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Abstract: The efficient planning, execution, and management of institutional frameworks for climate
change adaptation are essential to sustainable development. India, in particular, is known to be
disproportionately vulnerable to the consequences of climate change. This study examines the
effects of environmental taxes, corruption, urbanization, economic growth, ecological risks, and
renewable energy sources on CO2 emissions in India from 1978 to 2018. Therefore, the ARDL model
is used to draw inferences, and Pairwise Granger causality is also applied to demonstrate a cause-
and-effect relationship. The empirical results show that corruption, environmental dangers, GDP,
and urbanization positively influence India’s carbon emissions. However, the results of short-run
elasticities show that carbon emissions reduce ecological sustainability. Environmental hazards
and costs, like other countries, impact India’s carbon emissions. Therefore, decision-makers in
India should set up strict environmental regulations and anti-corruption measures to combat unfair
practice that distorts competition laws and policies. In addition, the government concentrates more
on energy efficiency policies that diminish carbon emissions without hampering economic growth in
the country.

Keywords: carbon emission; environment taxation; corruption; environmental sustainability; India

1. Introduction

In recent decades, environmental sustainability has been one of the most challenging
issues for global leaders, policymakers, and scientists. Environmental sustainability re-
quires meeting existing needs without jeopardizing the ability of forthcoming generations
to fulfill their wants in the future [1]. As a broad concept, sustainability is applicable to
every element of human existence on Earth at the local, regional, national, and international
levels and throughout a wide range of periods. Wetlands and forests that have survived for
an extended period and are in good condition are examples of healthy biological systems.
Unfortunately, as the world’s population has increased, ecosystems have degraded as a
result. A disruption in the natural cycle’s equilibrium has significantly impacted humans
and other living beings [2]. Opportunities to minimize generations of waste through the
use of hazardous materials, to reduce soil, water, and air pollution, and to preserve and
reuse resources to the maximum degree practicable should be identified and used.

Environmental sustainability is, by definition, a multidisciplinary challenge that re-
quires interdisciplinary solutions. Poor environmental circumstances are harmful to citizens’
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health and economic well-being. According to [3], the necessities of human existence, such
as health, natural and physical capital, and access to water, food, and land, are vulnerable to
climate change. These environmental concerns sparked a worldwide effort to tackle climate
change, culminating in adopting the Paris Agreement and the Kyoto Protocol. The funda-
mental aim of these worldwide initiatives is to reduce the environmental impacts of carbon
dioxide (CO2) emissions. Despite attempts to minimize CO2 emissions, the Worldwide
Energy and CO2 Status (2019) stated that global CO2 emissions climbed by 1.7 percent in
2018. According to the research, the 1.7 percent rise in global carbon emissions is the fastest
growth since 2013 and is 70 percent greater than the average increase in carbon emissions
since 2010. However, SSA saw a 4.11 percent decrease in carbon emissions in 2015 but
climbed by 2.6 percent in 2016. Given the increase in CO2 emissions in SSA, despite a minor
reduction in 2015, there is no question that CO2 emissions have a detrimental influence
on environmental quality in SSA, which negatively impacts citizen welfare and requires
immediate attention. Less focus will exacerbate the harmful effects of climate change on
human existence, economic development, and climatic and ecological systems [4]. The
literature on environmental sustainability has exploded, however, study into the role of
institutions and governance in ensuring environmental sustainability is still needed.

The literature has demonstrated the relationship between institutions and environ-
mental sustainability and gained various researchers’ attention. Different economists have
used different institutional quality indicators (for example, political stability, democracy,
the rule of law, political globalization, economic freedom, and control of corruption) in
the case of the SAARC, G-7, EU, G20, BRICS, and OECD countries [5,6]. They found a
link between institutions and environmental sustainability and established that improved
institutional quality leads to better environmental eminence. [7] investigated the impact of
institutional quality indicators such as civil liberty and political rights on CO2 emissions
from 1980–2007, considering 129 countries. According to their findings, institutional quality
indices increase the quantity of CO2 emissions in the nations under investigation.

Similarly, [8] investigated the impact of institutional quality factors on CO2 emissions
in the Malaysian economy. The research looked at institutional quality variables such as
law and order, and it reported that Malaysia had established institutions that help keep
CO2 emissions under control. Finally, using data from 40 sub-Saharan African nations and
the generalized method of moments (GMM), the impact of trade and institutional quality
on environmental quality was studied by [9]. Institutional qualities have a considerable
favorable influence on environmental quality, according to the findings.

Another complicated problem is the link between institutions and environmental
quality. Institutional performance is a multifaceted structure that impacts political and
commercial dynamics through various institutional channels [10]. Targeted ecological
and economic policies play a crucial role in facilitating the transition. Still, they will need
to be complemented with strengthened institutions to ensure monitoring and successful
execution [11]. As a result, environmental policy success is determined by policy acceptance
and institutional performance, cultural discourses, prevailing beliefs, resource allocation,
and industrial structure [12]. Constitutionally and thriftily open civilizations that uphold
rules and regulations, market resource allocation, and private property rights evolved
quicker than ones that did not [13].

