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ABSTRACT

The global imperative for environmental sustainability has fundamentally reshaped markets,
increasing the demand for responsible products; however, the evolution to sustainable
consumption varies significantly across regions, particularly within the BRICS economies
(Brazil, Russia, India, China, and South Africa). This study empirically investigates the
macroeconomic determinants influencing environmental sustainability and the transition toward
a low-carbon economy during the digital era. Utilizing a secondary dataset from the World
Development Indicators, the analysis examines the predictive role of GDP per capita, carbon
emissions and urbanization in shaping sustainable consumption patterns. Panel regression and
causality tests are employed to identify relationships and determine the strength of influence
across variables. The results highlight the importance of urbanisation and environmental factors
in driving sustainable development, both in the short and long term. These findings contribute
to sustainability economics by providing data-driven evidence for policymakers to design
targeted strategies, such as carbon taxes, green technology investments and sustainable
urbanisation, to decouple economic expansion from environmental degradation.

Keywords: BRICS, environmental sustainability, SDG Score, GDP per capita, carbon

emissions, urbanization, sustainable consumption

INTRODUCTION:

The need of achieving environmental sustainability with
economic growth is a major concern worldwide,
especially of the emerging nations where growth
coincides with environmental degradations. Resource
depletion, climate changes and ecological imbalances
made policy makers to reconsider the traditional growth-
centric development. BRICS economies—DBrazil, Russia,
India, China, and South Africa—occupy an important
position in the global sustainability discourse. Together,
these countries account for a significant share of global
population, energy consumption, urban expansion, and
carbon emissions. Rapid industrialisation, rising incomes,
and accelerated wurbanisation have contributed to
substantial economic progress in these economies;
however, they have also intensified environmental
challenges, particularly in terms of carbon emissions and
urban ecological stress. As a result, understanding the
macroeconomic indicators of environmental
sustainability within the BRICS natioins is essential for
designing  effective and context-specific  policy
interventions.

The Sustainable Development Goals (SDGs) introduced
by the United Nations provide a comprehensive
framework that integrates economic growth, social
inclusion, and environmental protection, making SDG
performance a critical indicator of sustainable
development outcomes (United Nations, 2023). Existing
research suggests that macroeconomic indicators such as
GDP per capita, carbon emissions, and urbanisation exert
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complex and often non-linear effects on sustainability
outcomes. Grossman and Krueger (1995) and Stern
(2004) argue that income growth initially increases
environmental degradation but eventually declines as
economies adopt cleaner technologies with higher income
levels.

While some studies find that emissions negatively affect
sustainable development indicators, others suggest that
their impact becomes less pronounced when controlled for
structural and technological factors (Dogan & Inglesi-
Lotz, 2023). This divergence underscores the importance
of adopting comprehensive sustainability measures rather
than relying on single environmental indicators.

Urbanisation represents another critical determinant of
environmental sustainability, particularly in emerging
economies. Rapid urban growth can generate economies
of scale, improve access to services, and promote
innovation, thereby supporting long-term sustainability
(Li et al.,, 2023). Conversely, unplanned urbanisation
often leads to congestion, pollution, and increased
demand for energy and infrastructure, resulting in adverse
short-run environmental effects (Bui et al., 2023; Wang et
al., 2023). Empirical evidence suggests that the
sustainability impact of urbanisation depends heavily on
governance quality, infrastructure investment, and urban
planning strategies.

Despite these advances, gaps remain in the empirical
literature regarding the combined long-run and short-run
effects of macroeconomic indicators on SDG performance
in BRICS countries. Many studies focus on single
indicators or individual countries, limiting comparability
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and policy relevance. By employing panel cointegration
techniques and an error correction framework, the present
study extends the existing literature by providing a
comprehensive and dynamic assessment of how GDP per
capita, carbon emissions, and urbanisation jointly
influence environmental sustainability in BRICS
economies.

