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Abstract

India’s urban centers are experiencing rapid economic growth alongside persistent inequality,
infrastructural deficits, and environmental stress. Despite extensive literature on urban economic
growth in India, few studies have empirically examined how structural challenges such as
demographic pressures, labor market inefficiencies, and environmental degradation simultaneously
affect urban productivity across major cities. This study addresses this critical gap by employing a
descriptive quantitative approach and a robust panel econometric framework to analyze how
population growth, unemployment, and air quality influence GDP per capita in New Delhi and
Mumbai from 2017 to 2023. Unlike prior research that treats urban centers as homogeneous, this
paper captures the contrasting urban trajectories of India’s political and financial capitals using
FMOLS, GLS, and Robust Least Squares to model both long-run equilibrium and short-run
dynamics, while correcting for endogeneity, heteroskedasticity, and cross-sectional dependence. The
findings reveal a novel insight: while Mumbai gains from population-driven economic
agglomeration, New Delhi suffers from growth-induced infrastructural strain. Unemployment
remains a consistent drag on urban GDP in both cities, and, counterintuitively, higher pollution
levels are linked with GDP growth highlighting India’s continued reliance on emission-intensive
industries. These differentiated outcomes expose the limits of one-size fits-all urban policy models.
The study contributes new evidence to urban sustainability literature and proposes a
multidimensional SDG 11-aligned policy roadmap that integrates job creation, environmental
resilience, and inclusive infrastructure planning to reshape India’s urban future.
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Introduction

India’s rapid urbanization has resulted in a complicated combination of mixed severe inequalities
and economic opportunities (1) (World Bank, 2024; UN-Habitat, 2020). As cities continue to grow
in both size and influence, questions about their long-term sustainability, economic stability, and
inclusivity have become more important than ever (Time, 2024). Among India’s urban centres, Delhi
and Mumbai stand out as two of the most notable cities; both are not only megacities but also
contrasting as development case studies. In India, Delhi is a political and administrative centre,
whereas Mumbai serves as a financial capital and a major contributor to the GDP (MoHUA, 2021)
of the country.
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Despite their strength, both cities struggle with severe economic, social, and infrastructure
inequalities (TISS, 2022). This research paper conducts the quantitative analysis using secondary
data that looks at how the inequalities, infrastructure gaps, and economic difficulties interact in Delhi
and Mumbai. This study intends to explore how these cities might move towards more sustainable
urban futures (World Bank, 2024) by concentrating on measures like GDP contribution,
transportation networks, and per capita income. The findings aim to offer evidence-based insights
into the urban paradox—where inequality and economic growth coexist—and how specific
approaches can help close the gap. Through this lens, the study adds to the larger conversation about
creating more fair and better cities in India (UN Habitat, 2020).

Background

Cities in India are growing rapidly in both size and impact. Urban areas are becoming hubs of innovation and
economic activities (World Bank, 2024; UN-Habitat, 2020). However, a number of significant difficulties
accompany this rapid progress. Many cities are struggling to keep up with the needs of their increasing
population, leading to problems like traffic, housing shortages, poor infrastructure, and growing socioeconomic
inequality (Time Magazine, 2024; MoHUA, 2021).

Two of the most well-known cities in the nation—Delhi and Mumbai—reflect this disparity (Satterthwaite &
Mitlin, 2020). On the other hand, they stand for strength, development, and wealth. However, they also reveal a
deep gap of how resources and opportunities are distributed. In these cities, luxurious skyscrapers often stand
next to overcrowded slums. While some people enjoy modern amenities, many still do not have access to
secure transportation, good-quality schools, or clean water (Bhan, 2019; TISS Urban Studies, 2022).

As India moves towards building “smart” and “sustainable” cities, it becomes important to pause and ask: Who
are we really building for? Can a city be considered as sustainable if its growth leaves many people behind
(UN-Habitat, 2020; World Bank, 2024)?

In order to investigate these issues, this study thoroughly examines Delhi and Mumbai. It aims to understand
how economic challenges, inequalities, and urban planning affect the future of these cities. By using real data
and targeted analysis, the research hopes to offer insights that can help create more balanced, inclusive, and
livable cities for everyone.

