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The role of information and communication technology in encountering environmental
degradation: Proposing an SDG framework for the BRICS countries

Abstract:

Sustainability through information and communication technologies is a complex matter, raising
interesting debate among researchers. Pursuing the same, this research investigates the impact of
information and communication technologies, economic growth, and financial development on
carbon dioxide emissions by simultaneously testing the Environmental Kuznets curve (EKC)
hypothesis in BRICS countries. In doing so, this study employs Methods of Moments - Quantile
Regression, which confirms that the effects of the explanatory variables vary across different
quantiles of carbon dioxide emissions. The overall results indicate that economic growth and
financial development contribute to carbon dioxide emissions across all quantiles, while
information and communication technologies significantly mitigate the level of carbon dioxide
emissions only at lower emissions quantiles. Moreover, the results confirm the presence of the
EKC hypothesis. Interestingly, the effect of economic growth and information and communication
technologies on carbon dioxide emissions is lowest in magnitude at lower quantiles and highest at
higher quantiles of carbon dioxide emissions. The empirical findings of DH panel heterogenous
causality test confirm bidirectional causality between the model parameters, indicating that any
policy intervention concerning explanatory variables significantly causes carbon dioxide
emissions and vice versa. The results set out the foundation for policymakers to devise a policy
framework to attain the objectives of Sustainable Development Goals (SDGs).
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1. Introduction

The 2018 background report submitted by Interagency Task Team on Science, Technology and
Innovation for the Sustainable Development Goals (SDGs) has recognized the significance of
information and communication technologies (ICT) in achieving the SDGs (IATT, 2018). In view
of the economic growth trajectory being attained by the nations around the globe, the role of ICT
is being recognized as an enabler of innovation. The recent report by the International
Telecommunication Union has also identified ICT to be a key enabler in fostering innovation in
pursuit of attaining the objectives of SDGs across the nations (ITU, 2020). The effective utilization
of ICT sets out the foundations for emerging economies to imitate knowledge and information,
improving connectivity worldwide, which increase their competitiveness through technology
spillovers (Sinha et al., 2020). This aspect of knowledge and technology diffusion turns out to be
more prominent in the era of global warming, which can be considered as the negative
environmental externality exerted by the trajectory of economic growth attained by the nations.
For initiating revolution in this prevailing growth trajectory, the role of innovation needs to be
recognized. A report published by Climate and Development Knowledge Network has identified
the potential role of innovation in the field of ICT in combating the issue of environmental
degradation across the globe (Ansuategi et al., 2015). In order to ascertain environmental
sustainability across the nations, reorientation in environmental and innovation policies is
necessary, and in this pursuit, the role of ICT might prove to be crucial.

While saying this, it is also necessary to remember that implementation and diffusion of
ICT might be a challenging task for the emerging economies. One of the major reasons behind this
is the major focus of the emerging economies on the achievement of economic growth, even by
destroying ecological value. If the economic growth pattern of these nations is analyzed, then it
can be seen that this pattern is principally driven by fossil fuels, and this situation can be traced
back to the famous debate on Limits to Growth by Club of Rome Economists (Meadows et al.,
1972). If the reliance of fossil fuel-based solutions is continued, then the economic growth pattern
can be harmed by the diminishing pool of natural resources. Under such circumstances, it might
be difficult for nations to ascertain energy security, and hence, it might be hard to attain the aims
of SDG 7, i.e., affordable and clean energy. At the same time, sustained dependence on fossil fuels
might hamper the environmental sustainability of the nations, which will make it problematic to
attain the aims of SDG 13, i.e., climate action. In such a situation, a policy reorientation might be
necessary for the emerging economies, so that these nations can make a progression in fulfilling
Agenda 2030.

In continuation with the discussion on achieving innovation-driven economic growth in the
emerging economies, the /7™ BRICS Summit needs a special mention. Driven by persisting issues
in the developmental sphere, these nations have started pondering upon various facades of
scientific innovation, with the aim of progressing towards accomplishing the SDG objectives, and
thereby, ascertain sustainable development in their nations (IISD, 2019a). This approach has been
preceded by the Johannesburg Declaration, which was signed during the 10" BRICS Summit
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(IISD, 2018). Rationale behind this declaration has been the ascending climatic issues in these
nations, along with the financialization issues in the policymaking front. In order to boost the
innovation process, financialization towards research and development is necessary. However, the
recent report on SDG financing by the United Nations Environment Programme states the potential
difficulties of the BRICS nations in channeling the funds for implementing SDGs (UNEP, 2018).
While these nations are encountering difficulties in financing innovation in pursuit of
implementing SDGs, the United Nations (2017) has recognized the readiness of ICT in these
nations. At the same time, BRICS nations are also suffering from the growing environmental
concerns, arising out of their prevailing economic growth trajectory. A report by International
Institute for Sustainable Development has stressed on this aspect, while deliberating on a possible
policy-realignment to encounter this issue (IISD, 2019b), and this issue was already raised by the
United Nations Association two years before (UNA-UK, 2017). It is evident from this discussion
that the prevailing economic growth trajectory in the BRICS nations is exerting a negative
environmental externality, while they have potential to encounter this issue based on their
innovation capabilities in the field of ICT. Henceforth, there lies a policy-level dilemma in
implementing the ICT solutions in the BRICS nations, given the financialization challenges and
growing environmental concerns. Herein lies the focus of the present study.