Environmental taxes are among the most used institutional policies to contain ecologi-
cal degradation. According to [14], environmental taxes play a dynamic role in mitigating
environmental corrosion in 26 European economies. According to [15], environmental
tax measures in Spain were critical in reducing pollutant emissions in 39 significant busi-
nesses. According to [16], environmental tax measures increase the energy–trade balance
and energy efficiency. This study is an addition to the already existing rich literature on
environmental sustainability. However, the study is unique in three different ways—first,
studies on the effect of country risk on environmental degradations are minimal; thus,
the study bridges this gap. Second, we hope that the survey of institutions–environment
interlinkage for a democratic, multi-cultural developing economy such as India adds value
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to the area of research. Third, we included a unique set of variables such as GDP, renew-
able energy consumption, urbanization, environmental taxation, corruption, and country
risk in the reading. The primary objective of this study is to elaborate the inter-relation
between institutional arrangements and environmental sustainability using time series
data in India along with other controlled variables. The rest of the paper is designed in
five sections. Section 2 contains an overview of the available literature, whereas Section 3
discusses the study variables and econometric modeling. Section 4 contains the empirical
results and discussion. The last two sections present the conclusion from the study and its
policy implications.

2. Review of Past Studies

The existing literature on environmental sustainability is enormous. To validate the
Environmental Kuznets curve hypothesis, many studies relate environmental degradation
to the economic growth process. Similarly, studies examine the effect of different energy
sources on carbon emissions. Researchers also analyzed the impact of many economic
variables such as population and urbanization on environmental quality. Another set of
studies relates institutions and institutional quality to ecological sustainability.

Studies attempted to validate the Environmental Kuznets curve and arrived at differ-
ent results. These studies have used CO2 emission or more sophisticated environmental
footprints to proxy environmental degradation. This difference argues that human activ-
ities are not mono-dimensional, i.e., limited to air pollution [17,18] reported a U-shaped
EKC for 35 OECD countries; similarly, [19] validated a U-shaped EKC for France. [20]
categorized 93 economies into four sub-groups and found EKC valid only for the higher
and upper-middle-income economy panels. [21] validated an inverted U-shaped EKC for
the MENA countries while reporting a U-shaped relationship for the non-oil exporting
MENA economies panel. In contrast, several studies concluded a monotonically increasing
environmental Kuznets curve [22–25]. Many studies found no evidence of EKC in the
referred economies [26].

Energy consumption is one of the primary causes of carbon emissions [27,28]. How-
ever, it is the energy source that matters the most in emissions. Studies reported that
renewable energy use leads to fewer emissions than fossil fuels [29–32]. Few studies have
even determined that non-renewable energy sources have a negative impact on the environ-
ment [33–37]. The conclusions of the studies lend support to the alternative energy policy.

Many other factors such as population, human capital, foreign direct investment, etc.,
cause environmental degradation. For example, the rise in population leads to higher
demand for energy, housing, transportation and industrialization and thus, causes eco-
logical degradation both directly and indirectly [28]. [38] conducted a study using panel
data on the interrelation between human capital, economic growth, and environmental
degradation, and they concluded that human capita and economic development improves
environmental quality in China’s provinces. Similarly, [39] reached the same conclusion,
and they argued that human capital always improves the environmental quality. Whereas,
in the context of economic development this study, showed a U-shaped relation with
environmental degradation.

Several research articles tested Porter’s hypothesis, the Pollution Haven hypothesis,
and the Pollution Haloes hypothesis, which depict the relationship between foreign direct
investment and environmental pollution [40–47]. The effect of trade openness on environ-
mental degradation can be of three types, i.e., scale, technique, or composition effect [48].
The technique effect reduces ecological degradation, while the scale and composition effects
lead to more pollution [49,50]. The positive technique effect of trade on the environment
has been reported for India in recent years [51,52]. Human capital helps reduce pollution
through awareness, skill, environment-friendly practices, and lifestyle [53,54] concluded
the positive impact of human capital in Latin American countries. In contrast, some studies
reported no adverse effects of human capital on the environment [55]. Many studies also
reported the disturbing effect of urbanization on the environment [56,57].
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The final literature set concerns the effect of institutions and institutional quality on
the environment. Corruption, specifically, is one of the significant indicators of institutional
quality. Empirical studies found that a decrease in corruption affects carbon emissions in
the short term while a long-run effect is insignificant [58,59]. [60] reported the limiting im-
pact of corruption on sustainable policy implementations. Similarly, corruption jeopardizes
the green environment policy in European countries [61]. Studies found that the pernicious
effect of corruption on the environment reduces the positive impacts of energy innova-
tion [62]. Chinese provinces also follow the same effects, and the more corruption, the more
the per capita emission will be [63]. The authors also reported that the marginal effect of
corruption is higher in the low-emission provinces. [64] concluded that anti-corruption
policies rooted in the use of renewable energy consumption help to mitigate degradation.
In another study, [65] estimated the moderating effect of corruption on emission, trade, and
economic growth in the BRICS countries. [66] found a heterogeneous impact of corruption
on emissions. In developing and less developed countries, it is more intense, while in devel-
oped countries, its effect is mitigated by proper policy implementation [67]. Environmental
taxes are another instrument aiming at reduction in environmental degradation. Many
empirical studies reported a positive impact of environmental taxation [68,69]. Environ-
mental tax may also promote green technology and energy efficiency [70]. However, China
recently implemented carbon tax to improve environmental quality; initially, carbon tax
has a deleterious effect on other macro-economic variables instead of environmental degra-
dation, but it does not improve environmental quality immediately [71]. Whereas, [72]
argued that environmental taxes have no significant impact on energy, and may improve
the environmental quality, but are not necessary conditions.

