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Abstract

Anthropogenic activities in search of livelihood come with its environmental implications. This is in line with the current crusade
of the United Nations sustainable development goals (SDGs) target 7 and 13 for effective clean energy access and mitigating the
adverse effect of climate change issues. Since the seminal study of Kraft and Kraft (1978) on the nexus between energy and gross
national product, there has been no consensus in the extant literature in the last four decades. To this end, the current study applies
recent data for the case of Nigeria from 1970 to 2017 on an annual frequency. Modified Wald causality test of Toda-Yamamoto is
in conjunction with the recent gradual shift causality test with Fourier approximation for robustness and precision of analysis.
Empirical results show the pollutant driven economy as one-way causality is seen running from pollutant emission to economic
growth. This suggests that economic growth is driven by dirty energy sources that are from non-renewable energy sources. This is
further validated in the pollution haven hypothesis (PHH) confirmed in the study by the causality seen running from foreign
direct investment and carbon dioxide emissions. Additionally, the exploration of natural resources also engenders economic
expansion in Nigeria. Based on the current study findings, a couple of submissions are made such as the need for a paradigm shift
to cleaner energy sources. More so, the need for the adoption of cleaner, eco-system friendlier innovations, and technologies will
aid in the attainment of the SDGs of mitigating climate and pollution issues.
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sumption is more economical among the sources of energy
generation. Thus, its demand for consumption continues to
increase considering its cheap availability to its consuming
economies. Most if not all of these economies tend to prefer
it than other sources like oil and gas. No wonder at the global
level, the report from the world coal institute has it that in
2005, coal usage alone accounts for about 25.1% of the total
energy derived from fossil fuel (Wolde-Rufael 2010). This
achievement is above that of gas which accounts for 20.9%
only lower than 34.3% generated from oil. Though Nigeria is
not the largest coal consuming economy, it remained the giant
economy in Africa which makes it a suitable choice to carry
out a developmental study such as this. Despite this esteem
position occupied in Africa, Nigeria has not achieved its desire
economic prosperity, although the success recorded so far is
commendably significant. The trend of GDP growth rate
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shows that the Nigerian economy has witnessed significant
and continuous progress despite various shocks experienced
at some point among which is the most recent one that hit the
country in 2017 and 2018 for which the effect is still lingering
till date. The reality of this was down on the nation as a result
of'the exit of many consumer-based companies from the econ-
omy caused by low demand, a general economic hardship,
and a sharp reduction from the FDI inflow as supported by
Oladipo (2010). For example, FDI inflow achieved in 2012
stood at about $8.92 billion which reduced by 21 percent to
N3.5 billion in 2017.

Furthermore, surprisingly, Nigeria which happened to be
the gateway of foreign direct investment (FDI, hereafter) in-
flow into Africa is gradually losing ground to other emerging
actors such as Ghana in the West Africa sub-region and Egypt
in the continent. For instance, FDI inflow to Nigeria further
dropped to $2.2 billion in 2018 behind Ghana which overtook
Nigeria by achieving a sharp increase up to $3.3 billion. This
decline is still persisting to date as a result of the fear of
uncertainty envisaged by the investors UNCTAD (2018).
On the other hand, the report from the United State energy
consumption administration (EIA 2018) indicates that in
2013, the share of coal consumption for energy generation
in Nigeria was small compared with other components of
the biomass and waste sources. In 2016, total energy genera-
tion include 28.0 ktoe from coal, 13911.0 ktoe from Natural
gas, 114,075.0 ktoe from biofuel and waste, 21,110.0 ktoe, 2.0
ktoe from wind, solar, etc., and 480.0 ktoe from Hydro. In
2018, the total basic energy usage in Nigeria according to
the (EIA 2018) report stood at 4.8 quadrillion (British thermal
units). Out of this amount, 74 percent was generated from
traditional biomass and waste which comprises wood,
charcoal, manure, and crop residues. This record prompted
the need to carry out an investigation for a single country to
confirm the causal direction of its relationship with economic
expansion. In addition to the above, Shahbaz et al. (2013)
maintain that the coal-led growth nexus is still empirically
debatable for single country scenarios.