Problem statement and research objectives

The problem to be addressed through this study is that, despite India’s urbanization accelerating at a
striking rate, cities like Delhi and Mumbai, which are critical junctions for national economic
growth, still suffer from structural inequalities and imbalances, and there is a stark contrast between
the life experienced by the rich and the poor population groups. Recent evidence has shown unequal
access to decent housing and basic services like water facilities, public transportation and sanitation
for the population living in slums because the city’s shelters are not adequate (ORF 2016). The
wider this gap grows, the more it puts at risk what makes these cities feel alive and important. These
ongoing gaps for basic services and affordability highlight a long term problem in how these cities
should be built and managed rather than a short-term goal of having enough to meet the demand. If
continue down this path of unequal and unsustainable ways of urban development, the impact will
be serious and lasting. When poverty and lack of opportunity are present in certain parts of the city,
they drag down the entire economy, and workers cannot reach their full potential, and the economic
growth of the whole city is reduced by 1.5% (World Bank 2023). When basic services are not
available, cities have to spend more on quick fixes and emergency care, which further drains money
that could have helped in building sustainable roads and housing (ADB Urban Development).
Although plenty of data exists, they are collected on incompatible spatial and temporal scales, and
that is why they lack three key questions: Which missing services, like water lines, sewers, safe
housing, etc., drive today’s inequalities (UN-Habitat 2022)?
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Where can each 3 rupee be spent to close the gap the fastest (World Bank 2023)? How will rising
sea level and heat threats, along with future migration and financial constraints, help the cities still
be on track for SDG 11 targets (IPCC)? Closing this gap needs on-the-ground surveys and municipal
finance, and further analysing the neighbourhood is the first step towards fair and cost-smart
solutions (UN Habitat 2022; ADB 2019).

Research Objectives

To empirically analyze the long-run and short-run effects of population growth, unemployment, and
air quality on urban economic performance (GDP per capita) in New Delhi and Mumbai between
2017 and 2023, using advanced panel econometric techniques. The study aims to generate evidence
based insights to support inclusive, employment-oriented, and environmentally sustainable urban
development policies aligned with SDG 11.

Literature review

I. Theoretical Foundations of Urban Economic Growth

Urban economic growth, especially in rapidly expanding economies like India, is increasingly
shaped by the interplay between demographic pressure, labor market performance, and
environmental quality. At the heart of this dynamic lies GDP per capita, a key indicator of urban
productivity and living standards. Classical urban economic theory, notably Solow’s neoclassical
growth model (Solow, 1956), suggests that capital accumulation and labor inputs are primary
drivers of output, but under urban constraints, this relationship is increasingly moderated by
environmental and social stressors. Similarly, endogenous growth theory (Romer, 1994) posits that
human capital, innovation, and demographic composition play critical roles in sustaining long-
term economic development, underscoring the significance of population growth and employment
quality in shaping city-level prosperity.

I1. Demographic Pressure and Population Growth

Population growth, particularly in megacities like New Delhi and Mumbai, has been traditionally
linked to economic agglomeration benefits such as scale economies, labor pooling, and
innovation spillovers (Glaeser et al., 2008). However, empirical findings are mixed. While some
studies argue that urban expansion stimulates economic output by expanding markets and labor
force participation (UN-Habitat, 2020; World Bank, 2023), others highlight the diseconomies of
scale overcrowding, infrastructure strain, and service shortfalls that suppress productivity and
worsen inequality (Turok & McGranahan, 2013; MoHUA, 2023). In India, this duality is stark:
population growth has fueled both informal employment and slum proliferation, raising concerns
over inclusive and sustainable development.

I11. Urban Labor Market and Unemployment Dynamics

Unemployment, especially within urban informal economies, is another crucial determinant of
urban GDP. Labor market disruptions, skill mismatches, and underemployment particularly
among youth reduce productivity, consumer demand, and economic resilience (ILO, 2023). Prior
studies (e.g., Singh & Sharma, 2022; Anbumozhi et al., 2023) affirm the adverse effects of
joblessness on urban 4 welfare, yet few disaggregate these effects across cities or examine how
these dynamics evolve over time within metropolitan contexts. Moreover, the informal sector
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employing over 75% of India’s urban workforce remains underexplored in its relationship with
GDP fluctuations, making urban unemployment a critical yet under-analyzed node in sustainable
development discourse.

