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First and foremost, the present study seeks to traverse the informal sector
characterized by a shadow economy in the presence of financial
development, economic growth, and stock market performance on
environmental pollution in Nigeria from 1981 to 2019. The dynamic
autoregressive distributed lag (DARDL) approach was used to measure
the short- and long-run elasticities, while spectral causality is applied to
categorize the causal directions. Findings from the study revealed that the
structural break unit root test revealed that all variables are stationary at first
difference. The ARDL bound test confirmed the existence of long-run
association among the used variables. The ARDL long-run results reveal
that economic growth, financial development, and stock market
performance are significantly responsible for carbon emission in Nigeria,
while the shadow economy significantly improves environmental quality in
Nigeria. Findings from the spectral causality results show a unidirectional
causal relationship between financial development, economic growth,
trade, stock market performance, and shadow economy to carbon
emission in Nigeria. The empirical findings of this study provide some
perceptive policy recommendations to overcome the adverse effect of
carbon emissions in the environment.
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Nigeria
1 Introduction

Motivated by the prevalence of informal economy and the
role it plays in the economy in Nigeria, it has become imperative
to examine its impact on the environment. Nigeria has the
second-largest shadow economy (56.8% of GDP) among the
sub-Saharan African nations, after only Zimbabwe (60.6% of
GDP) (Medina and Schneider, 2018). In addition, Nigeria is the
fourth-largest shadow economy in the world, after Georgia
(64.87% of GDP), Bolivia (62.28% of GDP), and Zimbabwe
(60.6% of GDP) (Medina and Schneider, 2018). Thus, Nigeria
is a country of concern in the context of the shadow economy and
its effects on the economy and environment, although the
shadow economy size is declining with an annualized rate
of —10.63% between 1991 and 2017, and this fluctuation is
not significant compared to that of other African countries
(Camara, 2022; Qiang et al, 2022). As a result, Nigeria’s
enormous shadow economy may have a considerable impact
on both environmental stewardship and industrial progress, two
of the biggest problems the nation is now experiencing. However,
aboom in “dirty growth” has coincided with worrisome pollution
levels in Nigeria (Agboola and Bekun, 2019). According to the
World Bank (2021), even though Nigeria and six other nations
generate 40% of global oil supply, they are also responsible for
roughly two-thirds (65%) of the gas flared globally over the
previous 9 years. According to Maduka et al. (2022), this ranks
Nigeria as one of the top emitters in the world. As a result,
pollution research is still essential for fostering green growth in
Nigeria.

However, it is still questionable whether a bigger shadow
economy improves or degrades the quality of the environment,
especially for Nigeria, which has one of the biggest shadow
economies globally. In order to meet the COP26 target of net-
zero emission by 2060 and the sustainable development goals
within the allotted timeframe, it is crucial to investigate the
relationship between the shadow economy and environment
in the context of Nigeria, and thereby policymakers can react
accordingly.

Recent studies suggest a variety of macroeconomic
indicators, including aggregated energy usage, economic
growth, trade, financial development, and resource depletion,
used to describe
sustainability (Camara 2022; dada et al, 2021; Chen et al,
2018; Bekun et al., 2019; Jahanger et al, 2022a; Yang et al,
2021b). It is impossible to overstate the impact of economic

shadow economy and environmental

growth on environmental damage since increasing production in
most nations results in more pollution; Nigeria, one of the biggest
economies in Africa, is no exception (Whiting, 2019). The stock
market is another significant aspect that may be tied to
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environmental progress (Younis et al, 2021). According to
Sadorsky (2010), the stock market is very appealing to
businesses since it enables entrepreneurs to raise extra capital
and equity finance for business expansion. It is projected that this
increased economic activity would result in a high energy
demand, which might have an impact on the environment
(Younis et al., 2021; Yang et al., 2020a; Usman et al., 2022a,
Usman et al,, 2022b, Usman et al.,, 2022¢; Yang et al,, 2021a;
Qayyum et al.,, 2021; Bilal et al., 2021; Jahanger et al., 2022c).
Another element that harms the environment is financial
development.  Financial development spurs economic
expansion, which in turn draws more investments and
necessitates greater energy use, which leads to CO, emissions
(Tamazian et al., 2009; Kamal et al., 2021). Additionally, there is
debate on the relationship between trade and the environment.
International trade, according to some studies, has a significant
impact on pollution since it increases countries’ energy usage and
CO, emissions when they exchange technology, goods, and
resources (Khaskheli et al., 2021; Jiang et al., 2022a, 2022b).
Some people have proposed the fact that trade operations initially
harm the environment because of lax environmental standards.
However, trade operations are more likely to decrease pollution
in later phases of growth with robust environmental legislation
(Khaskheli et al., 2021; Ahmad et al., 2022; Jiang et al., 2022c,
Jiang et al., 2022d; Wan et al., 2022; Ke et al., 2022; Yu et al., 2020,
Yu et al., 2021, Yu et al., 2022).

However, the relationship between the shadow economy,
stock market, and emission nexus is still unexplored,
emphasizing Nigeria as a developing nation and a substantial
contributor to global warming (Wang et al., 2022a; Wang et al.,
2022b; Long et al., 2015, Long et al., 2017, Long et al.,, 2018).
Considering the aforementioned circumstances, this study seeks
to investigate the relationship between CO, emission, the shadow
economy, economic growth, and stock market performance in
Nigeria while controlling for trade and financial depth for the
first time. To that aim, the extent of the research and econometric
approach used in this work makes a significant contribution to
the body of knowledge. First, to the state of the art, this research is
among the first to concentrate on the effects of Nigeria’s shadow
economy on the environment. However, considering the
magnitude of the shadow economy in this nation, research of
this kind can assist policymakers in understanding the function
of the shadow economy in the transition to greener development.
Second, a valuable contribution to the body of extant literature is
related to the focus on Nigeria’s stock market development in
terms of environmental degradation, which was not taken into
account in earlier studies. Third, dynamic Autoregressive
Distributed Lag (DARDL)
and

simulations, a novel method

developed by Jordan (2018), are wused to

Philips
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supplement the flexible ARDL modeling strategy, which only
generates complex in-sample parameters. In essence, this
approach depicts how an environmental indicator reacts to
potential shocks from a certain regressor over a defined time
frame.