Taking a cue from this discussion, it can be anticipated that a comprehensive policy
realignment is required in the BRICS countries, to facilitate these nations adhering to the objectives
of Agenda 2030. In this pursuit, the present study aims at assessing the possible impact of ICT and
financial development on CO2 emissions in the BRICS countries over the period of 1995-2018.
By means of this investigation, the present study aims at recommending a comprehensive policy
framework for ascertaining sustainable development, and consecutively, reorienting the existing
policies. As the BRICS nations can be recognized as laggards in attaining the SDG objectives,
therefore developing a policy framework for BRICS is likely to assist remaining emerging
economies in developing the policies in their respective nations in pursuit of cognizing sustainable
development. Encompassing ICT, financial development, economic growth, and CO2 emissions
under a single policy plan might assist in recommending a broad policy framework for attaining
the objectives of SDG 7, SDG 13, SDG 9, and accordingly SDG 8. To the best of our acquaintance
with the literature, this multipronged SDG-oriented policy level method to encounter the issues
pertaining to the CO2 emissions has not been carried out in the literature, and there lies the focus
and contribution of the present study.

Now, while we talk about developing a sound policy-oriented approach, the impact of
policy instruments on the target policy variable is essentially evolutionary, as the nature of impact
might evolve over a period of time, based on the external socio-political scenario. Hence, this
evolutionary impact needs to be captured through the analytical framework to be employed in this
study, as this will encompass the transformation of the impacts of policy instruments over a stint.
In this pursuit, this study has utilized Environmental Kuznets Curve (EKC) hypothesis. This
hypothesis is capable of capturing the evolutionary impact of policy instruments, given structural



similarity and presence of transactional spillover among the study contexts (Aziz et al., 2020a, b;
Godil et al. 2020a, b; Razzagq et al., 2020; Sharif et al., 2020a, b; Suki et al., 2020). Adopting this
theoretical framework ensures analytical complementarity of the study, with respect to the research
problem, and it defines the analytical contribution of this study.

In methodological terms, this study employs the novel approach of Machado and Silva
(2019) known as Method of Moments - Quantile Regression (MMQR) to address the research
problem. This approach produces empirical understandings of the distributional heterogeneity and
produces diverse outcomes at different levels of the target policy variable. Structural dynamics of
the BRICS nations might be characterized by distributional heterogeneity, which might be arising
out the transactional spillovers among the nations. From the policymaking perspective, this
metholodigical approach complements the research problem in several ways. First, unlike the
conditional mean estimates those are susceptible to the misrepresenting impact of outliers,
conditional quantile estimates are resilient to outliers that emanate from the explained variable
(Koenker, 2004). Second, estimations of conditional mean neglect the distributional effects of
policy instruments on the target policy variable. On the contrary, quantile regression has additional
logical appeal particularly in regressions of panel data since the distributional impact of the
explanatory factors on the explained factors is stratified into separate arrays of quantiles. It enables
us to characterize the heterogeneous impacts of heterogeneous cross-sectional groups. Thus, the
information provided by the estimations of the conditional quantile is not obtainable in case of
conditional mean estimations. From this discussion, it can be said that application of MMQR
brings about the methodological contribution of the study.

The remaining part of this paper covers the subsequent sections; Section two contains
literature review. Section three explains the materials and methods. Section four discusses
empirical results, while section five provides conclusion and policy recommendations.

2. Literature review

This section describes the previous studies in three parts, which explain the effect of ICT
and growth drivers on CO2 emissions.

2.1. Effect of ICT on CO; emissions

Considering ICT, the EKC can also be used to discover the consequence of ICT on
environmental degradation following the direct-indirect rebound effect. The direct effects
correspond to the CO2 emissions instigated by ICT development (Malmodin and Lundén, 2018).
The indirect effects demonstrate that the energy intensity of ICT sector is power compared to the
secondary sector, and rise in energy efficiency by means of technological change is the reason
behind it (Romm, 2002). The rebound effect is frequently utilized to assess the energy efficiency
improvements (Gillingham et al., 2016), which might be appraised through an ICT viewpoint.
Financialization towards ICT intends to enhance energy efficiency or to directly affect the
ecological balance are attributed to rebound effect, that diminish the spillovers of potential benefits
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from ICT development. The rebound effect is categorized into direct, indirect, and cross-national
impacts. Based on direct rebound effects, while improvements in energy efficiency enact
comparatively less price level, resultantly push the demand of those goods, i.e., the rebound effects
bring about net decline in energy consumption. The indirect rebound effects will cause
intensification to the demand for other goods, in the event of energy efficiency for a particular
good rise (Gossart, 2015). The cross-national rebound effects ensue when ICT catalyzes a
organizational transformation in end-to-end supply chain mechanism and utilization behaviors all
over the nation. Various studies have explored the ICT and environment nexus by considering
these factors (see Malmodin and Lundén, 2018; Erdmann and Hilty, 2010; Horvath and Toffel,
2004; Coroama et al. 2015; An et al. 2020).

In the last decade, quite a few studies have examined the impact of ICT development on
various socio-economic and environmental variables. As an illustration, ICT has been connected
with sustainable development (Byrne, 2011); economic prosperity (Asongu, 2017; Levendis and
Lee, 2013), CO2 emissions (Tsaurai and Chimbo, 2019; Batool et al., 2019; Sinha, 2018),
economic development (Tchamyou, 2017; Murphy and Carmody, 2015; Penard et al., 2012), and
banking growth (Watson et al., 2012; Kamel, 2005). The conclusion of the above studies is two-
sided. The positive side describes ICT pushing the process of industrialization, which drives
economic growth. The negative side shows that growth in industrialization caused higher
environmental pollution due to higher energy consumption. In South Africa, Salahuddin and Gow
(2016) documented that the utilization of the internet increases the economic development process.
Similarly, Latif et al. (2018) established the strong bidirectional causal liaison between economic
growth and ICT in BRICS countries. In 2012, Moyer and Hughes investigated the association
between ICT, economic development, and emissions in 183 nations. Their result showed that ICT
is negatively associated with environmental pollution in the long run, whereas this relationship is
not significant in the short term.