However, if the producer shifts the tax burden to the consumer, such tax will be a
revenue-generating policy. In addition, studies remain inconclusive about the use of energy
tax to promote green innovation and less energy consumption [73,74]. In contrast, several
studies reported no effect of environmental taxation on emissions [75,76].

Moreover, the governance, political stability, economic stability, capacity, and op-
eration of the banking system also play an essential role in moderating environmental
degradation. Therefore, the country risk index is a comprehensive multi-dimensional
measure of these institutions. [77] investigated the moderating influence of national risk on
the environmental impact of income disparity. The authors reported varying consequences
depending on income inequality in low- or upper-income countries. Many studies con-
cluded that the current environmental issues are due to institutional policy failure, lower
institutional quality, terrible policy choice, and limiting democratic practices [78–80]. In
another study, [81] developed a sovereign index using the extreme value theory. This par-
ticular index takes care of the industrial environment only. Carbon emissions will increase
the sovereign risk. Thus, we can see attempts to scrutinize the direction of causality among
risk and emissions [82–84].

From the above brief review of the existing literature, we realize that institutions
and the environment are strongly associated and invite research in different spheres and
economies. To the best of the authors’ knowledge, no study has been conducted on the
relationship between corruption and environmental degradation in India. In addition,
we do not have an acquaintance with studies on ecological taxes and their effect on the
environment in India. The main objective of this study is to address the burning issue of
institutional arrangements and environmental sustainability along with other controlled
variables using robust econometric techniques in India. This study also analyzes that the
association between country risk and emissions for India is lacking. Thus, we believe the
present research has enough scope to enrich the existing literature.

3. Material and Methodology
3.1. Data Source

This study uses annual data for empirical analysis from 1978–2018. The data of study
variables were acquired from the international country risk guide (ICRG), Organization
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for Economic Co-operation and Development (OECD), and world development indicators
(WDI), published by the World Bank. The data of all variables are converted into natural
logarithms because they are in different units of measurement, which is necessary to induce
the stationary process [85]. The description of the variable used in our investigation is
provided in Table 1. For the purpose of establishing the empirical relationships between
the variables, the data and variables were selected from an Indian perspective.

Table 1. Summary of the variables.

Label Variable Name Units of Measurement Sources

Carbon emission CO2 Metric tons per capita WDI

Corruption CC Rank, 0 (lowest) to 100 (highest) ICRG

Environment risks and health ERH Kt of Co2 equivalent OECD

Environment Taxation ET Tax per unit of measure pollution output. OECD

GDP per capita GDP GDP per capita (constant 2010 USD) WDI

Renewable Energy RE 1000 metric tons of oil equivalent WDI

Urbanization U Annual percentage WDI

3.2. Methodology

In this study, the bound test is applied to investigate the correlations between variables
such as carbon emissions, corruption, environment risks, health, environment taxation,
GDP per capita, renewable energy, and urbanization in India. We use an ARDL model to de-
termine if the variables have a “long-run or short-run” connection. Using this methodology
rather than the standard Johansen and Juselius [86] methodologies has certain advantages.
Contrasting the traditional cointegration method, which analyzes long-run linkages us-
ing a structure of equations, the ARDL method simply uses a solo condensed from the
equation [87]. Whether the major regressors are strictly I (0), I (1), or a mixture of both, the
test on the ubiquitous link between components in levels is important because the ARDL
technique does not incorporate pretesting variables. This aspect alone disqualifies the usual
cointegration approach due to the data’s cyclical modules. Even the current unit root tests
for determining the integration order are still troublesome.

Furthermore, the ARDL technique does not require the traditional cointegration test’s
criteria. The amount of endogenous and exogenous parameters to include (if any), the
handling of deterministic mechanisms, and the ideal number of delays to define are all
options. The empirical results are often vulnerable to the approach, and the estimating
technique allows for numerous possible options [88]. The ARDL permits distinct optimum
lags for different parameters, which the normal cointegration test does not allow. With
limited sample data (40 observations), the ARDL model may be used, and [89] used GAUSS
to construct a set of critical valves. [90] presented a fairly new cointegration test known
as the “autoregressive distributed lag” (ARDL) approach to overcome this challenge and
pretesting for unit roots. In this study, the Granger-causality test [91] is also utilized to
examine the relationship between the variables.

3.3. Econometric Model

The Ng and Perron [92] test is applied to determine the stationary of time series, a
proficient and amended version of the PP test that uses generalized least square detrending
data. This method is more precise than the PP test and can correct negative errors.

The following are some of the most effective and adaptable PP tests:

MZd
a = (T−1

(
yd

T)
2 − f0

)
/2k (1)

MSBd = (K/ f0)
1
2 (2)
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MZd
t = MZd

a ×MSBd (3)

MPTd
T = ((C)2K + (1− C)T−1) (Yd

T)
2/ f0 (4)

Where the statistics MZd
a and MZd

t are the proficient versions of PP test and

K =
T
∑

t=2
(Yd

t−1)
2
/T2, c = −13.5

f0 =
T−1
∑

j=−(T−1)
θ(j).k(j/l)

(5)

where l is a bandwidth parameter (which acts as a truncation lag in the covariance weight-
ing), and θ(j) is the j-th sample autocovariance of residuals.