This study empirically investigates the predictive roles of
GDP per capita, carbon emissions, and urbanization in
shaping Sustainable Development Goal (SDG) scores. By
utilizing a balanced panel dataset from the World Bank
Development Indicators spanning the period from 2000 to
2024, this research aims to provide data-driven evidence
to help policymakers decouple economic expansion from
environmental degradation

Methodology

This study employs a quantitative panel data approach to
examine the impact of selected macroeconomic indicators
on environmental sustainability in BRICS countries
(Brazil, Russia, India, China, and South Africa) over the
period 20002024,

Data and Variables

The dataset is a balanced panel comprising annual
observations for five BRICS economies from 2000 to
2024. The data is collected from World Bank
Development Indicators. Dependent Variable is
Sustainable Development Goals (SDG) Score, a
composite index reflecting overall progress toward the
UN Sustainable Development Goals. The Independent
Variables are GDP per capita (constant prices 2015 USD)
— proxy for economic development, Carbon emissions
(CO: emissions metric tons per capita) — proxy for
environmental pressure and Urban population (% of total
population) — proxy for urbanisation dynamics. All
variables are transformed into natural logarithms.

Model Specification
The baseline econometric model is specified as:

In (SDG;;) = a + B1In (GDPpc;;) + B,In (CO2;;.)

where:
e idenotes country and tdenotes time,

e u;captures unobserved country-specific effects,

Table 1 : IPS and LLC panel unit root test results

Variable IPS LLC

Empty Cell | Level |1stdiff |Level 1st diff

InSDG score |2.5612 |[-3.5869 - -
[0.9948 | [0.00016 |0.460419 | 6.6546

] 7] [0.3226] |6
[0.000]
InGDP 3.2474 |-2.9105 |0.077408 | -
Percapita [0.9994 | [0.00180 |5 6.1633
] 4] [0.5309] |1
[0.000]
InCO, 0.9202 |-4.0789 |- -
emissions 3 [0.000] 0.850599 | 6.7408
[0.8213 [0.1975] |3
] [0.000]
-1.9886
InUrbanisati | .o 1[0.02337] -3.59043
on 3 [0.0000]
[0.6479
]

p-values in
the squared
parentheses.

Both IPS and LLC panel unit root tests indicate that SDG,
GDP, and emissions are non-stationary at levels but
become stationary after first differencing, suggesting they
are integrated of order one, I(1). Urbanisation is stationary
at level according to LLC and also becomes stationary
after differencing in IPS, indicating I(0) behaviour. These
results justify the use of panel cointegration techniques to
explore the long-run relationships among these variables
in the BRICS countries

Table 2: FMOLS with HAC-robust standard errors

e J.captures time-specific effects, and
. . Std. Error||t-
e &1 the idiosyncratic error term. Variable Coefficient (HAC) value p-value
Unit root tests
Intercept 56.759 1.335 42.53 :536—16
GDP 0.00201 0.000449 4.47 1;7*76'05
CO? . -0.30479 (|0.2742 -1.11 {|0.269
Emissions
Urbanisation |[-0.02578 |(0.0493 -0.52 {|0.602
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The Breusch-Pagan test indicated heteroskedasticity in the
FMOLS residuals (BP = 28.582, df = 3, p < 0.001). To
account for both heteroskedasticity and serial correlation,
HAC-robust standard errors were used. The coefficient of
GDP per capita (0.00201) was positive and highly
significant, indicating that higher economic development
is associated with improved SDG performance in the long
run. The coefficient of CO2 Emissions ( -0.30479) was
negative but not statistically significant, suggesting
emissions do not have a robust long-run effect on SDG
scores when controlled for GDP and urbanisation.
Urbanisation was not significant in the long run,
indicating that urban growth may not directly translate
into higher SDG scores over time.