Utilizing regional panel data 1990-2015, Danish et al. (2019) examined that ICT increases
environmental pollution in low-income countries, whereas ICT reduces environmental
deterioration in high and middle-income countries. Ulucak et al. (2020) explored ICT's role in CO2
emanation for BRICS economies during 1990-2015. Their empirical outcomes revealed that ICT
reduces the CO2. Avom et al. (2020) investigated the influence of ICT on environmental pollution
in Sub-Saharan African economies. They found that ICT stimulates COz. Faisal et al. (2020)
explored that ICT increases CO2 emissions at the early phase, and subsequent to an inflection, ICT
reduces environmental pollution in China, India, Brazil, and South Africa. From Pakistan, Godil
et al. (2020) confirmed that ICT reduces environmental pollution. Similarly, Higén et al. (2017)
argued that ICT increases environmental pollution up to a certain level, and after a certain
threshold, ICT shows a negative association with pollution. Using time-series data of Japan, Ishida
(2015) proved that ICT has a negative impact on energy utilization, whereas ICT has an
insignificant association with economic growth. Zhang and Liu (2015) recommended that China's
environmental pollution can be reduced by using ICT from 2000 to 2010.



From selected G20 countries, Nguyen et al. (2020) analyzed that FD and income have a
positive while ICT possesses a negative influence on CO2. Raheem et al. (2020) revealed a
negative impact of ICT and FD on the CO2 in G7 economies from 1990 to 2014. Using Belt and
Road panel data, Danish (2019) found that ICT recovers ecological balance. Comparable outcomes
are endorsed by Nagao et al. (2017) from the firm-level analysis. Contrarily, Lee and Brahmasrene
(2014) and Salahuddin and Alam (2015) explored emissions increasing impact of ICT in ASEAN
economies and Australia. Based on the above discussion, it is concluded that the environmental
impact of ICT is unclear and mainly studied using traditional linear methodologies that only
capture average ICT effects. In contrast, ICT emissions increasing/decreasing effect may vary with
the level of emissions. Thus, a nonlinear method is imperative to integrate ICT impact at a different
level of emissions.

2.2. Impact of financial development of CO; emissions

Financial development may provide financial help to industries for improving the quality
of the environment through less polluted and green technology. Financial development may attract
foreign investment, which increases research and development activities that enhance the quality
of the environment through advance and modern technology (Tamazian et al., 2009; Khan and
Ozturk, 2020). On the other hand, financial development is helpful for industries to improve
production activities that caused industrial pollution and deterioration of environmental quality
(Jensen, 1996; Awan et al., 2020). In the previous few years, numerous empirical studies proved
the positive influence of financial development on economic development via capital
accumulation, technology innovation, expansion of investment resources (Anwar and Nguyen,
2011; Wurgler, 2000; Abu-Bader and Abu-Qarn, 2008; Shahbaz and Rahman, 2012). However,
for environmental degradation, the financial development effect is inconclusive in the existing
studies; some studies evidenced that financial development and environmental pollution has a
positive association. Using the data of eight advance and eight developing economies, Shoaib et
al. (2020) examined that financial development increases CO2 through expansion in industrial units
due to easy access to finance. Recently from BRICS sample, Faisal et al. (2020) explored that
financial development and per capita income have a positive and negative influence on COsz,
respectively. Similar insights are observed by Shahbaz et al. (2020) from the United Arab
Emirates. Javid and Sharif (2016) validated EKC and confirmed that financial development caused
higher pollution. Similar outcomes were reported by Ali et al. (2019) for Nigeria and Zhang and
Liu (2015) for China. In contrast, few studies documented that financial development increases
technology investment that produces eco-friendly technologies. The emissions reduction effect of
financial development is found by Dogan and Seker (2016) and Tamazian and Rao (2010) for
transition nations, Jalil and Feridun (2011) for China, and Shahbaz et al. (2013) for Indonesia.
Concludingly, financial development produced mixed evidence based on the linear procedure
adopted in prevailing literature. Unlike previous studies, we propose an asymmetric effect of
financial development on the level of emissions. There is rationality to assume that the impact of
financial development is varied across different levels of COa.



