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RESEARCH

Is population an asset or a liability 
to Nigeria’s economic growth? Evidence 
from FM-OLS and ARDL approach 
to cointegration
Olorunfemi Yasiru Alimi1,2* , Akinola Christopher Fagbohun2 and Mohammed Abubakar3  

Abstract 

The controversial debate on whether high population translates to weak or better economic growth has been a topi-
cal discussion in the area of development economics. This study therefore uses the data of the Nigerian economy to 
investigate the links among population growth, growth in output and income per capita growth for the periods of 
1981–2018. The study employs both ARDL bound testing approach to cointegration and fully modified least square 
methods to evaluate the parameter estimates. We found that there exists a long-run relationship between popula-
tion growth and economic growth in Nigeria. Further, the study found that the statistical and significant effect of 
population growth is more on long-run income growth than long-run income per capita growth. Meanwhile, in the 
short-run, an adverse effect is reported from population growth to economic growth, implying that the former has a 
detrimental effect on the latter. The reason for the adverse effects of population growth in the short-run results from 
the high number of dependents, whereas, in the long-run, there is a chance of demographic dividend that makes the 
young people becomes productive in their adulthood. Our findings, therefore, support the league of many studies 
that population growth is an asset to the long-run economic growth of Nigeria. In contrast, it has a poor impact on 
economic performance in the short-run. Thus, there is a need for proper and adequate utilization of the country’s ris-
ing population in appropriate areas of the economy where their efforts would be fully utilized towards improving the 
overall growth of Nigeria.
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Introduction
In the past decades, output growth has been the most 
calculated apparatus used by policymakers, scholars, 
and concerned stakeholders among others to unveil the 
quality of human life and the possibility of reducing the 
poverty level in the less-developed countries. The past 
research studies for cross-country and country-specific 
cases offer compelling evidence that sustained and robust 
growth is imperative towards ensuring fast economic 

progress in every economy [3, 9]. As well, steady growth 
has an extraordinary tendency of generating a virtu-
ous cycle of prosperity and opportunities in a way that 
sustainable economic progress and increasing employ-
ment opportunities provide the necessary motivation 
for people to increase their investment on health and 
education. As a result, it leads to the emergence of qual-
ity and dynamic group of entrepreneurs that can gener-
ate the momentum for good and better governance [29]. 
It means that substantial and sustained growth, there-
fore, improves human development, and by implication, 
further supports economic growth. For this reason, to 
achieve sustainable economic growth in a developing 
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country like Nigeria requires a genuine evaluation of fac-
tors determining economic progress as well as the sig-
nificant population growth needed to support the output 
growth.

In the theoretical and empirical literature, the discus-
sion of how population size affects economic growth has 
been an issue debated for long (see [8, 14, 17, 18], Atanda 
et al. [4, 40] among others). On the first hand, many eco-
nomic analysts believe that the real output growth of the 
advanced economies may relatively slow down in the 
coming years owing to the prediction of slow population 
growth in these countries [5, 40]. On the other hand, oth-
ers raised concerns about the problematic nature of the 
teeming population growth rate particularly in the less-
developed countries as it limits the potential of achieving 
long-term growth because more people are using more 
of the limited resources [20]. Besides, population growth 
affects many economic and demographic factors like the 
labour force size, age structure of a country’s population, 
local and international migration, economic inequality, 
and poverty incidence. Thus, these variables are affected 

and are equally affected by economic growth. This study, 
therefore, used the data of the Nigerian economy to 
investigate the existing relationship among population 
growth, growth rate of income, and per capita income 
growth in order to unveil whether population growth 
is an asset or a liability to economic growth. Also, we 
deduce appropriate policy implications for economic 
equality, resettlement guiding rules, and overall eco-
nomic growth (Fig. 1).

The need to establish the link between population 
growth and economic growth in Nigeria becomes ger-
mane due to the following reasons. First, the effect of 
her high population on the economy can be devastat-
ing if not well managed. According to Worldmeter [43], 
the country is the most populous black nation in the 
world as well as the most populated country in Africa. 
Although the country’s population can be an enormous 
economic strength if well managed, and at the same time, 
it also poses a great challenge and security risk if left 
unchecked. The British High Commissioner to Nigeria, 
Paul Arkwright, noted that the poor management of the 

Fig. 1 Nominal income growth of sectors in Nigeria. Source: International Centre for Investigative Reporting (2020)
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country’s teeming human capital could result to the fol-
lowing problems: a high number of children that are out 
of school, increase hunger, cause population explosion, 
high urban resettlement, unhealthy rivalry for limited 
resources, low access to quality education and healthcare 
services, and high rate of youth unemployment [39].