The next sections of the study are framed in the following
way: the next part reviews pertinent literature and Section 3
shows the data source, an empirical model, and an econometric
procedure. The results of the econometric investigation are
illustrated in Section 4 before being discussed in Section 5.
The conclusion of the research with some policies and future

research directions is covered in Section 6.

2 Literature review

2.1 Nexus between shadow economy and
CO, emission

The corpus of research on the relationship between the
shadow economy and environmental quality is expanding.
However, various nations have diverse findings on this link.
Imamoglu (2018) examined the correlation between the extent of
the shadow economy and CO, emissions in Turkey from 1970 to
2014. According to the report, increased production-related
environmental pollution is being slowed down by the rise of
the informal economy. The informality—environmental quality
nexus for 22 sub-Saharan African nations between 1991 and
2005 was revisited by Nkengfack et al. (2021) using the ARDL
technique. Higher shares of the shadow economy are observed to
affect CO, emissions in both short and long terms, especially in
lower-middle-income nations, in accordance with the scale
impact of the shadow economy.

On the contrary, several research studies have confirmed the
deregulation impact of informality on the environment.
According to Abid (2015), the shadow economy in Tunisia
expands at the expense of the environment, as measured by
carbon dioxide emissions, similar to the official sector’s work.
co-integrated VECM model this
monotonically positive connection has persisted from the
years 1980 through 2009. Similarly, Chen et al. (2018)
investigate how environmental laws and the scale of the
shadow affected  environmental quality in
30 Chinese regions between 1998 and 2012. The effectiveness
of environmental controls is reduced by the shadow economy,

Based on a design,

economy

which increases the environmental costs of production activities.
Similar to this, Baloch et al. (2021) assessed the environmental
hazards brought on by the expansion of the shadow economy.
The analysis confirms that the principal sources of CO,
emissions are greatly increased by subterranean economic
activity.

According to Shao et al. (2021), the shadow economy might
be used as a tool to control production-related environmental
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concerns. The panel data threshold regressions and co-
integration methods show that the shadow economy exhibits
unfavorable short- and long-term relationships with gas
emissions. On the other hand, Mazhar and Elgin (2013) used
data from more than 100 nations between 2007 and 2010 to
demonstrate the veracity of the deregulation impact at the global
level. The study explains how environmental contamination
occurs when there is unregulated commercial activity. In
the of
regulations in the official sector would cause the shadow

particular, implementation strict environmental
economy to grow, which in turn will increase carbon dioxide
emissions. Canh et al. (2019) found the link between the shadow
economy and the emission of greenhouse gases, such as N,O,
CH,4, and CO,, for 106 nations. The effect of the shadow
economy on economic growth and CO, emissions in
ECOWAS nations was empirically explored by Camara
(2022). The results show that the shadow economy reduces
economic growth and CO, emissions. The effect of the
shadow economy on economic development, however, is
greater and more substantial than the effect on CO,
emissions. Contrary to the findings mentioned above, there is
variability in the informality—environmental quality connection
even in nations with comparable levels of institutional quality,
development, and income. Recent research on South Asian
nations by Sahail et al. (2021) showed that the rise of the

subterranean economy only lowers CO, emissions in India.

2.2 Nexus between the stock market and
CO, emissions

Shobande and Ogbeifun (2022) examined whether stock
market investments increase GHG emissions in Organization
for Economic Co-operation and Development (OECD) nations
using yearly data from the World Bank from 1980 to 2019. The
study uses panel-standard fixed effects, as well as the
Arellano-Bover and Blundell-Bond dynamic techniques, to
demonstrate that stock-investor confidence is crucial for
in OECD nations. the
findings point to a possible method through which the stock

emission reduction Furthermore,
market might impact emissions in OECD nations.

Jaggi et al. (2018) conducted an empirical research study to
determine the value of carbon information for investors in the
Italian economy. They found that when companies disclose their
carbon footprint, the market reacts favorably. In the same way,
research in the United States and the United Kingdom found a
link between stock investments, carbon disclosure, and emissions
(Plumlee et al., 2015; Matsumura et al., 2014; Middleton, 2015;
Jahanger et al., 2021a; Usman and Jahanger, 2021; Usman et al.,
2021a; Jahanger et al., 2022a, Jahanger et al., 2022b; Li et al., 2022;
Wang et al., 2022b). According to Lee at al., (2015), investors are
skeptical of carbon disclosure since it impugns investment
decisions and stock prices. Institutional investors, according to
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Jahanger, (2021a); Bolton and Kacperczyk, (2021); Yu and Wang,
(2021); Yuand Liu, (2022), apply exclusionary screening in a few
major industries based on the direct emission rate. Byrd &
Cooperman, (2018); Zeng, et al, (2020), on the other hand,
believe that if carbon emissions are not included in investing
choices, investors and assets may be exposed to hazards. Zafar
et al. (2019) investigated the influence of the stock market,
banking sector development, and renewable energy on carbon
emissions in the G-7 and N-11 countries using the panel-
bootstrap-cointegration technique. They found that the stock
market development index has a favorable impact on carbon
emissions in the G-7 nations but has a negative impact in the N-
11 countries.

