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Identifying the optimal population size at which cities maximize economic benefits while
minimizing congestion and pollution is a challenge. This research explores the optimal city size by
examining the relationship between population and economic performance, measured by city GDP.
Using data from OECD regions for about 562 cities, the analysis employs a quadratic regression model
to test an inverse U-shaped relationship between city population and GDP in 2020. The empirical results
show that cities initially experience economic growth as populations increase. However, after a certain
point (8.85 million), the benefits diminish due to congestion and pollution in the short run. However, the
optimum city population size may increase to 15.2 million in the long run. The study concludes that an
optimal city size exists, balancing the advantages of agglomeration with the costs of urban expansion.
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Additionally, population density, territorial fragmentation, working-age population, and built-up area
positively affect city GDP, whereas air pollution negatively impacts it. Finally, several policies are
recommended for sustainable urban development and efficient resource allocation.

urban growth, sustainable urban development, optimal city size, population size, cities.
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Identifying the population size at which a city maximizes the benefits of urban living while
minimizing associated costs is a key challenge in urban economics. Identifying this optimal city
size is vital for sustainable urban development and resource allocations. An optimal city size
is rooted in the idea that a city reaches its most efficient population level when the costs and
benefits of urban living are balanced. Alonso (1971) and Richardson (1978) tried to define
optimal city size based on cost-benefit analysis, but empirical evidence remains inconclusive.

The concept of optimal city size has been explored through various models and theories.
Traditionally, optimal city size is measured by total population. The Alonso-Richardson model
suggests that as a city grows, it benefits from agglomeration economies, such as lower
transportation costs and better knowledge sharing. However, it also faces disadvantages like
increased traffic and pollution. The optimal city size is where these opposing forces balance
out, maximizing the city's contribution to national income.

Three primary approaches to defining optimal city size have emerged: minimum average
cost, maximum net benefit, and long-run maximum profit. The minimum average cost approach
identifies the city size where the average cost of providing services is minimized. The
maximum net benefit approach seeks to maximize the difference between agglomeration
benefits and the costs associated with a larger population. The long-run maximum profit
approach identifies the city size where economic profit is zero, suggesting that cities can
benefit from economies of scale even after reaching the net benefit peak (Brueckner, 1987;
Henderson, 1974). Each method offers a unique perspective on balancing urban growth with
economic efficiency.

Empirical studies have attempted to pinpoint this optimal size, with varying conclusions
depending on the methodologies and datasets used. The Henry George Theorem (HGT)
provides additional insight. It suggests that optimal city size is achieved when land rents cover
the costs of public goods, balancing the benefits of agglomeration with the costs of congestion.
Similarly, studies have highlighted how cities can experience significant economic gains from
high population density due to improved efficiency and innovation. However, these benefits
are countered by pollution and territorial fragmentation challenges, which can undermine
overall economic performance.

The debate over optimal city size has gained renewed interest due to modern urban
challenges. This research aims to contribute to the ongoing discussion on optimal city size by
examining the relationship between city population and economic performance using data from
OECD regions and cities. The study employs a quadratic model to explore whether the
relationship between population size and GDP exhibits an inverse U-shape, where initial
increases in population drive economic growth, but further increases lead to diminishing
returns. By analysing various economic and demographic factors, this research provides
valuable insights for urban planners and policymakers to better balance city size with economic
and social benefits.
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Henderson (1974) and Fisch (1977) discussed the equilibrium city size that balanced
welfare and quality of life. They found a positive relationship between population size and
urban benefits, supporting the idea that larger populations often lead to increased economic
opportunities and services. Glaeser et al. (1992) found that increased population density in
urban areas leads to higher economic output due to the concentration of resources and talents.
These studies suggest that as cities grow, they can harness economies of scale, leading to
increased GDP. Bloom and Canning (2008) further emphasized the role of urbanization in
economic development, noting that urban areas typically exhibit higher productivity levels,
contributing to national economic growth. Building on this, Nguyen & Nguyen (2017), who
studied ASEAN countries from 1993 to 2014, found that urbanization positively contributes to
economic growth, although this relationship becomes negative beyond a certain threshold
(around 68—70%). Similar conclusions were drawn by Wu et al. (2017) and Sun et al. (2018),
who identified an optimal city population of around 4.2 million in Chinese cities for maintaining
a balance between economic performance and quality of life.