Against to backdrop, the current study is majorly informed
by this claim made by Shahbaz et al. (2013) to invest whether
or not coal energy consumption drives the Nigerian economy
by adding total resource rent, FDI inflow, and CO, to argu-
ment the model for the case of Nigeria. The enclosure of
natural resources became imperative because it forms the larg-
est part of government revenue at least no less than 70 percent
of the total. This suggests that omitting the natural resources
variable from the growth equation of Nigeria may lead to a
model specification error, thus, result in a misleading result.
This is conducted with a recent causality test of the Modified
Wald causality test of Toda-Yamamoto in conjunction with a
gradual shift causality test with Fourier approximation for
robustness and precision of analysis. Specifically, this study
contributes to existing energy literature by incorporating total
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resource rent, FDI inflow to overcome any model
misspecification problem. Generally, the extant studies focus
on the relationship between coal consumption, CO,, and eco-
nomic growth (Shahbaz et al. 2015; Magazzino et al. 2020;
Joshua et al. 2020). More importantly, most of the studies on
energy-induced growth nexus in Nigeria were centered on the
relationship between electricity usage and economic advance-
ment. Thus, this study set out to break even by using coal
energy consumption in place of electricity usage to determine
the causal link between the variables of interest.

The rest of this study follows: the “Brief literature and
empirical review” section dwells on a review of the related
literature. The “Data and methodology pathway” section fo-
cuses on the data and methodological procedures adopted
while the interpretation and discussion of results are presented
in the “Empirical results, interpretations, and discussion” sec-
tion. Finally, the concluding remarks and policy prescriptions
are rendered in “Conclusion and Policy Recommendation”
section.

Brief literature and empirical review

The contention to justify the relationship between coal usage
and economic expansion is an ongoing one as conflicts in the
outcomes of the previous studies abound. Some previous stud-
ies maintain that coal is a promoter of economic prosperity
while others question this claim. Others advocate for a feed-
back linkage, the fourth hypothesis stands on neutral ground.
The first hypothesis refers to the growth hypothesis is of the
opinion that a country where coal is consumed will experience
a drastic improvement along its economic expansion path.
This assertion is closely supported by proven works of authors
such as Jin and Kim (2018), who carry out an empirical panel
study for selected non-OECD member countries and OECD
economies by adopting the FMOLS estimator. Their overall
findings reaffirmed the coal-led growth hypothesis after care-
ful examination of the said hypothesis. The finding further
reveals that the series co-move in the distance future only for
the non-OECD countries and that coal usage and GDP exhibit
an inverse linkage for the non-OECD economies in the dis-
tance term. This is consistent with the most recent studies
conducted by Saint Akadiri et al. (2019) and Udi et al.
(2020) for the South African economy. The outcomes further
justified the coal-led growth hypothesis by revealing a one-
way link from coal usage to economic prosperity implying
that coal usage drives an economic acceleration in South
Africa. In another related study, Bekun et al. (2019a, 2019b)
adopted the three different approaches to cointegration one of
which is Bayer and Hanck (2013) for the South Africa econ-
omy. The revelation from the study confirmed a long-run
equilibrium between the variables. In addition to this, the re-
sult further reaffirmed the key role played by coal usage in
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promoting economic prosperity in South Africa through the
revelation of a one-way link from coal to economic advance-
ment. Other studies that lent their supports to the said hypoth-
esis include Ulucak and Bilgili (2018), Chu et al. (2017), and
Bekun et al. (2019b). Sarkodie and Adams (2018) examine a
similar case in South African using a linear model and found
that coal drives economic prosperity aligning with the work of
Wolde-Rufael (2009) for India and Japan. Other supporting
studies include (see Shiu and Lam 2004; Yuan et al. 2007; Li
et al. 2008; Wolde-Rufael 2004). Apergis and Payne (2010)
submit that conservation policy is an anti-economic accelera-
tion, particularly in a coal-driven country. Ziramba (2009)
confirms the coal usage-led growth nexus, consistent with
the work of (see Shahbaz et al. 2013; Sari et al. 2008; Ewing
et al. 2007; Narayan and Smyth 2005, ) and (Thoma 2004;
Erol and Yu 1987; Soytas and Sari 2003) for the US, Japan,
and Germany economies respectively. This hypothesis main-
tained that conservation policy is anti-economic progress as
such should not be implemented for the coal-driven economy.

