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ABSTRACT

Environmental sustainability in India remains a critical challenge despite the presence of comprehensive legal
frameworks aimed at pollution control and resource management. This study investigates environmental
outcomes and policy implementation using secondary data derived from a weekly air quality and climatic
dataset for 2025. The research employs a quantitative analytical approach to examine spatial and temporal
variations in Air Quality Index (AQI), temperature, and precipitation across Indian states. The findings reveal
significant regional disparities, with highly urbanized and industrialized states exhibiting elevated pollution
levels, while geographically isolated and less industrialized regions demonstrate comparatively lower AQI
values. Correlation analysis indicates moderate inverse relationship between precipitation and AQI,
suggesting the influence of climatic factors on air quality dynamics. The results further highlight
inconsistencies in environmental outcomes, pointing to potential gaps in policy enforcement and governance
effectiveness. Although socio-cultural variables are not directly measured, regional variations imply the
influence of community behavior, awareness, and local practices on environmental performance. The study
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contributes to the existing literature by integrating environmental indicators with policy interpretation,
offering a data-driven perspective on sustainable development in India. The findings underscore the need for
strengthened enforcement mechanisms, region-specific policy strategies, and enhanced community
participation to achieve long-term sustainability goals.

KEYWORDS: Environmental law, Sustainable development, Air Quality Index (AQI), Policy implementation,
Environmental governance, Socio-cultural factors, Climate variability, India
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1. INTRODUCTION

The last several decades have seen a large increase
in the number of environmental laws in India, which
can be explained by the growing interest in the
sustainable development and environmental
protection. Environmental legislations like the
Environmental Protection Act, and sectoral act on air
and water pollution control can prove the
willingness of the country to integrate economic
growth with environmental sustainability (Dhikshith
et al.,, 2022; Aidonojie and Anani, 2024). Nevertheless,
environmental degradation especially through an
increase in air pollution and urban environmental
pressure remains a formidable issue even with these
regulatory improvements. Urbanization and
industrialization have led to a rapid increase in
environmental pressures that tend to wear down the
effectiveness of the currently enforced policy (James,
2024). Based on the fact that in large urban centers the
moment of the change of air quality under the
influence of specific policy actions has been rather
insufficient, there is an indication of the deficits in
implementation and regulation, which are typical of
modern urban areas (Goyal et al., 2019).

In this regard, quantitative indicators of the
environment, like the index of air quality (AQI) or
climatic factors like temperature and rainfall, have
become important measures of environmental
performance and sustainability performance.
Specifically, AQI offers a unified structure of
evaluating the level of pollution and the risks to
conduct a comparative evaluation across space and
time (Horn and Dasgupta, 2024). Nevertheless,
although these indicators are useful in terms of
quantitative data, their interpretation is usually not
integrated with the governance system and socio-
cultural interactions. There has been a significant
emphasis on legal frameworks or environmental data
alone in existing studies and therefore a limited
understanding of policy efficacy (Cao et al., 2025).

Additionally, it is socio-cultural aspects such as
community behavior, traditional practices, and
public awareness that has a key influence on
environmental outcomes but is poorly explored in
empirical studies (Ezeudu and Chukwudubem, 2023;
Kovalenko, 2020). Such a gap between the design of
the policy and the environmental indicators and
socio-cultural context opens the necessity to consider
a more all-encompassing way of assessing
sustainable development in India.

Research Objectives

1. To analyze the spatial and temporal variations in

air quality across Indian states using AQI and
climatic indicators to assess environmental
sustainability trends

2. To evaluate environmental outcomes as indirect
indicators of the effectiveness of environmental
laws and policy implementation in India

3. To interpret regional disparities in environmental
quality in relation to socio-cultural and
governance-related factors influencing
community-level environmental impact

2. LITERATURE REVIEW

Sustainable development has become one of the
key paradigms in the consideration of the intricate
interaction between economic development, the
environment, and social justice. An important role
environmental governance contributes in the process
of implementing this paradigm is through law and
institutional provisions that aim at controlling
environmental degradation. These frameworks are
meant to make sure that it complies with
environmental standards and also engages in long-
term sustainability. The effectiveness of governance
is however not only dictated by the provisions of the
regulation but also by larger institutional and social
processes. The recent articles point to the mutually
reinforcing impact of the government attention,
environmental efficiency, and air quality
performance, and the importance of combined
governance strategies (Cao et al., 2025).