High population density offers economic advantages such as efficient service delivery
and municipal cost up to a threshold (De Duren & Compean, 2015; Ahlfeldt & Pietrostefani,
2019), innovation, and increased productivity (Brunt & Garcia-Pefialosa, 2021) through
agglomeration economies. Glaeser et al. (1992) and Henderson et al. (2006) found that denser
cities support better collaboration and economic output, though migration restrictions can limit
urban growth, particularly in Chinese cities. Territorial fragmentation, on the other hand, is
associated with hampering growth by creating inefficiencies and duplicating services (Alesina
& Spolaore, 2005; Capello & Camagni, 2000). While high population density can drive
innovation and productivity, it can also lead to congestion and pollution, which may offset some
of the benefits (Guo et al., 2023). Furthermore, in very high-density cities, the increase in
population density does not significantly impact innovation output, suggesting diminishing
returns beyond a certain point (Shukai et al., 2021). De Duren & Compean (2015) examined
the relationship between urban population density and per capita municipal spending on public
services in municipalities across Brazil, Chile, Ecuador, and Mexico and found a strong, non-
linear correlation, with optimal spending efficiency at around 9,000 residents per square
kilometre, where per capita costs are minimized.

Demographics also matter. Bloom and Canning (2000) highlighted that a higher working-
age population boosts urban productivity and economic expansion. However, unregulated
growth can result in oversized cities plagued by pollution and congestion. Henderson (1974)
stressed the need for optimal city size policies to internalize such externalities. Air pollution,
for instance, reduces output, productivity (Greenstone & Hanna, 2004; Chang et al., 2019) and
hinders innovations and future productivity (Bracht & Verhoeven, 2025).

Built-up area expansion, when well-planned, enhances urban functionality and land
value (Camagni, 2002; Arnott, 2004). Models like Yang (2020) and the SOUDY framework
highlight the balance between agglomeration benefits and congestion costs in determining
optimal city size. While larger cities typically perform better economically, studies like
PetrikoviCova et al. (2022) suggest that smaller cities may offer a higher quality of life.
Agglomeration benefits, such as lower transport costs, shared infrastructure, and knowledge
spillovers, must be weighed against diseconomies like pollution and congestion (Rosenthal &
Strange, 2004; Duranton & Puga, 2004).
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Recent empirical studies have expanded this discussion by incorporating environmental,
spatial, and social dimensions into the concept of optimal city size. Pfliger (2021) highlighted
how local governments may permit excessive urban growth when national environmental
policies are weak, leading to pollution and inefficiencies, while overly strict regulations can
prevent cities from realizing agglomeration economies. Mitra and Tripathi (2025) find that even
in developed countries, cities have not reached population saturation, and growth continues
due to productivity advantages in agglomerated areas. Supporting this, Zhang et al. (2023)
demonstrated that spatial functional division within urban agglomerations can mitigate urban
externalities by promoting specialization and inter-city coordination. Wang et al. (2021)
emphasized the significance of land use optimization and green infrastructure in managing
emissions and accommodating urban populations efficiently. Alderete (2021) adds a critical
social perspective by showing that citizen awareness, demographic factors, and ICT use
significantly influence engagement in smart city initiatives, particularly in mid-sized cities like
Bahia Blanca, Argentina. Due to their manageable scale, the study suggests that such cities
may be well-positioned to implement targeted, citizen-centric sustainability practices provided
investments are made in digital infrastructure and awareness programs to bridge existing
divides. Together, these recent studies make it known that optimal city size is context-
dependent and must balance economic benefits, environmental constraints, and citizen
participation.

This study aims to contribute to this body of literature by exploring the optimal city size
through a comprehensive analysis of cities worldwide. Utilizing a dataset from the OECD
Regions and Cities Atlas, this research examines the impact of various economic and
demographic factors on GDP, a proxy for the benefits of urban living. The analysis employs a
quadratic model to capture the potential non-linear relationship between city population and
GDP, following the hypothesis that this relationship may exhibit an inverse U-shape. This
hypothesis aligns with the notion that while initial increases in population can drive economic
growth through agglomeration economies and increased productivity (Rosenthal & Strange,
2004), further increases may lead to diminishing returns due to congestion and pollution
(Duranton & Puga, 2004).

The study analyses several key variables to test this hypothesis, as outlined in Table 1.
A larger population is expected to positively influence economic growth by expanding the
labour force, market size, and consumption. Higher population density is anticipated to
increase economic efficiency through agglomeration economies. Greater territorial
fragmentation is predicted to negatively impact economic growth due to inefficiencies and
administrative complexities. An increased working-age population is expected to support
economic growth by providing a productive labour force. Higher air pollution levels are
anticipated to reduce economic benefits by affecting health and productivity. Expanding built-
up areas will likely positively impact economic growth by improving infrastructure and
supporting development. Table 1 outlines these expected relationships, providing a framework
for analysing how these factors interact to determine the optimal city size. The findings from
this study aim to offer valuable insights for emphasizing the need to balance city size to
optimize economic benefits while addressing potential challenges.
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Table 1: Expected effects of variables on optimal city size

Population Positive
Population density Positive
Territorial Fragmentation Negative
Working-Age Population Positive
Air Pollution Negative
Built-Up Area Positive

Source: Authors’ compilation

This study utilizes data from the OECD Regions and Cities Atlas for 2020 to explore the
optimal city size and its effects on economic benefits. The analysis focuses on city Gross
Domestic Product (GDP) as the dependent variable, which serves as a proxy for the benefits
of urban living and reflects overall economic activity within cities. Independent variables include
population, population density, territorial fragmentation, working-age population, air pollution,
and built-up area, each selected for its theoretical impact on economic growth and urban
development.