This study aims to investigate the relationship between carbon emissions, corruption,
environment risks and health, environment taxation, GDP per capita, renewable energy,
and urbanization in India. The following is the functional form of the suggested model:

LNCo2 = F(CC, ERH, ET, GDP, RE, U) (6)

Our baseline model in Equation (6), which may be represented in equation form as
follows:

LNCO2t = α + β1CCt + β2ERH + β3ET + β4GDP + β5RE + β6U + µt (7)

where LNCO2 is the log of “carbon dioxide emission”, CC is the control of corruption,
ERH is the environment risk and health, ET is the environment taxation, GDP is the gross
domestic product, RE is the renewable energy, and U is the urbanization in India where ‘t’
signifies period and µ connotes error term.

We developed the (UECM) unconstrained Error Correction Model for the bound test
approach, presented in Equation (8).

∆LNCO2t = β0 +
D
∑

i=1
ω1i∆LNCO2t−i +

D
∑

i=0
ω2i∆LNCCt−i +

D
∑

i=0
ω3i∆LNERHt−i +

D
∑

i=0
ω4i∆LNETt−i

+
D
∑

i=0
ω5i∆LNGDPt−i +

D
∑

i=0
ω6i∆LNREt−i +

D
∑

i=0
ω7i∆LNUt−i + ω8LNCO2t−1 + ω9LNCCt−1

+ω10LNERHt−1 + ω11LNETt−1 + ω12LNGDPt−1 + ω13LNREt−1 + ω14LNUt−1 + µt

(8)

∆ Is the first difference operator, “D” signifies number of lags, “t” denotes trend
variable and µt is the error term. We test the hypothesis of no-cointegration on the level
variable in equation to validate the co-integration among the variables in the presented
model (8) which is:

Hypothesis 1. ω7 = ω8 = ω9 = ω10 = ω11 = ω12 = 0 (No co-integration exists in the series);

Hypothesis 2. ω7 6= ω8 6= ω9 6= ω10 6= ω11 6= ω12 6= 0 (There is co-integration in the series).

The F-statistics valve was used to predict the occurrence of co-integration. The F-
statistics valve is then linked to the crucial valve, according to [90]. Assume the calculated
F-statistics value is greater than the table’s upper limit valve. In such a situation, we can
reject the null hypothesis and accept the alternative hypothesis, implying the existence of
co-integration. The null hypothesis cannot reject but must accept the alternative hypothesis
if the F-statistics valve is lower than the lower bound and co-integration is not included in
the suggested model.
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Using the ARDL model, this study examines the variables’ long- and short-term
relationships. Equation (9) shows the ARDL depiction for our investigation.

LNCO2t = β0+
C
∑

i=1
ω1iLNCO2t−1 +

D
∑

i=1
ω2iLNCCt−1 +

E
∑

i=1
ω3iLNERHt−1

+
F
∑

i=1
ω4iLNETt−1 +

G
∑

i=1
ω5iLNGDPt−1 +

H
∑

i=1
ω6iLNREt−1

+
I

∑
i=1

ω7iLNUt−1 + µt

(9)

The ARDL error correction model for the short-term and the long-term coefficient can
be calculated using Equation (10).

LNCO2t = β0 +
D
∑

i=1
ω1LNCO2t−1 +

D
∑

i=1
ω2LNCCt−1 +

D
∑

i=1
ω3LNERHt−1 +

D
∑

i=1
ω4LNETt−1

+
D
∑

i=1
ω5LNGDPt−1 +

D
∑

i=1
ω6LNREt−1 +

D
∑

i=1
ω7LNUt−1 + θiECTt−1

+µt

(10)

4. Empirical Findings and Discussion

This section contains two broad subsections. First, we show the trends of the variables,
and second, we discuss the results from econometric modeling.

4.1. Trend Analysis of the Variables

The trend analysis of the variables over the course of the study is shown in Figure 1.
India is the third-largest emitter of greenhouse gases in the world, behind China and the
United States (GHGs). The primary sources of emissions are coal power plants, rice paddies,
and cattle, which continue to rise rapidly, despite per capita emissions remaining below the
global average [93]. Emissions of greenhouse gases in India increased from 1.1 metric tons
in 2001 to 1.9 metric tons in 2019. The major contributor to global warming is CO2, which
is emitted mostly through fossil fuel combustion [94]. During 2014 and 2015, the largest
share of carbon emissions came from India. This substantial increase came after a decade
of rapid growth, which is anticipated to last for many more years. India’s novel plans to
construct many coal-fired power plants have expressed grave worries about India’s future
path. It contradicts its climate ambitions and might jeopardize the global effort to limit
global warming below 1.5 degrees Celsius [95]. Co2 emission directly impacts human life,
causing an increase in respiratory ailments due to toxic air contamination. Not to mention
that if carbon emissions wipe out particular animal species, disrupt crop yields, and destroy
the land, humans [96] will feel those consequences.

