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Objective: The aim of this study was to examine the short-run and long-run relationship between
population growth and carbon dioxide emissions in India after the 1990 economic reforms using
the Autoregressive Distributed Lag (ARDL) model and critical ethnographic analysis.

Methods and Materials: This study employed a mixed-methods approach integrating econometric
analysis with critical ethnographic research. In the quantitative section, annual time-series data for
India from 1990 to 2023 were collected from sources including the World Bank, the International
Monetary Fund, and the International Labour Organization. Per capita carbon dioxide emissions
were considered as the primary indicator of environmental pressure, while total population was
used as the main explanatory variable. Following ADF and KPSS unit root tests, a bivariate ARDL
model was applied to estimate both short-run and long-run relationships among the variables.
Bounds testing, lag-length selection based on the Akaike Information Criterion (AIC), and the Error
Correction Model (ECM) were also conducted. In the qualitative section, ethnographic fieldwork
was carried out in March 2025 in the cities of Calangute, Mumbai, Pune, Delhi, and Jaipur. Data
were collected through direct observation, informal interviews, and documentation of urban
environmental conditions.

Findings: The ARDL results indicated that total population growth in India did not have a
statistically significant or stable long-run relationship with CO. emissions, and the long-run
population elasticity was not statistically significant (8 = 1.26, p = 0.14). The error correction term
was also statistically insignificant, suggesting the absence of a stable long-run equilibrium between
the variables. However, evidence showed that urban population concentration had a positive
association with increased pollution emissions in both the short and long run. Ethnographic findings
further revealed substantial differences among cities. Delhi and Mumbai experienced severe
environmental pressure and high pollution levels, whereas Pune demonstrated more balanced
environmental conditions due to relatively stronger infrastructure management and urban planning.
Overall findings suggested that environmental outcomes were influenced less by total population
size itself and more by urban concentration, infrastructure capacity, governance quality, and
development policies.

Conclusion: The findings demonstrated that population growth alone is not the primary
determinant of environmental pollution in India, and its effects are mediated through urbanization,
infrastructure systems, energy consumption patterns, and governance quality.

Keywords: Population dynamics, pollution, sustainable development, India, urbanization, ARDL,
ethnography.
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EXTENDED ABSTRACT
Introduction

The relationship between population growth, urbanization, and environmental sustainability has
become one of the central concerns of contemporary development studies. Rapid demographic expansion,
industrialization, and increasing energy consumption have intensified environmental pressures in many
developing economies, particularly in countries experiencing accelerated urban transformation (Steffen et
al., 2015; United Nations, 2015). India represents one of the most significant cases in this regard. Since the
economic liberalization reforms initiated in the early 1990s, the country has undergone substantial
demographic, economic, and spatial transformations. India’s population increased from approximately
870 million in 1990 to more than 1.4 billion in recent years, while the country simultaneously emerged as
one of the world’s largest economies (Asadikhomami, 2025; World Bank, 2023). This rapid expansion has
been accompanied by intense urban growth, increased industrial activity, and rising energy demand, all of
which have contributed to escalating environmental pressures.

Urbanization has become a defining feature of India’s post-1990 development trajectory. Major
metropolitan areas such as Delhi and Mumbai have expanded dramatically, while medium-sized cities
have also experienced significant demographic growth (Angel et al., 2021). These changes have generated
economic opportunities but have simultaneously increased greenhouse gas emissions, traffic congestion,
air pollution, waste generation, and pressure on urban infrastructure. Reports on air quality and urban
environmental conditions indicate that several Indian cities regularly experience hazardous levels of
pollution, particularly particulate matter emissions and carbon-intensive energy use (Central Pollution
Control, 2023; World Health Organization, 2023). Consequently, understanding the relationship between
demographic expansion and environmental degradation in India has become increasingly important for
both national planning and global climate governance.