Furthermore, Yue et al. (2019) show that the development of
stock markets leads to lower energy consumption, particularly in
developed stock markets, due to lower financing costs for public
and private sectors, allowing for the introduction of advanced
energy-saving technologies and improved energy efficiency.
Razmi et al. (2019) used the ARDL method to investigate the
types of
stock market development,

relationship  between two renewable energy

consumption, and economic
growth in Iran. The findings show that stock market value
influences renewable energy consumption in the long run.

Chnag et al. (2020) investigated whether good stock returns
affect changes in CO, emissions, or vice versa, using a financial
market-based technique based on the Granger causality test to
assess cause and effect or leader and follower. The empirical data
clearly reveal that all statistically significant causation findings
from stock market returns to CO, emissions from coal, oil, and
gas are unidirectional, but not the other way around. More
crucially, the regression findings show that when stock returns
increase by 1%, CO, emissions from coal burning reduce by 9%
across the nations. Furthermore, when stock returns increase by
1%, CO, emissions from oil combustion increase by 2%. Stock
market capitalization and foreign direct investment, according to
Nguyen et al. (2021), may contribute to carbon emissions in
G6 nations.

2.3 Nexus between financial development
and CO, emissions

Since the global economic crisis, scholars and policymakers
have been paying special attention to the link between carbon
emissions and financial development, and some believe that
financial development may help reduce carbon emissions.
Thus, Adebayo et al. (2022) used historical data from 1969 to
2019 to examine the effects of financial development on CO,
emissions in the MINT nations. These findings suggest that in the
MINT countries, there exist strong feedback causal relationships
between financial development and CO, emissions in sub-
sampled periods. According to the author, the Chinese
economy’s financial expansion is a major generator of carbon
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relationship between globalization, financial development, and

emissions. (2019) investigated the dynamic
carbon emissions in Asian Pacific Economic Cooperation
nations, and their findings revealed that financial development
decreased carbon emissions in the short and long run. Tsaurai
(2019) observed that financial development had a favorable
impact on carbon emissions in Africa. Based on their analysis
of the influence of financial development on carbon emissions in
155 established, emerging, and developing countries, Jiang and
Ma (2019) concluded that financial development had a beneficial
impact on carbon emissions.

Using an extended approach of moments, Acheampong et al.
(2020) evaluated financial-market trends and carbon-emission
intensity in 83 nations. They found that the influence of financial
market growth on carbon emission intensity varied depending on
the stage of financial development in each country. Shobande and
Asongu (2021) investigated the causal relationship between
financial development and climate change in Eastern and
Southern Africa, concluding that financial growth had a
negative influence on carbon emissions. Using regional panel
data from 1997 to 2011, Xiong et al. (2017) demonstrated that
financial development might enhance the environment. Gok,
(2020) used a meta-analysis to show that financial development
leads to environmental degradation. Financial development,
according to Acheampong (2019), enables businesses to
the
environmentally friendly technologies. Khan et al.

deliver
(2021)
revealed that financial development might assist in reducing

acquire lower-cost  financing required to

carbon emissions for a panel of 184 nations. Using a cross-
sectionally augmented, autoregressive-distributed-lag model,
Shen et al. (2021) found that financial development had a
favorable influence on carbon emissions in the Chinese
economy. In China, Li and Wei (2021) repeatedly found a
link between financial development and carbon emissions. Xu
et al. (2018) investigated the role of financial development on
environmental degradation in Saudi Arabia between 1971 and
2016, using a globalization and power consumption model.
Financial development, according to empirical evidence, leads

to CO, emissions and lowers environmental quality.

2.4 Nexus between economic growth and
CO, emissions

In empirical studies, the link between economic growth and
environmental pollution has been well-documented. A variety of
studies were evaluated, encompassing many nations, variables,
and methodology. Zhang et al. (2021) found that economic
growth had a beneficial influence on CO, emissions. Using
data from 1971 to 2014, Adebayo and Kalmaz (2021) used
ARDL, FMOLS, and DOLS methodologies to find a positive
interaction of economic growth on CO, emissions in Egypt.
Adebayo (2020) discovered that economic development had a
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TABLE 1 Date description.

Variable Symbol
GDP per capita GDP
CO, emission CO,
Trade TRD
Financial depth FD

Stock market capitalization SMCAP
Shadow economy SE

beneficial impact on CO, emissions in Mexico. Prastiyo et al.
(2020) used the ARDL approach to find favorable effects of
economic growth on CO, emissions for Indonesia from 1970 to
2015. Using annual data from 1981 to 2016, Odugbesan and
Adebayo (2020) discovered the beneficial effects of economic
growth on CO, emissions in Nigeria. Nondo and Kahsai (2020)
used the ARDL technique to show that economic expansion had
a favorable impact on CO, emissions in South Africa from
1970 to 2016. Kirikkaleli and Kalmaz (2020) discovered the
favorable effects of economic development on CO, emissions
in Turkey from 1960 to 2016.

A number of studies have also shown that economic
expansion has a favorable impact on CO, emissions in a
group of countries. Between 1980 and 2019, the study by
(2020) showed the
economic growth on carbon emissions in a number of West

Maélej and Cabagnols influence of
African nations. Vo et al. (2019) discovered that CO, emissions
are positively related to economic growth in ASEAN. Using the
data for MINT nations with temporal coverage from 1980 to
2018, Adebayo et al., (2020) discovered a positive relationship
between economic growth and CO, emissions. Wang et al. (2019)
also found that economic expansion increases CO, emissions
using the DSUR approach and data from APEC nations from
1990 to 2014. Using the STIRPAT and ARDL techniques, Zmami
and Ben-Salha (2020) investigated the beneficial effects of
economic development on CO, emissions in GCC nations
between 1980 and 2017. According to Teng et al. (2020),
economic expansion has a favorable impact on CO, emissions
in OECD nations.