Rapid urbanization in India has harmed the country’s ecology in several ways in
recent years. As the country’s population grows, so does its infrastructure, resulting in poor
living conditions in many Indian towns. As a result, many individuals face the brunt of the
poisonous, unpleasant living circumstances exacerbated by poverty, depletion of natural
resources, poor water quality, and a lack of sanitation. The poorest and most vulnerable
members of society and those from economically and socially challenged backgrounds are
the ones that suffer the most. The health effects vary depending on the type of pollution
and exposure, and age [97].

One of the most effective policy instruments for reducing greenhouse gas emissions is a
carbon tax. Putting a price on greenhouse gas (GHG) emissions is primarily regarded as one
of the most effective ways to reduce emissions [98]. The carbon pricing system establishes a
price and a tax on carbon in the form of metric tons of carbon dioxide equivalent or (tCO2e)
of a product or process [98]. The carbon tax, which is imposed on the carbon content of fuels,
is often regarded as one of the most effective tools for reducing carbon emissions [98,99].
These initiatives encourage businesses to seek out environmentally beneficial technology
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that would eventually replace fossil fuels with renewable energy, resulting in a carbon-free
environment.
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Figure 1. Trend analysis of given variables. Source: World Bank, International Country risk guide,
Economic Co-operation and Development, and Global Economy.

Corruption is a burning issue in both rich and emerging nations, according to the
Organization for Economic Cooperation and Development (OECD). Developing countries
have a greater impact on CO2 emissions than developed countries. Several studies have
proposed some explanations for how corruption affects CO2 emissions. On the one hand,
corruption can penetrate most departments, from legislation to law enforcement, due to
inefficient environmental regulation and the intricacies of environmental concerns, thus
impacting ecological systems and environmental quality. According to a Guardian report
published on 24 August 2015, the UNFCCC’s Joint Implementation (JI) plan, which has
been dogged by massive corruption charges comprising systematized crime in Russia and
Ukraine, 600 million tons of carbon were inappropriately emitted. Furthermore, [100]
used data from 94 countries from 1987 to 2000 to examine the direct and indirect effects of
corruption on carbon emissions, pointing out that corruption can affect carbon emissions
not only directly through environmental regulation but also indirectly through its effect on
economic growth.

4.2. Empirical Findings and Discussion

The stationary of the variables was checked using the enhanced Dickey–Fuller (ADF)
and Phillips–Perron (PP) tests in this study. The Augmented Dickey–Fuller (ADF) and
Philipp–Perron (PP) tests both reveal a combination of stationary order at I (0) or I (1) (at the
level or the first difference) in Table 2, indicating that the ARDL cointegration test is valid.
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Table 2. Standard Unit root test.

Variable ADF DF(GLS) PP

Level Ist. diff Level Ist. diff Level Ist. diff

CO2 −2.1265 −7.2618 ** −2.1326 −7.3977 ** −2.2954 −7.1742 **

CC −4.0161 −9.4639 ** −3.9901 −9.6079 ** −4.0400 −10.0914 **

ER −2.3217 −3.9436 * −1.6266 −4.1046 ** −2.0888 −3.9150 *

ET −1.9923 −5.3820 ** −1.9102 −5.5549 ** −2.0801 −5.3820 **

GDP −3.3738 −9.24095 ** −1.6734 −4.4930 ** −3.3738 −30.4507 *

RE −2.1419 −6.9639 ** −1.7613 −7.0953 ** −2.1419 −6.9639 **

U −1.0803 −4.2879 ** −0.2657 −2.4316 * −4.3235 −7.7107 **
Source: Authors’ calculation. Note: * and ** shows the stationarity at the 0.05 and 0.01 significance level.

Due to the size and power features of small sample data sets, these two tests are unre-
liable [101]. These tests appear to over-reject the null hypothesis when it is true and accept
it when it is false for small sample data sets. The Dickey–Fuller Generalized Least Square
(DF-GLS) and Ng-Perron tests are two new tests that could tackle the concerns of data size and
power attributes. According to the results, the DF-GLS unit root test results show that all of the
variables are integrated order 1, or none of the variables are I (2) series. We rejected the null
hypothesis of the unit root process in all cases using the Akaike Information Criteria (AIC) and
serial correlations diagnostic test using the unit root test regression data.

The results of the Ng-Perron unit root test reports are in Table 3. These findings are
significant for the cointegration tests’ reliability because all of the series are 1(1) in the
cointegration tests, showing no concern with the degree of integration of the variables.
The presence of the unit root is the basic hypothesis for the MZa and MZt tests, while
stationarity is the basic hypothesis for the MSB and MPT tests in the Ng-Perron (2001) test.
Because all variables in terms of level valves are not stationary, and our estimated statistical
values for MZa and MZt tests are less than the critical values, the possibility of the presence
of a unit root cannot be ruled out. Likewise, the calculated statistical values for MSB and
MPT are higher than the critical levels. To put it another way, the underlying idea of the
absence of a unit root is disproved. According to the Ng-Perron test, it is stationary when
the initial differences of all variables are considered since the findings are reversed.

Table 3. Ng- Perron unit root test.

