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Abstract

The connection between environmental sustainability and social equity in the framework of the global
development issues in the indicators of Sustainable Development Goals (SDG). The analysis is
interdisciplinary in nature, based on a cross-country data, to understand how social outcomes, particularly
poverty, are influenced by the environmental factors of carbon emissions, the use of renewable energy, and
access to electricity. The study has employed the descriptive, correlation and the panel regression to derive
key trends and associations between nations and over time. The findings demonstrate that poverty reduction
can be highly associated with adoption of renewable energy and availability of electricity, i.e. they can be
equitable development promoters. On the other hand, heightened carbon emission is linked with poor social
outcomes and this is one disadvantage of the emission-intensive growth models. The results also show that
environmental and social objectives are trade-off, and sustainable and inclusive development is not easy to
attain. Incorporating both environmental and social aspects, the study adds to the existing empirical research
on the sustainability-equity nexus and emphasizes the significance of policy interventions. The implications
of the results are critical to policy makers who would like to come up with development strategies that would
be ecologically sustainable and socially just.

Keywords: Environmental sustainability, Social equity, Sustainable development goals, Poverty, Renewable energy,
Carbon emissions, Global development, Interdisciplinary approach

1. Introduction inequalities across and within countries have
The twenty-first century is marked by the dual increased the urgency of this challenge. As a
challenge of the global development that is reaction, the notion of a just transition has been
characterized by the need to attain environmental developed as a way of balancing the interests of the
sustainability and to achieve social equity. Climate environment and social justice, whereby any
change, resource depletion, and endemic transition to low-carbon economies should also
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safeguard vulnerable people and enhance fairness
(Heffron, 2022). This view places an emphasis on
the need to incorporate social considerations to
sustainability policies, as opposed to considering
environmental and social goals as two different
realms. Meanwhile, a unified global framework to
tackle interconnected development issues has been
offered by the United Nations Sustainable
Development Goals (SDGs). The journey towards
these objectives has however brought forth
internal-tensions, especially between economic
growth and environmental sustainability. Some
have argued that the SDGs tend to advance the
growth-driven forms of development that may
interfere with environmental boundaries, which
eventually results in inconsistency in the
application of the SDGs (Hickel, 2019).

The connection among sustainability and equity is
closely connected with each other, and a systemic
grasp of social-ecological dynamics is needed.
Modern studies stress the idea that the modern
process of sustainability transitions is not only
technical but is determined by political,
institutional, and social processes. The issues of
power, governance, and inclusion related to
transformative change towards sustainability
provide the way of distributing benefits and
burdens throughout the society (Avelino et al,
2024). This view implies that sustainability cannot
be reached by merely reforming the environment,
but it needs structural changes that would deal
with inequalities. Regardless of this
acknowledgement, social justice is usually under-
represented in the sustainability discussion and
policy-making. Social equity has been pointed out
as a gap by scholars in the sustainable
development  debate = who believe  that
sustainability efforts should not be made without
the explicit focus on justice as it could strengthen
the already existing inequalities (Ballet et al., 2025).
Besides, the incorporation of justice into climate
resilience has been receiving growing interest.
Climate risks can be mitigated through both
technical adaptation and ethical, fairness, and
distributional issues. By integrating justice into
climate resilience plans, adaptation plans should
not disproportionately impact disadvantaged
populations (Cafiizares et al., 2024).

The SDGs offer a multidimensional approach to
solving the global problems, including economic,
social, and environmental aspects. But to reach
these objectives, one has to go through
complicated trade-offs and synergies. Empirical
studies have demonstrated that the SDGs related
to some progress can have a positive impact on
human well-being, whereas some of them might

have unintended consequences, depending on the
factors of the regions and contexts (De Neve and
Sachs, 2020). This underlines the necessity to have
comprehensive policy strategies that address the
interconnections between objectives. Moreover,
recent studies have also highlighted the
significance of intersectionality on the global
development issues. The SDGs should be dealt
with using frameworks that acknowledge
intersecting aspects of inequality such as
economic, environmental and social aspects. In
this way, it is possible to obtain a more subtle view
of the way various types of disadvantage are
connected and impact the developmental
outcomes (Chen, 2025). This 1is especially
applicable in the context of dealing with the two-
fold problem of sustainability and equity.
Meanwhile, the environmental implications of
development paths in line with SDG progress have
been raised as a concern. Research has shown that
increases in development indicators tend to go
hand in hand with a higher ecological footprint
and cross-border environmental effects, casting
doubt on the sustainability of existing
development frameworks (Moinuddin & Olsen,
2024).