IV. Environmental Degradation and Air Quality

Air quality, proxied by the Air Quality Index (AQI), is increasingly recognized as both a
consequence and a constraint of urban economic growth. According to ecological urbanism
(Mostafavi & Doherty, 2010), unchecked urban expansion often results in ecological
degradation, which in turn diminishes human productivity, increases health expenditures, and
widens spatial inequality. Empirical studies (WHO, 2023; CPCB, 2024) confirm strong links
between high AQI levels and decreased labor output, cognitive impairments, and increased
mortality in urban India. However, recent paradoxes have emerged pollution-intensive sectors
like construction and logistics often correlate positively with GDP growth in the short run (World
Bank, 2023), revealing the trade-offs between industrial growth and ecological well-being. This
contradiction remains inadequately explored in city-level studies, where the spatial-economic
consequences of pollution are often generalized or overlooked.

V. Empirical and Methodological Gaps

Despite the growing body of urban development literature, several research gaps persist. First,
few studies provide a comparative city-level assessment of how population growth,
unemployment, and air quality jointly impact GDP per capita over time. Most analyses rely on
national or state-level data, masking intra-urban disparities. Second, there is a lack of integrated
frameworks that link these structural variables within a sustainability and inequality lens,
particularly in India’s most dynamic metropolitan regions. Third, many empirical studies rely on
either static or outdated datasets, often pre-dating critical disruptions such as the COVID-19
pandemic, thereby missing recent structural shifts in labor markets and environmental health
(NITI Aayog, 2023; IQAir, 2024).

VI. Contribution of the Present Study

This study addresses these gaps by providing a city-specific, multidimensional investigation of
the economic, demographic, and environmental determinants of urban GDP in New Delhi and
Mumbai two cities emblematic of India’s urban contradictions. Unlike prior studies that isolate
individual factors, this research reveals how population growth, unemployment, and AQI
interactively shape urban economic performance, offering a richer, data-driven narrative of
metropolitan development. The focus on post-2017 trends add contemporary relevance, while the
emphasis on spatial differentiation highlights the asymmetrical impacts of urban stressors. In
doing so, the study contributes novel insights into how structural variables often treated
separately collectively influence sustainable urban futures, with direct relevance to SDG 11 on
inclusive, resilient, and sustainable cities. By moving beyond generalized national narratives and
providing granular empirical evidence for India’s two leading urban economies, this research
deepens scholarly and policy understanding of the urban development paradox: that economic
growth, when unaccompanied by environmental and labor reforms, can reinforce rather than
resolve urban inequality.

Methodology

This study employs a descriptive quantitative approach to analyse how economic challenges such
as infrastructure deficits, environmental stress, and informal employment affect urban livelihoods
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and productivity in India. Using secondary balanced panel data from 2017 to 2023, it examines
GDP per capita in relation to population growth, unemployment, and air quality. New Delhi and
Mumbai were chosen not merely for data availability, but because they embody India’s urban
contradictions. While serving as the political and financial capitals, they face acute economic
instability, inequality, pollution, and service gaps. Their contrasting yet influential urban
trajectories offer critical insights into building a more inclusive and sustainable urban future in
India.
Data and Variables Table 1
Table 1 below depict the definition, unit measurements and sources of the employed variables in
this study.
hort
Variable S OT. N .
Symbol | Definitio Description Unit Source
Name
n
Total city GDP divided by the population, NITI Aayog
GDP Per GDP Urban reflecting economic performance per Percent (2024);
Canita Per GDP per | person. The total percentage was calculated age Reserve
P Capita Capita from the total INR Lakh (Constant prices) (%) Bank Of
using MS excel application. India
. . . Census of
Population Po Annual Year-on-year growth in urban population, Percent India:
Growth R f Growth indicating urban pressure and expansion age M HUiA
ate 0 ;
Rat Rat d hi % .
ate ate emographic (%) UN.- Habitat
Urban
. Percent
Unemploy UNEM | Unemplo | Share of the labor force that is unemployed ace CMIE; NITI
ment Rate P yment and seeking employment (0%) Aayog
rate ’
Central
C it 1luti
. ) OmPpOst Measures the concentration of major air poiution
Air Quality AQI e lutants; higher AQI Ind I Index control
. ollutants; higher ndex value = worse
Index Pollution | P & air qualit value Board
u
Index quattty (CPCB);
IQAIr
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Table 1 Description, Units and Data Sources of Variables

