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Government institutional trust and sustainable
environment: evidence from BRICS economies

Tong Zhao and Yichi Zhang

College of Public Administration, Huazhong University of Science and Technology, Wuhan, China

ABSTRACT
The growing environmental degradation and climate change issue
require serious attention since they harm human health and
adversely affect sustainable development. The current study
examines the association of government institutional trust with
the environmental quality of the BRICS economies during 1990–
2020. Also, this study considers economic growth and tech-
nological innovation as control variables. The empirical findings
validate the sloe heterogeneity and panel cross-section depend-
ence. Therefore, this study uses the second-generation estimators,
including the Mean Group and Augmented Mean Group
approaches. The empirical results asserted that governmental,
institutional trust, and technological innovation are the drivers of
a sustainable environment as they significantly reduce the
region’s carbon emissions level. On the contrary, economic
growth is a substantial factor in increased environmental degrad-
ation in the region. The estimated results are found robust by the
fully modified ordinary least square and dynamic ordinary least
square approaches. Also, a bidirectional causal association exists
between government institutional trust – emissions, technological
innovation – emissions, and economic growth – emissions. Based
on the results, this study suggested strengthening institutional
quality, increasing investment in research and development, edu-
cation, and adopting environmentally friendly energy resources.
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1. Introduction

In the absence of legislative, incentive-based regulations which impose restrictions on
polluting or contaminating activities and promote sustainable behavior, it is very
unlikely that issues exacerbated by rising climate change and carbon emissions will
ever be resolved. Nevertheless, application in the real world frequently demonstrates
environmental legislation’s success, including carbon taxes or renewables subsidies
(Hughes & Podolefsky, 2015; Murray & Rivers, 2015). Yet, environmental policies
aiming at climate change mitigation entirely depend on popular support, and climate
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measures such as carbon taxes are often met with substantial public resistance
(Berger, 2022; Rhodes et al., 2017; Umar et al., 2021).

Numerous studies have linked public support for the environment and other climate
policies to trust in government institutions, demonstrating that individuals often support
a broad range of environmental policy initiatives if they trust different governmental insti-
tutions as well as actors and/or reside in areas with higher rates of trust and confidence
(Fairbrother et al., 2019; Harring & Jagers, 2013; Hmaittane et al., 2019). In light of the
fact that confidence in lawmakers and the political structure is weak throughout various
regions (Dorfleitner & Grebler, 2022; Newton et al., 2018), mistrust in government may
pose a significant barrier to implementing necessary climate measures. However, most
previous research has either mixed up trust in partial government institutions and actors
who implement policies and laws (including politicians, political parties, and parliament)
or confidence in unbiased public officials and government institutions that incorporate
and impose policies and laws. This study contends this is difficult for a number of factors.
For instance, a well-functioning democratic system does not always ensure a strong and
corruption-free judicial system (Huang, 2019; Kaiser & Welters, 2019; Rothstein &
Teorell, 2008). Consequently, public confidence in these institutions is not always corre-
lated. Large-scale research surveys support this disparity, demonstrating that although pol-
iticians are among the least trustworthy groups in society (Newton et al., 2018).

Nonetheless, the issue of government institutional trust is prevailing in most parts
of the world, where emerging economies are still developing at a rapid phase and
struggling to achieve higher economic growth and performance. However, the gov-
ernments and lawmakers of these economies are imposing various environmental pol-
icies to deal with the issue of climate change and excessive carbon emissions in time.
Still, the literature remained silent in exploring the relationship between government
institutional trust and environmental quality. This motivates the current study to
empirically investigate the issue for viable and timely policy measures to address the
rapidly growing environmental concerns.

Apart from the government institutional trust, several factors and indicators could
influence the environmental quality of the country or region, where economic growth
and technological innovation got more importance. However, the existing literature
fails to provide a thorough picture of the influence exhibited by these variables on
the environment and on carbon emissions in particular. Specifically, there are two
concepts: firstly, the authors claimed that an increased level of economic growth and
technological innovation adversely affects the environmental quality (Adeel-Farooq
et al., 2020; Erdogan, 2021; Murshed & Dao, 2020; Wang & Dong, 2022;). This is due
to higher investment in environmentally friendly energy resources, energy efficiency,
and carbon capture technologies (Gao et al., 2021; Su et al., 2022). Secondly, a group
of scholars also claimed that increased economic and technological innovation only
focuses on the development of industrial structure and increased productivity while
using traditional non-renewable energy resources (Kongkuah et al., 2022; Leit~ao et al.,
2022; Mughal et al., 2022; Rahman et al., 2022). Such contradictions in the empirical
results could lead to mis specified policy implications, which could adversely affect
the country’s sustainable development. This motivates the current study regarding the
need to reinvestigate the said nexus in emerging economies.
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Following the backdrop, the prime objective of this study is to empirically analyze
the influence of government institutional trust on environmental quality. As discussed
earlier, government institutional trust is vital in environmental policy-making.
Whereas the literature completely ignored such important elements of economic and
environmental quality. Therefore, it is a novel contribution of the study, which open
the doors for policy-makers and scholars to analyze each region’s situation empiric-
ally. The second objective of this study is to analyze whether economic growth has
any role in environmental quality? Unlike other studies that provide contradictory
results for various regions at different times, this study empirically analyzes the said
nexus in the case of the BRICS economies, which is a novel contribution to the
contradictory literature using advanced and appropriate second-generation economet-
ric approaches. Lastly, this study aims to reinvestigate the association between techno-
logical innovation and environmental quality. However, numerous studies have
already explored this nexus. Still, the picture is not crystal clear as the existing litera-
ture provides asymmetric results, which could harm the region’s future policies.
Therefore, it needs time to reinvestigate this nexus more clearly. By doing so, this
study will help the existing literature to provide the actual long-run influence of
technological innovation on the environmental quality of emerging economies.