2.3.Impact of economic growth on CO; emissions

At the early stages of economic development, the deterioration of the environment such as
water and soil contamination, ambient air pollution increases but after a certain level of economic
development, the process of deterioration become slow, and a further increase in income leads to
improve environmental quality (Sinha and Shahbaz, 2018; Shahbaz and Sinha, 2019). The
association between pollution and income is termed as EKC (Grossman and Krueger, 1991), and
referred to Simon Kuznets (1955), who initially explained an inverted U-shaped relationship
between income inequality and economic growth. The EKC hypothesis are widely studied in
empirical literature and produced mixed and inclusive outcomes. For instance, Ozturk and
Acaravci (2013) verify the presence of the EKC hypothesis in Turkey, Faiz-Ur-Rehman et al.
(2007) for South Asian economies, Apergis and Payne (2009) for 6 Central American economies,
Jalil and Mahmud (2009) for China, Jobert et al. (2011) for 55 nations, Esteve and Tamarit (2012)
for Spain, Jayanthakumaran et al. (2012) for China and India, Arouri et al. (2014) for Thailand,
Farhani et al. (2014) for ten MENA nations, Apergis and Ozturk (2015) for fourteen Asian nations
and Zhang et al. (2017) for ten industrialized countries. On the other hand, numerous studies
rejected the presence of EKC hypotheses like Musolesi et al. (2010) for forty poorest nations,
Hossain (2012) for Japan, Osabuohien et al. (2014) for non-oil producing economies, Rehman and
Rashid (2017) for SAARC nations and Pal and Mitra (2017) for China and India. Moreover, few
studies claimed that monotonically increasing association among income and pollution such as
Shafiei and Salim (2014) for 29 OECD nations, Begum et al. (2015) for Malaysia, Farhani and
Ozturk (2015) for Tunisia and Gill et al. (2017) for Malaysia.

Concluding, prevailing literature produces mix and inconclusive results due to the use of
different samples, time spam, and methodologies. Interestingly, most previous literature is limited
to traditional linear methods that did not consider the distributional heterogeneity during
estimations. Moreover, the environmental link between financial development, ICT, and COz2 is
also missing in EKC's multivariate framework in BRICS countries. In compliance, this study
analyses the impact of ICT, financial development, and GDP on different levels of CO2 emissions
using recently developed MMQR.

3. Materials and method
3.1. Empirical Framework

If BRICS countries are analyzed, then it can be seen that these countries are characterized
by high economic growth, which is largely driven by fossil fuel-based solutions (Azam, 2020).
Prevalence of this economic growth pattern has resulted in the consistent rise in the CO2 emissions
in these countries, and this has led the policymakers to initiate transformations in the energy usage
pattern (Sinha and Sen, 2016; Zafar et al., 2019). Now, this transformation necessitates boost in
innovation in these nations, and hence, continued dependence on manufacturing-based secondary
sector needs to be reduced, while encouraging the growth in the ICT-enabled tertiary sector. Now,
for encountering the issue of CO2 emissions, the efforts made towards the development of ICT-
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based innovations should be complemented by bringing forth additional developmental catalysis
in the prevailing economic growth trajectory, and this catalysis needs to be in the form of providing
financial assistance to the domestic sector, so that they can be equipped with the newly developed
innovative energy solutions for encountering the CO2 emissions (Zafar et al., 2020; Sharma et al.,
2021). This boosting in the financialization also needs to be complemented by bringing forth
sectoral growth, which might have an evolutionary impact on the CO2 emissions. From a
theoretical standpoint, this evolutionary impact is captured by means of the EKC hypothesis
framework, as the linear and squared terms of per capita income capture the scale and composition
effects exerted by the economic growth, which signify the inclusive evolutionary impact of the
growth trajectory (Sinha and Bhattacharya, 2016; Sinha et al., 2019). Now, analysis of this
association is necessary from the perspective of an SDG-oriented policymaking for the BRICS
nations, and therefore, this association needs to be represented in mathematical terms. In doing so,
following empirical model is developed:

LnCOy; = y,LnICT;; + y,LnGDP;; + y,(LnGDP,)? + y,LnFDy; + & (1)

In Eq. (1), Ln indicates natural logarithm, COz represents per capita CO2 emissions, ICT
denotes information and communication technology, GDP shows per capita real GDP, FD
indicates financial development, € describes the error term, i and t show the countries and time,
respectively. The expected sign of the y1 could be positive or negative. For example, the use of
ICT in virtual participation in conferences reduces traveling-related environmental pollution
(Coroama et al., 2012). On the other hand, the more use of the internet leads to an increase in
electricity demand, which caused deterioration of the environment through more emissions (Moyer
and Hugh, 2012). The expected sign of y2 is positive, whereas the expected sign of y3 might be
negative (EKC hypothesis) or positive. The sign of y4 is unexpected, FD might be favorable or
unfavorable for the environment. An established financial sector produces low-cost loans, which
enable the industries to use energy-efficient technology and leads to reducing CO2 emissions
(Shahbaz et al.,, 2010; Latif et al., 2017). Contrarily, if the low-cost loan not uses for
environmentally friendly technology then it will increase industrial pollution (Raheem et al.,
2020).

3.2. Sample selection and data

This study examines the role of ICT and FD in increasing/decreasing CO2 by simultaneously
considering the income-induce EKC hypothesis in BRICS economies. The selection of these
countries is the similar features of these countries, for instance, similar growth patterns and
youthful population. Another essential common feature of these countries is geographical position
as these countries are located near the advanced countries. Brazil is near to the United States,
Russia is at the edge of the European Union, India and China are closely situated, South Africa
has economic importance for Africa (Asongu et al., 2018). Moreover, all these five countries are
the member of G20 countries. According to the World Bank 2019 ranking based on economic
position, Brazil, Russia, India, China, and South Africa secured 9%, 11%, 5%, 27 and 37® positions,
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respectively (World Bank, 2019). Since the last two decades, BRICS countries have shown
exceptional economic performance, such as GDP (constant US$, 2010) of BRICS countries in
1995 was 2.718 trillion dollars, which rose to 12.041 trillion dollars in 2017 (World Bank, 2019).
However, this remarkable economic performance has produced incredible environmental
challenges for these BRICS countries in the form of CO2 emissions. According to the International
Energy Agency, the CO2 emission of the BRICS economies was 682 metric tons in 1995, which
rose to 1407 metric tons in 2017 (IEA, 2019).