3 Data and Methods
3.1 Data and model

The present study tends to assess the drivers of carbon
emissions in Nigeria. In doing so, we utilized a yearly dataset
spanning from 1981 to 2019. The dependent variable is carbon
emission CO,, which is gathered from the British Petroleum
database and measured as metric tons per capita. The
independent variables are GDP which is obtained from the
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Measurement Source

In constant 2010 USD ‘WDI 2020
Per capita carbon emission (metric tons) ‘WDI 2020
Total export plus import (% GDP) ‘WDI 2020
Liquid liabilities (M3 and M1) to GDP (%) CBN 2020
Stock market capitalization CBN 2020

Currency demand approach

05

Author computation

World Bank database is and measured as GDP per capita
constant 2010 USD; trade is also gathered from (World Bank
2020) database and is measured as Total export plus import (%
GDP); financial depth is obtained from both the IMF and IFS
databases, and it is measured as Liquid liabilities (M3 and M1)
to GDP (%); stock market capitalization is obtained from the
Central Bank of Nigeria database, and it is calculated as stock
market capitalization; and shadow economy is obtained
through author computation and is measured as the
currency demand approach. Table 1 presents a summary of
the variables of investigation.

For the aforementioned selected variables, this research
trailed prior empirical works by Dada, et al. (2021) by
incorporating stock Market capitalization and financial depth
into the model. The effect of stock market capitalization, shadow
economy, economic growth, trade, and financial depth on CO,

emissions is presented in Eq. 1.

COy = 6 + B,GDP, + B,TRD, + B,FD, + B,SMCAP, + B.SE,
+ &

1

where the intercept is depicted by 6y, the coefficients of the
independent depicted by
B> By> B3> By>andand Py and the error term is denoted by
&. To prevent

variables are
non-normality and heteroscedasticity
concerns, and to compute the elasticities, all variables are
incorporated in the model using log transforms, as
recommended by Kirikkaleli et al. (2021) The GDP
coefficient is

anticipated to be positive since most

developing nations such as Nigeria favor economic
expansion while giving little attention to the quality of the
environment. Financial depth is expected to be negative if
eco-friendly and positive in not ecofriendly. Trade influence
on the environment is separated into three groups:
composition, technique, and scale (Adebayo et al., 2021).
In summary, the scale effect shows that increased volume of
trade has an influence on energy usage and production which
ultimately leads to an increase in CO, emissions. The
composition stage includes the allocation of exchanged

products. In terms of the technique effect, trade openness

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.983729

Yu et al.

often results in a cleaner environment as a result of enhanced
industrial processes as a result of technological innovation
and efficient utilization of energy, both of which are
We
anticipate the effect of the shadow economy on CO, to be

commonly associated with cross-national trade.
negative if ecofriendly and positive if not ecofriendly. Last, we
expect the effect of stock market capitalization on CO, to be

negative if eco-friendly and positive if not ecofriendly.

3.2 Methodology

3.2.1 ARDL bounds testing method

The ARDL bounds testing technique was created by Pesaran
et al, (2001) to examine long-run connections among variables
with a mixed integration order [I(1) or I(0)] but not I(2). The
dependent variable in this approach must be I(1). The preceding
unconstrained error correction model is utilized to assess the
cointegration of the variables after these requirements are met.

a b c
COy =8 + Y BACOy 1 + ) B,AGDP, ; + Y B,ATRD, ;

-1 i=1 i=1

d e e
+ Y B,AFD; + ) BASMCAP,; + ) B ASE,;

i=1 i=1 i=1
+ YICOZI*I + YZGDPFI + )/STRD[,I + )/4FDt,1

+¥sSEi_1 + Yy SMCAP,_, + &, (2)

where the difference operator is denoted by A, the intercept is
represented by &y, the selected optimal lags are denoted by a, b, ¢,
d, e, and f the short-run coefficients are denoted by
B> By B3> B> Bsand P, the long-run coefficients are illustrated
by y1> V25 ¥3: Va» V5 and ys, and the regressor term is denoted by
&. The alternative and null hypotheses in Case II (restricted
intercept and no trend) are depicted below:

Hnulﬁ 61:)}1:))2:)/3:)’4:)}5:)}6:0'
Haltemative: 61 :lé )’1 :/: )’2 # Y3 # y4 :’é yS :/: YG :/: 0

The null hypothesis of no cointegration can be refuted if the
estimated F-statistic is larger than the critical values of upper
bounds determined by Pesaran et al. (2001). Otherwise, the
variables do not have a long-term connection.

3.2.2 Dynamic ARDL Model

Intricate specifications, including first differences, lagged
differences of variables, and various lag structures, are common
in ARDL modeling. To put it in another way, determining the
long- and short-run effects of regressors on the dependent variable
using an ARDL model with first differences and multiple lag
lengths is difficult. Jordan and Philips (2018) created dynamic
ARDL (DARDL) produce, which incorporates a dynamic ECM, to
reduce this burden. Predicated on the ceteris paribus idea, this
approach enables the impacts of negative or positive shifts in an
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independent variable on the dependent variable to be quantified
and visually examined (Hossain et al., 2022a, Hossain et al., 2022b,
Hossain et al., 2022¢; Agboola et al., 2022; Zhang et al., 2022). As a
result, the DARDL framework gives a one-to-one assessment of
the connection between dependent and independent variables. The
following two requirements must be satisfied in order for the
DARDL model to be used: the variables’ integration order must be
I(1) (Jordan and Philips, 2018; Islam et al., 2022; Khan et al., 2022).
Cointegration of the variables is required (Abbasi et al., 2021). The
dependent variable must be I(1) in the first criterion, whereas the
regressors can be I(1) and I(0) (Jordan and Philips, 2018). The
DARDL model’s error correction equation is illustrated below:

ACOZt = 60 + T[OCOZt—l + TIAGDPt + 1M GDPt_l + TzATRDt
+ 1,TRD,_, + 13AFD; + n3FD,_, + T4,ASE, + n,SE,_,
+ 1,ASMCAP, + m,SMCAP,_, + i,
3

where the constant term is denoted by 6, the error correction
term coefficient is depicted by 7y, short-term coefficients are
illustrated by 71, 75, 73 and 74, long-term coefficients are shown
by 71, 75, w3 and 4, and the error term is depicted by u,.

3.2.3 Spectral causality

The study also used spectral causality to investigate the causal
relationships among variables. Instead of just observing that they
are consistent when integrated across all frequencies and the
time-domain Granger causality measure, we specifically try to
interpret them at each frequency in terms of causal interactions
between the observed processes. The lack of a spectral
representation of Granger causality using simple variables
from the empirical methods suggests that the autoregressive
model should be explicitly considered when interpreting
spectral measurements linked to Granger causality. The
innovation variables in this model are inherent and have no
physical significance. This makes it impossible to solve the result
at each frequency by measuring how strongly the causal
interactions occur within a specific frequency band. This is
not to say that the spectral measures do not help understand
the dynamics resulting from the causal interactions, but one
should exercise caution when utilizing them to link the causative
connections to particular functionally significant rhythms.

4 Empirical findings
4.1 Results of descriptive statistics

It has become necessary to analyze the econometric and
descriptive attributes of all variables used in the study before
ascertaining the role played by the shadow economy, financial
development, and stock market performance on environmental
pollution in Nigeria. Table 1 reveals that the average content of
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TABLE 2 Descriptive and correlation matrix of variables.

CO, FD
Mean 0.624805 15.02514
Median 0.686199 12.50333
Maximum 0.872344 24.89526
Minimum 0.309567 8.464230
Std. Dev 0.174056 5.184589
Skewness —0.543942 0.687986
Kurtosis 2.002065 1.859179
Observations 39 39
Correlation
CO, 1
FD —0.545* 1
GDP -0.524* 0.674*
SE 0.164 —0.305**
SMCAP -0.643* 0.763**
TRD -0.473** 0.160

Note: *, **, and *** represent 1%, 5%, and 10% significant levels, respectively.

CO, generated yearly is 0.62 metric tons, while the minimum
metric ton is 0.30, the maximum value of financial depth is 15.02,
and the maximum value is 8.46. The average value of the shadow
economy in Nigeria is 59.80, which represents a high value,
indicating that shadow-environmental pollution represents over
59.8% on the average yearly and on a minimum 42.54% yearly.
Furthermore, the mean value of GDP per capita is over $1765.416,
with the median as $1573.278; this shows that the GDP per capita
in Nigeria is skewed to the right. Trade in Nigeria is relatively low
to GDP by 32.30% on the average yearly, while on the maximum
representing 53.27% of GDP in Nigeria. The mean value of stock
market performance is $5584.306, while the median value
$472.300.  This that
performance in Nigeria is skewed to the right. Additionally, the

represents implies stock market
standard deviation for the various variables shows that CO, is the
most stable variable within the sample period, while GDP per
capita is the most widely dispersed variable from the mean. Again,
CO, and trade from the study have a negative skewness, while
others have a positive skewness; all the variables in the study have a
platykurtic kurtosis, given that the value of their kurtosis is below 3.
The correlation matrix in Table 2 also shows that there is no case of
multicollinearity that exists among the variables.

4.2 Results of unit root tests

Given that the choice estimation for the study is the ARDL
approach, where it is required to ascertain the level of stationarity
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GDP SE SMCAP TRD
1765.418 59.80436 5584.306 32.30051
1573.278 58.63000 472.3000 34.02388
2550.470 79.32000 25890.22 53.27796
1317.360 42.54000 5.000000 9.135846
443.2129 8.578813 7881.274 12.40409
0.578729 0.214636 1.135669 —0.368582
1.706165 2.391835 2.868621 2.250726
39 39 39 39

1

-0.285 1

0.841 —-0.134 1

0.246 0.338** 0.574* 1

07

of all the used variables in the study and check if the variables are
integrated at level or at first difference or integrated of a mixed
order, while ARDL estimation breaks at the second difference.
The summary of the unit root test is presented in Table 3. The
Zivot and Andrews (1992) structural break unit root is presented
in Table 4 where all the variables are stationary at the first
difference and with structural break identified in 2000, 2002, and
1993 for CO,, economic growth, and shadow, respectively.
Against the backdrop Pesaran et al, (2001) agree that the
ARDL approach is unbiased, consistent, and the most
preferred technique for empirical investigations.

4.3 Results of ARDL bounds test

It has become imperative to examine the existence of a long-
run relationship; the cointegrating relationship among variables
should be tested. The outcome of the ARDL bound test is
presented in Table 5, which revealed that there exists a long-
run relationship among the variables in the study. The HO of No
Cointegration is rejected among the variables at a 5% significant
level.

4.4 Results of DARDL long-run estimates

As mentioned, we proceed with the analysis to inspect the
dynamic effect of FD, GDP, TRD, SE, and SMCAP on CO,
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TABLE 3 ADF and PP stationarity test.