The following is the organization of the study: Section-2 presents a review of rele-
vant literature; Section-3 provides the theoretical framework and methodological
setup for empirical estimations; Section-4 indicates empirical results and their discus-
sion, and Section-5 concludes the paper along with the policy implications.

2. Literature review

This section reviews the existing literature concerning the relationship between car-
bon emissions and economic and non-economic variables, including economic
growth, technological innovation, and government institutional trust.

Concerning the carbon emissions and economic growth nexus, the literature is
extensive—covering a number of countries and regions across different time periods.
For instance, the recent study of (Zafar et al., 2022) analyzed 22 top remittance
receiving economies from 1986 to 2017. The study found that economic growth is
detrimental to environmental quality as it encourages the level of CO2 emissions in
the region. However, the increased inflow of remittances increased export diversifica-
tion, and using renewable energy could help the environmental recovery. Similarly,
(Leit~ao et al., 2022) claimed that economic growth is the primary driver of environ-
mental degradation and increased carbon emissions in a panel of 40 countries.
Despite several initiatives for environmental recovery, the issue of carbon emissions is
still at an increasing level across the world. Where (Kongkuah et al., 2022) and
(Ahmed & Ahmed, 2018) claimed that the increased economic growth, trade, and
energy consumption significantly degrades environmental quality due to excessive
carbon emissions in the environment in China. However, the study further argued
that increased urbanization and stringent environmental policies could adversely
impact the emissions level due to increased skill, education level, awareness, and effi-
cient resource utilization. Also, the recent development in the industrial sector,
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i.e. industrial 4.0, has capabilities of reducing excessive energy consumption, promot-
ing energy efficiency, and reduce negative externalities related to the environment
(Jiang et al., 2022). It must be noted that economic growth contributes to CO2 due to
increased investment in the traditional fossil fuel energy sector and its consumption
(Ferrat et al., 2021). However, the increased energy consumption further enhances
industrial production and other economic activities, which on the one hand, increases
the pollution (CO2 emissions) level and economic growth on the other hand (Abbasi
et al., 2021; Shahbaz et al., 2021). However, the latter further argued that volatility or
fluctuation in oil prices have an adverse impact on CO2 emissions, which leads to
environmental sustainability (Lobato et al., 2021). Although most of the studies men-
tioned above have provided empirical evidence regarding the positive and significant
influence of economic growth on environmental degradation and CO2 emissions in
particular. Still, several scholars believe that several remedial measures could help
reduce carbon emissions and promote environmental sustainability. For instance,
(Wang & Zhang, 2021) argued that economic growth, although have an environmen-
tally destructive impact: still, renewable energy, trade openness, and higher oil prices
could be used as substantial measures to decouple economic growth from CO2 emis-
sions. In the same vein, (Kirikkaleli et al., 2022; Salari et al., 2021; Yang et al., 2021;)
illustrate that production efficiency, energy-saving technical development, renewable
energy consumption, and financial development could play a substantial role in
decoupling economic growth from the CO2 emissions as well as reducing environ-
mental degradation.