In India, the environmental law has progressed
into a holistic policy with the backing of major
legislations like the Environmental Protection Act of
1986, the Air and Water Acts and the policies aimed
at conserving the forest. The legal instruments are the
basis of environmental regulation and are
implemented by agencies like the Central Pollution
Control Board and judicial courts like the National
Green Tribunal. Regardless of this strong legal
framework, the implementation of environmental
change in line with goals and targets of policy
continues to be a challenge. Current research on
environmental policies in India shows that, although
the law on the topic is comprehensive, the
ineffectiveness of the legislation can be frequently
limited by the nature of implementation (Dhikshith
et al,, 2022). Moreover, a wider legislative approach
to new pollutants and environmental risks imply that
the regulatory framework needs to be constantly
updated in order to respond to the changing
environmental issues (Aidonojie and Anani, 2024).

One of the key factors of assessing environmental
sustainability is the ability to use measurable
indicators, including the Air Quality Index (AQI),
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that offers a uniform approach to the evaluation of
the level of pollution and the risk of pollution. AQI
has become one of the main tools to track the state of
the environment and make a policy decision,
providing both historical and analytical data about
air quality trends (Horn and Dasgupta, 2024). The
AQl data has been used by empirical studies to
determine the effectiveness of policy interventions
especially in urban settings. As an example, in terms
of air quality control areas in Delhi, the studies
reported indicate that some measures have led to
some localized effects, but the general results have
been irregular, which indicates a lack of enforcement
and governance frameworks (Goyal et al.,, 2019).

In addition to institutional and regulatory aspects,
socio-cultural aspects also play a major role and have
an impact on environmental governance and policy
implementation. Environmental policies are
perceived and adopted locally due to cultural
practices, societal norms and the behavior of a
community. The literature in the field of city
environmental management shows that socio-
cultural variables including awareness by the
population, behavior patterns, and community
participation are decisive in conditions that can
define the results of environmental impacts (Ezeudu
and Chukwudubem, 2023). These results imply that
proper environmental governance must be based not
only on good legislations but community
involvement and support of local cultures.

Although there is a considerable amount of
literature on the subject of environmental law,
governance, as well as socio-cultural dynamics, there
is still a well-recognized gap in incorporating these
aspects into a single analytical framework. The
literature tends to analyze the legal forms,
environmental indicators, or even socio-cultural
factors separately and therefore the dimensions of
sustainability are not fully understood. Empirical
studies connecting quantifiable effects of the
environment, including AQI, to governance
performance and socio-cultural factors are few. The
importance of this gap is that it will facilitate a more
holistic  concept of environmental policy
implementation within India and that it will also
allow further development of more proper, inclusive
and contextually sensitive sustainability policies.

3. METHODOLOGY
3.1 Research Design

The study utilizes a secondary data-driven
analytical model, which utilizes the environmental
indicators as policy effectiveness proxies. The analysis
of the changes in the air quality and climatic conditions

in the Indian states is performed with the help of a
quantitative approach, and the interpretation of the
results is also provided in the form of a qualitative
interpretation and the contextualization of the findings
in the context of the environmental law, as well as socio-
cultural levels. This ambivalent analytical orientation
allows one to have a wholesome view of sustainable
development beyond the statistical observation.

