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Abstract: The paper examines the impact of economic growth, energy consumption and foreign direct
investment inflows on CO2 emission in Nigeria, using Autoregressive Distributed Lag (ARDL) approach to
cointegration and a time series data from 1971 to 2010. The result suggests existence of long run equilibrium
relationship among the variables. The empirical finding reveals that the coefficients of economic growth are
significant and positively related to CO2 emissions both in the long and short run. Furthermore, the estimates
of foreign direct investment inflows are also significant but inversely related to CO2 emissions in the long and
short run. On the other hand, the estimates of energy consumption although positive, are statistically not
significantly different from zero in the long and short run. We concluded that while economic growth expansion
fosters carbon emission and environmental pollution, increase in foreign direct investment inflows reduces
environmental pollution.
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INTRODUCTION initial stage of production until a turning point is reach

Environmental degradation resulting from energy emissions and improves environmental quality. This
consumption and effort to grow economies has become a implies that the relationship between output and CO2
major concern both to environmentalists and economists. emission is in conformity to the inverse U-shape.
This is because economic growth has feedback effect Furthermore, foreign direct investment (FDI) inflow
from energy consumption and the environment [1]. In has increased during the past twenty years in almost
particular, fossil fuel has been noted as one of the major every nation of the worldincluding Nigeria [4] revitalizing
contributor to greenhouse gas that leads to global the long debate in both academic and policy spheres on
warming. It major emitters as stated by [2] include China, their advantages and related costs. One aspect of the
India, USA, Brazil and Russia. Although the implication of debate argues that FDI provide direct capital financing,
CO2 emissions resulting from productive activity to grow generating positive externalities and stimulate economic
the economy has been emphasis in the literature, the growth via technology transfer. While part of other aspect
environmental Kuznets Curve hypothesis advance by of the debate is that FDI inflow and their activities in the
Nobel prize winner [3] suggested that the process of host country leads to energy consumption and carbon
expanding the level of output in an economy is normally dioxide emissions which release toxic substances that
accompanied with increase in carbon dioxide emission at pollute and degrade the natural environment. The increase

beyond which further output expansion reduces CO2
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threat of greenhouse gases and global warming along To develop the econometric model from the
with climate change has called for more attention and functional form equation, we first convert the above
discussion on the danger of its consequences [5] on the equation 1 into a log linear form and then introduce a drift
natural environment. The Intergovernmental Panel on parameter and stochastic error term. The error term is
Climate Change (IPCC) and Kyoto Protocol had since assumed to be normally distributed with zero mean and
reported possible increase in global temperature and rise constant variance. The log linear econometrics
in sea level resulting from global warming. Thereby calling relationship between our variables is as follows.
on countries to mitigate climate change through creating
awareness on alternative use of clean energy for lnCO  =  + lnY  + lnEC  + lnFDI  + µ (2)
productive purposes and need to set targets for carbon
dioxide emissions. where CO  represents CO2 emissions, Y  represents

The  link  between economic growth, energy economic growth, EC  represents energy consumption
consumption,  environmental  degradation  and FDI while FDI  denotes foreign direct investment net inflows.
inflows has been investigated by a number of studies with  to  are the slopes of the explanatory variables while
mixed empirical evidence. Some of the studies that  and µ  are the drift parameter and stochastic error term
investigated the relationships among economic growth, respectively. The stochastic error term is assumed to
energy consumption, foreign direct investment and CO2 capture all other variables that may influence CO2
emissions include among others [1, 4, 6, 7, 8, 9, 10, 11, 16]. emissions which are not in the model.
However,  literature  does  not document much with The methodological framework adopted for this
respect to Nigeria, particularly on the relationship study is the Autoregressive Distributed Lag (ARDL)
between CO2 emissions and foreign direct investment. approach to cointegration advanced by [12].
This is the area we intend to contribute to existing body Thecointegration framework is used to establish the long
of knowledge. This study investigates the impact of run equilibrium relationship between the explanatory
economic growth, energy consumption and foreign direct variables and the explained variable and for the estimation
investment on CO2 emissions in Nigeria. The remainder of of  long  run  coefficient  and  error   correction  model.
the paper is divided as follows: section 2 deals with data, The justification of using this method is due to its
model and method, section 3 focus on result and advantages over other cointegration approaches such as
discussion while section 4 handles conclusion and policy the Johansen Juselius and Engle Granger. Some of the
implication. advantages  include;   providing   good   property  for