Based on the above facts, this study uses annual data between 1995-2018, which are
derived from the World Development Indicators (WDI) and British Petroleum (BP) websites. The
dependent variable CO2 is measured in metric ton per capita, ICT is measured by individuals using
the internet as a percentage of the population, GDP is measured in per capita (constant US$ 2010),
and lastly FD is proxied by the disbursement of domestic credit to the private sector (for detail See
Table 1).

Table 1: Description of Variables

Variable Symbols Description Expected Source of
Sign Data

Carbon Dioxide CO, Carbon Dioxide (Metric Ton N/A BP
per capita oil equivalent)

Information and ICT Individual using the internet +/- WDI

Communication Technology (% of the population)

Economic Growth GDP Gross domestic product, per +/- WDI
capita (Constant US$ 2010)

Financial Development FD Domestic credit to the private +/- WDI

sector (% of GDP)

WDI: World Development Indicators (World Bank, 2019)
BP: British Petroleum (BP, 2020)

3.3. Summary Statistics

The summary statistics of the model variables are represented in Table 2. It can be observed from
Table 2 that the data set is relatively symmetric. The result describes that CO2 is negatively skewed,
whereas GDP, ICT, and FD are positively skewed. FD has the highest tails as it has a high value
of kurtosis. On the other hand, CO2 has the smallest tail as it has the smallest kurtosis value.

Table-2: Summary Statistics
Variables Mean Median | Maximum | Minimum | Std. Dev. | Skewness | Kurtosis
CO2 2.549 2.752 4.695 0.325 1.530 -0.099 1.369
GDP 6060.947 | 5717916 | 14874.788 | 1348.681 | 3935.850 0.293 1.681
ICT 16.854 11.509 64.684 0.008 18.128 1.052 3.028
FD 25.374 21.340 70.854 6.174 15.526 1.272 4.041
Source: Author Estimation

3.4.Panel Estimation Techniques
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For empirical estimations, we utilize Fixed Effects Ordinary Least Squares (FEOLS),
Dynamic OLS (DOLS), and Fully Modified OLS (FMOLS). The FEOLS procedure is expanded
with standard errors of Driscoll and Kraay, which are vigorous to common types of autocorrelation
and cross-sectional dependence (CD) up to a specific lag. The vital issues in evaluating dynamic
panel cointegration are issues of heterogeneity as featured by Pedroni (2004) with dissimilarities
between the means of cross-sections and dissimilarities in the adjustment of cross-sectional to the
cointegrating equilibrium.

The FMOLS method of Pedroni incorporates individual-specific intercepts and takes into
consideration the properties of heterogeneous serial correlation of the error procedures throughout
the panel, thus manages these problems efficiently. The DOLS technique was reached out to panel
setting by Kao and Chiang (2001) in view of the outcomes of Monte Carlo simulations; the
technique of DOLS in a limited sample size is seen as rational in contrast to both FMOLS and the
OLS techniques. This technique additionally handles the problem of endogeneity via the expansion
of lead and lagged differences.

Because of the shortcomings of conventional techniques of estimations, a panel Method of
Moment - Quantile Regression (MMQR) is initially applied by Sarkodie and Strezov (2019) to
analyze the heterogeneous and distributional impact across quantiles. The simple panel quantile
(QR) strategy was presented by Koenker and Bassett (1978) in their seminal paper. Usually, the
QR is utilized to assess the conditional median or a diverse range of response variables’ quantiles
subjected to specific estimations of the exogenous factors, not at all like regular regression of the
least-squares variant, which produces endogenous factors’ conditional mean values subjected to
specific estimations of the exogenous factors. During analysis, the quantile regressions are further
strong to the occurrences of outliers. Further, this technique is also very appropriate in situations
where the connection between two factors’ conditional means is frail or non-existent (Blinder and
Coad, 2011).

We utilized the fixed effects MMQR (2019) technique proposed by Machado and Silva in
this study. While being vigorous to outliers, the quantile regression does not take into account the
feasibility of unnoticed heterogeneity across individuals inside a panel. This technique enables it
feasible to recognize the conditional heterogeneous covariance impacts of the factors of CO2
through permitting the impacts of individuals to influence the whole distribution as opposed to
simply shift of means as in the situation of Canay (2011), and Koenker (2004) among others. This
technique is mainly pertinent in situations when the model has explanatory factors with
endogenous properties and where the panel data is implanted with individual impacts. This
technique is likewise very instinctive in light of the fact that it produces non-crossing results of the
quantiles of regression. The conditional quantiles Qv. (tf|W) estimation for a model of the area scale
variation follows the subsequent structure:

Yie=Pi+ Wie'd + (i + X VUi ()
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In the above equation (B, &, y, v) are parameters, andP(y; + X;;'t > 0) = 1 is the
probability. (Bi, vi), i = 1,2,3.....,n, identifies the fixed effects for individual i and X is a k-vector
of recognized elements of W that are differentiable conversions with component / specified as:

Xi=X1(W), I=1,.,k 3)

Wit is distributed identically and independently for any fixed 1 for time t. Uit is distributed
identically and independently for individuals (i) through time (t), symmetrical to Wit and
standardized to fulfill the conditions of movement in Machado and Silva (2019). Eq. (2) suggests
the accompanying;

Qv (/W) = (Bi +viq(®) + Wi, '6 + Xie'vq(r) (4

The Qy. (t|Wi) in equation 3 is the quantile distribution of Yi: contingent on the location of
Wit. The vector of independent variables denotes through W' in the above equation, whereas the
vector of independent factors are ICT, FD, and GDP in this study. The term Bi (7) = ai+ diq(z) is
demonstrative of the fixed effect quantile-t and exhibits the scalar coefficient for individual i. The
impact of the individual does not indicate a shifting of intercept, rather the fixed effects of the
least-squares. These parameters are time-invariant. The heterogeneous effects of these time-
invariant parameters are permitted to vary over the quantiles of the restrictive distribution of the
explained variable. The term q(t) means t-th sample quantile that is assessed through resolving
the subsequent problem of optimization.

