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Abstract

Sustainable development requires integrating economic growth with environmental pro-
tection; however, rising carbon emissions pose a substantial threat to ecological balance.
The conclusions of this study regarding the determinants of carbon emissions risk within
the broader sustainability framework—coal and oil consumption, foreign direct invest-
ment (FDI), and economic growth—are critically significant. The application of ARDL and
Dynamic ARDL estimate methods indicates that coal and oil consumption, along with
foreign direct investment (FDI), exert a considerable and favourable influence on carbon
emissions. The Toda–Yamamoto causality study indicates a bidirectional influence between
coal usage and carbon emissions. Conversely, oil consumption and foreign direct invest-
ment influence carbon emissions solely via coal consumption. These findings underscore
the need to develop efficient emission control strategies rapidly. Policy recommendations
include accelerating economic restructuring, reducing dependence on fossil fuels, and
promoting the adoption of clean, renewable energy sources. By analyzing these factors,
the study offers significant insights into achieving simultaneous economic growth and
environmental sustainability.

Keywords: sustainable development; carbon emissions; ARDL; dynamic ARDL; foreign
direct investment

1. Introduction
A complex network of interconnected elements in the modern world shapes our

prospects. Ecological improvement has become a top priority for the twenty-first century
because of the correlation between environmental protection and long-term economic
growth [1–3]. Carbon emissions, economic development, foreign direct investment, coal
consumption, and oil consumption are the primary themes shaping the 21st century. These
four trends are at the core of this intricate symphony. The complex relationships among
these aspects are the key to successfully managing them and ensuring the sustainability of
our planet and humanity.

Environmental destruction is a problem in many developing countries. Using en-
ergy consumption to drive economic expansion harms the environment, yet the effects
of environmental degradation cannot be dismissed. The Indian economy is growing ex-
ponentially, and this growth will only accelerate. Industrial output, agricultural output,
foreign investment, and the film industry are vital to India’s economy. Despite agriculture
being the backbone of the Indian economy, more and more farmland is being converted
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to other uses to accommodate the country’s booming manufacturing sector. In addition,
deforestation is a significant problem in India, which ranks first among Asian countries
due to its fast population growth. Financial progress and industrial sector energy demand
for expansion contribute to environmental degradation. India relies on traditional energy
sources to meet its rapidly growing energy needs [4]. India is responsible for 7% of global
carbon dioxide emissions and ranks third worldwide [5]. The environment faces severe
consequences due to carbon emissions from the rampant combustion of fossil fuels. These
emissions contribute to global warming, biodiversity loss, and increased extreme weather
events. Immediate and decisive action is essential to address these critical issues.

Malik [6] argued that conventional energy sources emit carbon dioxide, which has a
detrimental impact on ecological conditions and that this has significant implications for
both the natural environment and human well-being.

Implementing income-enhancing policies in emerging nations has contributed to eco-
nomic growth and the urbanization of their populations, which may pose environmental
challenges. While rapid economic development in both emerging and affluent countries
has improved living standards, it has also intensified environmental issues such as deser-
tification and pollution [7]. However, the role of government policies and regulations in
shaping this relationship must be considered. Several nations have changed and modern-
ized their industrial structures to achieve sustainable development and progress, thanks
to stringent environmental regulations and the promotion of renewable energy sources.
Global economic expansion drives development and innovation, which in turn propels the
development of nations. The proposed intervention can rescue underprivileged popula-
tions from their current circumstances, raise living standards across the population, and
offer hope for a brighter future. However, carbon emissions worsen when economic expan-
sion is pursued without regard for the environment. A trade-off between environmental
sustainability and economic progress may occasionally accompany the pursuit of economic
progress [8].

The Industrial Revolution catalyzed a sea change in society and the economy, with
urbanization and industrialization playing essential roles. However, these methods speed
up the use of fossil fuels, which, in turn, releases a great deal of carbon dioxide and
other GHGs into the atmosphere [9]. Numerous modern economic activities—including
transportation, industry, and trade—consume vast quantities of oil. For almost a century,
it has been the engine that has propelled the global economy, allowing for the growth of
nations and urban centres worldwide. However, widespread oil consumption produces
a large carbon footprint, contributing to climate change and greenhouse gas emissions
worldwide. From 570 million metric tonnes of oil equivalent in 2020, India’s primary
energy consumption is expected to increase by 63% over the following decade [10]. Energy
production and consumption accounted for over 75% of India’s greenhouse gas emissions
in 2020 [11].