Analytical Framework

This study adopts a robust panel econometric approach to examine how economic, demographic, and
environmental variables shape urban sustainability in New Delhi and Mumbai. Guided by urban
economic theory (Solow, 1956; Glaeser et al., 2008), endogenous growth theory (Romer, 1994), and
ecological urbanism (Mostafavi & Doherty, 2010), the core variables GDP per capita, population
growth rate, unemployment rate, and air quality index (AQI) were selected for their critical roles in 6
reflecting productivity, demographic pressure, labour market conditions, and environmental health.
Descriptive statistics and Pearson correlation established data patterns and inter-variable
associations. Panel unit root tests (PP, LLC) and cointegration tests (Pedroni, Kao, Johansen)
confirmed data stationarity and long-run relationships. FMOLS was used for estimating long-term
effects, addressing endogeneity and serial correlation. GLS and robust least squares captured short-
run dynamics and corrected for heteroskedasticity and cross-sectional dependence. VIF ensured
multicollinearity was not present, and the Wald test confirmed model stability and overall
significance. This integrated framework ensures empirical rigor and theoretical alignment with
Sustainable Development Goal 11, offering a multidimensional view of the drivers of inequality and
sustainable urban futures in India’s leading metropolitan cities. The equation for the estimated
models is formulated below:

GDP PER CAPITAIit = a0 + B1POP_RATEit + p2 UNEMPit + B3 AQIit + uit

In the specified panel data framework, t represents the time dimension, and i denotes the cross
sectional units (New Delhi and Mumbai). The constant term a0 captures the intercept, while 1 to B3
represent the coefficients for the explanatory variables: population growth rate (POP_RATE),
unemployment rate (UNEMP), and air quality index (AQI). GDP per capita (GDPPC) functions as
the dependent variable, capturing the economic trajectory of urban centres and uit represent infinte
residuals. The Fully Modified Ordinary Least Squares (FMOLS) estimator is adopted for modelling
long-run relationships under cointegration, effectively correcting for serial correlation and
endogeneity, thereby ensuring consistent and efficient parameter estimates (Phillips & Hansen, 1990;
Stock & Watson, 1993).

To account for heteroskedasticity and potential cross-sectional dependence, the Generalized Least
Squares (GLS) method is employed, offering improved efficiency over Ordinary Least Squares when
error variances are non-constant (White, 1980). Additionally, the Robust Least Squares (RLS)
estimator is utilized to mitigate the influence of outliers and leverage points, providing resistant and
reliable parameter estimates, especially under data irregularities common in urban economic datasets
(Rousseeuw & Leroy, 1987). The integration of these estimators creates a comprehensive and
resilient econometric strategy to examine the complex interplay of economic, demographic, and
environmental factors driving sustainable urban development in India’s leading metropolitan centers.

The cointegration test is based on the following hypothesis:

HO : =====0 This implies no co-integration.
H1 : ===+ 0 This implies co-integration.
Results

The results analysis and discussions are as follows:




‘ International Institute of SDGS & Public Policy Research 7

GDP—PE(I;O—)CAPITA POP_RATE (%) | UNEMP (%) AQI (Index)

Mean 14.29 2.14 5.29 4722.33

Median 14.79 2.17 4.90 4649.58

Maximum 20.20 3.30 10.40 6944.92

Minimum 0.00 1.03 1.90 2450.58

Std. Dev. 4.73 0.95 2.56 1729.50
Skewness -1.96 0.01 0.80 -0.04
Kurtosis 7.21 1.16 2.51 1.23
Observations 14 14 14 14