Level 1(0)

Variable MZa MZt MSB MPT

Co2 −7.38626(2) −1.91073(2) 0.25869(2) 12.3578

Critical value −23.8000 −3.42000 0.14300 4.03000

CC −16.2746(9) −2.84141(9) 0.17459(9) 5.66613(9)

Critical value −23.8000 −3.42000 0.14300 4.03000

ER −5.49298(2) −1.63617(2) 0.29787(2) 16.5239(2)

Critical value −23.8000 −3.42000 0.14300 4.03000

ET −5.15201(6) −1.60292(6) 0.31112(6) 17.6778(6)

Critical value −23.8000 −3.42000 0.14300 4.03000

GDP −2.72300(9) −0.94074(9) 0.34548(9) 26.7035(9)

Critical value −23.8000 −3.42000 0.14300 4.03000

RE −4.98920(3) −1.38610(3) 0.27782(3) 17.3180(3)

Critical value −23.8000 −3.42000 0.14300 4.03000

U −1.64339 −0.63823 0.38836 34.6213

Critical value −23.8000 −3.42000 0.14300 4.03000
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Table 3. Cont.

First
Difference

1(1)

Variable MZa MZt MSB MPT

Co2 −18.8464 *(6) −3.0691 *(6) 0.1628 *(6) 4.8386 *(6)

Critical value −17.3000 −2.9100 0.1680 5.4800

CC −16.0212 *(6) −2.81622 *(6) 0.17578 *(6) 5.77165 *(6)

Critical value 14.2000 −2.62000 0.18500 6.67000

ER −11.4046 **(1) −2.37619 **(1) 0.20835 **(1) 2.19347 **(1)

Critical value −5.70000 −1.62000 0.27500 4.45000

ET −13.358 1***(2) −2.58278 ***(2) 0.19335 ***(2) 1.84021 ***(2)

Critical value −5.70000 −1.62000 0.27500 4.45000

GDP −14.6578 *(1) −2.67584 *(1) 0.18255 *(1) 6.39921 *(1)

Critical value 14.2000 −2.62000 0.18500 6.67000

RE −19.0991 *(6) −3.08968 *(6) 0.16177 *(6) 6.39921 *(6)

Critical value 14.2000 −2.62000 0.18500 6.67000

U −17.3130 *(9) 02.94185 *(9) 0.19992 *(9) 5.26542 *(9)

Critical value 14.2000 −2.62000 0.18500 6.67000
Source: Authors’ calculation using E-views 12. Note: *, ** and *** shows the absence of unit root at 1%, 5%, and
10% significance level.

The ARDL bound F-test was used in this study to examine the cointegration connection
between the variables, as shown in Table 4. We reject the null hypothesis of cointegration
since the valve of F-statistics is more than the upper bound. As a result of the bound test
investigation, this study discovered a substantial cointegration relationship between CO2
and several parameters.

Table 4. Bound Test result.

F-Bounds Test Null Hypothesis: No Levels Relationship

Test Statistic Value Sig. I(0) I(1)

Asymptotic: n = 1000

F-statistic 6.205318 10% 1.99 2.94

k 6 5% 2.27 3.28

2.5% 2.55 3.61

1% 2.88 3.99
Source: Authors’ calculation using E-views 12.

We must first check that our anticipated models are consistent and free of bias be-
fore proceeding with short- and long-run elasticities. There is no serial correlation and
heteroscedasticity (p > 0.05) in the data, as shown in Table 5. The residuals of the model are
similarly normally distributed, indicating that the model is correctly described, according
to the results. Three major tests of serial correlation, normality, and heteroscedasticity were
approved by the diagnostics test employed in this model.
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Table 5. Diagnostic test results.

Model of CO2 Coefficient p-Value

Breusch–Godfrey serial correlation LM test:
[p-valve] 4.747 (0.1176)

Normality test: [p-valve] 6.154 (0.9257)

Heteroscedasticity test:
Breusch–Pagan–Godfrey: [p-valve] 1.501 (0.3221)

Source: Author Calculation using E-views 12.

Stability residuals tests using the cumulative sum of recursive residuals (CUSUM)
and the cumulative sum of the square of recursive residuals (CUSUM) were employed to
enhance the consistency of our results. The coefficient of this model (shown by the blue
line in Figure 2) is stable and consistent, as the results are still inside the critical bound
(signify two red lines). This demonstrates that the findings of this study may be used to
guide policy decisions.
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The long-run estimate result is shown in Table 6. Based on our model, it is clear that
corruption, environment risks, GDP, and urbanization have a positive association with car-
bon emissions in India. A 1% rise in corruption, environment risks, GDP, and urbanization
leads to carbon emissions of 0.12, 0.01, 0.63, and 35.92 percent. At the 1% and 5% signifi-
cance levels, all four variables are statistically significant. These outcomes are dependable
with [21] for Malaysia, [62] for China but opposing with [102] for BRICS. According to
Liu et al. (2021), higher pollution taxes and charges may be advantageous in developing
an efficient way of utilizing available resources and encouraging economic growth. The
negative sign for environment taxation and renewable energy on carbon emissions means
that higher environment taxation and renewable energy have successfully debilitated the
carbon emissions in India. To be more precise, a 1% increase in environment tax and
renewable energy will decline carbon emissions by 3.57% and 2.56%, correspondingly.
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Table 6. ARDL model for long-run estimations.