3.2 Data Source and Description

The research employs a secondary data set, which
is referred to as India All States Weather and AQI
Dataset (2025). The data offers both space and time
coverage of weekly observations in different states
and cities in India (Skarin, 2025). The most important
variables would be Air Quality Index (AQI)
according to concentration of PM2.5, average
temperature, amount of precipitation, and time
variables, year and week. Regional comparison and
evaluation of environmental disparitie can be done
using geographic identifiers such as state and city.

3.3 Data Preprocessing

The dataset is then systematically preprocessed in
order to achieve accuracy and consistency before
proceeding to analysis. Missing values are taken care
of with proper imputation methods or omission as
and when essential in keeping the integrity of the
data. The data is then consolidated at the state level
that would allow comparative analysis between
regions. The consistency in time is provided by
sorting out the data into a consistent weekly format.
Where necessary, the normalization procedures are
used to make variables standard and so that they can
be compared meaningfully across scales.

3.4 Analytical Techniques

The research uses descriptive and inferential
statistics. The descriptive statistics will summarize
the main environmental indicators, such as the mean
AQI levels, the temperature, and precipitation by
state. A comparative analysis is made and regional
inequalities associated with environmental quality
ascertained. To study the dynamics in the
environment, correlation analysis is used to establish
the links between AQI and climatic factors, namely
temperature and precipitation. Also, the analysis of
the tendency over time is conducted to monitor the
decrease and increase in air quality and climatic
conditions every week.

3.5 Analytical Framework

The conceptual framework relies on the
assumption that the environmental outcomes are

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 8260-8268



8264 ENVIRONMENTAL LAW AND SUSTAINABLE DEVELOPMENT IN INDIA

the indirect pointing indicators of the policy
efficacy. Regional changes in the levels of AQI are
perceived as the manifestations of the variations in
environmental control and the enforcement of the
regulation. In addition, the assessment of regional
inequality is used as a proxy of underlying socio-
cultural and institutional drivers of environmental
performance. This paradigm allows the
quantitative results to be combined with the socio-
legal meaning.

3.6 Validity and Reliability

Conceptually, therefore, data triangulation is
used to make sure that the study is sound by
understanding the environmental indicators
alongside the existing literature on environmental
governance and socio-cultural processes.
Standardized measures like AQI are used that make
the measurements reliable. Also, the reproducibility
and validity of the results are added by regular
preprocessing and analysis processes.

3.7 Limitations

In spite of being strong, the study has a few
limitations. The dataset does not provide direct data
on policy enforcement or socio-cultural variable,
which implies one has to rely on indirect
interpretation. Moreover, the results are discussed
within one year, which cannot be extended to the
long-term trends. These constraints are realized and
met by taking care with the interpretation of findings
and combining them with already existing literature.

4. RESULTS

4.1 Descriptive Analysis of Environmental
Indicators

The dataset consists of 1,924 observations that are
going to be available in Indian states and cities in the
year 2025. As depicted in Table 4.1, the arithmetic
average of AQI proxy (PM2.5-based) is 32.99 with a
standard deviation of 24.11 which shows that there is a
huge difference in the air quality among the locations.

Table 4.1. Descriptive statistics of the study variables

Variable N Mean SD Min Median Max

AQI proxy (PM2.5) 1924 32.99 24.11 2.59 28.00 182.55
Temperature (°C) 1924 23.32 6.93 -12.17 25.56 36.40

Precipitation (mm) 1924 31.16 48.94 0.00 8.40 394.10

4.2 Regional Variation in Air Quality

The spatial analysis of the state level shows that
there is a high level of inequality in the quality of the
environment. The five most polluted states are listed
in table 4.2a according to the mean value of AQI. The
average AQI in Delhi is highest (80.08) and then the
state is Bihar (62.66), West Bengal (60.50), Uttar
Pradesh (60.15), and Chhattisgarh (50.62). The values

show that the distribution of pollution is higher in the
chosen northern and eastern areas (Figure 1).