Apart from economic growth, there are several factors and indicators of carbon
emissions, which scholars and policy-makers have explored in various countries and
regions. Specifically, the recent literature empirically argued that technological innov-
ation could play a substantial role in environmental quality. However, the literature
regarding the nexus of technological innovation and carbon emissions could be classi-
fied into three groups. Firstly, one group of scholars, including (Adebayo et al., 2022;
Mughal et al., 2022; Rahman et al., 2022), among others, provide empirical evidence
that technological innovation enhances the industrial output, which only contributes
to economic growth with increased utilization of fossil fuels: thus, increases the level
of CO2 emissions and promote environmental degradation. On the other hand, sev-
eral studies such as (Abid et al., 2022; Bibi et al., 2021; Cheng et al., 2021; Ji et al.,
2021; Muhammad et al., 2022; Su et al., 2022; Umar et al., 2022; Wang & Dong,
2022; Yang & Umar, 2022; Yuan et al., 2022;) provides evidence that technological
innovation not only contributes to economic growth, but it also enhances energy effi-
ciency and reduces the fossil fuel consumption. Therefore, technological innovation
plays a positive role in environmental sustainability. Besides, several recent studies
have emphasized that, unlike traditional technological innovation, green technological
innovation could negatively influence the increased emissions level (Lin & Ma, 2022;
Obobisa et al., 2022; Razzaq et al., 2021; Zeng et al., 2022). Thirdly, the existing litera-
ture also explores technological innovation’s asymmetric and heterogenous impact on
CO2 emissions. Specifically, the recent studies of (Cheng et al., 2021; Su et al., 2021;
Wang et al., 2022; Zhao et al., 2021;), reveal that the influence of technological innov-
ation on CO2 emissions varies across quantiles, or regions. Apart from the specific
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influence of technological innovation on emissions, (Abid et al., 2022) explored that
there exists a bidirectional causal association between economic growth, technological
innovation, and CO2 emissions.

Concerning government institutional trust, the existing literature is scant compared
to the empirical evidence available for the nexus of economic growth, technological
innovation, and CO2 emissions. In the existing literature, studies have empirically
analyzed the influence of political instability and stability (Galinato & Galinato, 2012;
Ulllah et al., 2022), political risk (Khan et al., 2022), political and social factors
(Benlemlih et al., 2022), Composite risk index (Hassan et al., 2022), economic policy
uncertainty (Nakhli et al., 2022), governance quality (Omri et al., 2021), are few to
mention. Specifically, (Zhang et al., 2022) analyzed the nexus of institutional factors
and environmental quality in BRICS economies from 1996 to 2019. Using the non-
linear ARDL approach, the study found that negative law & order and corruption
shocks significantly increase environmental degradation. Whereas negative shocks in
political stability and government institutional trust substantially promote environ-
mental sustainability via reducing the CO2 emissions level. In addition, studies
asserted that increased political stability tends to reduce the positive growing relation-
ship between income and CO2 emissions (Galinato & Galinato, 2012). Similarly,
(Adebayo et al., 2022; Sohail et al., 2022), reveals that increased political instability
reduces green energy utilization and promotes environmental degradation in
Pakistan. On the contrary, the recent study of (Hassan et al., 2022) empirically argued
that lower political risk significantly reduces the CO2 emissions level, while lower eco-
nomic, financial, and composite risks help promote CO2 emissions. Moreover, there
is bidirectional causality between economic policy uncertainty and carbon emissions
(Nakhli et al., 2022).

3. Data and methodology

3.1. Theoretical framework and model construction

This study is based on the STIRPAT framework (Dietz et al., 2007; York et al., 2003).
Dietz and Rosa’s STIRPAT concept is among the most well-known in the field of
environmental economics. Ehrlich and Holden proposed a quantitative version of
the standard IPAT (impact¼ populationþ affluenceþ technology) paradigm. The
STIRPAT model is an improvement over the IPAT concept since it tackles the limita-
tions of IAPT’s theoretical model, which assumes several causes that impact the
environment in equal proportions (Shahbaz et al., 2016). The STIRPAT model esti-
mates non-monotonic and non-proportional functional interactions between ecosys-
tem-influencing elements (Tan et al., 2016). The STIRPAT model is used as a
stochastic model for two main reasons. Firstly, to anticipate ecological implications
based on main driving factors, and secondly, to estimate causal effects represented by
coefficients in the STIRPAT model.

STIRPAT’s primary purpose is to quantify the effects of driving factors on the
environment. We consequently choose logarithmic expression for the variable. In log
form, the coefficient of STIRPAT’s driving force reflects the driving force’s elasticity.
In accordance with York et al. (2003), the parameter is known as ‘ecological elasticity’
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(ECEL). If STIRPAT’s definition and estimate are accurate, the ECEL may be inter-
preted as the marginal environmental consequences of the associated driving factors.
(York et al., 2003) also contend that the error component of the STIRPAT approach
developed by (Dietz et al., 2007) is technology (T) since the white noise component
comprises all variables other than population (P) and affluence (A). Additionally,
technology (T) may be directly decomposed by introducing other elements that seem
to have a potential impact on per unit output into the STIRPAT model. In this case
study, carbon emissions are employed to represent environmental quality, which I in
the model specification capture. The other three effect elements are population, tech-
nology, and affluence (Dietz & Rosa, 1997), given as:

I ¼ f ðT, P, AÞ

Where the general model could be written in the non-logarithmic form below:

Iit ¼ b0P
a1
it A

a2
it T

a3
it eit (1)

Where i ¼ 1, 2, . . . ,N, represents cross-sections, while t ¼ 1, 2, . . . ,T is the time
period. Besides, b0 indicates the country effect, a1, 2, 3 reports the present change of
the three impact factors, i.e. T, P, and A, on the environment, respectively, while eit
is the model’s random error.