Secondly, the conservation hypothesis contends that coal
usage demand is the product of economic advancement which
renders conservation policy-relevant. Supporting this hypoth-
esis is the study of Jinke et al. (2008) which posits that an
expansion in GDP will in turn influence the demand for coal
usage in the economies of China and Japan without a reversal
reaction. According to them, coal usage in china, in particular,
depends on how fast the economy of China is expanding
which is applicable to Japan. This is consistent with the
work of Govindaraju and Tang (2013) for the Indian econo-
my. The implication of this assertion is that if the economy of
China or India is reversed in the growth process, coal usage
will follow suit. Reynolds and Kolodziej (2008) studied the
former Soviet Union and found that economic progress is the
determinant of coal usage, similar to the study of Yuan et al.
(2008), Yang (2000a), Jinke et al. (2008), Wolde-Rufael
(2010), Etokakpan et al. (2020), Kirikkaleli et al. (2020),
Adedoyin et al. (2020a), and Adedoyin et al. (2020b). This
hypothesis was reaffirmed for Italy and Malawi by these stud-
ies (Soytas and Sari 2003; Jumbe 2004). This is consistent
with the works of (Zhang and Xu 2012) and Govindaraju
and Tang (2013) for China. Soytas and Sari (2003) also vali-
date the hypothesis for Italy.

Furthermore, third, the feedback hypothesis contends that
there is an interdependent reaction between the variables un-
der investigation, thus, conservation policy can hamper the
process of economic advancement. This assertion is supported
by empirical evidence from the work of Belke et al. (2011)
and Fuinhas and Marques (2013) who found a feedback inter-
action between economic expansion and coal consumption.
Wolde-Rufael (2009) discovered that economic expansion
and coal consumptions drive each other accordingly for the
economies of South Africa and the USA. This is similar in
Korea and Taiwan as revealed by the works of Yoo (2006)

and Yang (2000) as also applicable to the works of (See Yuan
et al. 2008; Yang 2000b). Lee and Chang (2005) posit that
economic growth and coal usage promotes each other, similar
to the revelation found in Korea by the works of Yuan et al.
(2008) and Yoo (2006). Wolde-Rufael (2010) examined the
economy of South African and found feedback interaction
between the variables as well as the work of Wolde-Rufael
(2010) for the US economy. For the economies of India and
Taiwan in separate studies, Paul and Bhattacharya (2004) and
Yuan et al (2008) discovered a bidirectional link.

Finally, fourth, the neutrality hypothesis stands to assert
that the influence of coal usage on growth is either insignifi-
cant or uncertain. As a result, conservation policy will func-
tion well to keep the economy healthy and dynamic. Studies in
support of this claim include Wolde-Rufael (2009) who dis-
covered that the dynamic of coal usage in China and South
Korea remains uncertain. He went further to discover a none-
causal relationship in South Africa aligning with the work of
Yuan et al. (2008) for China. The case is not different in
Newzealand where Fatai et al. (2004) discovered a non-
causal linkage. This is consistent with the studies (Jinke
et al. 2008; Ziramba 2009; Payne 2009). On the other hand,
Stern (1993) discovered a non-directional interaction for the
US economy. Studies (See Yang 2000a; Sari and Soytas
2004; and Lee and Chang 2005) drew separate stands in re-
spect hypothesis understudied.