Second, Nigeria’s growth rate of output has not been 
able to lift a sizeable number of poor people out of abject 
poverty and also improve the living standard of average 
Nigerians. Scholars such as Sanusi [36], and Maku and 
Alimi [21] classified the Nigerian economic growth as 
jobless growth. According to the World Data Lab (2019), 
approximately half of the country’s citizens live in abject 
poverty. The institution further noted that about four mil-
lion new Nigerians joined the poverty club in 2019 as she 
becomes the poverty capital of the world by overtaking 
India to take the first position [35]. Also, the sustainabil-
ity of the Nigerian economic growth is highly uncertain 
as the statistics published by the National Bureau of 
Statistics shows that the recent Economic Recovery and 
Growth Plan (ERGP) launched by the federal govern-
ment in March 2017 to turn around the slump situation 
is off-target [16]. According to the institution, the projec-
tion of strong GDP growth at 4.5% in 2019 was missed as 
the economy grows at 2.01% in 1st quarter, falls to 1.94% 
in 2nd quarter, again rises to 2.28% in quarter three and 
marginally drops to 2.27% in 4th quarter [27]. While the 
2019s overall output growth stood at 2.3%, marginally 
higher than 1.9% recorded in 2018 [2], yet, only three sec-
tors (i.e. mining and quarrying, arts, entertainment and 
recreation, and financial and insurance out of the nine-
teen sectors)1 experienced positive shift [27, 28].

Third, there is only little consensus in the literature 
despite the extensive research on the links between 
population growth and economic progression. Some 
scholars provide theoretical and empirical argument to 
support the notion that population growth enhance eco-
nomic growth, whereas others offer convincing evidence 
to oppose the former’s submission (see [8, 14, 17, 18], 
Atanda et al. [4, 25, 40]). Meanwhile, some provide argu-
ments that the direction of the outcomes depends on the 
level of development of a country, population source and 
nature, among others [40]. Heady and Hodge [14] also 
noted that the differences in empirical findings could be 
linked to the estimation approaches, time frame, variable 
measurements, and other controlling factors, and so on.

We thereby contribute to the existing literature in the 
following ways. First, the research work arguments the 
empirical model with salient economic drivers of growth 

like investment, government consumption, and trade 
openness. We presented the economic variables in a sin-
gle empirical model to evaluate their effects on economic 
growth. Second, unlike the previous studies that used 
either real output growth or per capita income growth 
as measures of economic growth in a static form, we 
consider both and also provide empirical outcomes in a 
dynamic equation form in order to give room for more 
policy options. Third, the study employs both autore-
gressive distributed lag (ARDL) to cointegration and 
fully modified ordinary least square (FM-OLS) as they 
were found more efficient for studies where the regres-
sors are endogenous [24]. More so, this is an improve-
ment over past studies that employed the residual-based 
cointegration test linked with Engle and Granger [12] 
and maximum likelihood test connected with Johansen 
and Juselius [15]. Finally, as the country aimed towards 
achieving the first,2 second,3 third4 and fourth5 agenda 
of the sustainable development goals (SDGs), the targets 
can be achieved if the government and its agencies use 
the outcomes of this research work to inform their poli-
cies towards strategizing the current population size as 
potential assets that could bring about the desired eco-
nomic growth.

Other parts of this study are divided into four sections. 
The second section of the study discusses the theoretical 
and empirical literature while we present the methodol-
ogy in the third part. The discussion of results and find-
ings are presented in the fourth part while the last section 
concludes and suggests policy recommendation.

Synthesizing the literature
One of the earliest theories that explain how population 
growth adversely affects human wellbeing is the Malthu-
sian theory of population by Thomas Robert Malthus in 
his 1798 write-up titled “Essay on the Principle of Popula-
tion” [22]. The proponent of the theory believes that pop-
ulation grew at a faster rate than food supplies thereby 
requiring population reduction through different types 
of misery to ensure that the number of people is kept at 
a consistent level with the total quantity food produced. 

1 Figure 1 shows a quick look at the output performance of the nineteen sec-
tors in 2019 against 2018 (see “Appendix”).

2 The first goal of the joint efforts of the seventh SDGs is to eradicate extreme 
poverty by 2030 by making sure that resources are available to every person in 
the world, most notably the vulnerable and the poor.
3 It is targeted towards putting an end to hunger and malnutrition by pro-
viding safe, nutritious and sufficient food to children, and the less-privileges 
through improved productivity in the agricultural sector and increasing the 
income of small-scale food producers.
4 To put an end to child and maternal deaths globally and also eradicate 
the epidemics of various diseases like malaria, HIV/AIDS, tuberculosis, and 
other water-borne diseases.
5 Improve the quality of education by ensuring equal, quality, and affordable 
education to all girl and boy child from nursery to tertiary education.
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It implies that the average level of income influenced 
by population growth rate will only be adequate for the 
populace’s survival. Wesley and Peterson [40] confirm the 
submissions made by Malthus [22] and also conclude that 
the findings represent the exact working of the past but 
completely missed it for the future. Specifically, using the 
dataset of the World Economics [42] from 1000 to 1820, 
they found that the rate of population growth in England 
stood at 0.29%, whereas its income per capita growth 
and overall economic growth rate averaged at 0.12% and 
0.41%, respectively. Malthus [22] further suggests that the 
two checks that will make population growth to be at the 
same level as food supply growth are “preventive checks” 
and “positive checks”. First, the prevention checks consist 
of self-restraint and denial from nuptials until balanced 
finance is feasible (moral restraints) and stopping mar-
riage of people who do not have the financial capacity. 
Second, positive checks such as early deaths resulting 
from disease outbreaks, hunger, and war, tagged as the 
“Malthusian catastrophe”. According to Desrochers and 
Hoffbauer [10] and Marsh and Alagona [23], the disaster 
would lead to a reduction in population size that is much 
more sustainable.