Variables ADF

Level A
CO, —2.0520 —6.2549
GDP -1.5128 —3.7771%x%
TRD -2.0158 —7.3707
FD —2.2317 —5.6403
SE —2.5448 —6.4911%
SMCAP ~1.14047 —4.6838%

10.3389/fenvs.2022.983729

Note: ¥, **, and *** denote 1%, 5%, and 10% level of significance, respectively. A represents first difference.

TABLE 4 Zivot and Andrews (1992) unit root test.

Variable At level
t-statistics Break date

CO, -4.025 2000
GDP -3.915 1993
TRD ~4.675 1989
FD -4.225 1995
SE ~4.7676 1995
SMCAP ~4.1341 2006

Note: ¥, **, and *** denote 1%, 5%, and 10% level of significance at first difference, respectively.

TABLE 5 ARDL bounds test outcomes.

Model F-statistics

CO, = f (GDP, TRD, FD, SE, SMCAP) 5.736*

Note: 1% and 5% levels of significance are illustrated by * and **, respectively

TABLE 6 DARDL long-run outcomes.

Variable Coefficient S.E t-stat Prob
GDP 0.869798* 0.037307 23.31488 0.0000
TRD 0.044014* 0.011562 3.806924 0.0006
FD 0.048771* 0.011357 4294365 0.0001
SE ~0.008473* 0.001169 ~7.250285 0.0000
SMCAP 0.037245 0.027100 1.374365 0.1786

Note: *, **, and *** stands for 1%, 5%, and 10% level of significance, respectively.

emission in Nigeria. The long-run results as presented in
Table 6 unearthed that economic growth has a substantial

significant and positive influence on CO, emissions.

Frontiers in Environmental Science

PP
Results Level A Results
1(1) -2.0523 —6.2554% 1(1)
1(1) -3.1767 —3.777 1 1(1)
1(1) -1.9323 —7.4348% 1(1)
1(1) -2.3243 —6.3736% 1(1)
1(1) ~2.7362 —6.4911x 1(1)
1(1) —1.4547 —4.6287x 1(1)
At first difference Result
t-statistics Break date
—6.8233x 2000 1(1)
—5.378# 2002 1(1)
—4.9465%s3 2006 1(1)
—8.857:x 2004 1(1)
—7.496% 1993 1(1)
—6.271% 2008 1(1)
T-statistics H, H,
—4.237*%* No cointegration Cointegration

08

Specifically, the findings suggest that a 1% influence on
economic growth will cause carbon emissions to reduce by
0.8697%. Thus, environmental pollution increases as the
activities in the economy increase in Nigeria. The results
validate those of previous studies (Al-Mulali et al., 2015;
Meza et al., 2021; Jahanger, 2022a). This further implies the
activities in various sectors of the economy do not encourage
environmental quality within the economy.

Going forward, a 1% influence in financial development
could control environmental quality in Nigeria by 0.0487%.
The findings agree with those of previous literature (Kamal,
etal., 2021; Usman and Makhdum, 2021) and differ from those of
Nasreen et al., (2017); Usman et al,, (2021); Yang et al., (2022a).
The findings also reveal that trade significantly hastens
environmental pollution in Nigeria such that a 1% rise in
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TABLE 7 DARDL short-run results.

Variable Coefficient
L(InGDP) 0.0904
L(nTRD) ~0.0964
L(nFD) 0.6993**
L(SE) 0.0429
L(InSMCAP) 0.1677
ECM;-; —-0.3337*
Diagnostic check X’
Normality test 0.769
Ramsey RESET test 0.364
Breusch-Pagan-Godfrey 0.944
Serial correlation LM 0.806

Note: ¥, **, and *** stands for 1%, 5%, and 10% level of significance, respectively.

trade will lead to a proportional increase in environmental
pollution by 0.044% significantly. Our findings conform to
those of previous studies by Destek et al, (2018); Hundie,
(2018) and differ with those of Essandoh et al., (2020). The
findings show that Nigeria’s main imports reside in energy-
related products such as gas, oil, petrol chemical, and other
pollutant products, which tend to increase pollution in the
environment.

Moving toward the shadow economy, the outcome indicates
that the shadow economy has a statistically significant and negative
correspondence with CO, emission. More specifically, the outcome
suggests that a possible change in the shadow economy will cause
CO, emissions to reduce by 0.0084% in the economy. This outcome
coincides with that of Nkengfack et al. (2021). This implies that the
activities of the informal sectors in the production of services and
goods do not encourage environmental pollution in Nigeria.
However, stock market performance in Nigeria in the long run
does not significantly impact environmental pollution at all levels of
significant. However, exhibiting a positive influence on CO, implies
that a 1% enhancement in stock market performance will accelerate
environmental pollution by 0.0372%. This finding supports that of
previous studies (Apergis et al., 2018; Meza, et al., 2021). This shows
that activities in the stock market by investors encourage
environmental pollution.

4.5 DARDL short-run outcomes

In order to analyze the error correction model (ECM), the
ARDL technique provides the prevalence of having an order of
series of 1(0) and 1(0) and a mixture of 1(0) and 1(0) where
ARDL breaks in 1(2). The DARDL short-run results are
presented in Table 7 where the results explore the short-run
changes of carbon emission on other aforementioned variables.
The ARDL

short-run outcomes confirm that financial
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S.E T-Stat Prob
0.4488 0.20 0.842
0.1293 -0.75 0.462
0.2991 2.34 0.028
0.2997 0.14 0.887
0.1205 1.39 0.176
0.1325 -3.52 0.000
p-values Conclusion

0.680 Residuals are distributed normally

0.583 There is no issue of misspecification
0.510 There is no heteroskesdascity issue
0.458 There is no serial correlation issue

development has a positive effect on carbon emission in
Nigeria such that, a 1% increase in financial development will
cause carbon emissions to increase by 0.699%. In contrast, trade
has a significantly negative effect on carbon emission; the
outcome further revealed that a 1% influence in trade could
cause carbon emission to decrease by 0.096%, which helps
the
Moreover, the role of economic growth, shadow economy,

control environmental pollution level in Nigeria.

and stock market performance is found to have an
insignificant impact on carbon emission in the short run. The
value of the ECM confines to theory (indicating a negative sign),
with a convergence of 33.37% from the short-run to the long-run

equilibrium yearly for all used variables.