Data and methodology pathway

The incorporated variables include real (GDP) which repre-
sents economic expansion (constant 2010, US$), total natural
resource rent (TNR), FDI inflow (FDI), coal consumption
(COAL), and CO, emission (CO,). This study intends to ex-
tract time series data except for COAL from the World Bank
Development Indicators (2020) database ranging from 1970
to 2017. The Thomson Reuters DataStream is the source of
coal consumption. This study adopts the logarithm values of
each of the series in an attempt to achieve the growth effect
and eliminate the possible heteroscedasticity problem.

Stationary tests

The need for a stationarity test is majorly informed by a
long-standing argument that macroeconomic variables
usually drift and remain unstable in nature. Thus, the
unit root test is carried out to confirm the point of
stationarity of the series Gujarati (2009). This according
to Gujarati (2009) will help avoid a misleading obtain-
able from a spurious estimation. This study, therefore,
adopts the ADF (Dickey and Fuller 1981) and PP
(Phillips and Perron 1988) for ascertaining this reality.
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The widely accepted formula is stated:

AY, =01+ 0+ 6V + Y aAY i+ g (1)
-1

=

Here, ¢, represents the error correction term that is expected
to be while noise process with zero mean and constant vari-
ance and time, and ¢ indicates time.

Granger causality tests

The current study first employs the Toda-Yamamoto (TY)
causality test to ascertain the flow of causality link between
the aforementioned variables. TY causality test is based on the
modified Wald test MWALD). The most important feature of
this procedure is that TY approach considers the possibility of
non-stationarity and cointegration properties of the series.
Thereby, this method helps to minimize the risks of the pos-
sible wrong identification of the integrated order of the series
(Mavrotas and Kelly 2001). Against this backdrop, the TY
approach is superior to the traditional pairwise Granger cau-
sality test.

Wolde-Rufael (2004) points out the major idea of this tech-
nique as follows “to artificially augment the correct VAR
order, k, by the maximal order of integration, says dpax.”
After that, the need to estimate a (k + d,,,5) th order of VAR
and to ignore the last coefficients of the last lagged d,,,x vec-
tor. With this aim, TY procedure provides the usual test sta-
tistics which have appropriate asymptotic distribution.

To carry out the TY Grangers non- causality test, we used
the following VAR (k + d,,a,) System equations:

2 =0+ B1z-1 + oz + oo + BrraZi-(kta) T & (2)

where k stands for the optimal lag order of the VAR model
while €;, 1 = 1, 2,...,5 presents the stochastic terms for the
models.

In Eq. (2), it is assumed that the intercept term, 8, does not
have any structural shifts. In another way, the intercept term is
constant over time. Ignoring the existence of structural shifts
in the data generating process might cause false rejection of
the true null of no causality that has been shown by Enders
and Jones (2016). Also, the causality test results biased toward
having the over-rejection problem of the null of non-causality
when structural breaks are not properly modeled. Hence, it is
important to determine the structural shifts and taking them
properly into the model to overcome possible misspecification
errors.

Using the dummy variables is one of the conventional tech-
niques for modeling structural breaks (Lee and Strazicich
2003; Zivot and Andrews 1992; Perron 1990). Also, the
smooth transition technique is used for the gradual changes
in structural shifts (Kapetanios et al. 2003; Leybourne et al.
1998). Both techniques require specific information about the
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structural break date(s) and their functional forms. To over-
come these difficulties, Fourier approach is proposed to cap-
ture gradual structural shifts (Rodrigues and Robert Taylor
2012; Enders and Lee 2012a, 2012b; Becker et al. 2006).