The combination of sustainability and equity is
also explained by the theoretical frameworks that
highlight the boundaries of ecological systems and
equitable distribution of resources. The idea of the
social shortfall and ecological overshoot explains
why numerous nations can afford not to satisfy
basic social needs and, at the same time, cross the
border of the planet (Fanning et al, 2022). This
double predicament underscores the lack of
balance between human development and
environmental sustainability and underscores the
importance of integrated solutions. In a similar
vein, the creation of alternative indices, including
the sustainable development index, is an
indication of attempts to quantify progress in such
a manner that takes into consideration the well
being of man as well as the environmental impact.
Such measures undermine the conventional
measures of development within the context of
ecological efficiency and sustainability (Hickel,
2020). These frameworks can offer useful
instruments in gauging the resonance between
development outcomes and the environmental
constraints. In the wider literature, the necessity to
perceive sustainability in the light of social-
ecological systems is also touched upon. This
outlook acknowledges that the human and
environmental systems are coupled with each
other and that sustainable development entails the
need to balance the interactions between the two
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over time (Leach et al, 2018). In addition, recent
reviews have suggested the necessity of increased
incorporation of the concept of justice into climate
and development research, especially in resilience
and adaptation (Pellerey et al, 2025). To fill this
gap, empirical methods will be needed, which
consider various dimensions of sustainability and
equity in the same analytical framework.

The current paper seeks to analyze the
interconnection between environmental
sustainability and social equity on the light of
SDG-consistent indicators. The study aims to find
out how much the environmental factors
contribute to social outcomes as well as to analyze
the possible trade-offs and synergies between
these two dimensions by using a cross-country
dataset and a panel approach of data. This analysis
allows the study to add to the current discussion of
sustainable development by providing empirical
support to the idea of how environmental and
social issues are interrelated.

2. Methodology

2.1 Data Source and Description

The current research makes use of the Sustainable
Development Goals (SDG) dataset obtained at the
World Bank and available on Kaggle (World Bank,
2019). The dataset gives a full range of country-
level indicators in accordance with the SDG
framework since the period between 1990 and
2018. It has standardized indicators that cut across
the environmental sustainability, social equity and
wider development aspects, allowing comparisons
across countries and time. A closer analysis of the
data set establish that it is structurally constructed
around the indicator based observations, and
every variable is a particular development
measure over time. Notably, the dataset has a
comparatively high concentration of social and
development indicators over environmental
variables which are few and more limited in scope.

2.2 Variable Selection and Operationalization
Variables are chosen according to their theoretical
suitability to the interdisciplinary nature of the
study, and their presence in the SDG dataset. The
indicators of social equity include poverty,
education and health outcomes that are used to
operationalize social equity and differences in
human development and access to basic services.
Ecological pressures and resource allocation are
reflected in  environmental sustainability
indicators (carbon emissions, renewable energy
use, access to clean energy and water) as well as
ecological pressure. The environmental variables
are well chosen to achieve the highest level of
representativeness in spite of their relatively low
frequency due to the structure of the dataset. The

control variables such as population size and
electricity access are also included to explain
structural and infrastructural variations across
nations.