The logarithmic (ln) version of Equation (1) could be expressed as follows:

lnIit ¼ b0 þ a1lnPit þ a2lnAit þ a3lnTit þ eit (2)

Following the same procedure, this study uses carbon dioxide (CO2: measured kt)
emissions as a proxy for environmental quality, whereas the population is proxied by
government institutional trust (represented as government stability: GS), affluence is
indicated by gross domestic production product (GDP: measured as constant US$2015),
which is a general term for economic growth, and the technology is indicated by
technological innovation (TI: measured as the number of patents by residents and non-
residents. The regression equation for the variables adopted is given as:

CO2, it ¼ b0 þ a1GSit þ a2GDPit þ a3TIit þ eit

Except for the GS, which is extracted from the PRS Group1, data for all the varia-
bles is extracted from the World Development Indicators of the World Bank2. The
data covers BRICS economies, including Brazil, Russia, India, China, and South
Africa, over the period of the last three decades, i.e. 1990–2020.

3.2. Estimation strategy

This research analyses the descriptive statistics for variables under investigation to
describe the panel data comprehensively. Particularly, descriptive analytics encom-
passes the mean, median, and range values, the latter comprising the lowest and high-
est values of observation. This research also investigates the variable’s standard
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deviation, which indicates the spread of data from the overall mean and demonstrates
the volatility of the temporal variable. In addition, two normality metrics are
employed to investigate the distributional feature of the data. Especially, skewness
and Kurtosis have been used to verify whether a variable’s distribution meets the nor-
malcy criterion. Skewness and Kurtosis nonetheless provide empirical evidence
regarding the dispersion of the variable. However, this paper investigates the normal-
ity issue with more precision. Specifically, this study used the (Jarque & Bera, 1987)
normality test, which evaluates skewness and excess Kurtosis and maintains their val-
ues at zero—suggesting the null hypothesis of a normally distributed for variable.
Following is Jarque-Bera’s empirical equation for normality statistics:

JB ¼ N:
1
6

S2 þ ðK � 3Þ 2

4

� �
, (3)

Seeing as this research focuses on panel data, it is appropriate to employ panel
data techniques. The first phase of this panel inquiry is to evaluate the Slope hetero-
geneity and Cross-section Dependence of the selected Panel data. Countries on the
panel may exhibit resemblance in some areas and variances in others. However, the
homogenous characteristics of countries may lead to biased forecasts in econometric
analysis, particularly in panel estimates (Çoban & Topcu, 2013; Wei et al., 2022).
Therefore, assessing the homogenous or heterogeneous characteristics of the BRICS
economies is necessary. In this instance, we used the slope coefficient homogeneity
(SCH) test devised by (Pesaran & Yamagata, 2008) to examine coefficients identical
to the assumptions: slope coefficients are homogeneous. The fundamental formulas
for the preceding specification are provided below:

D̂SCH ¼ ðNÞ1=2ð2kÞ�1=2 1
N
Ś� K

� �
, (4)

D̂ASCH ¼ ðNÞ1=2 2KðT � K � 1Þ
T þ 1

� ��1=2
1
N
Ś� 2K

� �
: (5)

Where D̂SCH denotes the slope coefficient homogeneity (SCH) and D̂SCH denotes
the SCH that has been modified.

Numerous factors may increase a nation’s dependence on the rest of the world in
today’s globalized environment, in which a change in a particular variable in one
economy may have repercussions on the variable in another country or area.
However, disregarding cross-sectional dependence might produce in results that are
unreliable and inaccurate (Wei et al., 2022). Therefore, we used the cross-section
dependency (CD) test created by (Pesaran, 2004) to assess cross-section dependence
across the BRICS countries. The following is a broad description of the aforemen-
tioned test, which presupposes the independence of cross-sections:

CDTest ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
NðN � 1Þ

s XN�1

i¼1

XN
k¼1þi

Tik, (6)
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Since panel data difficulties, i.e. SCH and CD, are prevalent in the data, this
research used an adequate unit root estimation method to address the issue. This
research used the cross-sectional IPS (i.e. CIPS) test designed by (Pesaran, 2006,
2007) originally presented a factor model to investigate unexplainable cross-sectional
means for cross-sectional dependence. Employing the same approaches, (Pesaran,
2007) integrates mean and first differential cross-section lags to the Augmented
Dickey-Fuller (ADF) regression model. This method allows for cross-sectional
dependency even if the panel is imbalanced (N<T or N>T). The simple formula for
the ADF’s cross-section is:

Dyi, t ¼ hi þ b�i yi, t�1 þ d0yt�1 þ d1Dyt þ eit , (7)

In Equation (5), yt denotes the mean number of observations. To avoid autocorrel-
ation problem, it is possible to put the first differenced lags of yit and yt into the
above equation, as shown below:

Dyit ¼ hi þ b�i yi, t�1 þ d0yt�1 þ
Xn
j¼0

djþ1Dyt�j þ
Xn
k¼1

ckDyi, t�k þ eit , (8)

Each component of cross-sectional CIPS data is averaged (CADFi). The main CIPS
model is expressed as below, which assumes the presence of unit root in the data as a
null hypothesis:

CIPS ¼ N�1
XN
i¼1

CADFi, (9)

For a panel data analysis, it is important to use stationary data, following the
backdrop that reveals that all the variables are stationary. This allows for identifying
the long-run equilibrium relationship between the variables. In this regard, this
study uses two cointegration approaches. Firstly, the Kao residual cointegration test
proposed by (Kao, 1999) assumes no cointegration between the variables as null
hypothesis. Secondly, as a result of the diagnostic tests revealing heterogeneous
slope coefficients and validating cross-section dependency. Therefore, this research
employs a suitable empirical method that accounts for the aforementioned difficul-
ties. Specifically, (Westerlund, 2007) error correction approach is implemented.
This test posits that the error correction term has a zero—null hypothesis value. In
addition, this assessment is effective in terms of considering both the group mean
statistics, and the panel statistics, which could be obtained via using the following
equation:

Gs ¼ 1
N

XN

i¼1

âi

S:Eâi
, (10)

a ¼ 1
N

XN

i¼1

Tâi

âið1Þ , (11)

8 T. ZHAO AND Y. ZHANG



Where both Equations (8) and (9) evaluate the group mean statistics.

Ps ¼ â

S:Ecað Þ
, (12)

Pa ¼ T:â, (13)

Equations (10) and (11) evaluate the panel statistics.
This study confirms the existence of cointegration between CO2 emissions, eco-

nomic growth, technological innovation, and government institutional trust.
Therefore, it is best of the research interest to explore the long-run elasticities for
each variable under-taken. This study observed that in the existing research work,
most of the studies had used the FMOLS, DOLS, and CCR approaches, which pro-
vide long-run coefficients. Still, these approaches are limited in terms of tackling vari-
ous panel data concerns like slope heterogeneity, cross-section dependence, and
endogeneity, while ignoring such issues could provide biased estimates (Danish &
Ahmad, 2018). Since this study validates the persistence of slope heterogeneity and
dependence of cross-section, therefore, this study uses appropriate long-run estima-
tors such as the mean group (MG) and augmented mean group (AMG), which
account for cross-section dependence, endogeneity, and slope heterogeneity (Danish
& Ahmad, 2018).

This study follows (Khan et al., 2019) by adopting the dynamic ordinary least
square (DOLS) and fully modified ordinary least square (FMOLS) methodologies,
which are the parametric (DOLS) and non-parametric (FMOLS) approaches, respect-
ively, to provide the findings in a robust and unbiased manner: and dependable esti-
mators by addressing the challenges of endogeneity and serial correlation. The DOLS
method is deemed effective since it addresses the problem of non-stationarity in time
series data. As a result of the orthogonal error term cointegration equation, the
DOLS method contains the augmentation of cointegration regression with both leads
and lags.

In addition to the robustness test, this research aims to investigate the causative
relationship among carbon emissions and the regressors since previous estimators
failed to demonstrate a causal link between the study variables. In this regard, this
research employs the panel Granger causality heterogeneous test developed by
(Dumitrescu & Hurlin, 2012), which effectively addresses the panel data concerns
as described.

4. Results and discussion

This section presents the empirical outcomes obtained via the previously mentioned
specifications and discussion. Before moving to the analysis of long-run elasticities,
this study evaluates the descriptive statistics for each variable under consideration—
reported in Table 1. Specifically, the mean, median, and range, including the max-
imum and minimum values, are positive. This indicates the progressiveness of varia-
bles such as CO2, GDP, TI, and GS. This study noted that all variables’ maximum
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and minimum values have substantial variations. Therefore, this study evaluates the
standard deviation of all the variables, reflecting volatility or fluctuation in the time
series variables. The results show that technological innovation is the most volatile
variable, followed by CO2, GDP and GS, with the standard deviation of 0.599, 0.478,
0.445, and 0.126446, respectively. In addition to the descriptive statistics, this study
also analyzed the normality of each variable. In this sense, the skewness and Kurtosis
are evaluated, indicating statistical values other than 1 and 3, respectively. However,
this study uses the Jarque and Bera normality (1987) test for comprehensive normal-
ity analysis. The test’s empirical findings provide significant statistical estimates for
CO2, TI, and GS at 5% and 1% levels. However, the results are found insignificant
for GDP, which validates the normal distribution of the variables. Hence, in the case
of the former three variables, the null hypothesis could be rejected, and it is con-
cluded that CO2, TI, and GS follow the asymmetric distribution.