Researchers have investigated the discrete or cumulative impacts of economic growth,
trade, investment, and energy consumption on carbon emissions [12–15]. Nonetheless, an
oversight persists in the thorough evaluation of the synergistic and interrelated influences
of coal consumption, oil consumption, foreign direct investment (FDI), and economic
growth on carbon emissions, especially within the Indian context. A complex network of
interconnected factors now defines global development paths, linking economic growth,
energy use, and environmental stability. This study builds on the premise that sustainable
growth depends on integrating economic and ecological objectives. In developing coun-
tries, energy-intensive growth often drives carbon emissions and ecological stress. India,
with rapid industrial expansion and urbanization, offers an important case for examining
this trade-off.
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To strengthen conceptual clarity, three testable hypotheses have been formulated:

• H1: Fossil fuel consumption (coal and oil) significantly increases carbon emissions
in India.

• H2: Foreign direct investment positively contributes to carbon emissions through
energy-intensive industrialization.

• H3: Economic growth moderates the long-term relationship between energy consump-
tion and environmental degradation.

These hypotheses align the empirical design with the central research question of how
economic expansion and investment affect India’s carbon risk route.

The Indian economy’s transition from agriculture to industry has accelerated the use
of fossil fuels and increased carbon intensity. While economic and social development
have improved living standards, they also pose environmental risks. Existing studies have
primarily examined economic growth and emissions in isolation. This paper differs by
integrating coal use, oil use, FDI, and GDP per capita within a single framework and by
applying ARDL and Dynamic ARDL models, along with Toda–Yamamoto causality, to
capture directional relationships. By adopting a multi-method approach, the research adds
robust empirical evidence for sustainable development policy.

2. Literature Review
A growing body of literature has emerged to address the sophisticated relationship

between sustainable development and environmental harmony, mainly through the lens
of carbon emissions and their associated risks. Rising carbon emissions from industrial
expansion, energy consumption, and foreign direct investment have posed a challenge to
sustainable development, which seeks to balance economic growth with environmental
preservation. The concept of environmental harmony emphasizes the need for ecologi-
cal stability and reduced environmental degradation to sustain long-term development.
Scholars and policymakers have begun investigating the critical elements influencing car-
bon emissions, focusing on energy sources, technological innovation, regulatory policies,
economic structures, and societal behaviours. Understanding these factors is crucial to
mitigating carbon emissions risk, as excessive emissions have been shown to exacerbate
climate change and degrade ecosystems. This review synthesizes existing research to
examine the primary drivers of carbon emissions and the strategies that may support a
more harmonious, sustainable trajectory for economic and environmental goals [16].

2.1. Oil and Coal Consumption

Governments and policymakers must act quickly to address the severe deterioration
of our environment, which is primarily the result of our excessive reliance on fossil fuels
(such as oil, gas, and coal) for economic growth [17–21]. The Intergovernmental Panel on
Climate Change (IPCC) [22]) warns that a staggering 76.6% of global carbon dioxide (CO2)
emissions are a direct result of our relentless pursuit of economic expansion and improved
quality of life, particularly in developing countries, leading to a significant increase in
electricity consumption. Further reveals that global electricity production surged by 2.8%
in 2017 and 1.9% in 2018, with a substantial portion of this increase originating from oil-
producing countries heavily dependent on fossil fuels [23]. Katircioglu [24] underscores
that crude oil alone accounts for about 35% of the world’s energy demand, and fossil fuels
represented over 80% of the world’s energy demand in 2004. This heavy reliance on fossil
fuels may bring significant economic benefits to oil-producing countries, but it is crucial to
explore alternative solutions for a sustainable future.
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2.2. Oil Consumption and Carbon Emissions

In a study by Hanif [25], the influence of economic growth, urban expansion, and
consumption of fossil fuels, solid fuels, and renewable energy on CO2 emissions in Sub-
Saharan African economies from 1995 to 2015 was examined using the GMM model. The
results showed that consumption of fossil and solid fuels increases CO2 emissions, while
renewable energy helps reduce them.

Furthermore, Saboori [26] conducted a pivotal study on the association among oil
consumption, economic growth, and environmental degradation across three Asian coun-
tries. Their findings, obtained from the Granger causality test, revealed a unidirectional
causality from oil consumption to economic growth in China and Japan, and from oil
consumption to CO2 emissions in South Korea. This underscores the significant role of
oil consumption in driving economic growth, a crucial consideration in environmental
economics and sustainability.

2.3. FDI and Carbon Emissions

The impact of foreign direct investment (FDI) and trade openness on environmental
sustainability in a country or region has been widely examined in the literature. These
factors are considered significant in understanding the influence of external influences on
environmental sustainability [13]. Koçak and Sarkgüne [27] found that increasing environ-
mental pollution results from this connection. In their study, Solarin and Al-Mulali [28]
examined the existence of the pollution haven hypothesis (PHH) in 20 countries. They
found that foreign direct investment (FDI) increases pollution in emerging countries while
reducing environmental degradation in developed countries. In a similar vein, Baloch [29]
investigated the correlation between carbon dioxide (CO2) emissions and foreign direct
investment (FDI) in nations involved in the Belt and Road Initiative (BRI), thereby revealing
the presence of a phenomenon known as the Pollution Haven Hypothesis (PHH). The study
by Hou [30] revealed a strong correlation between foreign direct investment (FDI) and
the rapid deterioration of China’s environment. This finding is consistent with previous
research, underscoring its significance.