Theoretical debates regarding population and environmental change have long been divided
between neo-Malthusian and adaptive perspectives. Malthus argued that population tends to grow faster
than the resources required to sustain it, leading eventually to environmental and social crises (Malthus,
1798). Neo-Malthusian scholars later expanded this argument by emphasizing the ecological consequences
of rapid demographic growth, particularly in contexts where institutional and technological capacities
remain limited (Bongaarts & Sinding, 2011; Ehrlich & Ehrlich, 2013). From this perspective, population
pressure is viewed as a major driver of environmental degradation and resource depletion (Crist et al.,
2017).

In contrast, Boserup proposed that population pressure could stimulate technological innovation
and institutional adaptation rather than environmental collapse (Boserup, 1965, 1981). According to this
view, societies are capable of responding to demographic stress through improvements in productivity,
technological change, and resource management. Subsequent studies also demonstrated that
environmental outcomes depend not only on population size but also on governance structures,
technological systems, and patterns of consumption (Netting, 1993).

Another important theoretical framework is the Environmental Kuznets Curve (EKC), which
proposes a nonlinear relationship between economic growth and environmental degradation. According
to the EKC hypothesis, pollution tends to increase during the early stages of industrialization but may



eventually decline as societies invest in cleaner technologies and stronger environmental institutions
(Grossman & Krueger, 1995; Stern, 2004). India presents an important case for evaluating this framework
because the country combines rapid economic growth with increasing investments in renewable energy
and environmental regulation.

Recent environmental research has also emphasized that ecological impacts are shaped by multiple
interacting drivers rather than population alone. Frameworks such as STIRPAT highlight the importance
of technology, affluence, and institutional structures in shaping environmental outcomes (York et al., 2003).
Therefore, the relationship between demographic growth and pollution cannot be understood as a purely
linear process. Instead, environmental pressures emerge through interactions among urban concentration,
infrastructure capacity, governance quality, and economic development patterns.

Based on these debates, the present study investigates whether population growth alone can
explain changes in carbon dioxide emissions in post-1990 India. The study combines econometric analysis
using the Autoregressive Distributed Lag (ARDL) model with critical ethnographic field observations in
selected Indian cities. By integrating quantitative and qualitative evidence, the study seeks to provide a
multidimensional understanding of how demographic changes interact with environmental pressures in
contemporary India.

Methods and Materials

The study employed a mixed-methods research design integrating econometric time-series
analysis with critical ethnographic fieldwork. The quantitative component relied on annual national-level
data covering the period from 1990 to 2023, corresponding to the post-liberalization era in India. Carbon
dioxide emissions per capita were used as the primary environmental indicator, while total population
served as the main explanatory variable. Additional macro-level indicators related to urbanization,
economic growth, and energy consumption were also considered during the broader analytical process.
Variables were transformed into logarithmic form where appropriate to improve model estimation and
interpretability.

To examine both short-term and long-term relationships between population growth and
environmental pressure, the study employed the Autoregressive Distributed Lag (ARDL) approach.
Stationarity tests, including the Augmented Dickey—Fuller (ADF) and KPSS procedures, were conducted
to determine the order of integration of variables. Following confirmation that variables were integrated
at either 1(0) or 1(1), ARDL bounds testing and error correction modeling were performed. Lag selection
was based on Akaike and Schwarz information criteria, and diagnostic tests were conducted to evaluate
model stability and specification adequacy.

The qualitative component consisted of critical ethnographic fieldwork conducted in March 2025
in five Indian cities: Calangute, Mumbai, Pune, Delhi, and Jaipur. These sites were selected to represent
different forms of urban development, demographic concentration, and environmental stress. Data
collection included direct observation of urban environments, informal conversations with residents and
local stakeholders, and documentation of public infrastructure, waste systems, transportation conditions,
and visible pollution patterns. Field notes were systematically recorded and later interpreted alongside the
econometric findings to provide contextual understanding of the lived realities associated with
demographic and environmental change.

Findings
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The unit root tests demonstrated that most variables were nonstationary at levels but became
stationary after first differencing, confirming the appropriateness of the ARDL framework. The selected
ARDL specification was ARDL(1,3), based on minimum information criterion values. Cointegration
testing suggested limited evidence of a stable long-run relationship between total population and carbon
dioxide emissions.