In a VAR model, to confirm the source of structural breaks
and control these breaks are difficult because a structural
break in one variable potentially causes a change in other
variables (Enders and Jones 2016; Ng and Vogelsang 2002).
Recently, Enders and Jones (2016) conduct a Fourier approx-
imation to determine the form of breaks and estimate the num-
ber and date of breaks in a VAR specification. Their findings
revealed that the traditional Granger causality approach is
sensitive to the unit root and cointegration properties of the
VAR model. Therefore, the unit root and cointegration test
should be checked as a preliminary analysis to apply the tra-
ditional Granger causality test. Because the Wald test has non-
standard distribution and nuisance parameters, the variables in
a VAR model are integrated and/or co-integrated (Dolado and
Liitkepohl 1996; Toda and Yamamoto 1995). As we men-
tioned earlier, to overcome these problems, the TY approach
is proposed by Toda and Yamamoto (1995). Next, the Fourier
approach is proposed as an extension of the TY approach with
gradual changes. The current study also employs Fourier ap-
proximation to account for the possibility of gradual shifts in
Granger causality analysis.

Modeling the structural shifts, we need to relax the assump-
tion of the intercept parameter ¢ being constant over time and
adjust the VAR model in Eq. (2).

% = 0(t) + B1z-1 + Pozia + oo+ BriaZi(kra) T+ & (3)

where the intercept terms J(t) denote ant structural shifts in z;
since 4(t) is functions of time. To capture structural breaks as a
gradual shift with an unknown number, date, and form of
breaks, the Fourier approximation can be defined as follows:

2mkt

0(t) = 0o + p;sin (2%kt> + @,cos (T) (4)

where ; and p,measures the amplitude and displacement of
the frequency, respectively. k is a frequency of the approxi-
mation. By substituting Eq. (4) into Eq. (1), we obtain the
following equation:

. 2wkt 27kt
z; = 0o + ©Sin T + p,cos8 T + ﬂth—l

+ Boz2 + -+ BrgaZi-(kra) T+ & (5)

The structure of the null hypothesis of Eq. (5) is the same it
is in Eq. (1). This null hypothesis of Granger non-causality
can be tested by using the Wald statistic. However, the recent
studies in the Granger causality literature utilize bootstrapping
critical values to obtain more robust inferences for the unit
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root and cointegrating properties of the data (Balcilar et al.
2010; Hacker and Hatemi-J 2006; Shukur and Mantalos
2000). Because of this superior property, this study uses the
bootstrap distribution of F-statistics.

Empirical results, interpretations,
and discussion

This section presents the empirical finding by carrying out a
stationarity test first for the purpose of avoiding spurious re-
gression using the widely accepted conventional ADF and PP
unit root tests to determine the stationarity of the variables of
interest. The visual graph of the variables of interest was also
plotted to view the trended movement of the series. Table 1
proves that GDP exhibits a higher average comparatively. The
standard deviation revealed a high level of the dispersion of
the series from their means, and that all the series except for
the GDP are negatively skewed (Fig. 1). Through its proba-
bility value, the Jargue-Bera outcome validates the normal
distribution of the series except for RGDP and TRN. The
overall outcome from the Pearson’s coefficient correlation in
Table 2 shows a positive and significant connection between
series. Furthermore, ADF and PP tests as presented in Table 3
show that only FDI inflow and total natural resources rent
were stationary before the first differencing. However, at the
first difference, all variables became stationary at a 1 percent
degree of freedom except for GDP at a 5 percent level of
significance.