Model of Carbon Dioxide Emission (LnCO2)

Variable Co-Efficient T-Statistics p-Valve

LnC 0.126 2.648 0.0265 *

LnER 0.018 2.675 0.0254 *

LnET −0.169 −3.570 0.0030 *

LnGDP 0.631 2.088 0.0664 ***

LnRE −0.151 −2.565 0.0304 **

LnU 35.926 4.389 0.0017 *

C −27.716 −2.355 0.0316 **
Source: Authors’ calculation. Note: p-valves are reported in form of *, ** and *** denotes significance level at 1%,
5%, and 10%, respectively.

The outcome of the error correction mechanism (ECM) for short-run elasticities is
shown in Table 7. It has been discovered that carbon emissions reduce environmental
sustainability in the near term, but environmental taxation and environmental risks also
impact carbon emissions in India. These findings are comparable to those of [102] for
developed nations. The significant and negative valves of the error correction term were
used to check the outcome of the long-run estimate (ECT). The negative valve validates
that the variables will gather in the long term, and ECT displays the “speed of adjustment”
for this model. In the current year, about 66 percent of the disequilibria from the previous
year’s shock converged on the long-run equilibrium. The explanatory variables can explain
90% of the variation in the model, according to the R-square.

Table 7. Estimation of short-run restricted error correction model (ECM).

Model of Carbon Dioxide Emission (LnCO2)

Variable Co-Efficient T-Statistics p-Valve

∆LnCO2 2.949 10.102 0.0021 *

∆LnC −0.665 −10.179 0.0020 *

∆LnER −0.132 −10.918 0.0016 *

∆LnET 0.011 4.066 0.0268 *

∆LnGDP −1.782 −9.151 0.0028 *

∆LnRE 0.601 12.139 0.0012 *

∆LnU 48.063 7.208 0.0055 **

C −27.716 −5.699 0.0000 *

ECT(−1) −0.668 −5.698 0.0000 *

R. Square
Adjusted, R Square

0.90
0.83

Source: Authors’ calculation using E-views 12. Note: p-valves are reported in *, and ** denotes significance levels
at 1% and 5%.

The long-run and short-run outcomes of the ARDL model explain how an indepen-
dent variable influences the dependent variable without rejecting the cause-and-effect
relationship between them (the direction of a causal relationship between the variable).
The pair-wise Granger causality technique is used to tackle this problem. As indicated
in Table 8, the results of pair-wise Granger causality analysis were used to determine the
direction of causation between CO2 and the other variables studied.
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Table 8. Pairwise Granger causality test result.

Null Hypothesis: Obs F-Statistic p-Value

Corruption does not Granger-cause CO2 emissions 40 3.08196 0.0874 *

CO2 emissions do not Granger-cause corruption 6.01380 0.0190 **

Environment risks and health do not Granger-cause CO2 emissions 40 0.52273 0.4764

CO2 emissions do not Granger-cause environment risks and health 6.02328 0.0214 **

Environment taxation does not Granger-cause CO2 emissions 40 1.41456 0.0178 **

CO2 emissions do not Granger-cause environment taxation 1.20665 0.0325 **

GDP does not Granger-cause CO2 emissions 40 2.49305 0.1229

CO2 emissions do not Granger-cause GDP 4.76573 0.0355 **

Renewable energy does not Granger-cause CO2 emissions 40 0.34109 0.5627

CO2 emissions do not Granger-cause CO2 emissions 1.50898 0.4801

Urbanization does not Granger-cause CO2 emissions 40 3.13224 0.0059 **

CO2 emissions do not Granger-cause urbanization 0.06968 0.7933

Environment risks and health do not Granger-cause corruption 40 1.80765 0.1909

Corruption does not Granger-cause CO2 emissions 1.17590 0.2885

Environment taxation does not Granger-cause corruption 40 1.25791 0.2727

Corruption does not Granger-cause environment taxation 0.00226 0.9625

GDP does not Granger-cause corruption 40 4.57239 0.0392 **

Corruption does not Granger-cause GDP 0.00971 0.9220

Renewable energy does not Granger-cause corruption 40 2.81222 0.1020

Corruption does not Granger-cause renewable energy 1.70318 0.1999

Urbanization does not Granger-cause corruption 40 5.20499 0.0284 **

Corruption does not Granger-cause urbanization 10.2514 0.0001 ***

Environment taxation does not Granger-cause environment risks and health 40 0.11836 0.7337

Environment risks and health do not Granger-cause environment taxation 1.79615 0.1922

GDP does not Granger-cause environment risks and health 40 7.76759 0.0100 ***

Environment risks and health do not Granger-cause GDP 2.08812 0.1609

Renewable energy does not Granger-cause environment risks and health. 40 0.96035 0.3365

Environment risks and health do not Granger-cause renewable energy 0.00830 0.9281

Urbanization does not Granger-cause environment risks and health. 40 7.05659 0.0136 **

Environment risks and health do not Granger-cause urbanization 5.72580 0.0245 **

Renewable energy does not Granger-cause GDP 40 3.40655 0.0730 *

GDP does not Granger-cause renewable energy 0.23492 0.6308

Urbanization does not Granger-ause GDP 40 7.96312 0.0076 ***

GDP does not Granger-cause urbanization 23.0603 0.7517

Urbanization does not Granger-cause renewable energy 40 0.59015 0.4472

Renewable energy does not Granger-cause urbanization 5.92419 0.0199

Source: Authors’ calculation using E-views 12. Note: p-valves are reported in form of *, ** and *** denotes
significance level at 1%, 5%, and 10%, respectively.

