efforts with a focus on 
indicators of food access [8]. Next, we examine Figure 4, the estimates of LAFVA, LIDP, 
LGDPpc, and LPOPtl, LREER, and LINFcp on the LFPI in the short and long run are statis-
tically significant after the robustness checks, and diagnostic tests have been satisfied. The 
findings show that the model’s coefficient of ECMt-1 is negative (-0.0130 approximately) 
and statistically significant (0.0000) at 1 percent. As a result, the convergence of the dise-
quilibrium to the long-run equilibrium requires, on average, 1.3% annually. This is a rel-
atively sluggish adjustment, and it indicates that it will take more than 9 years on average 
for the long-run equilibrium to be fully restored. This result is supported by the United 
Nations SDGs’ target which requires developing countries to achieve at least 7% annual 
growth to meet the catch-up growth process gap between the developed and developing 
economies but the 7% target is still out of reach [63,64]. Going by these findings, there is 
high evidence to believe that accomplishing the SDGs target by the year 2030 for poverty 
and hunger reduction, particularly when intended for food security sustainability along-
side small producers by the year, 2030 can be rarely achieved. This finding has not been 
investigated by the previous studies. Next, the findings from Figures 5, 6 and 11, left us to 
retain all our variables because the model residuals are homoskedastic and serially uncor-
related. In addition, the functional form of the model is correctly specified, and its errors 
are normally distributed. On a final note, the coefficients of the model are also stable. To 
confirm the significance of the associated parameter for the explanatory variable in the 
model, the Wald test was employed, and the decision was to retain our variables. The 
study scrutinized the structural breaks by means of the cumulative sum of squares to as-
certain the stability of the parameters in the estimated model, which is exhibited in Figure 
11, which follows Adedoyin et al., [58], that the test statistic for the estimated parameters 
should be within the significant bounds of the 95% confidence interval and this was con-
firmed. Over time, Figure 11, also confirmed the stability of the estimated coefficients as 
recommended, see Brown, Durbin, and Evans, 1975 [60]. 

6. Conclusions 
In this study, an ARDL model has been applied to investigate Food Security Sustain-

ability: a Synthesis of the current Concepts and Empirical Approaches for Meeting SDGs 
in Nigeria using annual data from 1981 to 2019. The following conclusions are drawn from 
the research findings: Firstly, a long-run cointegration relationship exists between agri-
cultural food value-added production, internally displaced persons, GDP per capita, pop-
ulation growth exchange rate fluctuations, and food inflation. Secondly, while improve-
ment in agricultural value-added production and GDP per capita promote food security 
sustainability in both the short and long run, increase in population growth, exchange rate 
fluctuations, and food inflation negate the sustainability of food security in Nigeria. The 
results also show that the model’s lagged coefficient of the error correction term is nega-
tive and statistically significant at 1%. Thus, the speed of adjustment requires 1.3% annu-
ally for the convergence to the long-run equilibrium to be met. Although the study finds 
that Nigeria’s geography is largely favorable for commercial agricultural investments and 
projects because agricultural value-added and per capita GDP revealed positive effects as 
drivers for sustainable food security, the results of our findings based on the current con-
cepts and empirical approaches for meeting SDGs revealed that, on average, domestic 
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violence and insecurity, population growth, food inflation, and exchange rate deprecia-
tion remain the key factors determining persistent food insecurity in Nigeria. Since our 
results are robust and the value addition, GDP per capital, population growth, food prices, 
internal displacement and currency depreciation have been found to have significant im-
pact on food availability, access, utilization, stability and overall food security sustaina-
bility in Nigeria, the study concludes that Nigeria cannot accomplish the SDGs for poverty 
and hunger reduction, particularly when intended for food security sustainability along-
side small producers by the year 2030 because the convergence to the long-run equilib-
rium is sluggish (1.3% approximately) and will take more than nine years. 

6.1. Policy Implications  
By implication, our results are robust because they reject the null hypothesis of the 

none significant and accept the alternative hypothesis of significant impact of value addi-
tion, GDP per capital, population growth, food prices, internal displacement and currency 
depreciation on food availability, access, utilization, stability and overall food security 
sustainability in Nigeria.  