This study adopted majorly the TY causality test and block
exogeneity test to ascertain the causal effect of the variables
under study as reported in Table 4. In order to affirm robust-
ness and precision of analysis, the recent gradual shift causal-
ity test with Fourier approximation is also employed. Firstly,

Table 1 Summary statistics

LNCO2 LNGDP LNCOAL LNFDI LNTNR
Mean 11.098 25986 3.611 0.335 2.641
Median 11.155  25.799 3.737 0.506 2.812
Maximum 11.572  26.838 5.307 1.756 3.460
Minimum 10.469  25.404 1.194 -1.357 0.924
Std. Dev. 0.374 0.462 1.015 0.812 0.543
Skewness -0.356 0.561 —0.382 -0.578 —1.311
Kurtosis 1.645 1.920 1.901 2.565 4.762
Jarque-Bera  3.342 3.537 1.351 2.228 14.564
Probability 0.181 0.171 0.509 0.328 0.001"
Sum 388.429 909.539 126.386 11.745  92.418
Sum sq. dev.  4.749 7.258 35.093 22.421  10.039
Observations 35 35 35 35 35

* denotes the significance level at 0.01

both analyses are in harmony, and the estimations indicate a
non-causal link between GDP and CO, which suggests that
economic expansion is not a promoter of carbon emission in
Nigeria contradicting the work of Bekun et al. (2019a, 2019b)
for South Africa. The implication is that the growth path of the
Nigerian economy is pure and free from carbon emission.
Another revelation shows that coal consumption does not
Granger cause carbon emission nor induce economic expan-
sion contradicting the finding of Saint Akadiri et al. (2019).
This could be linked with the earlier claim recorded in the
(EIA 2018) which claimed that the proportion of coal usage
in Nigeria for the purpose of energy generation is small. This
means that the share of coal usage in Nigeria is too small to
significantly induce both economic expansions and to pose
environmental degradation. Policymakers and managers of
this economy required to channel their effort toward other
directions to determine the root cause of carbon emission as
coal is discovered not to be a contributor to carbon emission.
Interestingly, the findings from this study revealed a non-
causal link between FDI inflow and carbon emission which
implies that the FDI inflows to Nigeria are pure in nature and
dynamic to induce the course of economic progress. This calls
for a conscious effort by the managers of the economy to
adopt policies that will create both political and macroeco-
nomic investment appealing environment in addition to busi-
ness incentives that woo more foreign investors into the econ-
omy. Thus, strategic policies and business incentives such as a
free license for operation, tax holidays, and free land for in-
dustrial sitting are highly recommended for the Nigerian
economy.

The further empirical result also proves a non-causal link
between total natural resources rent and carbon emission. The
finding also revealed an uncertain causal direction between
coal consumption and economic expansion confirming the
neutrality hypothesis in the case of Nigeria. Furthermore,
one could intuitively align the outcome of this study with
the initial claim made by (EIA 2018) which stresses that the
quantity of coal consumption in Nigeria is small, hence not
strong enough to drive economic expansion. As expected, the
study revealed a one-way causal direction linking from FDI
inflow to economic expansion confirming the FDI-led growth
nexus as supported by the work of Gungor and Ringim (2017)
but contradicting the work of Joshua (2019) for Nigeria. The
studies of Joshua (2019) found that FDI does not Granger
causes economic expansion during the period under consider-
ation. Since FDI inflow is pure and growth-driven, thus vali-
dating the pollution haven hypothesis in Nigeria. Thus, the
authority must take note of this. Effective policies should be
put in place to attract more foreign investors to enable the
country to achieve her desire goal of economic expansion
and development. Stability in the macroeconomic environ-
ment, such as a stable exchange rate and stable inflation rate,
is a key to attracting foreign investors into the economy.
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Fig. 1 Visual of series under investigation

Convincingly as expected, the finding revealed a unidirection-
al link from total natural resources rent to economic accelera-
tion. This needs no logical proof as the Nigerian economy is
controlled by natural resources (oil sector). It is imperative to
point out here that after the oil boom in the 1970s, there was a
paradigm shift from agricultural-intensive to the oil-intensive