What is more, as the world begins to experience the 
industrial revolution, both population and income started 
increasing as well as the food supplies. Peterson [33] 
noted that the growth rate of agriculture food supplies 
witnessed a faster growth than the population over the 
last 200 years. Nonetheless, this does not mean that the 
question of how population growth influenced income 
per capita growth has been resolved even though tech-
nological advance has made income and food supplies 
grow above their subsistence levels [40]. In the latter part 
of the twentieth century, many Malthusian scholars like 
Ehrlich [11], among others, revived the argument of Mal-
thus when the population of the low-income countries 
started growing at an alarming rate. They were more con-
cern about the population that it would reach a rate that 
will subdue the capacity of the ecosystem and resources 
to produce foods and other commodities that will sustain 
human lives [40]. Scholars such as Boserup [7] and Simon 
[37] went contrary by arguing that the issue of population 
growth is overstated. They noted that the growing popu-
lation would spur technological advancement and more 
intellects springing from the population growth would be 
used to solve resource and human problems.

Besides, in the case of some simple growth model, the 
Harrod–Domar growth model that assumes fixed factor 
inputs proportions and constant marginal return, suggest 
that an indirect relationship between population growth 
and per capita income growth. The constant return to 
scale is considered neutral in the existing relationship 
between population growth and overall output growth 

since the amount of capital investment entirely deter-
mines the entire output growth. The model has been 
mostly abandoned based on the criticisms received on 
the assumption of fixed factors proportions even though 
its simple formation have received considerable support 
for simple cross-country regression model [17, 18].

In the neoclassical growth model, Solow [38] distin-
guished growth between the steady-state and transitional 
effects. Under the steady-state, the thought argued that 
high population growth leads to a low-income per capita, 
whereas it does not affect income per capita growth. It 
means that in the steady-state, an economy grows with its 
population growth rate, including technological advance-
ment. In contrast, income per capita growth is neutral to 
the rate of population growth. Thus, income per capita 
growth is influenced negatively by population growth in 
the transitional effect. The proposition that population 
growth has an inverse relationship with the steady-state 
income per capita and transitional per capita income 
growth follows roughly the submission of the Harrod–
Domar model. It implies that an increase in population 
growth make economies to employ their scarce savings to 
embark on capital investment widening instead of capital 
deepening [17, 18]. For example, a preliminary analysis 
by Wesley and Peterson [40] for the whole world sourced 
from the World Bank [41] database within the period 
1990–2015, found a correlation coefficient of − 0.1849, 
which implies that the relationship between the two vari-
ables is uncorrelated.

Further, Atanda et  al. [4] analysed the trend analy-
sis of factors determining population growth as well as 
its impact on real income per capita of five developing 
(Bangladesh, Ethiopia, Indonesia, Mexico and Nigeria) 
and two developed (Germany and United States) coun-
tries. The study revealed that socio-economic factors 
responsible for rapid population growth are birth rate, 
fertility rate, mortality rate, life expectancy and depend-
ency ratio of children below the age of 15 years. More so, 
the authors discovered that the developed countries with 
high population size have a higher real income per cap-
ita in contract to the selected less-developed countries. 
Brander and Dowrick [8] examine the links between fer-
tility, population and output growth using a panel data of 
107 countries from 1960 to 1985. They employed a bat-
tery of four estimation techniques (namely pooled OLS, 
fixed, random and instrumental variables) to establish 
the relationship between the variables. The study found 
that birth rate influence economic growth negatively 
through the investment channel possibly through “capi-
tal dilution”. Also, its impact on income per capita growth 
shows a strong medium-term negative effect via labour 
supply, i.e. “dependence effects” [8]. Likewise, while 
investigating the links between population, growth and 
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poverty in Uganda within the period 1960–2000, Klasen 
and Lawson [17, 18] found theoretical supports that pop-
ulation growth is responsible for low-income growth and 
persistent high increase of poor households in the coun-
try. Meanwhile, Mesagan et al. [25] found that population 
growth and energy consumption lead to an increase in 
the Nigerian economic growth within the period of 1981 
and 2015.

A cursory look at the literature indicates that there are 
not just litany studies establishing the links between pop-
ulation growth and economic growth in the developing 
countries including the Nigerian economy but the find-
ings can best be described as inconclusive. Most impor-
tantly, relatively few of these studies situate their findings 
towards the theories of population and economic growth. 
More so, most of these studies only consider the demo-
graphic factors such as birth rate, fertility rate, mortal-
ity rate, life expectancy among others in the process of 
establishing the links between population and output 
growth, but neglected the effects of key economic driv-
ers of growth such as investment, government consump-
tion and trade openness. Moreover, only a few of these 
studies consider the dynamic nature of income growth. 
At the same time, the majority failed to use the appro-
priate estimation approaches based on the stationary 
behaviour of the datasets. For that reason, this study aims 
to use the autoregressive distributed lag (ARDL) model 
and also employ other economic variables in modelling 
the growth model of the Nigerian economy in order to 
gain better insights into growth and demographic policy 
framework.