4.6 Counterfactual graphs of the DARDL
model

The DARDL model’s ability to simulate and predict
counterfactual changes in the regressor and as a result of a shock
to a regressor is one of its key characteristics. While holding all other
factors constant, each figure reflects a 10% increase or reduction in
the regressor and its effect on CO, emission. Green dots indicate the
anticipated value, while orange-red lines indicate a confidence
interval at 75%, orange lines indicate a confidence interval at
90%, and maroon lines indicate a confidence interval at 95%.
The graph’s first trend line highlights the short-term effects,
while the horizontal line shows the long-term effects with time.
The DARDL model’s counterfactual simulations are depicted in the
figures below.

Figure 1 demonstrates thata 10% change in GDP per capita has
a significant short-term impact on CO, emissions. However, over
time, a 10% increase in GDP per capita positively increases CO,
emissions, and a 10% decrease in GDP per capita negatively reduces
CO, emissions. The impact is greater over the long term than it is in
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FIGURE 2
Financial development and CO, emission.

the short term due to the marginal rate of rise from the baseline
being larger. Similar to Figure 1, Figure 2 shows that a 10% upsurge
or decline in financial development over time has little to no effect
on CO, emissions in the long term, while changes in financial
development have an influence on CO, emissions in the short term.
However, because of the dotted line’s tendency to flatten out over
time and remain close to the baseline, changes in financial
development will not significantly affect CO, emissions in the
long run.

Frontiers in Environmental Science

Following that, it can be deduced from Figure 3 that a 10%
increment and decline in the shadow economy index has a
considerable short- and long-term impact on CO, emission.
Despite the fact that both scenarios have a significant impact on
CO, emission, the environment can gain more from the increase in
the shadow economy index by 10%, while the reduction of the
shadow economy index would hamper the environmental quality.
Figure 4 further shows that a 10% positive or negative shock in trade
openness does not cause substantial changes in CO, emission in the
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FIGURE 3
Shadow economy and CO, emission.
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FIGURE 4
Trade and CO, emission.

short and long run since the dotted line remains same over the time.
Furthermore, Figure 5 illustrates the 10% positive and negative
change in the stock market capitalization and its impact on CO,
emission in Nigeria. It is evident from the Figure that a 10% positive
change in the stock market capitalization reduces the CO, emissions
and thereby improves the environmental quality in the long run. On
the other hand, the reduction in the stock market capitalization is
harmful for the environment since it increases emissions in the
environment.
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4.7 Robustness check

Table 7 also shows the summary of the ARDL diagnostic
check conducted to explore the model's efficiency, reliability, and
validity. To check for the stability of the model, the cumulative
sum (CUSUM) and cumulative sum of square (CUSUMsq.) test
were performed to distinguish the difference in coefficients both
in the short run and long run. Thus, Figure 6 sheds light on the
fact that the model is well-specified as the blue line lies between
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Stability test.

the upper and lower critical bounds at a 5% level of significance.
This further implies that the variables in the model are relatively
stable.

4.7 Spectral causality
The findings from the spectral causality test reveal that in

the long run, evidence of causality surfaced from economic
growth to CO, emissions, suggesting that the null hypothesis
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e CUSUM of Squares = = « 5% Significance

of “no causality” is refuted at a 10% level of significance (see
Figure 7A). Furthermore, at 5% and 10% levels of significance,
the null hypothesis of “no causality” is dismissed, which
that CO,
emissions in the long term (see Figure 7B). On the

implies financial development can predict
contrary, in the short and medium term, we found support
for the causality running from a shadow economy to CO,
emissions in both the short and medium term at a significance
level of 10% (see Figure 7C). Moreover, in the short, medium,

and long term, stock market Granger causes CO, emissions at
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(A) Spectral causality from economic growth to carbon emission. (B) Spectral causality from financial development to carbon emission. (C).
Spectral causality from shadow economy to carbon emission. (D) Spectral causality from stock market performance to carbon emission. (E) Spectral

causality from trade to carbon emission.

5% and 10% levels of significance, suggesting that any policy in
the short, medium, and long term directed toward the stock
market will impact CO, emissions (see Figure 7D). Last,
evidence of causality surfaced from trade openness to CO,
emissions, suggesting that the null hypothesis of “no
causality” is refuted at a 10% level of significance in all
frequencies (see Figure 7E). Based on these findings,
this should
variables when drafting policies regarding CO, emissions as

policymakers in country consider these

any shift in these variables will impact CO, emissions.
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The empirical outcomes of the study are elucidated in this
section, with a more in-depth and detailed discussion based on
the practical repercussion of the findings. The study adopted the
use of CO, emission as an indicator for environmental pollution.
Exploring the empirical findings in the context of economic
growth, they found that there is a substantial significant and
positive relationship of economic growth on environmental
pollution in Nigeria. This finding is consistent with the recent
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studies by Abbasi and Shahbaz, (2021); Jahanger et al., (2021);
Khalid et al., (2021); Usman et al,, (2021). This finding further
implies that the economy of Nigeria is fast growing at the cost of
the environment. Again, being an oil producing country, it is
expected that there will be a high level of energy consumption
and large importation of fossil fuels which is used to increase
economic activities within the various productive sectors, and
this perceived growth in the GDP growth rate through increased
economic activities tends to affect the environment upon which
the resultant effect is increase in carbon emission and gross
environmental pollution. Again, the effect of the shadow
economy which represents the activities of the informal
sectors of the economy revealed that the shadow economy has
a negative and significant impact on the environment. This
finding is in line with that of new studies Nkengfack et al.
(2021) that based on the unrecognized activities of the
informal sector by the government where this sector has
exempted itself from high taxes of government, social security
contributions, and heavy regulation, and it is based on this new
norms that the influence of this sector to the economy with
respect to environmental pollution is relatively low and negative.