Data, Model and Methodology: The data used for this observation;  It  does   not   formally   require  pretesting
paper was collected from World Bank development of  variables  for  stationarity  as  it can be used
Indicator (WBDI) this year for the period of 1971 to 2010. irrespective of whether variables are I(0),I(1) or mixture of
GDP per capita (current LCU) was used as a proxy to both; It is possible to estimate the error correction model
represent economic growth, Energy use (kg of oil along with the long run model without loss of degree of
equivalent per capita) represents energy consumption, freedom.
foreign direct investment, net inflows (% of GDP) is an In other to construct the ARDL model for the
indicator for FDI inflow while CO2 emissions (metric tons relationship between economic growth, energy
per capita) was used as proxy for CO2 emissions. consumption,  foreign  direct  investment  inflows  and

In other to model the relationship among our CO2  emissionsthe  research  work  follow  the   work  of
variables  a  functional  form  linear  equation  is required [1, 7, 9, 10, 11, 13, 14]. They have all investigated
to show  the  relationship   between  explanatory relationship   between    CO2   emissions   and  other
variables (economic growth, energy consumption and macro-economic  variables  such  as financial
foreign  direct  investment)  and  the explained variable development, economic growth, energy consumption,
CO2 emissions. The relationship is shown in equation 1 trade openness, foreign direct investment among others.
below: Resting on these, the unrestricted error correction model

Co  = f(Y , Ec , FDI ) (1) follows.t t t t

t 0 1 t 2 t 3 t t

t t

t
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small sample size between 30 observation to 80

of the ARDL approach to cointegration is formulated as
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To test the existence of cointegration from the above unrestricted error correction model of equation (3), we first
set a null hypothesis of no cointegration and an alternative hypothesis of the existence of cointegration. The numerical
value of F-statistics is then used as a yardstick for determine the existence or otherwise of cointegration. When the F-
statistics is greater than the upper bounds of [15] critical value, cointegration exists, but when it is lower than the lower
bounds, cointegration does not exist. On the other hand when the F-statistics falls within the upper and the lower bound
the result is inconclusive. On these bases our null hypothesis is given by H : = = = =0 while the alternative0 1 2 3 4

hypothesis is H : 0. The alternative hypothesis will ensure  none  failure  to  reject  the null hypothesis1 1 2 3 4

if the F-statistics happen to be greater than the upper bounds value of [15] Table. Having established the bases for
testing cointegration among our variable, the long run model is presented as follows.

The long run model in equation 4 can be estimated along with the short run model simultaneously in the ARDL
model as follows.

Having developed our models from equation 1 to 5 and CO2 emissions. The F-statistic value has been
we can now safely estimate and present our result in next computed using the ARDL cointegration approach and
section where a detail analysis of the relationship between the value is 5.4404. This is greater than the4.803upper
explained and explanatory variable of this research paper bounds critical value of [15] Table at 5% and 10% level of
are discussed. significance, implying that cointegration exist among our

RESULTS AND DISCUSSION accept our alternative hypothesis. The existence of

Although the ARDL approach to cointegration of necessary condition that allows us proceeds with the
[12] does not require a formal unit root test; we still estimation of other important result such as the long run
conduct a unit root test to avoid spurious results. The coefficients and the short run or error correction analysis.
unit root test was conducted using the two famous The result of the cointegration test is presented in the
approaches of Phillips Perron (PP) and Augmented Dickey Table 2.
Fuller (ADF) to verify the order of integration of the The result of the cointegration test in Table 2
series. The result of the test as presented in Table 1 provides justification for us to proceed with the
shows that variable are stationary atI(0), I(1) or both. estimation of long run relationship among our variables.

Since the unit root test in Table 1 shows that all The estimation of the long runand short run models have
variable are stationary, we can now proceed to test the been selected based on Schwarz Bayesian Criterion (SBC).
cointegration among the variables. Cointegration shows The result of the long run model in Table 3 shows that the
the long run equilibrium relationship between economic coefficient of economic growth is significant and
growth, energy consumption, foreign direct investment positively  related  to  CO2  emission in Nigeria, signifying

variable and hence provide a bases for not falling to

cointegration is critical to this research work as it is the
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Table 1: Result of Unit Root Test
ADF PP
------------------------------------------------------ ---------------------------------------------------------------

Variables Level 1  difference Level 1  differencest st

lnCO -1.9861 -6.7785*** -1.9899 -6.8907***t

lnY  1.1270 -4.9160***  1.1270 -4.9019***t

lnEC -2.9485** -5.4177*** -3.1117** -5.4150***t

lnFDI -1.6010 -10.6066*** -2.6570* -11.0316***t

where ***, ** and * indicate significance at 1%, 5% and 10% respectively

Table 2: Result of Cointegration Test
Critical values for the bound test
---------------------------------------------------------

Equation F-stat. Lag Level of sig. I(0) I(1)
F(lnCO |lnY ,lnEC ,lnFDI ) 5.4404 4 5% 3.548 4.803t t t t