However, the managerial implications for the long-run association among the con-
sidered variables have been mixed. The fact is that value-added agricultural production 
revealed significant managerial prospects and opportunities that can transform Nigeria’s 
agricultural sector into a competitive sector particularly when the value-added produc-
tion is integrated into current Global Value Chains (GVCs) world markets since each econ-
omy retains some value and benefits associated with the consumption of the final product. 
Yet, improvement in welfare which is measured by the GDP per capita, can boost eco-
nomic activities, economic performance and make food available and accessible for sus-
tainable food security in Nigeria. Worthy of note is that the prevalence of food insecurity 
can be minimized in the economy through food storage policy directed at small scale food 
storage operations by farmers who grow crops and processors among others. Further-
more, for the managerial contributions of the study in terms of the generalization of the 
findings are unique and this study argues that food security dynamics, changing industry 
accompanied with consumer and global dynamics present opportunities for innovation 
to managerial settings, the entire agriculture and food ecosystem is facing an important 
shift that is reforming the future of food security sustainability from farmers who grow 
crops, from producers to suppliers and processors to retailers and consumers. This is sel-
dom considered by the previous studies. For example, the food system can be basically 
shifted from a commodity-based, built-for-scale industry to a modified and global value-
added supply chains. Therefore, farmers and producers may be confronted with increased 
participation burden across the global value chains since consumer demands and under 
productions imposed serious challenges to farmers and industrial producers to feed the 
Nigerian market in ways that are transparent, safe and sustainable. By implications, firms 
can claim some value and benefits in the final products although they may need assur-
ances on the value creation, profit enhancement, transparent operations and corporate 
social responsibility that induce positive transformation in food and agriculture before 
taking risk efforts that help in achieving the future of food sustainability in Nigeria by 
2030.  

Since our study is guided by Neo Malthusian and Access theories the Neo Malthu-
sian theory believed that population growth has the ability to increase more than the 
global society’s ability to produce food to meet its consumption need. While the theory of 
Access offers distinction between right to have access to resources and ability to benefit 
from the accessed resources. This contribution is seldom considered in the previous stud-
ies and this study addressed this gap. Theoretically, depreciation of domestic currency 
due to fluctuations in exchange rates can increase the external trade competitiveness of a 
domestic export since foreigners find our export cheaper while our industrial sectors find 
their exports dearer and this can lead to higher prices in the economy. particularly the 
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population growth and violent conflict revealed some pressing challenges to food pro-
duction due to increasing demand in the economy. Therefore, the availability, access, uti-
lization, and stability of food security can be affected which have been adequately cap-
tured the two theories incorporated in this study.  

It is quite surprising that empirical evidence for food security sustainability: a syn-
thesis of the current concepts and empirical approaches for meeting Nigeria’s SDGs target 
for reducing poverty and hunger, especially when aimed at food security sustainability 
alongside small producers by the year 2030, is not only deficient in the literature, but in 
Sub-Saharan Africa (SSA) where poverty levels are prevalent, and the consumption basket 
dominated by food is yet to be fully explored. Therefore, this study has filled this gap by 
providing recent and empirical evidence within the context of Nigeria. The country is sus-
tainable food security targeting economy. 

Based on the objective of the study, the study recommends that policymakers and 
relevant stakeholders design agricultural value addition production strategies, conflict 
management, and resolution strategies, identify the vulnerable people affected by the cri-
sis, and provide humanitarian food security interventions to confront the next emergency. 
An inclusive policy framework which includes various sectors and action areas such as 
funding programs should implemented to minimize the challenges of food insecurity and 
help in reducing poverty and hunger in Nigeria. 

6.2. Limitations 
Against this background, this study is limited in terms of qualitative data that could 

be used primarily to directly engage with the households to offer policy inferences. As a 
result, we employed a hybrid of recent concepts with available secondary data for the 
empirical study. A broad data collection such as panel or cross-sectional data, would have 
supported further inclusive justification of the food security sustainability development 
from the commencing to the conclusion periods. Although the model of the study consid-
ered variables along with white noise (ɛt, (i.e., to capture the effect of other variables not 
included in the model)) from the literature to ensure reliability of the research, it is possi-
ble to have deviation in other variables not included in the model such as food quality, 
undernourishment and coping strategy index such as income expansion and consumption 
changes which would have contributed to enriching the research findings.  

However, future studies should employ micro qualitative data to fill this gap. In ad-
dition, future studies should concentrate on agricultural value addition because of its sig-
nificance in the food security sustainability process. Furthermore, new studies should also 
focus on investigating on the agricultural value addition into the competitive Global 
Value Chains (GVCs) world. This can open up opportunities for discussions and for in-
dustrial sectors to retain some value and benefits in the final products in the GVCs market. 
However, food health effects [65] should be investigated to incorporate SDGs’ good health 
and wellbeing targets.  
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