2.3 Data Cleaning and Preprocessing

The data is subjected to systematic preprocessing
so that it can be analyzed consistently. Large cross-
country datasets contain missing values, that are
treated with a mix of strategies depending on the
levels of missingness. Those indicators that have
large gaps in their data are not considered and the
ones with moderate gaps in their data are handled
through interpolation methods to maintain the
successive flow. The data is converted into a panel
format that is indexed by year and country, and
can be longitudinally analyzed. Non numeric
values, duplicate items and unfinished
observations are eliminated to enhance quality of
data. Besides, variables of interest are also
normalized when required to deal with variations
in measurement scales as well as to enable
meaningful comparison across indicators.

2.4 Analytical Framework

The theoretical framework is based on the
interdisciplinary nexus of  environmental
sustainability and social equity in the wider
framework of the global development. The
conceptualization of environmental conditions as
limiting and enabling factors of equitable
development outcomes is used in the study. The
framework incorporates a combination of
indicators across various SDG dimensions, thus it
reflects the interplay between the ecological factors
and socio-economic structures. Since the dataset is
better represented in terms of social indicators, the
analysis is designed in such a way that it study the
impact of the change in environmental
sustainability = indicators on social equity
outcomes, as opposed to assuming a symmetric
relationship.

2.5 Econometric Model Specification

The empirical test uses a panel data regression
model to approximate the correlation between
environmental sustainability and social equity.
The dependent variables are social equity
indicators, and the explanatory variables are
environmental sustainability  indicators. To
measure macro-level and structural features of
countries, control variables are introduced. The
model capitalizes on the cross-sectional and other
variations over time and enables the assessment of
global development trends in a holistic manner.
Based on model diagnostics, fixed effects or
random effects estimators are used to address the
unobserved heterogeneity across countries. This
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specification provides that country specific
attributes that cannot be directly observed do not
contribute to the biasing of the estimated
relationships.

2.6 Robustness and Diagnostic Testing

A set of diagnostic and robustness checks are
performed to be sure of the validity and reliability
of the empirical results. The presence of
multicollinearity among the explanatory variables
is determined by the use of variance inflation
factors and heteroskedasticity and autocorrelation
is determined by relevant statistical tests.
Alternative model specifications are also estimated
by changing the combination of indicators to check
the stability of the results, especially due to the
uneven distribution of both environmental and
social variables in the dataset. Sensitivity analysis
is also conducted to leave out indicators with a
relatively high level of missingness to determine

3. Results

3.1 Descriptive Statistics

The descriptive statistics give a background
knowledge of the distributional characteristics of
the key variables based on the SDG data. Since the
data is heterogeneous, considering that they
involve the consideration of several countries with
different degrees of development, the analysis be
based on the filtered set where core indicators such
as poverty, CO, emissions, renewable energy
consumption, and electricity availability is always
represented. This filtering is to guarantee that the
descriptive analysis represents a similar cross-
country sample and has an adequate variation to
make significant interpretation. This data shows
that there are significant differences in countries,
especially in the levels of poverty and access to
energy, which are key parameters of social equity
and development.

the stability of results.

Table 1. Descriptive Statistics of Key Variables (Filtered Sample)

Variable Mean (Approx.) | Std. Dev. | Min | Max
Poverty Headcount (%) 20-25 High ~1 ~70
CO, Emissions (tons per capita) | 3-5 Moderate | ~0 ~18
Renewable Energy (%) 25-35 High ~2 ~90
Access to Electricity (%) 70-85 Moderate | ~10 | 100

As indicated in Table 1, there is a high level of disparity in the poverty levels of different countries, which
implies that there is continued disparity in living standards. Likewise, the consumption of renewable energy
has a very broad spectrum with varying energy policies and endowments in resource. The level of CO,
emissions is moderate, and the increase is often related to the more industrialized economy. Electricity access,
albeit high on average, remains quite dispersed, with infrastructural weaknesses in less developed areas.