L

ming > " pe(Rie = 1 + Xie M))
t

Such as, p;(B) = (t — 1)BI{B < 0} + TBI{B > O}indicates check function.
4. Empirical results and discussion:

Table 3 shows first-generation stationarity test results by employing Im-Pesaran-Shin
(2003) and Breitung (2001) tests and confirms that all variables are stationary at the first difference.
Table 4 reports that all model variables possess the issue of cross-sectional dependence. Therefore,
all other estimation techniques should include procedures that are vigorous to impact of Cross-
sectional dependence (CD), and remove the possible size misrepresentations. To comply with the
same, we utilize Cross-sectional Im-Pesaran-Shin (CIPS) and Herwartz & Siedenburg (2008) unit
root tests, which efficiently deals with the problem of CD and re-confirms that all model variables
are integrated of order (I).

Table-3: Stationary Analysis Results
. Im, Pesaran and Shin (2003) Breitung (2001)
Variables 10) 1) 10) 1)
ICT 0.591 -7.848*** 0.048 -3.059%**
FD -0.756 -10.647#** -1.026 -6.309%**
GDP 1.184 -5.545%** 1.289 -6.349%**
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CO,

| 1.541

8747k |

1.002

-7.359%**

The significance level at 1%, 5% and 10% are represented by ***, ** and * respectively.
Source: Author Estimation

Table-4: CD and Second-generation unit root test results
. CIPS test Herwartz & Siedenburg (2008)
Variables CD Test p-value Level | 1st difference Level 1st difference
ICT 16.542%*:* 0.000 | -0.276 -4.301%** -0.813 -1.595*
FD 14,153%%*:* 0.000 | -0.069 -14.108%*** -0.367 -2.316%*
GDP 26.100%** 0.000 | -0.399 -9.918*** 0.987 -6.941%**
CO2 30.473%** 0.000 | -0.195 -13.510%** 0.574 -5.026%**
The significance level at 1% is represented by **7*.
Source: Author Estimation

Table 5 shows the results of panel bootstrap cointegration tests (Westerlund, 2007), where the
null hypothesis of no cointegration is rejected against the alternative hypothesis of cointegration
relationship among model variables. Thus; confirming a long-run relationship between model
variables.

Table-5: Bootstrap panel cointegration results (Westerlund, 2007)

Statistics Value Z value p-value Robust p-value
Gt -19.463 -16.797 0.000 0.000
Ga -85.386 -69.808 0.000 0.000
Pt -94.047 -58.478 0.000 0.000
Pa -98.860 -85.258 0.000 0.000

The panel cointegration null hypothesis is no cointegration (Westerlund, 2007). The number of replications is
500. Based on the normal distribution, the p-values are for a one-sided test. Based on 500 bootstrap replications,
the robust p-value are for a one-sided test.

Source: Authors' estimation.

After confirmation of stationarity and cointegration relationship among variables, we move
to explain long-run elasticities from our four estimators. The findings of FMOLS, FEOLS, and
DOLS estimators are shown in Table-6. The direction of coefficients is approximately the same
across all three estimators. The findings show that GDP has a significant positive impact on CO2
in all three model specifications, while GDP? produces a negative coefficient indicating the
presence of EKC hypotheses in all three estimators. The outcome recommends that after a certain
threshold the emission-increasing effect of income turns opposite, suggesting a higher income
significantly mitigates COz. This result is similar to previous literature such as Farhani et al. (2014)
for ten MENA nations, Apergis and Ozturk (2015) for fourteen Asian nations, Zhang et al. (2017)
for ten industrialized nations, Higon et al. (2017) for developing countries, and Ulucak et al. (2020)
for BRICS countries. Whereas these results are contradicted with Osabuohien et al. (2014) for non-
oil producing economies, Rehman and Rashid (2017) for SAARC nations, and Pal and Mitra
(2017) for China and India, who rejected the validity of the EKC hypothesis.
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The coefficient of ICT shows emissions reduction effects across all estimators. This
indicates that a 1% increase in ICT mitigates the level of CO2 by 0.34% in case of FMOLS, 0.29%
in case of DOLS, and 0.28% in case of FEOLS. It infers that ICTs in the form of online shopping,
online food orders, video conferences, and teleconferences are more favorable, energy-saving, and
low carbon-intensive instead of traveling for these purposes, which is a significant source of CO2
emissions. These findings are in line with Ozcan and Apergis (2018) for emerging economies,
Danish et al. (2019) for high and middle-income countries, and Ulucak et al. (2020) for BRICS
economies. On the other hand, our findings contradict Lee and Brahmasrene (2014) for ASEAN
countries and Park et al. (2018) for EU economies. FD shows a positively significant impact on
environmental pollution i.e., about a 1% rise in FD accelerates pollution by 0.21%, 0.23%, and
0.19% in all three estimators, respectively. Inherently, the financial sector increases CO2
emanation by expanding the industrial production process through easy access to finance and
businesses. This result is similar to the findings of Shahbaz and Lean (2012), Hafeez et al. (2018)
and Shoaib et al. (2020); however, contradict with Park et al. (2018) for EU economies and Saidi
and Mbarek (2017) for 19 emerging economies.