Table 4.2a. Top five states with the highest mean AQI

Rank State Mean AQI
1 Delhi 80.08
2 Bihar 62.66
3 West Bengal 60.50
4 Uttar Pradesh 60.15
5 Chhattisgarh 50.62
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Figure 1: State-wise Comparison of Mean AQI Levels in High Pollution Regions of India

The chart illustrates mean AQI levels across five
highly polluted Indian states, with Delhi recording
the highest value, followed by Bihar, West Bengal,

Uttar Pradesh, and Chhattisgarh, highlighting
significant regional disparities in air quality and
environmental conditions.
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Conversely, Table 4.2b shows the five
states/territies with minimum values of AQIL The
lowest AQI is in Ladakh (5.77) which is succeeded by
Andaman and Nicobar (9.72), Lakshadweep (16.17),
and Puducherry (20.23). These data imply relatively
cleaner environment in less industrialized areas,
coastal or geographically separated areas (Figure 2).

Table 4.2b. Top five states with the lowest mean

AQI
Rank State / UT Mean AQI
1 Ladakh 5.77
2 Andaman and Nicobar 9.72
3 Lakshadweep 16.17
4 Puducherry 20.23
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Mean AQI

I Andaman and Nicobar
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Figure 2: UT-wise Comparison of Mean AQI Levels in Low Pollution Regions of India

The chart presents mean AQI levels for the least
polluted regions in India, with Ladakh showing the
lowest values, followed by Andaman and Nicobar,
Lakshadweep, and Puducherry, indicating relatively
cleaner air and lower environmental stress.

4.3 Climate-Pollution Relationship

Table 4.3 gives the correlation between AQ],
temperature and precipitation in the form of a
correlation table. The correlation between AQI and

temperature is negative (r= -0.101) indicating that in
this dataset the relationship between temperature
and air quality is limited. Nonetheless, the
correlation between precipitation and AQI is not
particularly strong but is moderately negative (-
0.350) at the same time the higher the precipitation
the lower the level of AQI. This trend can be
attributed to the cleaning effect of precipitation on
the atmosphere that aids in decreasing suspended
particulate matter (Figure 3).

Table 4.3. Correlation matrix for AQI, temperature, and precipitation

Variable AQI proxy (PM2.5) Temperature Precipitation
AQI proxy (PM2.5) 1.000 -0.101 -0.350
Temperature -0.101 1.000 0.118
Precipitation -0.350 0.118 1.000

AQI (PM2.5)

Temperature

Precipitation

> 2

,t,of-’ & &
RS
= .ge@ «©

Figure 3: Correlation Heatmap of AQI, Temperature,
and Precipitation in India

The heatmap illustrates relationships among
environmental variables, showing a moderate
negative correlation between AQI and precipitation,
a weak negative link with temperature, and a slight
positive association between temperature and
precipitation, indicating climatic influence on air
quality dynamics.

4.4 Temporal Trends

To understand seasonal or temporal shifts, the
weekly data were grouped into four quarters. As
shown in Table 4.4, the highest mean AQI appears in
Q1 (Weeks 1-13) at 44.42, followed by Q4 (Weeks 40-
52) at 39.02. In contrast, AQI falls to 28.09 in Q2 and
reaches its lowest level in Q3 at 20.43.
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Table 4.4. Quarterly trends in AQI, temperature, and precipitation

Quarter Mean AQI Mean Temperature (°C) Mean Precipitation (mm)
Q1 (Weeks 1-13) 44.42 19.85 7.28
Q2 (Weeks 14-26) 28.09 26.85 38.72
Q3 (Weeks 27-39) 20.43 25.76 61.59
Q4 (Weeks 40-52) 39.02 20.83 17.07

5. DISCUSSION

The results of this research demonstrate that there
is a considerable level of spatial and temporal
differences in the quality of the environment in India
which can give critical information about the
efficiency of the processes of environmental
governance and sustainable development. The
noticed change in the AQI of the various states shows
the disparity in the outcome of the environment
which can be explained by the discrepancy in the
degrees of urbanization, trends of growth in various
regions, and the system of governing the states.
Areas like Delhi, Bihar, and Uttar Pradesh, which are
highly polluted, communicate the ecological stress
that is linked to the fast urbanization and
industrialization. = Urbanization is commonly
accepted as one of the primary sources of
environmental deterioration, which leads to the
augmentation of emissions, resource usage, and
environmental imbalance (James, 2024; Isaksson,
2018). The results align with the previous study that
argues that the issue of environmental sustainability
is usually more significant in the densely populated
and economically active areas.