Methods
Model specification, theoretical expectation and data 
source
Following the theoretical foundation of the neoclassical 
growth model, this study adapts and modifies the models 
of Brander and Dowrick [8] and Klasen and Lawson [17, 
18] to specify the relationship between population growth 
and economic growth as follows:

Economic growth represented by gdp is determined 
by factors like investment (gfcf) and population growth 
(popg), while ϕ0 is the constant, ϕ1−2 are the coefficients 
of the two output growth determinants; t denotes time 
and µ is the disturbance term. In order to accommodate 
other determinants of economic growth like govern-
ment consumption (gcon) and trade openness (topen), the 
model specification is re-specified as:

(1)gdpt = ϕ0 + ϕ1gfcft + ϕ2popgt + µt

(2)
gdpt = ϕ0 + ϕ1gfcft + ϕ2popgt + ϕ3gcont + ϕ4topent + µt

The explanatory variables included in Eq.  (2) are to be 
estimated. In the model specification, gdp is a vector of eco-
nomic growth measured by both growth rate of real gross 
domestic product (GDP) and GDP per capita; gfcf denotes 
capital investment as a ratio of GDP; popg represents popu-
lation growth; gcon is government consumption to GDP; 
topen denotes total trade to GDP;ϕ0 , ϕ1−4 are parameters; t 
denotes time and µ is the error term.

In regards to the a’priori expectation, the study expects 
a direct relationship between population growth and eco-
nomic growth. It means that a high-population growth 
rate should drive economic growth. Similarly, we presume 
positive relations from capital investment, government con-
sumption and openness to trade to economic growth. The 
study employs a time series of data sets covering a period of 
1981–2018, sourced from the World Development Indica-
tors (2019).

Estimation approaches
The estimation techniques used to evaluate the parameter 
estimates are autoregressive distributed lag (ARDL) and fully 
modified ordinary least square (FMOLS). The ARDL bounds 
testing method is employed because it has the potential of 
determining both the short-run and long-run effects of the 
explanatory variables on economic growth. It also has the 
advantage of giving reasonable estimates over other estima-
tion approaches when the sample size is small. The method 
built on the F-statistics (Wald test) to evaluate the economic 
implication of lagged variables in an unrestricted and condi-
tional dynamic error correction form [31, 32]. Also, the esti-
mation method is applicable whether the stationarity results 
of the variables are integrated at levels or first difference or 
both. Based on the specification of Pesaran and Shin [31], the 
study estimates the unrestricted error correction model:

where gdp stands as the dependent variable, VA is a vec-
tor of the explanatory variables, � is the difference opera-
tor, p denotes the lag structure, φ0 is a drift, φ1,φ

′

2 are the 
short-run dynamic coefficients, θ1, θ

′

2 are the long-run 
multipliers relative to the long-run estimates, and e is the 
white-noise error. Afterwards, the F-statistics of the joint 
significance of lagged levels of the variables are examined 
in order to reject or not to reject the null hypothesis of 
non-existence of long-run relationship among the vari-
ables in the equation. The following null and alternative 
hypotheses tested are:

(3)

�gdpt = φ0 +

p∑

i=1

φ1�gdpt−i +

p∑

i=1

φ
′

2�VAt−i

+ θ1gdpt−1 + θ
′

2VAt−1 + et
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The calculated F-values are compared with the val-
ues of both the upper and lower bounds of Narayan and 
Smyth [26]. If the F-test value is greater than the upper 
critical bound value, we reject the null hypothesis of no 
long-run relationship. On the contrary, we do not reject 
if F-statistics is less than the lower bound value. Mean-
while, the result becomes inconclusive if the F-statistics 
lies between both lower and upper bound values [24].

The study further tests the sensitivity of the long-run 
coefficients of the ARDL bound approach using the 
FMOLS method. The FMOLS use a semi-parametric 
approach while estimating the long-run parameter esti-
mates [6, 13]. The coefficients obtained are consistent 
even when the sample size is small, and it has the capa-
bility of overcoming the problems of serial correlation, 
endogeneity, measurement errors, omitted variables and 
heterogeneity in the long-run coefficients [6, 13]. Accord-
ing to Bashier and Siam [6], the technique estimates a 
single cointegrating equation that has a combination of 
first difference variables. Park [30] noted that the method 
makes transformation to both coefficients and data. The 
FMOLS estimator is given as:

The two terms that correct the problem of endogene-
ity and serial correlation are Y+

t  and �+12′ [34]. Adom et al. 
[1] noted that the estimator is unbiased asymptotically 
and also exhibits an efficient normal distribution of the 
disturbance terms which allows for standard Wald test 
through the asymptotic chi-square statistical inference.

H0 : φ1 = 0, φ2 = 0, φ3 = 0, φ4 = 0
(
i.e. there is no long-run relationship

)
.