However, the relationship between foreign direct investment (FDI) and environmental
sustainability is not a straightforward one. Jijian [31] found a minimal correlation between
FDI and carbon dioxide (CO2) emissions in countries participating in the Belt and Road
Initiative (BRI), suggesting a more nuanced understanding is required. In a study by
Rahaman [32] in Bangladesh, the impact of FDI, economic condition (EC), tourism, and
CO2 emissions was examined. The results showed a positive correlation between FDI and
CO2 emissions. These diverse outcomes underscore the topic’s complexity and the pressing
need for further research to understand this relationship fully.

Furthermore, Islam [33] used the dynamic simulated ARDL model to study the influ-
ence of FDI on environmental deterioration. Their findings suggest that FDI can promote
environmental sustainability. Bakhsh [34] examined the relationship between FDI and
environmental deterioration in Pakistan and found that FDI can contribute to environmen-
tal degradation. Salman [35] examined the relationship between FDI and environmental
outcomes in Pakistan and confirmed the pollution haven hypothesis (PHH). Similarly,
Paramati [36] investigated the relationship between FDI and CO2 emissions in developing
countries, finding that FDI can have a significant, positive impact on the environment.
While these findings provide valuable insights, they also underscore the need for further
study to fully understand the effects of FDI on environmental sustainability fully.

In addition, Ahmad [37] examined the correlation between foreign direct investment
(FDI) and environmental degradation in OECD countries and found that FDI contributes
to increased CO2 emissions. Ashraf [38] investigated the asymmetrical relationship among
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foreign direct investment (FDI), oil prices, and carbon dioxide (CO2) emissions using data
from the Gulf Cooperation Council (GCC) economies. It was determined that foreign direct
investment (FDI) harms the environment, and the pollution haven hypothesis (PHH) was
verified. In Udemba’s (2020) [39] study, an analysis examined the impact of foreign direct
investment (FDI) and other factors on India’s environmental quality. The findings revealed
a positive association between FDI and environmental quality. Hanif [26] examined how
GDP and FDI affect environmental quality in 15 rising Asian countries. They contended that
foreign direct investment (FDI) was responsible for environmental degradation, bolstering
pollution-induced health hazards (PHH). Zmami and Ben-Salha [40] utilized the PMG-
ARDL technique to examine the relationship between foreign direct investment (FDI) and
the environment in Gulf Cooperation Council (GCC) countries. It was determined that
foreign direct investment (FDI) had a beneficial and lasting effect on the environment.

2.4. Growth (GDP) and CO2: EKC and Structural Change

The relationship between environmental stress and economic development does not
simply follow a linear trend, according to the Environmental Kuznets Curve (EKC). Ini-
tially, pollution and environmental degradation generally escalate alongside rising income
during the early phases of development; however, once a nation attains a certain income
level, further economic growth is frequently linked to enhancements in environmental
quality as economies embrace cleaner technologies and transition towards service-oriented
industries [41]. However, findings from developing and emerging economies do not always
fit this classic inverted U-shape pattern. Some studies confirm the traditional EKC, while
others report that the relationship is either continuously rising or falling, or features more
than one turning point, depending on factors such as the energy mix, degree of trade
openness, regulatory rigour, and the quality of institutions [42].

Transitions in economic structure, such as a shift from manufacturing to services,
greater energy efficiency, new environmental policies, and support for low-carbon innova-
tion, have all been identified as important drivers that can help decouple economic progress
from rising greenhouse gas emissions. For example, Voumik [43] examined how integrating
renewable energy sources influences the EKC and found that increasing the use of cleaner
energy can alter the growth-emissions relationship within a group of countries. Other
variables, including levels of inequality, the quality of governance, and the distribution
of income, can also shape the extent to which economic expansions affect environmental
outcomes [44].

The growing body of literature on low-carbon development has highlighted the
effectiveness of comprehensive strategies—such as combining carbon pricing, subsidies
for green technologies, and layered regulations—in making economies more efficient and
reducing the emissions intensity of growth [45,46]. Initiatives such as urban pilot zones
have been shown to further these improvements. Polat and Çil [47], for instance, proposed
updates to the human development index for countries with a strong eco-innovation focus
and validated the presence of inverted U-shaped patterns in these contexts. In addition,
Muratoğlu [48] examined EKC behaviour across specific economic sectors using a nonlinear
ARDL model, uncovering distinct patterns among agriculture, industry, and services.