Table 2  Pearson’s correlation coefficient results

Series LNCO2 LNGDP LNCOAL NFDI LNTNR
LNCO2 1.000

LNGDP 0.645™"  1.000

LNCOAL  0.053 -0216  1.000

LNEDI -0209 03747  —0.645" 1.000

LNTNR -0.144 02657 —0459"  0711°  1.000

The asterisks ", ™, and ” represent the significance level at 0.01, 0.05,
and 0.10.
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economy in Nigeria. Thus, earning from natural resources
particularly the oil sector constitute the highest revenue base
of the economy. This implies that no oil sector, no Nigerian
economy which is educative to the authority concern. The
implication is that the government must remind itself that
achieving economic acceleration in Nigeria lies not just in
the earning but proper spending of the revenue accruing from
the oil sector; as such, the earning from this sector must be
injected into a sensitive investment that could generate higher
returns. Second, the outcome from the block exogeneity test is
similar to the outcome from the TY Granger causality with a
little different. The difference is the revelation of a bidirection-
al relationship between GDP and CO, similar to the study of
(Sarkodie and Adams 2018; Bekun et al. 2019a). This means
that as the economy of Nigeria experiences expansion emis-
sion is inevitable and vice versa. This is a task on the path of
the researchers and policymakers to investigate the growth-
induce factors which also act as a pollutant in the economy in
other to address them properly otherwise in the nearest future,
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Table 3 ADF and PP and tests of

unit root Statistics (level) LNCO, LNGDP LNCOAL LNFDI LNTNR
ADF
Tr -1.792 —-1.320 -2.106 —-2.310 -3.329""
Ty -1.157 2.138 -2.519 - 2452 -3.651""
PP
Tr - 1.792 —-2.867 - 1.891 -2.058 -3.705"
T, - 1.186 1.563 -2397 -2312 -3.062"
Statistics first difference
ADF
Tp -5.635" -3.806™ -7.133" -10.653" -8.072"
T, - 5.648" —4.141" - 6.895" -10.144° - 7.607"
PP
Tr - 6.635" —-3.806"" -16.134" -15.631" -17.510°
T, —5.648" -3.716" -7.265" -9.979" -8.563"

Tr statistic stands for trend and constant while T, statistic refers to constant. The asterisks T and " represent
the significance level at 0.01, 0.05, and 0.10.

economic expansion could turn out to be a curse rather than a
blessing to national development. Another different outcome
from this method is a unidirectional relationship from FDI to

Table 4  Causality tests

Toda-Yamamoto causality Gradual shift causality

p  F-stat pvalue k F-stat p value
LCOAL#>LGDP 3 0.739 0839 3 0744 0875
LGDP#>LCOAL 3 1.699 0660 3 3122 0408
LCOAL#>LCO, 1 0.808 0383 3 0826 0843
LCO,#>LCOAL 1 0452 0513 3 0960  0.817
LCOAL#>LFDI 1 1290 0.278 1 1454 0256
LFDI#>LCOAL 1 0393 0.526 1 0027  0.880
LCOAL#>LTNR 3  1.695 0668 3 1.951 0.591
LTNR#>LCOAL 3 5351 0.184 3 3638 0324
LGDP#>LFDI 3 2.171 0536 3 3938 0304
LFDI#>LGDP 3  4.086 0280 3 5597  0.185
LGDP#>LINR 3 1435 0698 3 0543 0915
LTNR#>LGDP 3 9.002”  0.048 3 5.824 0.149
LGDP#£>LCO, 3 3825 0322 3 2053 0581
LCO.#>LGDP 3 12.068" 0.024 3147097 0.010
LFDI#>LTNR 2 2229 0.343 2 51157 0.084
LTNR#>LFDI 2 5.1557  0.086 3 0.826 0.850
LFDI#>LCO, 3 126517  0.000 3 89877 0.066
LCO.#>LFDI 3 4879 0217 3 33.509°  0.000
LTNR#>LCO, 3 3813 0.301 310440 0410
LCO,#>LTNR 3 2355 0.521 3 4690 0221

The optimal lags, p, and k, are selected by using Schwarz information
criterion (SIC) technique. “#>” indicates that no causality. The asterisks

stk ok

L and " represent the significance level at 0.10, 0.05, and 0.01.