After the descriptive and normality statistics, this study employed the panel diag-
nostic test, including slope heterogeneity and cross-section dependence. Empirical
results for these tests are provided in Table 2. Since these are the primary issues in
the panel data and overlooking these issues could lead to biased and inefficient esti-
mates. From the results, both the SCH (~D) and ASCH (~D

Adjusted
) are found significant

at a 1% level. The significant results reject the null hypothesis of homogenous slope
coefficients. Instead, the slopes are heterogeneous. In addition, the cross-section
dependence test provides statistically significant statistics for each variable under con-
sideration. Therefore, the null hypothesis of cross-section independence could be
rejected, and it is concluded that the variables are cross-sectionally dependent. The
cross-sectional dependence illustrates that any type of shock in a particular variable
and a specific country could have a spillover influence on the variable in another region.

Since the diagnostic tests validate the slope coefficient heterogeneity and cross-
section dependence, utilizing a first-generation unit root test could provide mislead-
ing results as such approaches cannot tackle the slope heterogeneity and cross-section
dependence issues. In this regard, the current study utilizes the second-generation
CIPS unit root test developed by (Pesaran, 2007), which is more powerful in dealing
with the said issue. The estimated results for the said test are provided in Table 3.
Only GS is found statistically significant at I(0), while CO2, GDP, and TI are non-sta-
tionary. Since it is pertinent that the variables must be stationary for identification of
the long-run elasticities. Therefore, the unit root of these variables is also analyzed on
the first difference. This time, these variables provide statistically significant estimates

Table 1. Descriptive and normality stats.
CO2 GDP TI GS

Mean 6.015715 12.05257 4.401688 0.883241
Median 6.056043 12.07424 4.393996 0.907590
Maximum 7.013404 13.16530 6.188085 1.079181
Minimum 5.297235 11.25372 3.496930 0.464887
Std. Dev. 0.478423 0.444692 0.599255 0.126446
Skewness 0.424637 0.333971 1.193370 �1.024952
Kurtosis 2.228151 3.105873 4.462124 4.292219
Jarque-Bera 8.505745 2.953752 50.59676 37.92291
Probability 0.014223 0.228350 0.000000 0.000000

Source: Author’s Estimation.
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at a 1% level to reject the null hypothesis of unit root presence. Thus, all the variables
are found stationary despite the fact that not all the variables are I(1) but follow
mixed order of integration.

Since the stationarity of all the variables under consideration is confirmed, it is
essential to examine whether the long-run association exists between the variables.
Concerning, this study employed two cointegration tests, i.e. Kao residual cointegra-
tion test and the (Westerlund, 2007) cointegration test. The empirical outcomes of
these tests are provided in Table 4. Regarding the former test, the results provide sig-
nificant results at 5% to reject the null hypothesis of no cointegration between the
variables. Similarly, the (Westerlund, 2007) ECM test also provides statistically signifi-
cant estimates for Gs, Ps, and Pa: Therefore, the null hypothesis of no cointegration
between the variables could be rejected as the error correction is not zero. It is con-
cluded that CO2, GDP, TI, and GS are cointegrated, and a long-run equilibrium rela-
tionship exists between them.

After validating the long-run equilibrium relationship between the variables, this
study uses the second-generation long-run estimators that could allow for slope het-
erogeneity and cross-section dependence of the panel. Specifically, two estimators are
used: the mean group and augmented mean group estimators. The empirical results
for these estimators are provided in Table 5. The results show that economic growth
positively and significantly causes an increase in the CO2 emissions in the BRICS
economies. More specifically, an increase of one percent in the GDP enhances CO2

emissions by 0.5278% (MG) and 0.5221% (AMG). There are several channels through
which economic growth enhances environmental degradation. For instance, Increased
industrial activity in economies with a low degree of economic development results
in a rise in energy-intensive output and pollution emissions. However, the increased
emissions level is directly linked to fossil fuel energy, which is detrimental to

Table 2. Diagnostic tests.
Slope Heterogeneity

Slope Heterogeneity Test Statistics
~D 16.530���
~D
Adjusted

18.050���
Cross-Section Dependence
CO2 GDP
7.488��� 16.066���
TI GS
10.396��� 10.119���
Note: Asterisks indicate a statistical significance level of 1% (���), 5% (��), and 10% (�).
Source: Author’s Estimation.