There is little research on India’s sustainable development that uses a dynamic ARDL
(Autoregressive Distributed Lag) simulation model and the Todo-Yamamoto causality
test to provide a comprehensive analysis of carbon emissions, oil and coal consumption,
foreign direct investment (FDI), and economic growth dynamics. While numerous studies
have individually explored aspects such as carbon emissions, energy consumption, and
economic growth, there is a need for more literature that holistically addresses their inter-
connectedness. This research aims to bridge this gap by employing a novel dynamic ARDL
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model, offering a more nuanced understanding of how these variables interact over time.
By uncovering the intricate relationships among carbon emissions, energy consumption
patterns, FDI inflows, and economic growth, this study seeks to offer valuable insights
to academia and policymakers, fostering a more comprehensive perspective on India’s
sustainable future.

3. Methods
3.1. Data and Model

In this study, we used annual time-series data to analyze India from 1970 to 2022. To
gather the necessary data for CE, CC, and OC, we turned to BP stats, while data for GP and
FDI were sourced from WDI [49]. Our variable selection process was informed by previous
studies conducted by [50,51] that explored the relationship between economic growth and
CO2 emissions. Additionally, we drew insights from [52], who examined the impact of
financial development on environmental degradation. Based on this literature review,
we selected the variables necessary to estimate the influence of coal consumption, oil
consumption, foreign direct investment, and economic growth on India’s carbon emissions
between 1970 and 2022. The following equation gives the general regression model for
time series data.

CEt = ∂0 + ∂1CCt + ∂2OCt + ∂3GPt + ∂4FDIt + εt

where CE represents carbon emissions, CC represents coal consumption, OC represents oil
consumption, GP represents gross domestic product per capita consumption (as a proxy
for economic growth), FDI represents foreign direct investment, and εt denotes the white
noise error term.

3.2. Econometric Procedure

To initiate our analysis, we found it essential to test for unit roots in the variables.
This step was necessary for selecting the appropriate long-term estimation and cointegra-
tion techniques. We conducted this evaluation using both the Phillips-Perron (PP) and
Augmented Dickey–Fuller (ADF) tests, as shown in Table 1. After identifying the integra-
tion levels of the series, we used suitable econometric methods to derive our results as
illustrated in Figure 1.

Table 1. Unit root test results.

Variable

Augmented Dickey–Fuller (ADF) Phillips-Peron (PP)

I (0) I (1) I (0) I (1)
t-Stats t-Stats Adj.t-Stats Adj.t-Stats

LNCE −1.37 −7.39 * −1.41 −7.38 *
LNOC −1.45 −5.41 * −1.14 −5.24 *
LNCC −0.43 −7.88 * −0.44 −7.88 *
LNGP −0.008 −6.79 * −0.023 −6.8 *

FDI −1.73 −8.49 * −1.59 −9.59 *
Note: * Refers to 1% significance level.
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Figure 1. This graphic shows the most critical steps used in the study as econometric procedures.

The unit-root tests (Table 1) show a I (1) process across variables. TY causality is robust
to such integration orders and avoids pre-testing bias regarding the cointegration rank. By
estimating an augmented VAR in levels with an extra lag dmax (the maximum integration
order), the Wald test on the first p lags has standard asymptotic even if the true system
is cointegrated or not. This is attractive for our small-sample annual data (1970–2022),
where misspecifying the cointegration rank can distort VECM-based Granger tests. We
therefore use ARDL/ECM for elasticities and adjustment speeds, and TY for directional
predictability that is robust to integration and cointegration uncertainty.

For parameter estimation, our study utilized the ARDL bounds test developed
by [53,54]. Bounds tests are employed to examine the cointegration depicted in Table 2.
A long-run association is determined based on the calculated F-statistic value at a 5%
significance level. Cointegration exists if the calculated F-statistic exceeds the upper bound.

Table 2. Bound Test results.

F-Bounds Test Significance
Level

t-Bounds Test

Lower
Bounds

Upper
Bounds

F-
Statistic

Lower
Bounds

Upper
Bounds t-Statistic

2.45 3.52

17.201 *

10% −2.57 −3.66

−8.27 *
2.86 4.01 5% −2.86 −3.99
3.25 4.49 2.50% −3.13 −4.26
3.74 5.06 1% −3.43 −4.6

Note: * represents the 1% significance level SC & HQ at {1} lags.

Conversely, if the F-statistic is lower than the lower bound, the study variables have
no long-run association. However, the decision is indeterminate if the calculated F statistic
is between the upper and lower bounds. Examining the following two hypotheses is
necessary to verify the long-term association.

H0 = α1 = α2 = α3 = α4 = 0

HA = α1 ̸= α2 ̸= α3 ̸= α4 ̸= 0
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What follows is the bounds-testing approach equation.

∆LNCEt = θ0 + α1LNCEt−1 + α2LNCCt−1 + α3LNOCt−1 + α4LnGPt−1

+α5FDIt−1 +
X
∑

i=1
∅1LNCEt−1 +

Y
∑

i=1
∅2LNCCt−1

+
Y
∑

i=1
∅3LNOCt−1 +

Y
∑

i=1
∅4LNGPt−1 +

Y
∑

i=1
∅5FDIt−1

+εt

The change operator, represented by ∆, along with the optimal lag number (t−1) based
on SC and HQ, are utilized to estimate the elements α1 to α5 and ∅1 to ∅5. If a long-term
relationship exists between the study variables, we will carefully evaluate both short-run
and long-run ARDL models.