Table 2 Descriptive Statistics

Table 2 descriptive statistics for New Delhi and Mumbai from 2017 to 2023 exhibited significant variation in
socio-economic and environmental indicators. The average GDP per capita growth rate was 14.29%, with a high
standard deviation and negative skewness indicating uneven economic performance, likely shaped by pandemic
shocks and sectoral imbalances (World Bank, 2023; Sachs et al., 2023). Population growth, averaging 2.14%,
reflects sustained urban in-migration and density challenges (MoHUA, 2023). The unemployment rate ranged
widely, with a mean of 5.29%, revealing structural labour market weaknesses, especially in the informal sector
(ILO, 2023). Critically, the Air Quality Index (AQI) averaged 4722, signalling persistent environmental distress
despite national interventions like the NCAP (CPCB, 2024). These trends highlight the need for balanced urban
strategies that integrate inclusive growth, employment stability, and environmental sustainability.
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Levin,Lin
Variables PP & Chi
10) (1) 1(0) 1)
GDP_PER_CAPITA 0.26 0.08* 0.33 0.00%**
POP_RATE 1.00 0.01** 0.92 0.00%**
UNEMP 0.83 0.01** 0.47 0.00%**
AQI 0.52 0.00*** 0.06* 0.00%**

Table 3 Stationarity Test

Note: *** ** * denote 1%, 5% and 10% level of significance

The table 3 panel unit root tests using both Phillips-Perron (PP) and Levin, Lin & Chu (LLC) methods
confirm that GDP per capita, population growth, unemployment, and Air quality index are non stationary at
level 1(0) but become stationary after first differencing I(1), as all variables show significant p-values at both
5% and 1% levels at first difference. This indicates the presence of unit roots and suggests that shocks to
these variables have lasting effects over time. Accordingly, further econometric modelling should adopt first
differenced or co-integration techniques such as panel fully modified ordinary least square, panel generalize
least and panel robust least square to ensure robust and reliable estimation (Baltagi, 2021; Gujarati & Porter,
2020).

GDP_PER_CAPITA POP_RATE UNEMP AQI
GDP_PER_CAPITA 1.00 -0.01 -0.20 0.00
POP_RATE -0.01 1.00 0.68 0.98
UNEMP 0.20 0.68 1.00 0.60

AQI 0.00 0.98 0.60 1.00
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Table 4 Correlation Matrix

Table 4 correlation analysis for New Delhi and Mumbai (2017-2023) highlights key urban development
linkages. GDP per capita has a weak negative correlation with unemployment (- 0.20) and population
growth (-0.01), suggesting that economic gains have not translated into inclusive job creation. In
contrast, population growth is strongly correlated with Air quality index (0.98) and unemployment
(0.68), indicating that rapid urbanization is driving both environmental stress and labor market pressure
(MoHUA, 2023; CPCB, 2024). The positive link between unemployment and AQI (0.60) further
reflects how poor environmental conditions may worsen urban livelihood challenges. These patterns call
for integrated urban strategies that link economic growth with environmental sustainability and
employment equity (World Bank, 2023; NITI Aayog, 2024).

TESTS P-VALUE
Pedroni 0.00%**
Kao 0.02**
Johansen 0.00%**

Table 5 Panel Cointegration Test

Note: *** ** * denote 1%, 5% and 10% level of significance

Table 5 panel cointegration test results Pedroni p = 0.00, Kao p = 0.02, and Johansen p = 0.00 indicate
a statistically significant long-run relationship among GDP per capita, population growth,
unemployment, and AQI in New Delhi and Mumbai from 2017 to 2023 at 1% and 5% levels. These
findings reject the null of no cointegration, confirming that the variables move together over time
despite short-term fluctuations. This justifies the use of long-run estimation

techniques such as FMOLS for robust policy analysis (Baltagi, 2021; Pedroni, 1999; Kao, 1999).

Variable Coefficient Std. Error t-Statistic Prob.
POP_RATE 421 0.21 19.75 0.00
UNEMP -17.97 0.42 -42.53 0.00
AQI 16.54 0.44 37.90 0.00
Long-run 10.6349154
variance 1
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Table 6 Panel Fully Modified Ordinary Least Square Estimation

Note: *** ** * denote 1%, 5% and 10% level of significance

The panel FMOLS analysis (2017-2023) for New Delhi and Mumbai shows that a 1% rise in population growth
boosts GDP per capita by 4.21%, reflecting gains from urban expansion (MoHUA, 2023). A 1% increase in
unemployment causes a 17.97% drop in GDP, highlighting the drag of labor market inefficiencies (ILO, 2023). A
1-unit rise in AQI is linked to a 16.54% increase in GDP, indicating growth driven by pollution-heavy sectors like
construction and industry (CPCB, 2024; World Bank, 2023). All variables are statistically significant at 1% level,
and the long-run variance (10.63) signals persistent structural effects. The results emphasize the need for job-rich
and environmentally balanced urban development.