Table 3: ECM test results

Variable

Estimate |[Std. Error |t value |p-value

Intercept 0.03016 ||0.06664 0.453 ||0.652

Dgdp 0.002165 {|0.000087  |[24.894 ||<2e-16

DEmissions |{0.04699 {/0.05307 0.885 {|0.378

dUrban -0.1959  {|0.01901 -10.304 |[<2e-16

ec_term 0.004437 1|0.004561 0.973 |(0.333

The short-run ECM results reveal that GDP per capita has
a positive and significant effect on SDG score changes in
the short run, while CO: emissions do not show a
significant impact. Urbanisation exhibits a negative and
significant short-run effect, suggesting that rapid urban
growth may initially hinder sustainable development. The
error correction term is not statistically significant,
indicating that short-run deviations from the long-run
equilibrium are not quickly corrected in the BRICS panel.

The long-run relationships between sustainable
development goals (SDG) scores and macroeconomic
indicators were estimated using Fully Modified Ordinary
Least Squares (FMOLS). Residual diagnostics from the
FMOLS model revealed strong positive autocorrelation,
as indicated by the Durbin-Watson test (DW = 0.1329, p
< 2.2e-16). To account for these short-run dynamics and
the persistence of deviations from the long-run
equilibrium, a short-run Error Correction Model (ECM)
was estimated. The ECM allows for the decomposition of
SDG changes into short-run effects of GDP per capita,
CO: emissions, and urbanisation, while including the
lagged FMOLS residuals as the error correction term.
Results show that GDP and urbanisation exert significant
effects in the short run, with urbanisation displaying a
negative short-run impact despite its positive long-run
effect, highlighting the distinction between immediate
pressures of urban growth and its long-term benefits. The

error correction term, while not statistically significant,
indicates that deviations from the long-run equilibrium are
corrected slowly in the BRICS panel. Together, the
FMOLS and ECM analyses provide a comprehensive
understanding of both the long-run and short-run
determinants of SDG performance.Diagnostic Tests and
Model Validation

Prior to interpreting the regression results, several
diagnostic tests were conducted to assess the validity and
robustness of the FMOLS estimates. The Durbin-Watson
test indicated strong positive autocorrelation in the
residuals (DW = 0.133, p < 0.001), while the studentized
Breusch-Pagan test revealed significant
heteroskedasticity (BP = 28.58, p < 0.001). Residual
normality was rejected based on both the Shapiro-Wilk
test (W =0.852, p <0.001) and the Jarque-Bera test (X2 =
14.93, p = 0.0006). Variance inflation factors (VIF)
showed no severe multicollinearity among the regressors
(GDP = 5.04, Emissions = 1.57, Urbanisation = 3.99).
Finally, the Augmented Dickey-Fuller test on the FMOLS
residuals confirmed stationarity (ADF = -2.28, 5% critical
value = -1.95), validating the presence of a long-run
cointegrating relationship among SDG scores, GDP per
capita, CO: emissions, and urbanisation.

CONCLUSION

The empirical analysis of the study reveals that GDP per
capita have significant positive effects on SDG scores,
whereas CO: emission and Urbanisation showed a small
negative effect using FMOLS regression with HAC-
robust standard errors. Overall, these results highlights the
importance of structurally balanced and environmentally
informed growth strategies in BRICS countries.
The error correction model (ECM) captured short-run
adjustments towards the long-run equilibrium. The lagged
error correction term, while negative as expected, was not
statistically significant, suggesting that deviations from
the long-run path are corrected gradually. Among the
short-run effects, first differences of GDP and
urbanisation were statistically significant, indicating that
short-term changes in these variables influence SDG
outcomes, whereas Emissions was not significant in the
short run.

The combination of long-run FMOLS estimates and short-
run ECM analysis, together with robust diagnostic checks,
provides a reliable and comprehensive assessment of the
determinants of SDG performance in BRICS countries. It
highlights the importance of urbanisation and
environmental factors in driving sustainable development,
both in the short and long term. The result recommends
policies focused on sustainable urban planning, green
infrastructure investment, and environmental
regulation—such as carbon taxation and clean technology
promotion—should also be focused more than
considering growth-centric strategies alone in the future.
By  integrating  economic  development  with
environmental and urban policies, BRICS nations can
better detatch growth from environmental degradation and
accelerate progress toward the SDGs
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