H1 : θ1 �= 0, θ2 �= 0, θ3 �= 0, θ4 �= 0
(
i.e. there is a long-run relationship

)
.

(4)
�

ϑ
FME

=

(
T∑

t=2

ZtZ
′
t

)−1( T∑

t=2

ZtY
+
t −

[
T
�
+
12′

0

])

Results and discussion
Summary statistics and correlation analysis
The summary statistics of the sample data used for the 
empirical analysis in this study are presented in Table 1. 
The average values of GDP and GDP per capita are 
US$235 billion and US$1758.6, while their respective 
growth rates stand at 3.18% and 0.55%. More so, the mean 
value of population growth rate at 2.58% has maximum 
and minimum values of 2.71% and 2.49%, respectively. 
This shows that the average growth of the population is 
far higher than the income per capita but less than the 
overall economic growth. It implies that the rapid growth 
of real GDP in the country does not improve the over-
all economic well-being due to its increasing population 
growth rates. It thus supports the submission of Mal-
thus [22] that population growth drives down the coun-
try’s average income per capita growth to a level that 
only makes it subsistent to her population. The table also 
shows an indication that the above variables are exempli-
fied by a marked disparity, indicating that they have high 
values in some years, whereas, in other years they are 
abysmally low except the population growth that ranges 
between 2.49 and 2.71%. In terms of their disparity from 
the average points, the standard deviation values are rela-
tively high for the variables measuring the level of income 
and economic well-being.

The mean values of investment, trade and government 
consumption to the size of the Nigerian economy are 
3.22%, 32.26% and 3.69%, respectively, while their cor-
responding standard deviation values stand at 19.57%, 
12.57% and 2.87%. Apart from the above statistics, the 
table also presents the result of other statistics like the 
skewness, Kurtosis and Jarque–Bera tests. Concerning 

Table 1 Descriptive statistics

Total number of observation is 38

GDP gross domestic product, SD standard deviation, Max. maximum, Min. minimum

Measurements Mean SD Kurtosis Skewness Max Min

gdp GDP (constant 2010 US$) 2.35E+11 1.25E+11 2.053 0.764 4.69E+11 1.08E+11

gdpg GDP growth 3.175 5.538 4.539 − 0.870 15.329 − 13.128

gdppc GDP per capita (constant 2010 US$) 1758.6 439.9 1.831 0.656 2563.9 1324.3

gdppcg GDP per capita growth 0.545 5.394 4.605 − 0.878 12.457 − 15.450

popg Population growth 2.582 0.068 1.706 0.086 2.710 2.489

gfcf Gross fixed capital formation (% of GDP) 36.220 19.572 3.621 0.987 89.386 14.169

topen Total trade (% of GDP) 32.258 12.565 2.192 − 0.354 53.278 9.136

gcon Government final consumption expenditure 
(% of GDP)

3.692 2.872 2.177 0.833 9.448 0.911
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the results of the skewness test, it shows that all the vari-
ables with exemption to GDP growth, GDP per capita 
growth and trade openness are positively skewed, indi-
cating that the distributions are rightward skewed. The 
results further indicate that the variables are not nor-
mally distributed as they failed to comply with the bench-
mark of 3.0 for the Kurtosis statistic. Specifically, GDP 
growth, GDP per capita growth and investment are lep-
tokurtic, i.e. highly peaked, whereas others are platykur-
tic indicating that they have flat surface.

The correlation matrix revealing the level of association 
between the variables employed in establishing the links 
between population growth and economic growth posi-
tion of Nigeria is presented in Table 2.

Table  3 that population growth has a positive level of 
association with both income growth and per capita 
income growth. However, the level of relations is stronger 
in the former than the latter. It implies that the variables 
were correlated during the periods, but the relationship 
is weak. Likewise, it is apparent that trade openness and 
government consumption have a direct correlation with 
the indicators of income growth. However, a negative 
relationship is reported in the case of investment and real 
income growth and income per capita growth. More so, 
the correlation coefficients of the explanatory variables 
are also reported. Their level of association suggests the 

absence of the presence of multicollinearity problem in 
the study. Nonetheless, the results are just preliminary 
analyses which are subject to empirical validation where 
other critical economic factors are considered.

Stationarity and cointegration test results
The result of the unit root tests using the augmented 
Dickey–Fuller (ADF) tests is presented in Table  3. The 
outcomes of the stationarity tests of the variables are 
reported at both levels and first difference. As well, the 
results are conducted with constant and trend, and when 
there is constant and no trend. In the table, we observe 
that the null hypothesis of unit root cannot be rejected 
for the variables at the individual linear trend model. It 
thus suggests that the variables are not stationary at lev-
els. However, in the case of first difference presented in 
Table  3, we observe that the variables employed in the 
model are stationary for the periods. In conclusion, the 
variables are non-stationary at levels, but they are all sta-
tionary at first difference.