Table 7 Panel Generalize Least Square Estimation

stat

Coefficient Std. Error t-Statistic Prob.

POP_RATE -3.95 2.26 -1.75 0.11

UNEMP -0.49 0.18 -2.74 0.02

AQI 0.00 0.00 3.73 0.00

C 12.83 6.23 2.06 0.07
R-squared 0.55
Adjusted R- 0.42

squared

Prob (F-statistic) 0.04
Durbin- Watson 251

Note: ***** * denote 1%, 5% and 10% level of significance
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Table 7 panel Generalized Least Squares (GLS) estimation for New Delhi and Mumbai 2017-2023 indicates
that unemployment has a significant negative effect on GDP per capita, with a 1% increase reducing GDP by
0.49% at 5% significance level, reflecting persistent labor underutilization and weak job absorption in urban
sectors (ILO, 2023) in the short-run. Although population growth shows a negative coefficient —3.95, it is
statistically insignificant p = 0.11 suggesting variability in demographic-economic dynamics. Air quality
(AQI) has a small but significant positive effect at 1% significant level, possibly reflecting short-term growth
driven by high-polluting industries (CPCB, 2024). The model explains 55% of the variation in GDP per capita
R2=0.55, with no autocorrelation issues as Durbin-Watson = 2.51. These results point to the urgency of labor

market reform and green urban growth strategies.

Coefficient Std. Error t-statistic Prob.

POP_RATE -6.54 1.39 -471 0.00

UNEMP -0.39 0.13 -2.98 0.00

AQI 0.00 0.00 4.70 0.00

C 15.96 0.92 17.34 0.00
R-SQUARED 0.55
Adjusted R-SQUARED 0.94
Prob (Rn-squared stat.) 0.00

Table 8 Panel Robust Least Square Estimation

Note: *** ** * denote 1%, 5% and 10% level of significance
Table 8 panel Robust Least Squares estimation for New Delhi and Mumbai (2017-2023) reveals clear magnitude
effects of each independent variable on GDP per capita in the short-run. A 1% increase in population growth rate
reduces GDP per capita by approximately 3.95%, though this effect is statistically insignificant (p > 0.05),
indicating that population expansion alone may not drive economic growth without adequate infrastructure and
urban service provision (MoHUA, 2023). In contrast, a 1% increase in unemployment rate leads to a 0.49%
decrease in GDP per capita at 5% significant level , highlighting the critical role of job creation in sustaining
urban economic performance and poverty reduction (ILO, 2023). Additionally, although the coefficient of AQI is
close to zero, it is statistically significant at 1% level, suggesting that even marginal increases in pollution
correlate with GDP growth likely reflecting economic activities concentrated in high-emission sectors such as
transport and construction (CPCB, 2024; World Bank, 2023). These results affirm that employment and
environmental sustainability are key levers for balanced urban development.
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Variable Coefficient Std. Error z-Stastistic Prob.
POP_RATE -7.49 1.81 -4.14 0.00%**
UNEMP -0.33 0.14 -2.33 0.02**
AQI 0.00 0.00 9.47 0.00%**
C 20.01 5051 3.63 0.00%**
R-squared 0.61
Rw-squared 1.00
Prob (Rn-squared 0.00
stst.)
Variable Coefficient Std. Error z-Stastistic Prob.
POP_RATE 7.27 3.48 2.09 0.04**
UNEMP -0.92 1.05 -0.87 0.38
AQI 0.00 0.00 0.12 0.91
C 10.38 8.21 1.26 0.21
R-squared 0.64
Rw-squared 0.95
Prob (Rn-squared stst.) 0.00
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Table 9 Comparative Estimations for both New Delhi and Mumbai Cities
Note: *** ** * denote 1%, 5% and 10% level of significance