10% 2.933 4.020
F-statistics is greater than the upper bonds at 5% and 10%, indicating the existence of cointegration among variables

Table 3: Estimated Long and Short run Models
Dependent variable, ?lnCOt

Regressors Coefficient T-ratio (p values)
lnY 0.1188 4.2541(0.000)***t

lnEC 0.7853 0.6710(0.509)t

lnFDI -0.71801 -6.9351(0.000)***
Constant -6.3331 -0.82748(0.416)
Estimation of Short run

lnY 0.3008 2.2776(0.031)**t

lnEC 0.6049 0.4254(0.674)t

lnFDI -0.1222 -2.7220(0.011)**t

Constant -3.7921 -0.8628(0.396)
ECM(-1) -0.5988 -5.6775(0.000)***
where *** and ** indicate significance at1% and 5% level

that an increase in economic growth will lead to increase and technological transfers. More so, the coefficient of
in carbon dioxide emissions. To be precise when energy consumption as presented in Table 3 is positively
economic growth increase by 1% CO2 emissions will related to CO2 emissions but seems not to be significantly
increase by 0.1188% suggesting that economic growth different from zero. This suggests that the explanatory
contribute   to   environmental   pollution   in  Nigeria. power of energy consumption in influencing carbon
This result supports the findings of [1, 8, 10]. Furthermore, emissions is not robust enough to pass any judgment.
the result of the long run model in Table 3 reveals that the The results of the short run model are also presented
coefficient of foreign direct investment (FDI) inflow is in Table 3. The findings reveal that the estimate of
significant and inversely related to CO2 emissions in economic growth is also significantly and positively
Nigeria, suggesting that an increase in FDI inflows into related to CO2 emissions, suggesting that output
the country will reduce the among of carbon dioxide expansion is accompanied by more environmental
emission. This implies that as FDI inflows increase, degradation. To be concise an increase in economic
environmental pollution reduces. This outcome growth  by  1%  leads to carbon emissions by 0.3008%.
corroborates the findings of [14]that carry out related The  result  derives  support  from  the  work of [5, 11].
study  in  Nigeria. The result is also in agreement with the This outcome is also in line with Environmental Kuznets
findings of [7, 16]. This result may not be unconnected Curve (EKC) hypothesis which postulates that expansion
with the fact that most multi-national cooperation come in in economy’s output is accompanied with higher CO2
to the economy with advance method of production that emission, until a turning point is reach when further
uses cleaner sources of energy and reduces expansion reduces CO2 emissions. Similarly, the
environmental pollution. The finding is also in line with coefficient  of  foreign  direct  investment   is  significant
the debate that FDI inflows lead to positive externalities at  5%  level  and   inversely   related   to   CO2   emissions.
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Table 4: Result of Diagnostic Test
Test statistics LM version F version
A: Serial correlation CHSQ (1)=0 .1102[0.740] F(1, 22)=0 .067578[0.797]
B: Functional form CHSQ (1)= 6.2377[0.013] F(1, 22)= 4.6109[0.043]**
C: Normality CHSQ (2)= 1.4447[0.486] Not applicable
D: Heteroscedasticity CHSQ (1)= 0.5840[0.445] F(1, 34)=0.5607[0.459]
where ** indicates significance at 5% level
A: Lagrange multiplier test of residual serial correlation 
B: Ramsey’s RESET test using the square of the fitted values 
C: Based on a test of skewness and kurtosis of residuals 
D: Based on the regression of squared residuals on squared fitted values

Fig. 1: Plot of Cumulative Sum of Recursive Residuals

Fig. 2: Plot of Cumulative Sum of Squares of Recursive Residuals

In the short run, increase in FDI inflows by 1% will be Cumulative Sum of Squares of Recursive Residuals
companied with a reduction in CO2 emissions by 0.1222. respectively. The result is within the critical bounds at 5%
This finding also corroborates the relationship between level of significant, hence the model is stable reliable and
FDI and CO2 emissions in the long run. More so, Table 3 consistent.
also shows the result of relationship between energy
consumption and CO2 emissions. The coefficient of CONCLUSION AND POLICY IMPLICATION
energy consumption although positively related to CO2
emissions, seems not to be statistically different from zero. This research work investigated the impact of
The result of error correction model (ECM) is also economic growth, energy consumption and foreign direct
presented in Table 3. Its coefficient (-0.5988) is negative, investment inflows on CO2 emissions in Nigeria.
less than one and significant, suggesting a moderate Autoregressive Distributed Lag (ARDL) approach to
speed of adjustment back to long run equilibrium in event cointegration advanced by [1]was used to establish the
of any shock in the short run. long run equilibrium relationship between economic