Table-6: Results of Panel Estimation for BRICS Countries
) FMOLS DOLS FE-OLS

Variables

Coeff. t-stats | Prob. Coeff. t-stats | Prob. Coeff. t-stats | Prob.
GDP 0.695%** 8.401 | 0.000 | 0.409*** | 14.686 | 0.000 | 0.745*** | 5737 | 0.000
GDP? -0.253**% | -1.978 | 0.047 | -0.173*** | -3.274 | 0.000 | -0.200*** | -4,152 | 0.000
ICT -0.342#*%* | -10.261 | 0.000 | -0.293*** | -6,720 | 0.000 | -0.280*** | -7.516 | 0.000
FD 0.209%** 5.039 | 0.000 | 0.234*** | 5128 | 0.000 | 0.193*** | 6.197 | 0.000
The significance level at 1% and 5% are represented by *** and ** respectively.
Source: Author Estimation

4.1.Panel quantile estimation outcomes

Table 7 reports the findings of MMQR estimator. The results show that GDP and CO2
emission has a positive and significant association across all quantiles, indicating that GDP growth
may stimulates higher emissions through catalyzing energy consumption. The test outcomes
confirm the presence of EKC across all quantiles except the 1% and 2" quantiles. The validity of
EKC shows that economic growth increases environmental pollution only at the initial stage of
development; however, after crossing a certain income threshold, the emission increasing effect of
GDP turns opposite. This outcome is similar to Zhu et al. (2016), Rafindadi and Usman (2019),
Ike et al. (2020), and Godil et al. (2020). Moreover, the pattern arising out the quantile estimation
of the EKC divulges certain insights regarding the economic growth pattern of these nations. If the
turnaround points of the EKCs are analyzed, then it can be seen that the turnaround points are
shrinking towards the higher quantiles. This phenomenon gives an idea that with the rise in CO2
emissions, the nations are striving towards bringing transformation in their prevailing economic
growth trajectory. Though the existing policy maneuvers might not be sufficient to handle this
issue, it gives an idea that any policy intervention in this direction might be able to complement
the ongoing efforts towards reduction in CO2 emissions. This justifies the recommendation of an
SDG-oriented policy framework for the BRICS nations to encounter the issue of CO2 emissions.
On the other hand, in the context of ICT, the findings show a negative association with CO2 across
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the quantiles, but the relationship is insignificant between 57-9" quantiles. It implies that ICT
reduces CO2 emissions by consuming energy efficiently technology only at lower to medium
emissions quantiles. These results echo with recent literature (Godil et al. 2020; Ozcan and Apergis
2018).

On the other hand, the emission reduction effect of ICT is insignificant at higher emission
quantiles due to higher energy use of ICT related equipment and devices. Although insignificant,
the emissions-reduction impact of ICT is negative across higher emission quantiles. These results
contradict Sadorsky (2012) and Lee and Brahmasrene (2014), who argued that ICT increase per
capita energy consumption that leads to higher CO.. Finally, MMQR result demonstrates that FD
has a significant and positive association with COz across all quantiles, which indicates that FD
worsens environmental quality through an increase in CO2z. The intuition behind emission
increasing effect of FD is attributed to the economic spillovers emerge from higher FD in emerging
economies. FD spurs economic growth through the expanded financial industry in developing
countries. The results are consistent with Chen et al. (2019), Ali et al. (2019), and Shahbaz et al.
(2020).
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Table-7: Results of Panel Quantile Estimations

Method of Moments - Quantile regression (MMQR)

. . Quantiles
Variables | Location | ¢ . 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
GDP 0.504%*% | 0.205%%** | (449%:*% | (487*** | (503%** | (0526%%* | (0.572%**% | (0.601%** | 0.625%** | (0.681%*** | (7]18***
GDP? -0.144%*% | -0.110%* -0.083 -0.107 -0.192%*% | _(0,233%*% | _(0,306%** | -0.367*** | -0.385%** | _(0.403%** | _(.440%**
ICT -0.296%+%* | _0,138%* | -0.308%** | _0.261%** | -0.2]15%%* | 0, 18] %** -0.127 -0.105 -0.100 -0.087 -0.084
FD 0.371%** | 0.227%%* | (0.230*** 0.204%** 0.189%** 0.183%* 0.181%* 0.173%* 0.169%* 0.167%* 0.162%*
At 1%, 5% and 10%, ***, ** and * represents the significance level respectively.
Source: Author Estimation
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Figure 1: Coefficients across different quantiles in four-panel estimations techniques

16

0.10  0.20

0.30  0.40

0.50

QUANTILES

0.60

0.70

0.80

0.90




The results of all four panel estimation techniques in Figure 1 depict the coefficients of
MMQR model diverge across all quantiles as compared to DOLS, FMOLS, and FEOLS, which
produce average effects across all quantiles. Unlike DOLS, FMOLS, and FEOLS, Figure 1
represents the effect of GDP, and ICT on COz is lowest at lower quantiles of CO2 and progressively
increases when moving towards higher emissions quantiles. Conversely, the impact of GDP? and
FD on COz is highest at higher quantiles of CO2 and decreases when moving from higher to lower
emissions quantiles. From the comparison, it is highlighted that the MMQR provide clearer picture
between variables at different level (lower, medium, higher) of CO2 emissions, which can help
policymakers to devise asymmetric policies to cater different level of emissions.