The Table 9 panel robust least squares magnitude effect analysis from 2017 to 2023 reveals contrasting dynamics in
how key urban variables influence GDP per capita in New Delhi and Mumbai. In New Delhi, a 1% increase in
population growth rate significantly reduces GDP per capita by 7.49% at 5% significant level, underscoring urban
strain from rapid population expansion without commensurate infrastructure and service capacity (MoHUA, 2023).
Similarly, a 1% rise in unemployment lowers GDP by 0.33% at 5% significant level, reflecting vulnerability in the
city’s informal job market (ILO, 2023). Notably, air pollution (AQI) shows a statistically significant yet numerically
negligible positive association with GDP, indicating continued reliance on pollution intensive growth sectors (CPCB,
2024). In contrast, Mumbai shows a positive effect of population growth on GDP per capita 7.27% at 5% significant
level, suggesting effective urban agglomeration benefits and economic absorption capacity. However, unemployment
and AQI are not statistically significant, implying other structural factors may drive Mumbai’s GDP growth, such as
financial services and logistics. these divergent outcomes reflect each city’s unique urban trajectory and policy
priorities in balancing growth, empolymnet, and sustainability.

Test Statistic Value df Probability
F-statistic 29.27 (3,10) 0.00%***
Chi-square 87.80 3.00 0.00%**

Table 10 Wald Test for Stability Check
Note: *** ** * denote 1%, 5% and 10% level of significance

The Wald test confirms the stability of the Panel FMOLS, GLS, and Robust Least Squares models. The F-statistic
and Chi-square value both statistically significant at the 1% level (p < 0.01), reject the null hypothesis of joint
coefficient insignificance. This indicates that the estimated coefficients are stable and the models are statistically
valid for inference.

Coefficient Uncentered
VARIABLE VARIANCE VIF
POP RATE 0.05 2.15
UNEMP 0.18 2.97
AQI 0.19 2.73
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Table 11 Variance Factor Inflation for Stability Check

The Variance Inflation Factor (VIF) results confirm the absence of multicollinearity among the explanatory
variables. All VIF values are below the commonly accepted threshold of 10, with POP_RATE at 2.15,
UNEMP at 2.97, and AQI at 2.73. This indicates that the independent variables are sufficiently independent
of one another, ensuring the reliability and robustness of the model estimates.

Discussion

The present study, rooted in the broader discourse on sustainable urbanization and spatial inequality in India,
sought to examine how key structural variables population growth, unemployment, and air quality impact
GDP per capita in two of India’s most economically and demographically significant cities: New Delhi and
Mumbai. Framed within the context of India’s accelerating urbanization and the uneven distribution of urban
opportunities (UN-Habitat, 2020; World Bank, 2024), this research 13 responds to a critical gap in the
literature by quantifying how these factors interact to shape urban economic outcomes over time. The
empirical analysis, based on panel FMOLS, GLS, and robust least squares estimations from 2017 to 2023,
uncovers important patterns that advance understanding of the urban development paradox where economic
growth often coexists with deep-seated inequality and infrastructural stress. One of the central findings from
the estimation models is the divergent influence of population growth on GDP between New Delhi and
Mumbai. While the background of the study emphasized concerns over urban congestion, housing shortages,
and service deficits (MoHUA, 2021; TISS, 2022), the empirical evidence affirms that these demographic
pressures are not uniform in effect. In New Delhi, population expansion aligns with structural strain,
suggesting insufficient urban planning and poor integration of new residents into formal economic systems.
In contrast, Mumbai appears to channel population growth more effectively into economic productivity,
likely due to its historical development as a dense financial and commercial hub with relatively stronger
infrastructure and agglomeration economies (World Bank, 2024). This reinforces the research objective of
identifying city-specific structural capacities and limitations influencing urban economic performance.

The analysis further reveals that unemployment exerts a consistently negative effect on GDP in both cities
across models. This supports the study’s assertion that labor market inefficiencies remain a major drag on
urban economic resilience and inclusiveness. Previous studies and reports from the International Labour
Organization (ILO, 2023) and NITI Aayog have highlighted persistent underemployment, skill mismatches,
and informality in urban labor markets especially in Delhi, where rapid population inflows outpace job
creation. The findings align with real-world developments in India’s post-pandemic urban economy, where
jobless growth and widening income gaps have intensified urban vulnerability (NITI Aayog, 2023). These
outcomes validate the study’s hypothesis that employment remains a critical determinant of sustainable urban
development and reinforce calls for labour-intensive and inclusive policy reforms. A notable new insight
emerging from the empirical results is the complex relationship between environmental degradation
measured through AQI and GDP. Although the literature often emphasizes the adverse health and
productivity costs of pollution (CPCB, 2024; WHO, 2023), the positive correlation observed in some models
reflects an unsettling real-world pattern: that urban economic growth in Indian megacities continues to be
propelled by pollution-intensive industries such as construction, transport, and low-regulation manufacturing.
This suggests that economic expansion remains environmentally unsustainable, particularly in New Delhi,
where the air quality crisis is among the world’s worst (IQAir, 2024).