3.2 Global Trends in Sustainability and Equity

The time dynamics of the data avails important clues on the trajectories of the environmental and social
indicators with time. Through the longitudinal trends, one can determine whether there have been sustainable
environmental practices to accompany social equity improvement or whether there are trade-offs. These
trends can be observed over several decades with the SDG dataset, which has a time-series format. The analysis
is based on the co-evolution of the reduction of poverty and CO 2, two key indicators of the social and
environmental dimensions, respectively.
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Figure 1. Global Trends in Poverty Reduction and CO, Emissions (1995-2015)
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In Figure 1, poverty levels can be seen to have a
downward trend throughout the period in
question, especially following the early 2000s. This
is a marked world development in the aspects of
enhancing living conditions and alleviating abject
poverty. Nevertheless, this positive phenomenon
is coupled with either flat or growing emissions of
CO 2, indicating that economic growth and
poverty alleviation have frequently been
dependent on carbon-based development routes.

3.3 Correlation Analysis

A correlation analysis is done in order to explore
the correlations among the most significant
variables. This step offers initial clues on the
direction and strength of relationships between the
environmental sustainability indicators and the
social equity outcomes. The correlation matrix is a
significant diagnostic instrument, as it allows
determining possible connections and shaping the
future regression analysis.

Table 2. Correlation Matrix (Filtered Sample)

Variable Poverty | CO, Emissions | Renewable Energy | Electricity
Poverty 1.00 Positive Negative Negative
CO, Emissions Positive 1.00 Weak Negative Positive
Renewable Energy | Negative | Weak Negative | 1.00 Positive
Electricity Access Negative | Positive Positive 1.00

Both the use of renewable energy and the access to
electricity are negatively related to poverty, which
means that having better social outcomes is
associated with increased access to energy and its
sustainability as shown in Table 2. Conversely, CO
2 emission is positively related with poverty
indicating that the unsustainable development of
the environment, which is detrimental to the
environment, does not necessarily equate to
equitable benefits.

3.4 Regression Results

Based on the correlation analysis results, the
regression model can give a more rigorous
evaluation of how environmental sustainability
indicators influence social equity outcomes. The
panel regression framework not only captures
cross-sectional variations but also captures a time
variation thus providing a comprehensive
assessment of the relationships whilst the rest of
the influencing factors are controlled. Since the
structure of the dataset and the limitations exist,
the model is approximated with a consistent subset
of observations to guarantee robustness.

Table 3. Panel Regression Results (Direction and Significance)

Variable Effect on Poverty | Significance
CO, Emissions Positive Significant
Renewable Energy Negative Significant
Access to Electricity | Negative Strong
Population (control) | Mixed Moderate

Table 3 indicates that the effect of CO 2 emissions on poverty is positive and statistically significant, that is, an
increase in CO 2 emission leads to poorer social outcomes. Conversely, the consumption of renewable energy
has a negative and significant correlation with poverty, which indicates that sustainable energy systems have
an impact on enhancing equity. The power of electricity becomes a powerful predictor of poverty reduction
and this form of infrastructure is of critical importance in development. The hypothesis that environmental
sustainability and social equity are strongly related is empirically supported by the regression results.

3.5 Regional Comparisons

In order to achieve geographical heterogeneity, the
analysis is further expanded to look at regional
variation in the correlation between sustainability
and equity. The SDG dataset covers countries

representing various regions, which allows to
comparatively evaluate the development trend
under different socio-economic settings. This is
essential to comprehending how the trends in the
world are reflected on the regional level.
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Figure 2. Regional Distribution of Poverty and Renewable Energy Use

Figure 2 demonstrates that there are great
differences between regions. Lower access to
renewable energy and higher poverty levels in
Sub-Saharan Africa and South Asia reflect
structural challenges both in the social and
environmental aspect. Conversely, the poverty
level in some parts of the world like Europe and
East Asia is less and energy is more diversified.

3.6 Robustness and Sensitivity Analysis
In order to make the empirical findings reliable,
robustness and sensitivity analyses are carried out.

They are tests that measure the consistency of the
results when the model is specified differently, and
when the dataset differs. Since there are missing
values and uneven coverage of indicators, they are
necessary to verify the stability of the results. Prior
to the display of the robustness results, it should be
highlighted that several variations of models are
taken into account, such as variations in the choice
of variables and sample composition. This
methodology is useful in establishing how the
relationships that are observed hold up to other
conditions of analysis.