The research also shows that there is a close
correlation between climatic conditions and the
quality of air, especially the moderating effect of
precipitation in lowering the level of AQI. The
negative relationship between rainfall and pollution
helps to understand that the natural processes of the
environment may help to condition the results of the
air quality. Nevertheless, the reliance on climatic
factors in mitigating pollution highlights the
drawbacks of policy effectiveness because the
enhancement of the environmental quality should be
achieved not by natural variability, but by the
effective implementation of regulatory rules. The
latter observation can be viewed in a wider context of
sustainable regional development, where it is argued
that an integrated approach is required that is based
on the integration of environmental management,
economic planning, and governance (Raszkowski
and Bartniczak, 2018).

Governance wise, the findings are that the
environmental laws and policies may be structurally
comprehensive but may not be equally applied
across areas. The fact that the level of pollution

remains high in some of the states is a sign that the
enforcement may be incomplete and the institutional
inefficiency is possible. Geographic inequality in the
development also adds to the unequal environmental
performance where various regions have different
administrative capacity, infrastructures, and
priorities on policies (Deng and Song, 2025). These
results support the thesis that efficient environmental
regulation must be based not only on efficient legal
frameworks but also on a reliable operating process
and adaptation of the region.

The socio-cultural factors are also vital in
environmental outcomes but are not operationalized
in the dataset. Public awareness, behavioral pattern,
and involvement of the community can also differ
greatly and affect the adherence to environmental
regulations. Research on individual conduct
proposes that awareness and social conventions are
the determinants of environmentally friendly
conduct (Huh et al., 2018). Moreover, socio-cultural
understandings of sustainability show that it is
pivotal to adjust the policy to the local culture and
practices and make it more effective (Volnistaya et
al,, 2020). The regional variations that could be found
in this study can thus be attributed to the differences
in the socio-cultural processes, such as the
environmental awareness and the community
involvement.

Besides, the results are significant in the
realisation of the Sustainable Development Goals
(SDGs), especially those touching on climate action,
sustainable cities, and environmental protection.
This unequal distribution of the environmental
quality in different regions indicates that the
sustainability progress cannot be even, and special
interventions and inclusive policy frameworks are
necessary. The identification of education,
awareness, and lifelong learning as important
elements in facilitating sustainable practices and
improving policy effectiveness has been made
(English and Carlsen, 2019). Equally, recent studies
state that a combination of sustainability measures is
required, which will help balance governance,
environmental management, and socio-economic
development (Elalfy et al., 2021; Horisch, 2021).

The discussion reveals that environmental
sustainability in India is the result of a complicated
combination of the regulatory, climatic, and socio-
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cultural factors. Although environmental laws are
needed and form a required framework, they need to
be effectively implemented, regionalized, and where
people participate in them. The findings highlight the
importance of an integrated approach towards
environmental administration that incorporates
statistical data as well as social-cultural knowledge to
obtain substantial and sustainable results.

6. CONCLUSION

The paper has examined the environmental
sustainability and policy implementation in India
through the proxies of AQI and climatic indicators as
environmental outcomes, and indicated that there
were significant regional and temporal differences in
the quality of air. Pollution was much greater in the
highly urbanized and industrialized states, whereas
less developed and rather geographically isolated
areas demonstrated relatively better environmental
conditions which revealed uneven sustainability
performance of the country on the map. The results
also reveal that precipitation acts as a moderating
condition in the decreasing pollution scale and this
implies that climatic conditions impact on the
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