After confirming the stationarity level of our variables, 
we can then proceed to find whether there exists a long-
run relationship among the variables by using the ARDL 
bound test and also estimate both the short-run and 
long-run estimates of our parameters. The null and alter-
native hypotheses for the models are specified below:

Table 2 Correlation matrix

gdpg growth rate of GDP, gdppcg growth rate of GDP per capita, popg population growth, gfcf investment to GDP, tope trade to GDP, gcon government consumption 
to GDP

gdpg gdppcg popg gfcf topen gcon

gdpg 1

gdppcg 0.999 1

popg 0.040 0.027 1

gfcf − 0.649 − 0.646 − 0.230 1

topen 0.500 0.502 − 0.147 − 0.539 1

gcon 0.277 0.268 0.709 − 0.661 0.224 1

Table 3 Unit root test results (augmented Dickey–Fuller test)

*** ,**,* represent significance level at 1%, 5% and 10%, respectively

No Trend implies with constant and no trend, Trend implies with constant and trend

Variables Levels First difference Stationarity 
status

No trend Trend No trend Trend

GDP growth (gdpg) − 4.1062*** − 3.3736* − 9.9317*** − 10.210*** I(1)

GDP per capita growth (gdppcg) − 4.1311*** − 3.3859* − 9.9425*** − 10.226*** I(1)

Population growth (popg) − 5.4526*** − 3.3717* − 6.8402*** − 6.8868*** I(1)

Gross fixed capital formation (gfcf ) − 3.4205** − 3.3094* − 4.6588*** − 5.3552*** I(1)

Trade openness (topen) − 2.2768 − 2.3278 − 7.3471*** − 4.5779*** I(1)

Government final consumption (gcon) − 1.1373 − 2.7178 − 5.6120*** − 5.5188*** I(1)
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Using the Akaike Information Criterion (AIC) to select 
the lag length automatically, the result of the ARDL 
bound tests for establishing the long-run relationship 
among the variables is presented in Table  4. The values 
proposed by Pesaran et  al. [32] for the restricted inter-
cept and no trend were selected for the critical bounds. 

H0 : φ1 = 0, φ2 = 0, φ3 = 0, φ4 = 0
(
i.e. there is no long-run relationship

)
.

H1 : θ1 �= 0, θ2 �= 0, θ3 �= 0, θ4 �= 0
(
i.e. there is a long-run relationship

)
.

The hypothesis was tested across different level of signifi-
cance with F-statistics at k = 4 against the critical bound 
values. The results of the ARDL bound test presented in 
Table  4 show that the F-statistic values are higher than 
the critical values at the upper bound levels. As a result, 
we do not accept the null hypothesis of no cointegration 
for the four models at 1%, 5% and 10% levels. It, there-
fore, confirms that there is an established and exceptional 
long-run relationship between population growth and 
overall output growth, coupled with other economic vari-
ables within 1981 and 2018.

Based on the confirmation of the existence of a stable 
long-run relationship among the estimated variables, we 
estimated both the short-run and long-run parameters 
which are presented in Table  5 and Appendixes 1 and 
2, respectively. A cursory glance at the empirical results 
presented in Table  4 showed that population growth 
positively and significantly impacts the economic growth 
measured by both the growth rate of real GDP and GDP 
per capita. However, the impact of population growth is 
more on the former than the latter. The economic impli-
cation of the result is that the population growth of the 
country has immensely improved economic growth. The 
findings are in support of the result reported by Brander 
and Dowrick [8] for a panel of 103 counties and Atanda 
et  al. [4] for some selected developing and developed 
countries. It, however, opposes the empirical submission 
of Klasen and Lawson [17, 18] that growth in popula-
tion is responsible for slow income growth in develop-
ing countries. Nevertheless, in the short-run, the effects 
of population growth at first lag reported negative coef-
ficients and also significant at 5% level (see Appendixes 
1 and 2). It means that the rising population growth is 

Table 4 ARDL bounds test result for cointegration

**  and *** represent the non-rejection of the alternative hypothesis at 5% and 1% levels correspondingly

Dependent variables Functions F-statistics

GDP growth model Fgdpg(gdpg|gfcf , popg, gcon, topen) 6.2784***

GDP per capita growth model Fgdppcg(gdppcg|gfcf , popg, gcon, topen) 6.2872***

Population growth model Fpopg(popg|gdpg, gfcf , gcon, topen) 7.1825***

Fpopg(popg|gdppcg, gfcf , gcon, topen) 8.4260***

10% 5% 1%

I(0) I(1) I(0) I(1) I(0) I(1)

Critical bound values 2.20 3.09 2.56 3.49 3.29 4.37

Table 5 ARDL long-run estimates

Values in brackets are standard errors
*** ,** and*represent statistical significance level at 1%, 5% and 10%, respectively. 
The values in parenthesis “[]” show the non-acceptance of the null hypothesis at 
5% level

Variables GDP growth GDP per capita 
growth

Dependent variables

Investment (gfcf ) − 0.0405*** − 0.0139***

(0.0051) (0.0005)

Population growth (popg) 6.2430** 2.5886***

(2.2440) (0.1891)

Government consumption 
(gcon)

− 0.1167* − 0.0219***

(0.0592) (0.0049)

Trade openness (topen) 0.0061 0.0004

(0.0051) (0.0004)

Constant 11.755** 1.3027**

(5.5067) (0.4693)

Models’ diagnostic and stability 
test

Normality test 0.7087[0.7016] 1.7814[0.4104]

Serial correlation 2.6728 [0.1039] 2.7964[0.0823]

Heteroskedasticity test 0.2797[0.9936] 0.6255[0.8295]

Functional form 1.4264[0.1742] 1.5986[0.1322]

CUSUM Stable Stable

CUSUMSQ Stable Stable

ECT(− 1) − 0.3296*** − 0.9563***

(0.0469) (0.1207)
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equally responsible for the short-run market-determined 
output growth in Nigeria.