3.3. Autoregressive Distributed Lag (ARDL)

The ARDL model presented in Table 3, developed by Pesaran et al. in 1999 and
2001 [53,54], boasts several advantages over other cointegration models. As Duasa [55]
noted in 2007, the ARDL cointegration model allows for different lag lengths for the
dependent and independent variables, unlike models [56–58], which require the same
lag length. Additionally, the ARDL model can be used for I (0), I (I), or a combination
of both orders and is suitable for small sample sizes of data, as shown in Narayan’s [59]
examination of the bounds test. The test results indicated a long-run association among the
study variables, as indicated by the long-run ARDL equation as delineated in Figure 2.

LNCEt = σ0 +
r

∑
i=1

β1LNCCt−1 +
r

∑
i=1

β2LNOCt−1 +
r

∑
i=1

β3LNGPt−1 +
r

∑
i=1

β4FDIt−1 + εt

Table 3. ARDL regression (1, 1, 1, 1, 1).

Variable t-Stat Coef. Prob.

ECT(−1) −8.27 −0.73 0.00
Long run

LNOC 16.72 0.28 0.00
LNCC 39.33 0.77 0.00
LNGP −5.41 −0.036 0.00

FDI 2.98 0.009 0.005
Short run

∆LNOC 1.63 0.056 0.11
∆LNCC 2.85 0.18 0.007
∆LNGP 1.5 0.019 0.14

∆FDI −2.77 −0.007 0.008
Cons 8.45 3.12 0.00

R-squared 0.96
Adj. R-squared 0.96

F-statistic 255.96 0.00
Note: R2 = 0.96 may reflect overfitting due to lag structure and multicollinearity common in ARDL models.
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LNCE

+

LNOC

+ LNCC

+

FDI

-LNGP

LNCC

LNCE

FDI

Figure 2. Illustrates the sign of the coefficient for the long-run and short-run ARDL model.

The above equation, β1 to β4, indicates the long-run association among the study
variables. The following equation indicates the error correction model.

LNCEt = φ0 +
s
∑

i=1
τ1LNCEt−1 +

r
∑

i=1
τ2LNCCt−1 +

r
∑

i=1
τ3LNOCt−1

+
r
∑

i=1
τ4LNGPt−1 +

r
∑

i=1
τ5FDIt−1 + ωECTt−1 + εt

The above equation showcases the short-term relationship between the variables under
study, represented by τ1 to τ5. The ECT term determines the pace at which the system
corrects itself towards equilibrium following a shock. To ensure the stationarity of each
variable, ADF and PP tests were conducted with constant, constant and trend, and without
constant and trend. The Breusch–Godfrey LM test was used to examine serial correlation,
while the functional form was examined using the Ramsey RESET test. Heteroscedasticity
was examined using the Breusch–Pagan–Godfrey test.

3.4. Dynamic ARDL Simulation

In their 2018 paper, Jordan and Philips proposed a new dynamic simulated ARDL
model to address limitations in investigating long-run and short-run multivariate model
specifications. Researchers such as [51,60] agree that this model can estimate and plot
counterfactual alterations in one regressor and their effects on the regression while holding
other independent variables constant. The model can also predict both positive and
negative changes in variables and their short- and long-run relationships. In contrast,
the ARDL model introduced by Pesaran [53] can only estimate the long- and short-run
relationships among variables. In this study, all variables are stationary and, in most cases,
integrated as I(0) or I(1), making the dynamic simulated ARDL model suitable. The study
found that the variables meet the criteria for the novel model, and a graphical examination
of counterfactual alterations in the regressors and their effects on the regression was
conducted. The results of a novel dynamic ARDL error-correction equation, as presented in
earlier studies, are shown in Table 4 below. We applied 800 simulations using a multivariate
normal distribution for the dynamic ARDL error-correction algorithm, the error-correction-
term form of the ARDL bounds test proposed by Jordan and Phillips [60].

∆LNCEt = ρ0 + π0LNCEt−1 + δ1∆LNCCt + π1LNCCt−1 + δ2∆LNOCt + π2LNOCt−1 + δ3∆LNGPt+

π3LNGPt−1 + δ4∆FDIt + π4FDIt−1 + εt
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Table 4. DYNARDL Simulation Outcomes.

Variable Coef. Prob.

L1_LNCE 0.27 0.003 *
D_LNGP −0.007 0.565
L1_LNGP −0.03 0.00 *
D_LNOC 0.26 0.00 *
D_LNCC 0.74 0.00 *

D_FDI −0.0006 0.811
L1_LNOC 0.2 0.00 *
L1_LNCC 0.56 0.00 *

L1_FDI 0.006 0.003 *

R-squared 1
Adj. R-squared 0.99

F-statistic 255.96 *
Note: * Refers to 1% significance level.