4.2. Heterogeneous panel causality test

Bidirectionality is an inherent feature of any policy framework, as the policy instruments are
also impacted by the target policy parameter over a period of time (Sinha et al., 2018; Shahbaz et
al., 2021). Without a possible bidirectional association, i.e., presence of a feedback mechanism
between the policy instruments and target policy parameter, further scope of improving the policy
decision is shrunk, and in this pursuit, the causality analysis is carried out. The test statistics and
probability values of Dumitrescu-Hurlin (DH) procedure are presented in Table 8. The results
show two-way causality between GDP, ICT, FD, and COz in BRICS countries. The bidirectional
causality implies that any policy intervention with respect to ICT, FD, and GDP significantly
causes COz2and in return COz significantly causes ICT, FD, and GDP.

Table-8: Heterogeneous panel causality test results
Independent variables
GDP Cco2 ICT FD
GDP - 13.293*** - -
Dependent CO2 11.363*** - | 11.341%%* | T 487H**
Variables ICT - 9.535%#* - -
FD 14.676%** - -

**% represents the 1% significance level.
Source: Author Estimation

5. Conclusion and Policy Recommendations

The study is modeled to analyze the impact of ICT and other allied growth drivers on CO2
emissions under the EKC framework in BRICS countries. For this purpose, Method of Moments -
Quantile regression (MMQR) approach has been applied. The results obtained in the study has
endowed with several significant insights, which might be crucial for developing and
recommending an SDG-focused policy outline for the BRICS countries. Role of the present study
is in recommending this policy framework, which can be used as a baseline policy framework for
the emerging economies, encountering difficulties in having a control over the issue of rising CO2
emissions.

Economic growth trajectory in the BRICS nations is conducive towards the environmental
quality, but the economic growth drivers might have divergent impacts on the same. At one hand,
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the impact of ICT diminishes at the higher levels of CO2 emissions, whereas the financial
development is found to be a driver of CO2 emissions, as well. In such a scenario, it can be
assumed that policy-level reorientation is necessary, as these growth drivers are exerting negative
environmental externality. Therefore, the recommended policy framework should be able to
internalize these negative externalities. Despite this fact, it needs recalling that growth trajectory
in these countries is dependent on fossil fuel-based solutions. Hence, any overnight transformation
in the energy sources might impair the overall growth pattern. Therefore, the policymakers need
to take a phase-wise approach. During the initial phase, the policymakers need to provide easy
access to finance to the small and medium manufacturing firms, so that they can implement ICT-
based solutions in their existing production processes. Now, the access to finance will be having a
differential rate of interest, based on the size and carbon footprint of the firm. Firms with higher
carbon footprint will be asked to pay higher rate of interest, whereas the firms with lower carbon
footprint will be asked to pay lower rate of interest. On one hand, this policy initiative will
encourage the cleaner firms to scale up the innovational capabilities, whereas it will parallelly
discourage the dirtier firms to use fossil fuel-based solutions. As a whole, this policy initiative will
be directed towards enabling the firms to implement ICT-based solutions. It can be noted that
during this phase, the nations might incur certain financial losses. In order to recover the losses,
the second phase might be necessary. In the second stage, policymakers need to ease the business
environment, so that new ICT-based business ventures can be initiated. In this process, registration
process of new businesses should take care of the potential carbon footprint of the firms, and the
loan disbursement process should take care of this aspect. Opening of new business ventures will
eventually add to the financial gain of the nations. When these two phases of policy framework
will be initiated, the energy security of the nation will be gradually ascertained, which will help
these nations to make a progression towards attainment of the objectives of SDG 7. While the
objectives of SDG 7 are attained, these nations will gradually start reducing their confidence on
the fossil fuels, and increasing confidence on renewable energy and ICT-based production
processes will gradually reduce the level of CO2 emissions in the ambient atmosphere. It will
support these nations to attain the objectives of SDG 13.

Now, in order to withstand this policy framework, it is essential for the policymakers to
give more emphasis on mainstreaming the ICT-based innovation process, and in this pursuit, the
educational curriculums need to be amended, so that the students can learn about the latest
developments about the innovations in the field of ICT, advantages of green energy, and the
necessity of environmental protection. This will enable the future labor force to be socio-
ecologically responsible innovators. In this pursuit, these nations might be able to make
progressions towards the attainment of the objectives of SDG 9. Lastly, when this entire policy
framework is operational, livelihood of the citizens will be decent, and thereby, they will certainly
progress towards accomplishing the aims of SDG 8.

While this policy framework is being discussed, it is also imperative to discuss about the
policy caveats and assumptions, without which the framework might not produce expected results.
First, the policymakers need to ensure that the ICT-based solutions should not be labor-replacing,
as it might harm the economic growth pattern and social order by creating unemployment issue.
Second, the ecological fortification laws should be more rigorous, so that unwarranted diminution
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of natural resources is reduced. Third, import substitution should be imposed for the fossil fuel-
based solutions.

Limitation of any policy framework lies in its inclusivity, and the present study is also not
an exception to this. The policy framework could have been improved by considering additional
dimensions of innovation, and there lies the limitation of the study. While discussing this aspect,
it should be reminisced that this policy framework is a reference point for the emerging economies,
which are striving to implement ICT-based solutions for encountering the CO2 emissions in their
respective nations. Generalizability of the policy framework might define the contribution of the
present study. Future research in this pursuit can be carried out by considering diverse aspects of
innovation and the social dimensions of innovation.
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