Establishing the environmental influence of financial
development, and stock market performance on carbon
emission in Nigeria based on empirical finding is revealed to
have a positive influence on environmental pollution over the
long-run period. This established findings conforms to those of
new studies by Ahmad et al,, (2021) and differs with those of Assi
etal,, (2020; Usman et al., (2021). Unarguably, the Nigeria financial
sector does not have a well-organized financial institution and a
stock market that can motivate environmental sustainability
through the employment of stringent regulations that will
increase funding to the productive sectors of the economy to
adopt the installation of renewable energy and green technologies
in Nigeria, where this gesture will steel up advocacy through the
financial system and stock market in reducing the environmental
pollution in Nigeria. Moving toward the impact of trade on
environmental pollution is both positive and statistically
significant in Nigeria. This finding agrees with that of previous
studies (Al-Mulali et al., 2015; Le, et al., 2016; Twerefou et al., 2017)
where trade openness facilitates environmental damages to the
economy. The Nigerian economy holds oil and fossil fuel electrical,
electronic, and fuel-powered vehicles as its main imports, and the
trade tends to elevate environmental pollution in Nigeria.

6 Conclusion, policy implication, and
further scope

This study examines the impression of economic growth,
financial development, trade, stock market performance, and
shadow economy on environmental pollution from 1981 to
2019 in Nigeria. The unit root outcomes signified that all
variables follow the same integration order. The study, therefore,
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used the ARDL method to estimate both the long-run and dynamic
short-run among all used variables in the study. The ARDL bound
test confirms the existence of a long-run relationship among the
concerned variables. The dynamic short-run empirical outcomes
revealed that financial development and trade significantly impact
environmental pollution in Nigeria, with financial development
having a positive influence on carbon emission, while trade
improves environmental sustainability in Nigeria in the short
run. Other variables such as economic growth, shadow
economy, and stock market performance do not significantly
impact environmental pollution in Nigeria in the short term.
The error correction model suggests the convergence of 33.3%
from the short-run to the long-run equilibrium yearly. The ARDL
long-run empirical results revealed that economic growth, trade,
financial development, and stock market performance significantly
increase environmental pollution, with a 1% impact of economic
growth,
performance causing a substantial increase in environmental
pollution by 0.867%, 0.044%, 0.048%, and 0.0372%, respectively.

Furthermore, the long-run outcomes revealed that the shadow

trade, financial development, and stock market

economy significantly improves environmental sustainability and
quality in Nigeria. Specifically, a 1% increase in the shadow
economy will cause carbon emissions to reduce by 0.0084%.
Moreover, the spectral Granger causality test revealed that there
is a unidirectional causality that exists from economic growth to
carbon emission, from trade to carbon emission, from trade to
carbon emission, from shadow economy to carbon emission, from
financial development to carbon emission, and from stock market
performance to carbon emission in Nigeria.

The empirical findings of this study and its policy implications
are as follows: the study found that financial development and
stock market performance have a positive impact on
environmental pollution issues in Nigeria. This further reveals
that the activities of the financial institution and stock market in
Nigeria are aimed at and worsen environmental sustainability in
Nigeria. This implies that policy makers within the financial
climate and stock market should bring out stringent measures
that will cause a financial institution to invest in renewable and
green energy. This can be carried out through loan and credit
support to the productive sectors of the economy, thereby
encouraging them to cultivate the use of green technologies
that will curb environmental pollution in Nigeria.

Economic growth has a positive and significant effect on
environmental pollution in Nigeria both in the long-run and
short-run period. This implies that growth in GDP is detrimental
to the environment. This implies that the government of Nigeria
employs an efficient-energy scheme that can promote a green
economy; this can also be carried out by encouraging renewable
energy installations for energy use while encouraging local investors
and manufacturers to adopt eco-friendly energy means in
production as this will curb further pollution to the environment
in Nigeria. Shadow economy is negative but significant to carbon

emissions in Nigeria. This outcome suggests that shadow economy
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accelerates environmental quality in Nigeria; this finding implies
that the shadow economy in Nigeria is not yet familiarized with the
formal sector; this could be due to high taxes and social security
contributions, among others. However, to sustain the environmental
quality of the informal sector, the government should formalize
green-based economy where the size of the shadow economy will be
included while the government enforces environmental laws that
will be effective for the informal sector, thereby promoting a
sustained economy. Again, the study discovered a unidirectional
causality from trade to carbon emission in Nigeria. This implies that
trade is useful to environmental quality in Nigeria. This study
recommends that government should promote the trade of eco-
friendly products into the economy and also increase tariffs on
goods that will adversely affect environmental quality in Nigeria.

Further research can supplement this study in the following
ways by considering the role of energy use and utilization,
shadow economy, financial development, and stock market
performance on carbon emission. Again, considering the role
of institutional quality and another normative antecedent of
environmental pollution, future studies can adopt the ARDL
quantile regression or the nonlinear autoregressive distributed
lag (NARDL) technique for analysis.
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