To verify the robustness of our results, diagnostic growth, energy consumption, FDI inflows and CO2
test was  conducted  and the results are presented in emissions in Nigeria. The estimates of economic growth
Table 4. The results show that our models pass the two are significant and positively correlated with CO2
major diagnostic tests of serial correlation and emissions in the long run and short run, suggesting that
heteroscedasticity. Therefore the stochastic error term is both variables move in the same direction. The policy
white noise with zero mean and constant variance. To implication is that Nigeria economy has not yet reaches
support the diagnostic test, a stability test was also the inverse U-shape of its output level where further
conducted  and the result is presented in Figure 1 and 2 output expansion reduces CO2 emissions as projected by
for Cumulative Sum of Recursive Residuals and the Environmental Kuznets Curve hypothesis. Therefore,
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a more environmental friendly production technique is 6. Chang, S.C., 2015. Effects of financial developments
required to boost output to its turning point and beyond and income on energy consumption. International
to enjoy growth that enhances environmental quality. Review of Economics and Finance, 35: 28-44.

Furthermore, the coefficients of FDI inflows are 7. Azhar, M., M. Zahir, K. Zaman and D. Irfan, 2014.
significant and inversely related to CO2 emissions both in Questing the three key growth determinants: Energy
the long run and short run, suggesting that an increase in consumption, foreign direct investment and financial
foreign direct investment inflows improves environmental development  in  South  Asia.   Renewable  Energy,
quality via reduction in CO2 emissions. The implication is 68: 203-215.
that foreign investment inflows use cleaner sources of 8. Al-mulali, U., C. Normee and B. Che, 2012. The impact
energy in production as compare to local investors in of energy consumption and CO2 emission on the
Nigeria. This finding is line with the long time debate that economic and financial development in 19 selected
foreign direct investment leads to transfer of technology countries. Renewable and Sustainable Energy
and positive externality to the host country. In addition, Reviews, 16(7): 4365-4369.
the coefficient of energy consumption is not robust in 9. El, M., H. Arouri, A. Ben, M. Hatem and C. Rault,
explaining CO2 emission in Nigeria, both in the long run 2012. Energy consumption, economic growth and CO
and shot runas it is only positive but not significant. 2 emissions in Middle East and North African
Although the results of energy consumption arenot countries. Energy Policy, 45: 342-349.
sufficient to pass any judgment in the present, they 10. Wang, S.S., D.Q. Zhou, P. Zhou and Q.W. Wang,
however signal that more energy consumption could 2011. CO2 emissions, energy consumption and
leads to CO2 emissions in future. Therefore the need to economic growth in China: A panel data analysis.
increase the share of cleaner energy use to reduce carbon Energy Policy, 39(9): 4870-4875.
emissions  from  fossil energy consumption in Nigeria is 11. Jaunky, V.C., 2011. The CO 2 emissions-income
re-emphasis. nexus?: Evidence from rich countries. Energy Policy,

REFERENCES 12. Pesaran, M.H., Y. Shin and R.J. Smith, 2001. Bounds

1. Shahbaz,   M.,   A.   Kumar   and   M.   Nasir,  2013. relationships.  Journal  of  Applied Econometrics,
The effects of financial development, economic 16(3): 289-326.
growth, coal consumption and trade openness on 13. Jalil, A. and M. Feridun, 2011. The impact of growth,
CO2  emissions  in  South   Africa.   Energy  Policy, energy and financial development on the
61: 1452-1459. environment in China: A cointegration analysis.

2. The World Bank, 2007. Growth and CO2emissions: Energy Economics, 33(2): 284-291.
how do different countriesfare. Environment 14. Bello, A.K. and O.M. Abimbola, 2010. Does the level
Department, Washington, DC. of economic growth influence environmental quality

3. Kuznets, S., 1955. Economic growth and income in Nigeria: A Test of Environmental Kuznets Curve
inequality. American Economic Review, 45: 1-28 (EKC) Hypothesis? Pakistan Journal of Social

4. Omri, A., D. Khuong and C. Rault, 2014. Causal Sciences, 7(4): 325-329.
interactions between CO2 emissions, FDI  and 15. Narayan, P.K., 2005. The saving and investment
economic growth?: Evidence from dynamic nexus for China: evidence from cointegration tests.
simultaneous-equation models. Economic Modelling, Applied Economics, 37(17): 1979-1990.
42: 382-389. 16. Lee, J.W., 2013. The contribution of foreign direct

5. Saboori, B., J. Sulaiman and S. Mohd, 2012. Economic investment to clean energy use, carbon emissions
growth and CO2 emissions in Malaysia: A and economic growth. Energy Policy, 55: 483-489.
cointegration analysis of the Environmental Kuznets
Curve. Energy Policy, 51: 184-191.

39(3): 1228-1240.

testing approaches to the analysis of level