The findings challenge conventional growth paradigms and align with recent policy critiques emphasizing
the urgency of green transitions and climate-resilient infrastructure investments in urban India (World Bank,
2023; IPCC, 2023). Overall, the results of this study make a substantial contribution by empirically validating
the complex and differentiated roles of population dynamics, employment, and environmental conditions in
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shaping urban economic outcomes. The findings not only confirm long-standing policy concerns but also
provide updated, data-driven evidence that can inform targeted urban planning, labor market interventions,
and environmental governance. As India positions itself toward achieving SDG 11 Sustainable Cities and
Communities the contrasting experiences of New Delhi and Mumbai offer valuable lessons. These cities
must go beyond GDP-focused metrics and integrate equity, resilience, 14 and sustainability into their urban
development models. Future policy frameworks must prioritize inclusive employment generation, strategic
infrastructure expansion, and environmentally responsible growth pathways to ensure that economic
transformation does not come at the cost of urban well-being or ecological degradation. For a visualize
understanding see figures 1to 4 below.
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The empirical results highlight the pressing need for focused interventions to address Delhi and Mu mbai's
interconnected problems of service deficiencies, environmental degradation, and economic i nequality.
Although the statistical models demonstrate the magnitude and intricacy of these urban pressures, it takes
calculated, fact-based policy measures to close the gap between data insights and real world change. The
recommendations that follow convert these analytical findings into practical tactics meant to pr omote
inclusive, resilient, and equitable urban development.

Conclusion

This study offers a timely and nuanced understanding of how population growth, unemployment, and air quality
interact to influence urban economic performance in New Delhi and Mumbai two of India’s most vital yet
structurally divergent megacities. By integrating demographic, labor market, and environmental variables over the
2017-2023 period, this research fills critical empirical gaps left by previous studies, which often treated these
variables in isolation or failed to disaggregate urban dynamics at the city level. The findings not only confirm
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long-standing policy concerns such as the economic drag of rising unemployment and 15 unsustainable pollution-
led growth but also uncover city-specific responses to demographic pressures, showing that the same variable can
have opposite effects depending on urban governance capacity and economic structure. The novelty of this study
lies in reframing urban growth not just as a macroeconomic challenge, but as a systems-level issue where labor
absorption, environmental limits, and demographic integration must be simultaneously addressed. Unlike
conventional analyses, this research demonstrates that economic growth in urban India is increasingly contingent
on its ability to decouple productivity from pollution and to absorb growing populations into sustainable, formal
employment channels.

POLICY IMPLICATION

To ensure urban resilience, India must urgently transition toward "Triple-Bottom-Line Urbanism" a new policy
paradigm that balances economic performance, environmental health, and equitable labor market integration. This
includes: Establishing Urban Employment Compacts (UECs) city-specific programs that provide targeted job
guarantees and upskilling tailored to local industries. Creating Urban Clean Transition Zones (UCTZs) designated
areas that incentivize pollution-intensive firms to adopt green technologies, backed by fiscal and regulatory
support. Launching Demographic-Responsive Infrastructure Planning (DRIP) models that use real-time population
data to trigger automated infrastructure investments in fast-growing wards. Institutionalizing City-Level GDP-
Environment Audits, making GDP growth conditional on improvements in air quality, employment, and service
access metrics not just aggregate economic output. These bold yet practical measures will help break the cycle of
jobless, pollution-intensive growth and transform India’s megacities into inclusive, productive, and sustainable
urban systems aligned with SDG 11. By capturing the divergent realities of New Delhi and Mumbai, this study
offers a blueprint for differentiated, evidence-based urban policymaking that centers both people and planet at the
heart of economic transformation.
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