The pair-wise Granger causality result is shown in Figure 3 and shows that there is
unidirectional causation between CO2 and corruption, environment risk, GDP, and CO2;
the p-valve is significant at a 5% level of significance. There is a lead-lag connection between
renewable energy and its mature equivalents in the near term. [103] found similar results
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for Latin American nations, and [38] found similar results for China. It was also found
that environmental taxes, urbanization, and environmental risk had bidirectional causation
to CO2 and corruption, with the p-valve significant at the 5% and 10% levels. This result
can be elucidated by alterations in short-term renewable energy, but it does not represent
changes in GDP or vice versa.
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5. Conclusions and Policy Suggestions

This study examined the impact of environmental taxation, corruption, urbanization,
economic growth, environmental risk, and renewable energy on CO2 emissions in India.
On the one hand, some researchers have found a positive correlation between CO2 emis-
sions and environmental hazards and taxes, while other studies have found a negative or
statistically negligible correlation. The current study examines the relationship between
carbon dioxide emissions, environmental taxation, and risks in India from 1978 to 2018
using the ARDL model.

The outcome of several unit root tests revealed that the study’s variables are stationary.
After that, the bound test was applied, and the results demonstrated that there is long-term
relationship among variables. Before moving on with short-run and long-run elasticities,
our model should be free from any bias; the diagnostic test findings of our study show
that there is the nonappearance of serial correlation, non-normality, and heteroscedasticity.
Finally, CUSUM and CUSUMSQ are used to check the model’s stability; according to
our findings, there is no association outside the acute lines, indicating that the regression
parameters are unchanging.

The study’s major goal is to compare the impact of CO2 on environmental taxes and
hazards, corruption, economic growth, renewable energy, and urbanization. Estimates
were established for both short- and long-term outcomes. We used the ARDL model,
which shows that corruption, environment risks, GDP, and urbanization have a positive
connection with carbon emissions in India. A 1% increase in corruption, environment risks,
GDP, and urbanization leads to carbon emissions of 0.12, 0.01, 0.63, and 35.92 percent. All
four variables are statistically significant at 1 and 5 percent significance levels. These results
are dependable with [21] for Malaysia, [62] for China but opposing with [102] for BRICS.
According to [67], higher pollution taxes and charges may be advantageous in developing
an efficient way of utilizing available resources and encouraging economic growth. The
negative sign for environment taxation and renewable energy on carbon emissions means
that higher environment taxation and renewable energy have successfully debilitated
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carbon emissions in India. To be more precise, a 1% rise in environmental taxation and
renewable energy will decline carbon emissions by 3.57% and 2.56%, correspondingly.

Even though short-run elasticities based on the error correction mechanism (ECM)
found that carbon emissions decline environmental sustainability, at the same time, environ-
mental taxation and environment risks also influence the carbon emissions in India. These
outcomes are comparable to [102] for developed countries. The significant and negative
valves of the error correction term were used to check the outcome of the long-run estimate
(ECT). The negative valve validates that the variables will gather in the long term, and ECT
displays the “speed of adjustment” for this model. In the current year, about 66 percent of
the disequilibria from the previous year’s shock converged on the long-run equilibrium.

The finding of the study recommends several policy suggestions for the Indian gov-
ernment, which are as follows: First, the Government of India should set up strict environ-
mental regulations and anti-corruption measures to combat unfair practice that distorts
competition laws and policies. Second, it should continue to promote standardized emis-
sions reduction measures, as it has done with the deployment of renewable energy sources
and more sustainable trade that considers innovation and diversity. Third, long-term sensi-
ble urban planning is required to prevent further environmental degradation, as emissions
from urban industrial regions also harm the environment; consequently, more emphasis
should be on industry adoption of energy-efficient/green technologies. Fourth, it is need
of the hour that the government should emphasize clean and renewable energy like wind,
natural gas, and solar instead of non-renewable energy such as coal and petroleum that
depletes the quality of the environment very quickly. Fifth, the government concentrates
more on energy efficiency policies that diminish carbon emissions without hampering
economic growth in the country. Sixth, the rising population is a burning issue in India, and
it is challenging to diminish its energy demand. However, the government should conduct
an environmental awareness program for residents. Ecological awareness and regulatory
pressure might have been a solution to the problem of environmental damage. Finally, the
Indian government should set an emissions threshold for manufacturing firms, with pollu-
tion monitoring equipment deployed to verify compliance. In addition, the development of
India’s financial markets can help to introduce sophisticated energy-efficient technologies
to the country and increase investment in R&D, resulting in lower emissions. Furthermore,
because CO2 is worldwide pollution rather than a regional problem, global cooperation
may reduce CO2 emissions. Forming an amalgamation between different countries to
establish unified environmental laws will improve the efficiency of pollution regulations.
Individual national ecological rules and regulations are not excluded, in any case.
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