Table 3. Unit root.
Pesaran CIPS Unit Root Test

Variables I(0) I(1)

CO2 �1.789 �3.995���
GDP �1.625 �3.052���
TI �2.464 �4.812���
GS �3.711��� –

Note: I(0) represents leveled data, while I(1) indicates the first differenced data. Asterisks indicate a statistical signifi-
cance level of 1% (���), 5% (��), and 10% (�).
Source: Author’s Estimation.
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environmental sustainability(Mughal et al., 2022; Rahman et al., 2022). Also, the
industrial sector tends to increase productivity for profit generation, whereas fossil
fuels are a cost-effective measure to enhance profitability. Therefore, the industrial
sector’s extreme reliance on fossil fuels leads not only to natural resource depletion
but also causes excessive carbon emissions, which is disastrous for environmental
quality. The empirical findings of this study are in line with the empirical results of
(Ahmed & Ahmed, 2018; Leit~ao et al., 2022; Shahbaz et al., 2021; Zafar et al., 2022),
which also validate the harmful impact of economic growth on environmental quality
in different regions.

On the contrary, technological innovation adversely affects CO2 emissions in the
BRICS economies during the selected time period. An increase of one percent in the
TI reduces carbon emissions by 0.1491% (MG) and 0.1218% (AMG). These results
are statistically significant at 1% and 5%, respectively. In contrast to the industrial
revolution, technological improvements are no longer predominantly driven by coal,
iron, and steam. Rather, new technology has resulted in more sustainable practices,
improved management of the available natural resources, and the use of solar and
other renewable energy sources. It has been shown in the literature that they have a
very favorable effect on the environment. Specifically, the recent technological innov-
ation is more concerned about environmental recovery rather than just increasing
industrial output. For instance, the recent development in technological innovation in
the shape of renewable energy, nuclear power, carbon capture and storage, improved
fuel efficiency, electric vehicles, fuel blending, advanced diesels and hybrids, and
hydrogen fuel cells, to name a few, are considered as innovative and efficient in terms
of environmental sustainability. The empirical results of this study is consistent with
the empirical results of (Cheng et al., 2021; Erdogan, 2021; Godil et al., 2021; Wang
& Dong, 2022;), which also provide evidence that technological innovation enhances
energy efficiency, renewable’s consumption, and reduces environmental degradation.

Table 4. Cointegration results.
Kao Residual Cointegration Test

t-Statistic �1.6803��
Prob. 0.0464
Westerlund (2007) Cointegration Test
Statistics Value Z-value
Gs �5.800��� �8.931
Ga �11.302 �1.250
Ps �11.815��� �6.768
Pa �11.457��� �2.545

Note: Asterisks indicate a statistical significance level of 1% (���), 5% (��), and 10% (�).
Source: Author’s Estimation.

Table 5. Long-run estimates.

Variable

MG AMG

Coefficient Standard error Coefficient Standard error

GDP 0.5278��� 0.1491 0.5221��� 0.1340
TI �0.1491��� 0.0393 �0.1218�� 0.0565
GS �0.0463��� 0.0108 �0.0622��� 0.0159
Constant �0.9083��� 0.2326 �0.7446��� 0.1617

Note: Asterisks indicate a statistical significance level of 1% (���), 5% (��), and 10% (�).
Source: Author’s Estimation.
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In addition, this found the negative impact of government institutional trust on
environmental degradation. A one percent increase in the GS causes a significant
decrease in CO2 emissions by 0.0463% (MG) and 0.0622% (AMG), with a one per-
cent significance level. There is a prominent channel through which government
institutional trust promotes environmental sustainability. Specifically, the more the
government is stabilized, the more the authorities pay attention towards environmen-
tal recovery and policies regarding pollution emissions in the industrial sector. Unlike
political instability, political stability reduces corruption by strengthening economic
and financial institutes, which further help regulate the sustainable extraction of nat-
ural resources. Moreover, government institutional trust helps construct and imple-
ment stringent environmental policies, reducing pollution-intensive industrial
production. Hence, political stability is a vital factor in environmental sustainability.
The empirical findings are in line with the earlier studies of (Adebayo, 2022; Galinato
& Galinato, 2012; Sohail et al., 2022), which empirically validate the positive nexus of
government and political stability with environmental quality improvement. (Table 6)

After identifying the long-run elasticities for each variable, this study employed the
FMOLS and DOLS specifications as robustness tools to validate the empirical findings
of MG and AMG. The empirical outcome of the FMOLS and DOLS is provided in
Table 6, where the influence of economic growth is found to be positive on environ-
mental degradation. Despite a small difference in the magnitude values, the influence
remained the same, which is consistent with the existing studies of (Abbasi et al.,
2021; Leit~ao et al., 2022). Similarly, the empirical outcomes suggest the negative
impact of TI and GS on CO2 emissions, which is consistent with the estimate of ear-
lier techniques. Thus, the estimated results validate the empirical results and are reli-
able and statistically significant at 1%, 5%, and 10% levels.