Also, the parameter estimates of investment and gov-
ernment consumption are negative and significant in 
deteriorating economic growth in Nigeria. The magni-
tude of the coefficients of investment and government 
consumption are more for income per capita growth than 
overall output growth. The result shows the crowd-out 
effect of government expenditure on both the growth 
rate of Nigeria’s overall income and her income per capita 
in the long-run.6 It implies that the persistent increase 
in government deficit financing curtails the private sec-
tor spending as it discourages businesses from making 
capital investments due to the absorbing effect of the 
country’s lending capacity. However, it shows that the 
two variables support the growth of income and its per 
capita growth as their coefficients have positive values 
and also significant at the conventional level (see Appen-
dixes 1 and 2). It, therefore, supports the findings of Lin 
[19] conducted for both developed and less-developed 
countries.

However, the result from the table suggests that trade 
openness has a positive and insignificant effect on eco-
nomic growth both in the long- and short-run. It thus 
means that openness of trade is not a significant factor 

determining the level of economic growth in Nigeria. The 
diagnostic test and stability test of the empirical models 
are also reported in Table 5. The error correction terms 
(ECT) of − 0.3296 and − 0.9563 mean that the models 
converge in the long-run as their adjustment rates are 
at 32.96% and 95.63%. This further gives credence to the 
existence of a long-run relationship reported between 
both population and economic growth for Nigeria. The 
diagnostic test suggests that the models are well-spec-
ified, normally distributed, no serial correlation, and 
absence of heteroskedasticity. The stability of the empiri-
cal models is confirmed by the results of both cumulative 
sums of squared and cumulative sum statistics at a 5% 
significance level.

Furthermore, the results in line with the specification 
of Harrod–Domar and Solow models are reported and 
presented in Table 6. Based on the reported results, pop-
ulation growth has a direct impact on overall economic 
growth in both model specifications. However, the coef-
ficient of population growth is smaller than one, imply-
ing that the new number of a person living in the country 
has a lower proportion impact on the overall economic 
growth. It, thus, supports the proposition of the neo-
classical thought that high population growth leads to a 
low-income per capita but negates the presumption of 
no effect on income per capita growth under the steady-
state. The economic implication is that if the country 
maintains its current level of population growth and also 
taking the opportunity of its full potentials, the growth 

Table 6 Fully Modified least square estimates of population and economic growth in the Harrod–Domar and Solow model

Values in brackets are standard errors
*** ,** and * represent statistical significance level at 1%, 5% and 10%, respectively. The values in parenthesis “[]” show the non-acceptance of the null hypothesis at 5% 
level

Harrod–Domar model Solow model

Income growth Per capita income 
growth

Income growth Per capita 
income 
growth

Investment (gfcf ) − 0.0212*** − 0.0074*** − 0.0036*** − 0.0026***

(0.0033) (0.0016) (0.0008) (0.0005)

Population growth (popg) 1.0740** 0.7630** 0.5132*** 0.4526***

(0.4817) (0.3806) (0.1027) (0.1121)

Government consumption (gcon) 0.0419 0.0254* − 0.0052 − 0.0035

(0.0259) (0.0126) (0.0031) (0.0029)

Trade openness (topen) 0.0027 − 0.0021 0.0009* 0.0006

(0.0037) (0.0018) (0.0004) (0.0004)

GDP/GDPPC(− 1) 0.8919*** 0.7978***

(0.0233) (0.0363)

Constant 24.280** 4.9200*** 1.7953** 0.2708

(2.5390) (1.2346) (0.6821) (0.3533)

Adjusted R-square 0.8479 0.8176 0.9964 0.9858

6 Empirical estimation of government consumption impact on investment 
shows a negative coefficient (− 3.2430) and statistical significant at 5% level. 
It further confirms the crowd-out effect of government spending on private 
investment. The results are available on request.
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rate of income and per capita income will substantially 
improve. The negative and significant coefficient values 
of investment further buttress our earlier presumption of 
the crowd-out effect of government spending on invest-
ment. On average, government spending and trade open-
ness have no significant impact on economic growth with 
the periods under study.