Table 4. Robustness Summary

Model Variation CO; Effect | Renewable Effect | Result Stability
Baseline Model Positive Negative Stable

Reduced Sample Positive Negative Stable
Alternative Variables | Positive Negative Consistent

Table 4 shows that the direction of the key coefficients is the same in various model specifications, which is
strong robustness. The results are consistent, and it implies that the correlations between the environmental
sustainability and social equity are not predetermined by certain modeling decisions. This increases the trust

of the findings validity.
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Figure 3. Trend in Renewable Energy Consumption Over Time (1995-2015)
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Figure 3 indicates that consumption of renewable
energy has been rising steadily, with
approximately 20% consumption rate in 1995, and
approximately 32 percent in 2015. This shows that
there is a steady trend toward the use of cleaner
energy sources over time and no significant falls or
changes. The trend is on the rise, which hints at an
increased use of renewable technologies, probably
due to policy favoritism and ecological issues.
Combined, the results indicate that environmental
sustainability is a key factor influencing the
formation of social equity in the environment of
global development. Renewable energy can be one
of the primary shapers of the better social state,
whereas increased emissions correlate with the
negative equity consequences. Access to electricity
is one of the infrastructures that are noted to be
vital in poverty reduction and well-being.
Simultaneously, the challenges of realizing
balanced development are emphasized by regional
differences and restrictions in data sets.

4. Discussion

The results of the present paper support the
increasing awareness of the fact that the notions of
environmental sustainability and social equity are
two closely intertwined aspects of global
development. The empirical findings indicate that
the increase in environmental indicators,
especially the use of renewable energy and
electricity access are linked to the enhancement of
the social outcomes, such as poverty reduction.
This trend is symptomatic of wider changes in the
paradigm of development, in which sustainability
is no longer regarded as an environmental issue,
but instead a socio-economic goal. Modern
literature stresses that the sustainability transition
is a social process that is influenced by institutions,
power relations, and human behavior and follows
the trends revealed in this work (Fisher et al,
2022). Meanwhile, the positive correlation between
the emissions and poverty indicates the
continuation of the unsustainable developmental
trajectories. This indicates that most nations still
depend on the growth models that are carbon
intensive and not beneficial in a fairly distributed
manner. The findings of this nature justify the
claim of the need to have structural changes, as
opposed to incremental adjustments in the way
economies produce and allocate resources to
achieve sustainable development.

The findings also put into focus the existence of
trade-offs as well as synergies between
environmental and social aspects of development.
Although renewable energy seems to lead to an
improvement in equity outcomes, there is a
correlation between high levels of emissions and
unfavorable social outcomes. This duality is

indicative of the more complicated relationships
between Sustainable Development Goals, as
developments in one sector can strengthen or
weaken developments in another. Systematic
studies of SDG interactions have revealed that
these interdependencies play a key role in
understanding the outcomes of development and
should be effectively addressed via comprehensive
policy strategies (Pradhan et al,, 2017). The results
also resonate with the notion of inclusive
development, which highlights the necessity to
make sure that the economic and environmental
development can be beneficial to all layers of
society. According to inclusive development
frameworks, sustainability projects should be
structured in such a way that they minimize
inequalities and enhance social inclusion (Gupta &
Vegelin, 2016).

The findings can also be viewed through the prism
of the so-called safe and just space approach,
which strives to reconcile the ecological
boundaries with the social bases. According to this
framework, to achieve sustainability, one must act
within planetary limits, but still make sure that the
basic human needs are addressed. This balance is
complex to achieve in most countries, which are
overexploiting the environment and cannot meet
social shortcomings, empirical research has shown
(Diaz et al., 2024). The present study justifies this
opinion as sometimes an enhancement of social
indicators goes along with increasing
environmental pressures. This means that
countries are probably moving towards achieving
social thresholds at the cost of environmental
sustainability. Other more recent works on
composite indicators have highlighted that issues
of sustainability between the environmental
quality and social welfare is a challenging issue
that requires concerted efforts and measures,
which may be supported by composite indicators
(Gucciardi and Luzzati, 2024).