Once the long-run coefficients are obtained and validated by parametric and non-
parametric approaches, this study tends to analyze the causal association between the
variables under consideration, as the earlier specifications are limited in terms of dis-
playing the causal nexus between the variables. In this regard, the current study
employed the Dumitrescu-Hurlin heterogenous granger causality test, which also
tackles the panel data issue of slope heterogeneity and cross-section dependence. The
empirical results of the test are provided in Table 7. The empirical results show that
there is a two-way causal association between the variables under consideration. That
is, the GDP, TI, and GS significantly cause CO2 emissions, while the feedback effect
is present, where the CO2 emissions also cause these variables. The significance level
for the bidirectional causal association is significant at a 1% level for all the variables.
The existence of a causal association between these variables reveals that any policy

Table 6. Robustness.

Variable

FMOLS DOLS

Coefficient Standard error Coefficient Standard error

GDP 0.4976��� 0.1021 0.5459��� 0.0993
TI �0.1310�� 0.0546 �0.1447��� 0.0543
GS �0.1201� 0.0636 �0.0173 0.0873

Note: Asterisks indicate a statistical significance level of 1% (���), 5% (��), and 10% (�).
Source: Author’s Estimation.
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level changes in each variable could have a spillover effect on the CO2 emissions.
Therefore, economic growth, technological innovation, and government institutional
trust could be used as a policy to curb carbon emissions in the BRICS economies.

5. Conclusion and policy implications

The issue of climate change, global warming, and environmental degradation are con-
sidered a threat to human health and sustainable development. Nonetheless, countries
across the globe are taking various measures to tackle this rapidly growing issue. Still,
the emerging economies are paying more attention towards economic expansion and
development. Simultaneously, the emerging economies (BRICS in particular) are also
evolving technologically. Therefore, it is important to empirically investigate these
economies to explore the recent trends and dynamics of economic growth, techno-
logical innovation, and government stabilization on environmental quality in the last
three decades. Using advanced and appropriate econometric approaches, these empir-
ical results reveal that the BRICS economies are cross-sectionally dependent, where
any shock in a particular variable has a spillover effect on the variable in another
country. Besides, all the mentioned variables are cointegrated, allowing the second-
generation long-run estimators to be used. Particularly, the mean group and aug-
mented mean group estimators asserted that economic growth is a viable factor in
increased CO2 emissions in the region. Since the BRICS economies are paying more
attention to developing the industrial sector. Therefore, the energy demand in this
region is rapidly increasing, which is a primary reason for increased environmental
degradation. Similarly, the higher demand for non-renewable energy resources further
motivates the investors in the BRICS region to invest in natural resources, which
boosts the depletion of natural resources, consequently leading to higher emissions in
the region. On the contrary, technological innovation is found on the rise in these
economies, which not only stimulates productivity and industrial efficiency but also
increases fuel efficiency and renewable energy production and consumption, due to
which the CO2 emissions in the BRICS region decline. Moreover, government institu-
tional trust is also an important factor for the BRICS environmental sustainability as
it reduces corruption, motivates investors to invest in environmentally friendly
resources, enhances institutional quality, and reduces CO2 emissions.

Based on the empirical results, this study suggests policies for the environmental
sustainability of BRICS economies. Firstly, economic growth is positively associated
with pollution emissions due to the excessive use of non-renewable natural resources.

Table 7. Dumitrescu-Hurlin causality test.
Null Hypothesis: W-Stat. Zbar-Stat. Prob.

GDP – CO2 5.90696��� 4.61399 0.0000
CO2 - GDP 11.4929��� 8.71119 0.0000
TI - CO2 5.17777��� 2.80292 0.0051
CO2 - TI 5.39427��� 3.00547 0.0027
GS - CO2 5.70416��� 4.42426 0.0000
CO2 - GS 5.32852��� 2.94396 0.0032

Note: Asterisks indicate a statistical significance level of 1% (���), 5% (��), and 10% (�).
Source: Author’s Estimation.
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Therefore, policies that could divert economic growth from investment and subsidiz-
ing the fossil fuel industry towards environmentally friendly resources are required.
Further, higher economic growth could be used as a policy tool for environmental
recovery. Secondly, technological innovation is found to be harmful to CO2 emis-
sions: therefore, the BRICS economies are suggested to increase investment in
research and development, advanced technologies, and education to promote the cul-
ture and awareness about environmental recovery. Besides, this study recommends
subsidizing the firms actively involved in environmentally friendly technologies and
promoting energy efficiency and renewable energy resources. Lastly, government
institutional trust is a substantial factor in environmental sustainability. Therefore,
the government should take serious steps in maintaining stability in the institutional
quality, regulatory quality, political system, etc., to appropriately consider environ-
mental concerns and sustainable exploitation of natural resources.
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