The FMOLS, DOLS, and CCR estimators serve as robustness checks for the ARDL
long-run coefficients. All three estimators correct for potential endogeneity and serial
correlation inherent in cointegrated panels, whereas ARDL captures dynamic adjustment
and short-run responses. The similarity of long-run elasticities across these estimators
(Table 5) reinforces the reliability of the results and suggests that the relationships are not
sensitive to estimation technique.

Table 5. Robustness analysis (FMOLS, DOLS, CCR).

Variables
FMOLS DOLS CCR

Coef. t-Stats Prob. Coef. t-Stats Prob. Coef. t-Stats Prob.

LNOC 0.29 14.37 0.00 * 0.28 23.42 0.0 * 0.29 14.34 0.0 *
LNCC 0.76 32.81 0.00 * 0.78 54.67 0.0 * 0.76 32.04 0.0 *
LNGP −0.03 −4.19 0.00 * −0.04 −9.29 0.0 * −0.03 −4.21 0.0 *

FDI 0.007 2.1 0.04 ** 0.01 4.62 0.0 * 0.007 2.07 0.0 *
C 4.26 61.06 0.00 * 4.32 104.1 0.0 * 4.26 60.74 0.0 *

Note: *, ** refers to 1 and 5 percent significance level.

The robustness test centres solely on comparing the outcomes of the novel dynamic
ARDL simulation model with those of the DOLS, FMOLS, and CCR estimation method-
ologies, as outlined in Table 5 and Figure 3. Upon comparison, there appears to be a
discernible difference in the calculated coefficients, particularly regarding their signs and
level of statistical significance. While the signs of most variables remain the same, their
magnitudes occasionally change significantly. It is clear from these results that the primary
outcomes of the dynamic ARDL simulation model are stable, sensible, and consistent with
findings from the DOLS, FMOLS, and CCR estimation methods.
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Figure 3. Illustrates the sign of the coefficient of the DYNARDL model and Robustness.

3.5. Model Stability

To prevent the functional form from being mis-estimated due to the volatility of
the time variables, a stability test of the estimated parameters for the selected ARDL
model is necessary. Using the cumulative sum (CUSUM) and cumulative sum of squares
(CUSUMSQ) tests is a common practice for assessing the stability of an ARDL-ECM model.
The cumulative sum of squares of regression residuals is used to compute the statistics of
the CUSUM test, while the cumulative sum of the residuals is used for the CUSUMSQ test.
The computed coefficients are considered stable if the statistic lies between the confidence
intervals [61]. Figure 4 indicates that CUSUM is shown in the left plot (a), and CUSUMSQ
is in the right plot (b). At a 5% significance level, the CUSUM and CUSUMSQ plots lie
between the red lines representing the critical lower and upper boundaries, respectively.
The results of these two tests show that the ARDL model we chose is stable. The statistical
stability of the chosen model and the reliability of the parameters corresponding to lncc,
lnoc, lngp, and fdi relative to lnce have been confirmed.
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Figure 4. Illustrate CUSUM and CUSUM Square.

While the Toda–Yamamoto causality tests reveal directional linkages among variables,
these results should be interpreted as predictive associations rather than definitive causal
mechanisms. Given that TY tests are based on reduced-form VAR estimations, causality here
reflects statistical precedence under the model’s assumptions, not necessarily structural or
policy causality. Accordingly, we qualify our interpretation in Figure 5 and note that further
structural-equation or instrumental-variable approaches could confirm these linkages. The
results highlight the crucial bidirectional causal relationship between coal consumption and



Sustainability 2025, 17, 9468 12 of 19

carbon emissions, underscoring the importance of understanding and addressing this issue.
On the other hand, oil consumption has a one-way impact on coal consumption and carbon
emissions, indicating that cutting back on oil use could directly lessen environmental
pressures. Coal consumption and carbon emissions are also driven by foreign direct
investment (FDI), suggesting that capital inflows are currently focused on energy-intensive
industries. The difficulty of attaining sustainable growth is further highlighted by the
apparent causal relationship between economic growth and increases in coal consumption,
foreign direct investment, and carbon emissions. When combined, these findings highlight
the significance of implementing cleaner energy practices, encouraging green investment,
and coordinating economic growth with environmental sustainability objectives.

LNCE

LNGP

LNCC
FDI

χ2=19.22**

χ
2 =

35.79*

χ2 =1
4.

61
**

Figure 5. Graphically shows the Todo–Yamamato causality test. Arrows indicate causality direction
with Chi-square (χ2) values; * denotes a 1% significance level, and ** represents a 5% significance level.