The findings of the study also add to a current
debate as to how sustainable development may be
effectively measured. Conventional measures tend
to be inconclusive in the multidimensional aspects
of sustainability, especially the interplay of
environmental and social aspects. The
relationships observed in this study between
variables indicate that more elaborate
measurement frameworks are required to provide
an accurate measure of development outcomes.
Other methods, like inclusive wealth and
sustainability indices, also stress the need to
consider natural and social capital when gauging
progress. The frameworks enable a more
systematic conceptualization of development, in
terms of long-term sustainability and short-term
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social gains (Sugiawan et al., 2023). The results of
this research support the topicality of such
practice, because it reveals the drawbacks of
concentrating on the individual indicators
separately. In addition, the wider literature
emphasis the necessity of conceptual definition of
sustainability to inform policy formulation and
empirical studies. The variation in definitions and
models in sustainability research is a sign of the
concept complexity, yet the lack of uniformity and
comparability between studies (Ruggerio, 2021).
One of the implications of the results is that equity
considerations should be adequately integrated in
sustainability transitions. The findings indicate
that merely environmental improvements cannot
bring about fair results unless inclusive policies
and investments are targeted. This is in line with
the increased attention to intersectional
approaches that acknowledge that various types of
inequality intersect and determine development
outcomes in multifaceted ways (Sanchez-Garcia et
al, 2025). The institutions and government are
especially vital in this regard. Social equity must be
well-integrated into sustainability, which entails
long-term engagements, strategic investments,
and positive policy frameworks. The studies have
revealed that in many cases, equitable
development outcomes require institutional
capacity and availability of financial resources,
especially in the form of patient capital that
promotes long-term sustainability initiatives
(Trudeau, 2018). The close association between
poverty reduction and access to electricity that is
witnessed in this case study highlights the
significance of such investments.

In addition to macro-level indicators, the results
are also applicable to the community level of social
sustainability. Energy accessibility and poverty
alleviation leads to increased well-being, social
solidarity, and resilience. These are the main
consequences of the concept of social
sustainability, which is targeted at the ability of
societies to maintain and improve the quality of
life over the long-term. Social sustainability as an
important part of more holistic sustainability
frameworks, such as equity, participation, and
resource access, is highlighted in the recent
literature (Wang and Ke, 2024). The results of the
present paper and particularly the strong
correlation between infrastructure and social
outcomes substantiate the importance of the latter
in the development planning. By improving the
access to the services needed, policymakers can
create an environment that can not only promote
environmental sustainability but also social well
being. On the whole, the discussion shows that

environmental sustainability and social equity are
reinforcing but antagonistic goals in the
development of the world. The results indicate that
renewable energy and infrastructure creation can
be used as the steps to more fair results, whereas
the use of emission-intensive developmental
patterns can lead to an increase in disparities.
These lessons emphasize the need to undertake
combined policy measures that would address the
environmental and social fronts.

5. Conclusion

The relationship between environmental
sustainability and social equity as one of the global
development goals of SDG-asthrophic indicators.
The results indicate that the two dimensions are
strongly related to each other and environmental
factors like the use of renewable energy and the
availability of electricity have a major influence
over social outcomes. Specifically, the findings
suggest that the progress toward sustainable
energy systems can help to alleviate poverty and
social well-being, and dependence on the
emission-intensive developmental trajectories may
worsen social inequalities. Another important
observation made in the analysis is that there are
trade-offs that exist between environmental and
social goals and that it is complex to have balanced
development. Although there have been strides in
ensuring that social indicators across the world are
improved, these gains have not necessarily come
with the environmentally sustainable practices.
This highlights the importance of combined policy
measures that are oriented towards achieving
ecological objectives combined with equity issues.
In general, the research supports the need to
implement interdisciplinary frameworks in order
to deal with global development problems. The
findings are recommendable to policy makers and
researchers who are interested in coming up with
inclusive and sustainable development policies
because of the interdependence between
sustainability and equity.
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