Long-run coefficient estimates indicated a positive but statistically insignificant relationship
between total population and CO: emissions. Although population growth was associated with increasing
environmental pressure, the estimated elasticity lacked statistical precision, suggesting that population
alone does not sufficiently explain long-term emission dynamics in India. Error correction results also
revealed weak and statistically insignificant adjustment toward long-run equilibrium. Short-run
coefficients for population variables fluctuated across lags and did not demonstrate consistent
significance.

One notable finding concerned the significant negative coefficient associated with the 2020
dummy variable, reflecting the temporary reduction in emissions during the COVID-19 pandemic due to
lower industrial activity and transportation demand. This result highlighted the importance of structural
economic conditions in shaping environmental outcomes.

The ethnographic findings provided additional insight into the spatial and institutional dimensions
of environmental pressure. Delhi exhibited the most severe environmental conditions, characterized by
intense air pollution, congestion, and infrastructure stress. Mumbai also demonstrated strong
environmental pressure linked to high population density and transportation emissions. In contrast, Pune
showed relatively better waste management systems and more effective urban planning, despite continued
demographic growth. Calangute revealed how seasonal tourism-generated population inflows could
produce significant environmental strain even in smaller urban settings. Jaipur represented an intermediate
case in which environmental pressures were increasing alongside urban expansion but had not yet reached
the intensity observed in larger metropolitan centers.

Overall, the combined findings suggested that environmental degradation in India is not
determined simply by population size. Instead, the environmental consequences of demographic growth
depend heavily on urban concentration, infrastructure quality, governance capacity, and technological
adaptation.

Discussion and Conclusion

The findings of this study provide a nuanced interpretation of the relationship between population
growth and environmental degradation in post-1990 India. While the results partially support neo-
Malthusian concerns regarding demographic pressure and ecological stress, they do not support the
argument that population growth alone mechanically determines environmental outcomes. The weak long-
run relationship between total population and CO: emissions suggests that environmental degradation is
mediated by broader structural and institutional conditions.

The ethnographic observations strongly demonstrated that environmental pressure becomes most
severe when demographic concentration interacts with inadequate infrastructure and weak urban
governance. Cities such as Delhi and Mumbai reflected conditions consistent with neo-Malthusian
expectations, where population concentration exceeds environmental carrying capacity and institutional
adaptation remains insufficient. However, the case of Pune illustrated that institutional responses,



infrastructure investment, and urban planning can mitigate the environmental consequences of
demographic growth.

These findings also align with Boserupian perspectives emphasizing adaptation and innovation.
Population growth may create environmental stress, but it can also stimulate technological and
institutional responses capable of reducing ecological damage. Investments in renewable energy, waste
management systems, and sustainable transportation in some Indian cities suggest that demographic
expansion does not inevitably produce environmental collapse.

The results further support elements of the Environmental Kuznets Curve framework. India
appears to be undergoing a transitional phase in which economic growth initially intensified pollution but
IS now increasingly accompanied by environmental regulation and technological modernization.
Nevertheless, this transition remains uneven across regions and cities, indicating that progress toward
sustainable development depends heavily on governance quality and policy implementation.

The study also highlights the importance of spatial analysis in environmental research. Urban
concentration, rather than total population size alone, emerged as the central mechanism linking
demographic change to pollution. This finding reinforces broader environmental research emphasizing
the role of urban systems, consumption patterns, and infrastructure networks in shaping ecological
outcomes.

In conclusion, the environmental future of India will depend less on demographic size itself and
more on how demographic change is managed through urban planning, technological development, and
environmental governance. Sustainable development in rapidly urbanizing societies requires integrated
policies that address population dynamics, infrastructure capacity, and environmental protection
simultaneously. The findings suggest that population growth should not be interpreted as an isolated
environmental threat but rather as a process whose consequences are shaped by institutional,
technological, and spatial conditions.
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