The primary goal is to identify the optimal city size, defined as the population level that
maximizes the benefits of urban living, represented by GDP. To achieve this, ordinary least
squares (OLS) regression analysis is employed. This method examines how different urban
factors affect GDP and determines if there is a specific city size that optimizes economic
benefits. Both linear regression models and a U-test are used in the analysis. The U-test helps
assess whether the relationship between city size and GDP follows an inverse U- shape,
suggesting that while initial increases in population enhance economic growth through
economies of scale, further increases may lead to diminishing returns due to congestion and
pollution. The dataset comprises between 358 and 363 observations, depending on the
specific model used. A quadratic model is applied to capture the potential non-linear
relationship between population and GDP, as follows:

GDP = B, + B population + 3, population? + B; population density +
B4 territorial fragmentation + Bs working age population + B¢ air pollution +
B7 built up area + € (1)

In this model, GDP represents Gross Domestic Product, while population indicates the
total number of residents in the city. Population2 captures potential non-linear effects of
population on GDP. Population density refers to the number of people per unit area within the
city, and territorial fragmentation measures the extent of administrative and political
fragmentation within the urban area. Working age population denotes the proportion of the
population that is of working age, air pollution encompasses the levels of pollutants in the city's
atmosphere, and built-up area represents the extent of developed land within the city. The
error term, denoted by ¢, accounts for any unexplained variability in GDP. Including quadratic
terms for population allows for testing an inverse U-shaped relationship, where economic
benefits are maximized at a certain city size before diminishing returns set in.
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Table 2 presents the summary statistics for the variables used in this analysis. The
correlation matrix indicates several important relationships among key variables (Table 3).
GDP shows a strong positive correlation with both population (0.946) and the working-age
population (0.908), suggesting that cities with larger and more productive labor forces tend to
exhibit higher economic output (Glaeser et al., 1992). Additionally, GDP is positively correlated
with built-up area (0.709), reflecting the role of infrastructure in supporting economic growth
(Duranton & Turner, 2012). In contrast, territorial fragmentation has a weak negative
correlation with GDP (-0.049), implying that the division of urban areas minimally impacts
economic performance. Population density also positively correlates with GDP (0.358) and
population (0.438), suggesting that higher density can contribute to economic activity.
However, the effect is less pronounced than the overall population size (Glaeser, 2008). On
the other hand, air pollution has a minimal positive correlation with GDP (0.010), indicating that
its direct impact on economic output is negligible (Greenstone & Gallagher, 2008).

Table 2. Summary statistics

GDP 363 4.255e+10 8.618e+10 | 2.026 | 1.425e+09 | 9.322e+11
Population 562 | 1,119,604.7 | 2,551,168.2 | 2.279 200,455 | 34,589,501
Population density 562 1,432.367 2,029.761 1.417 10.532 | 24,401.441
:rzgr':;r::gﬁon 539 2.479 5.499 | 2218 0 43.1
Z\;Zﬁ'zﬁoige 556 | 731,976.6 | 1,696,391.3 | 2318 | 119,886 21,956,397
Air pollution 562 12.164 5.469 0.45 4.2 36.5
Built up area 562 247.811 532.406 | 2.148 1 6249
Source: Authors’ calculation
Table 3. Matrix of correlations
(1) GDP 1.00
(2) Population 0.95 1.00
(3) Population density 0.36 0.44 1.00
(4) Territorial fragmentation -0.05 -0.08 0.14 1.00
(5) Working age population 0.91 0.96 0.26 -0.08 1.00
(6) Air pollution 0.01 0.12 0.11 -0.09 | 0.15 1.00
(7) Built up area 0.71 0.56 -0.05 -0.10 | 0.56 | -0.21 1.00