TNR. This suggests that the extraction of natural resources in
Nigeria is done in partnership with foreign investors as the
local firms are believed to be deficient in technological ad-
vancement needed for extraction. The implication is that in-
digenization policy is not healthy for the economy as a part-
nership with foreign investors particularly in the area of ex-
traction is required to achieving cleaner extraction of the nat-
ural wealth of the nation and by extension achieving economic
expansion.

To further drive home, the aforementioned results are the
innovation accounting analysis of impulse response function
(IRF) which the reaction of each variable on another over an
identified forecast horizon period as presented in Fig. 2. The
graphical analysis shows the pollutant emission increases at an
earlier period and then decreases at one standard deviation
shock to the system in the third period, and the same trend is
seen in the analysis between coal energy and foreign direct
investment. All these interactions indicate that all series are
responsive to each other. Thus, the need for caution on the
side of policymaker is an insightful policy prescription.

Conclusion and Policy Recommendation

This study seeks to adopt the TY Granger causality and the
gradual shift Granger causality test with Fourier approxima-
tion tests as the method of estimation to check the flow of
causal relationship between coal energy usage and economic
advancement in Nigeria. The findings from the study prove
that coal energy usage does not Granger cause GDP nor in-
duces carbon emission. This implies that coal consumption is
not an important factor in the growth equation of Nigeria as
such the authority should look away from coal usage for
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Fig. 2 Impulse-response functions

generating power supply even in the future. The unidirectional
link from FDI to economic acceleration and a non-causal ef-
fect relationship between FDI and carbon emission illustrates
that only cleaner FDI flows to Nigeria and is acting as a strong
agent of economic prosperity which is instructive to the
policymaker.

The authority concern must as a matter of urgency set up
investment appealing macroeconomic policies to woo more
investors into the country. Policies and business incentives
such as free licenses for operation and tax holidays are viable
to influence the decision of foreign investors. Other policies
such as a stable exchange rate, stable inflation rate, and a
peaceful political atmosphere are critical to inform the invest-
ment decision of the foreign investors. One of the key roles of
FDI is seen in the extraction of natural resources which is the
biggest revenue generation of the nation. This implies that the
authority concern must encourage partnership with the foreign
companies in the extraction of the natural wealth of the nation
against the policy of total indigenization which disfavors the
foreign company’s participation. This is connected to the fact
that the local industries with their crude technology and
knowledge may not be able to extract the resources effective-
ly, therefore, resulting in wastage. Furthermore, a unidirec-
tional link running from total natural resources and economic
expansion was revealed by the current study.
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Furthermore, this needs no argument as the Nigerian econ-
omy relies on the natural endowment majorly in the oil sector.
The government of the day should ensure that revenue ac-
crued to this sector must be judiciously utilized or invested
especially in the higher return investment to generate the de-
sire for economic expansion. Finally, the finding from the
block exogeneity causality revealed a one-way link between
economic progress and CO,. This suggests that the pathway to
economic expansion in Nigeria is not from the clean energy
source; thus, the authority concern must strategize to promptly
tackle toxic substances generated through growth by provid-
ing proper channels for their discharge in other to avoid future
environmental degradation. Neglecting this will be endanger-
ing the economy in the future through carbon emission which
could eventually turn out to undo the course of economic
expansion. A flexible mixed policy is strongly recommended
for this economy. Conservation/growth policies could be ap-
plied and relax at some points in time depending on the pre-
vailing economic situation. At a higher level of carbon emis-
sion signifying serious danger to the environment, the author-
ity concern could relax the growth-inducing policies for a
while and to engage in environmental cleansing.
Alternatively, the economy could switch to more cleaner en-
ergy consumption if energy is known to be the major cause of
carbon emission.
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