Table 6 presents the results of the diagnostic tests run on the model. The Breusch–
Godfrey LM test gives a p-value of 0.13, which means there is not enough evidence to say
that the residuals are serially correlated. The Breusch–Pagan–Godfrey test also yields a
p-value of 0.88, indicating that the model is not heteroscedastic and that the residuals have
a constant variance. The Jarque–Bera test yields a p-value of 0.097, suggesting that the
residuals a approximately normally distributed. A thorough examination of these results
shows that they significantly affect the model’s reliability and accuracy. The results show
that the model satisfies the basic classical assumptions, indicating that its estimates are
reliable and valid.

Table 6. Summary of diagnostic test results.

Diagnostic Test Name χ2 (p Values) Inference

Breusch–Godfrey LM Test 0.13 No issues of Serial
correlation.

Breusch–Pagan–Godfrey 0.88 No issues of
heteroscedasticity.

Jarque–Bera 0.097 Estimated residuals
usually are.



Sustainability 2025, 17, 9468 13 of 19

In Figure 6, dynamic ARDL simulations illustrate the impact of counterfactual shocks
on predicted economic growth. The predicted carbon emissions from a log-log model are
represented by a dot (•), with −10% and 10% shocks in economic growth. The three distinct
spikes in varying colours indicate 75, 90, and 95% confidence intervals.

Figure 6. Shocks in Economics growth.

In Figure 7, dynamic ARDL simulations illustrate the impact of counterfactual shocks
on predicted oil consumption. The predicted carbon emissions from a log-log model are
represented by a dot (•), with −10% and 10% shocks in oil consumption. The three distinct
spikes in varying colours indicate 75, 90, and 95% confidence intervals.

  
Figure 7. Shocks in Oil consumption.

In Figure 8, dynamic ARDL simulations illustrate the impact of counterfactual shocks
on predicted coal consumption. The predicted carbon emissions from a log-log model are
represented by a dot (•), with −10% and 10% shocks in coal consumption. The three distinct
spikes in varying colours indicate 75, 90, and 95% confidence intervals. A +10% shock to
LNCC raises (ln CE) on impact, and the effect persists for ~6–8 years before converging
(Figure 8), consistent with the positive long-run coefficient in Table 4.
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Figure 8. Shocks in Coal consumption.

In Figure 9, dynamic ARDL simulations illustrate the impact of counterfactual shocks
on the predicted level of foreign direct investment. The predicted carbon emissions from
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a log-log model are represented by a dot (•), with −10% and 10% shocks in foreign
direct investment. The three distinct spikes in varying colours indicate 75, 90, and 95%
confidence intervals.

Figure 9. Shocks in Foreign Direct Investment.

4. Conclusions
The ARDL and Dynamic ARDL findings show that using coal and oil and getting for-

eign direct investment (FDI) both short- and long-term considerably raise carbon emissions.
On the other hand, GDP per capita has a modest but negative coefficient. This means that
growth at higher income levels can assist in reducing emissions by making technology
better and more efficient, which is a good sign for possible remedies.

This result backs up Hypotheses H1 and H2 and partly backs up H3. This shows that
India’s economic expansion, when combined with the right rules, is very important for
reducing the relationship between energy use and damage to the environment.

Tables 3 and 5 show a statistically significant negative long-run coefficient of LNGP
on LNCE, while short-run GDP effects are weak. We view this as consistent with (i) an
EKC-type decoupling—where growth correlates with improved energy efficiency, cleaner
technology adoption, and sectoral reallocation toward services—and (ii) policy-driven
structural change (fuel substitution, efficiency standards, and renewable deployment). The
Dynamic-ARDL paths (Figure 6) reveal that a positive GDP shock does not raise emissions
persistently; the median path is flat to slightly negative beyond the short run, aligning with
the long-run ARDL elasticities. Nevertheless, we caution that this is an average long-run
association conditional on the model and period; it does not preclude scale effects from
coal and oil (both positive and significant). Our reading is therefore “conditional EKC
evidence”: growth correlates with reduced emissions when accompanied by efficiency
gains and a cleaner energy mix. To probe Robustness, we re-estimated long-run GDP
elasticities via FMOLS/DOLS/CCR (Table 6), which remained negative and significant,
supporting the ARDL result.

We find a small but significant positive long-run FDI effect on emissions (Tables 3 and 5),
alongside a negative and significant short-run coefficient. One interpretation is sequenced
adoption: initial FDI inflows often bring best-available equipment and managerial prac-
tices that improve energy efficiency and reduce emissions on impact (composition/tech
effects). Over time, however, scale effects dominate as production capacity expands and
supply chains deepen, yielding a positive long-run association. This pattern mirrors our
DYNARDL paths (Figure 9): the short-run response dips before converging upward. This
pattern is consistent with a ‘qualified pollution-haven mechanism’, which suggests that
while initial FDI inflows may reduce emissions, over time, the scale of production and
supply chains may increase emissions.