Conclusion
In this research paper, we shed light on whether popu-
lation growth is an asset or a liability to the economic 
growth of Nigeria using a time series data set for the sam-
ple periods of 1981 to 2018. The study employs a battery 
of two estimation methods—the ARDL approach to coin-
tegration and fully modified least square, and the datasets 
were sourced from the World Development Indicator 
(2019). Apart from applying the primary dataset, i.e. pop-
ulation growth, GDP and GDP per capita; other factor 
determinants of economic growth considered are capital 
investment, government consumption and openness to 
trade. The long-run relationship confirms that a long-run 
relationship exists between population growth and eco-
nomic growth in Nigeria. The result confirms that popu-
lation growth has a positive and significant impact on the 
overall economic growth measured by both real income 
growth and income per capita growth. More, so the effect 
of population growth is more on the former than the lat-
ter, thereby supporting the neo-classical propositions 
of high population growth and low-income per capita 
under the steady-state. However, the effect of population 
growth reports a negative coefficient in the short run, 
meaning that it has a detrimental effect on economic 
growth.

The policy implication of a positive relationship between 
population growth and economic growth in the long-run 
indicates that current population growth of the coun-
try has the adequate potential of promoting economic 
growth. Meanwhile, population growth during the short-
run is detrimental to economic growth probable because 
of the high number of dependents. In the long-run, there 
are chances of the demographic dividend that makes the 
young people becomes productive in their adulthood. 
This study supports the league of many studies that pop-
ulation remain an asset to long-run economic growth 
whereas a liability to output growth in the short-run. We 
recommend the proper and adequate utilization of the 
country’s rising population into the appropriate areas of 
the economy where their efforts would be fully utilized 
towards improving the overall economic growth of Nige-
ria. Also, there is need for governmental support in human 

capital development (most notably in health and educa-
tion), empowerment programmes and socio-economic 
infrastructure in order to make the teeming youths useful 
to themselves and also become a good ambassador of the 
country.

Appendix 1: ARDL short‑run estimates (GDP 
growth)

Dependent variable: D(GDPG)

Selected model: ARDL(4, 2, 2, 4, 1)

Case 2: Restricted constant and no trend

Sample: 1981 2018

Variable Coefficient SE t-Statistic Prob

ECM regression

Case 2: 
Restricted 
constant and 
no trend

D(GDP(− 1)) − 0.151292 0.148234 − 1.020631 0.3226

D(GDP(− 2)) − 0.208357 0.137677 − 1.513375 0.1497

D(GDP(− 3)) − 0.371498 0.115222 − 3.224199 0.0053

D(GFCF) − 0.005925 0.001090 − 5.433407 0.0001

D(GFCF(− 1)) 0.006551 0.001653 3.964208 0.0011

D(POPG) 4.510312 0.957295 4.711518 0.0002

D(POPG(− 1)) − 4.974229 1.018397 − 4.884369 0.0002

D(GCON) − 0.008672 0.004181 − 2.074134 0.0546

D(GCON(− 1)) 0.029069 0.006181 4.703180 0.0002

D(GCON(− 2)) 0.017860 0.004184 4.268821 0.0006

D(GCON(− 3)) 0.012695 0.004570 2.777636 0.0134

D(TOPEN) 0.000681 0.000478 1.424140 0.1736

ECT(− 1) − 0.329620 0.046877 − 7.031544 0.0000

R-squared 0.804291 Mean-depend-
ent var

0.043252

Adjusted  R2 0.692457 S.D.-dependent 
var

0.036801

S.E. of regression 0.020408 Akaike info 
criterion

− 4.662868

Sum squared 
resid

0.008747 Schwarz criterion − 4.079259

Log likelihood 92.26875 Hannan–Quinn 
criter

− 4.463840

Durbin–Watson 
stat

2.054777
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Appendix 2: ARDL short‑run estimates (GDP Per 
capita growth)

Dependent variable: D(GDPPC)

Selected model: ARDL(2, 2, 3, 3, 0)

Case 2: Restricted constant and no trend

Sample: 1981 2018

Variable Coefficient SE t-Statistic Prob

ECM regression

Case 2: 
Restricted 
constant and 
no trend

D(GDPPC(− 1)) 0.254644 0.094118 2.705578 0.0136

D(GFCF) − 0.004931 0.000834 − 5.911279 0.0000

D(GFCF(− 1)) 0.006268 0.001347 4.654886 0.0002

D(POPG) 2.864308 0.811654 3.528975 0.0021

D(POPG(− 1)) − 2.845110 1.094943 − 2.598411 0.0172

D(POPG(− 2)) − 1.949838 0.747668 − 2.607891 0.0168

D(GCON) 0.004689 0.003117 1.504272 0.1481

D(GCON(− 1)) 0.011798 0.003847 3.066427 0.0061

D(GCON(− 2)) 0.009749 0.003263 2.987438 0.0073

ECT(− 1) − 0.956385 0.120686 − 7.924539 0.0000

R-squared 0.829562 Mean-depend-
ent var

0.015901

Adjusted 
R-squared

0.768204 S.D.-dependent 
var

0.037238

S.E. of regression 0.017928 Akaike info 
criterion

− 4.969900

Sum squared 
resid

0.008036 Schwarz criterion − 4.525514

Log likelihood 96.97324 Hannan–Quinn 
criter

− 4.816498

Durbin–Watson 
stat

2.416293
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