This study has two main policy takeaways: first, although coal, oil consumption
and foreign direct investment generate more carbon emissions, economic growth depletes
the latter; second, the economic growth index has an effect on abating the environmental
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degradation and plays a significant role in lowering the environmental degradation because
of the negative coefficient in both ARDL and DARDL. The government of India should
create a policy based on this to limit the use of non-renewable or filthy energy sources.
Policy simulation, on the other hand, indicates that coal and renewable energy could
have comparable effects on the strategy for achieving environmental goals. This result
offers some hope, suggesting that renewable energy could be a feasible solution to our
environmental issues. The policy encouraging the nation’s economic development should
also be considered. A drawback of this study, therefore, is the use of simulated shocks. A
correct choice of shocks will therefore help decision-makers determine what the government
should consider: a clean energy source or a decrease in non-renewable energy sources.

Our results have far-reaching consequences. First, to address environmental concerns,
the monitoring and control of carbon emissions should be strengthened, and several
solutions, such as accelerating economic reconstruction, reducing reliance on fossil fuels,
and promoting environmentally friendly energy consumption, should be implemented to
address carbon emissions and the associated problems.

Overall, the empirical results validate our hypothesis that fossil fuel consumption and
FDI inflows aggravate carbon emissions. However, they also highlight the potential for
change. Economic growth, when accompanied by technological progress and regulatory
efficiency, can mitigate emissions in the long run. This confirms the dual dynamic of
India’s development trajectory and underscores the transformative power of policy coor-
dination in ensuring that growth leads to sustainability. This underscores the importance
of policy coordination and should empower and motivate the audience to advocate for
sustainable policies.

Causality analysis using the Toda–Yamamoto approach reveals a bidirectional rela-
tionship between coal consumption and carbon emissions (χ2 = 21.84 *), one-way causality
from oil consumption to carbon emissions (χ2 = 15.97 **), and unidirectional causality from
FDI to carbon emissions (χ2 = 26.40 *). These are interpreted as indicative rather than
deterministic associations.

Diagnostic and stability tests confirm model validity: the CUSUM and CUSUMSQ
statistics fall within the 5% significance band, and the Breusch–Godfrey and Jarque–Bera
tests show no serial correlation or normality issues.

4.1. Policy Suggestions

Policies and initiatives grounded in a deep understanding of how different things are
connected can help India build a better, more sustainable future. To make the world more
sustainable, we need to work together, come up with new ideas, and think ahead to ensure
future generations have a strong, environmentally friendly future. When thinking about
how to reach a sustainable future, it is important to consider and plan for the effects of
carbon emissions, economic growth, coal use, and oil use. If we follow these suggestions,
to some extent, India will become a cleaner, greener place to live:

• Create and put into action thorough urban planning policies that put mixed-use, com-
pact urban development first to promote public transportation and lower energy use.

• To meet the energy needs of growing urban areas, push for and give money to switch
to renewable energy sources like solar, wind, and hydropower.

• Use carbon pricing methods like cap-and-trade systems or carbon levies to get cities
and businesses to cut down on their emissions.

• Encourage the use of electric and hybrid public transportation and give people reasons
to switch to electric vehicles. This will lower the number of hydrocarbons used and
released by the transportation sector.
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• Support and improve energy efficiency codes and green building standards to cut
down on the amount of energy buildings and operational structures use.

• To deal with the carbon emissions that come from waste management, push for a circu-
lar economy that focuses on recycling, reducing, and using resources more efficiently.

• You and your group are the ones who can make a difference. Your actions can help
a group reduce its carbon footprint, invest in renewable technologies, and adopt
environmentally friendly business practices. Not only will you get tax breaks and other
financial benefits, but you will also help India achieve its broader sustainability goal.

• Create public awareness campaigns and educational programs that stress the need to
cut down on carbon emissions, save energy, and promote sustainable development.

Not only is it a good idea to invest in climate-resilient infrastructure and strategies,
but it is also necessary. If we do not, the economy could suffer greatly, as climate-related
disasters are becoming more common and more severe. It is time to address these risks and
ensure that India has a stable future.

4.2. Limitations and Future Research

This research emphasizes fossil fuel variables due to the lack of consistent data on
renewable and natural gas consumption throughout the study period. While the paper
highlights the need for continued investigation, it also makes substantial progress in
exploring the relationship between coal and oil consumption, economic growth, FDI, and
carbon emissions. The findings underscore the necessity for additional studies employing
diverse statistical models. The current analysis focuses solely on economic growth and
energy consumption, excluding green technology and both renewable and non-renewable
energy usage. Hence, future research should incorporate these aspects. Emphasizing the
importance of further investigation can help depict the consultation’s interest in the pursuit
of sustainable development. Future studies should also include indicators such as green
technology implementation, the strictness of energy policies, and post-pandemic carbon
neutrality goals to provide a more holistic understanding of India’s transition toward
sustainable energy.
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