Source: Authors’ calculation

Table 4 presents the regression results with the log of GDP as the dependent variable
across three models, using robust standard errors to address heteroskedasticity. Population
shows a positive and statistically significant impact on GDP in Models 2 and 3, with coefficients
of 0.0591 and 0.0719, indicating that larger populations boost economic output due to a larger
labor force and increased economic activity (Glaeser et al., 1992).
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However, the negative and significant coefficients for population squared in both models
(-3.34e-09 and -3.71e-09) reveal diminishing returns, suggesting the positive effect of
population on GDP weakens at higher population levels. Territorial fragmentation has a
positive and significant effect in Models 1 and 3, indicating that some fragmentation might
enhance economic performance, possibly by fostering competition and specialization
(Duranton & Puga, 2004). The working-age population has a consistent, positive impact across
all models, supporting the idea that a larger working-age demographic drives economic output
(Glaeser et al., 1992). In contrast, air pollution has a significant negative effect on GDP in all
models, coefficients ranging from -0.0181 to -0.0318, reflecting the detrimental impact of
pollution on productivity. Population density and built-up area show small but significant
positive effects in Model 3, suggesting that urbanization and population concentration can
contribute to economic growth, though their impact is less pronounced. The R-squared values
range from 0.593 to 0.701, indicating that the models explain between 59.3% and 70.1% of
the variation in GDP, with additional variables improving the models' explanatory power.

Table 4: Regression output: Relationship between GDP and population

Log of city GDP
Model 1 Model 2 Model 3
] ) ] 0.0591™*** 0.0719***
City population size
(0.00886) (0.00456)
. ] ) -3.34e-09*** -3.71e-09***
Squared of city population size
(4.73e-10) (4.30e-10)
) ) 3.61e-05 0.000133***
Population density
(2.76e-05) (1.88e-05)
o . 0.00825* 0.00877**
Territorial fragmentation
(0.00430) (0.00406)
) ) 3.39e-07*** 3.36e-07*** 3.08e-07***
Working age population
(8.62e-08) (1.10e-07) (4.82e-08)
-0.0272*** -0.0181** -0.0318***
Air pollution
(0.00612) (0.00746) (0.00522)
) 0.000315 0.00112***
Built up area
(0.000261) (0.000331)
23.28*** 23.34*** 23.36***
Constant
(0.0975) (0.121) (0.0771)
Observations 358 358 358
R-squared 0.701 0.593 0.696

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

To ensure the robustness of our findings, we conducted a series of statistical tests and
diagnostics. Initially, a heterogeneity test with robust standard errors was performed to address
potential heteroskedasticity in the data, ensuring that coefficient estimates remain reliable
despite variations in error variance. The Variance Inflation Factor (VIF) was computed for all
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variables to assess multicollinearity. Although the VIF for population was within acceptable
limits, the VIF for population squared was notably high, indicating potential multicollinearity
issues and necessitating cautious interpretation of the results for population squared. We
verified the expected signs of the coefficients and included control variables significant at the
1% level to enhance the model's explanatory power. This approach helps mitigate omitted
variable bias and model misspecification, ensuring the robustness of our results.

To test the hypothesis of an inverse U-shaped relationship between population size and
GDP, we employed a U-test. The hypothesis framework was: H1 posits an inverse U-shaped
relationship, while HO suggests a monotonic or U-shaped relationship. The U-test, using the
specification f(x) = x?, revealed an extreme point at a population level of 8,854,469. The p-
value for the test was below 0.05, leading to the rejection of the null hypothesis in favour of the
alternative, confirming that the relationship between population and GDP is indeed inverse U-
shaped.

Table 5: U-test

Interval 200455 3.46e+07
Slope 0.000 -0.000
t-value 6.617 -6.276
P>t 0.000 0.000

Source: Authors’ calculation

Table 5 presents the U-test results, with the extreme point identified at 8,854,469, and
bounds ranging from 200,455 to 34,600,000. The slope at these bounds was approximately
0.000 for the lower bound and -0.000 for the upper bound, with t-values of 6.617 and -6.276,
respectively. The overall t-value for the test was 6.28, and the p-value was 5.14e-10,
supporting the presence of an inverse U-shaped relationship. The combination of robust
regression analysis and U-test results highlights an optimal population size for maximizing
GDP. Overall test of presence of an inverse U shape: t-value = 6.28, P>t = 5.14e-10.

Given an inverse U-shaped relationship between city GDP and population size in the
cross-sectional study, it is important to investigate the relationship in the long run by estimating
the panel data model. We consider data from 2000 to 2024 to run the panel data model. The
data is available primarily for city GDP and population size; other variables have fewer
observations. Most importantly, minimal data are available for territorial fragmentation and air
pollution variables to run the panel data model. To choose the appropriate model, we perform
the Hausman test and choose the fixed effect model. Table 6 presents the regression results
of the fixed effect panel data model. The results are consistent with the regression results
obtained in Table 4. City population size, density, and working age population have a positive
and statistically significant effect on the city GDP. The squared city population size negatively
affects the city GDP.
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Table 6: Relationship between city GDP and population: panel data analysis

Dependent variable

Variables Log of city GDP
Model 4 Model 5 Model 6
cit lati ) 0.00776***
ity population size
Y pop (0.00102)
s 4 of cit ati ) -1.80e-10***
uared of city population size
a ypop (0.000)
7.084*** 6.785***
Population density
(1.016) (1.968)
] ) -0.000426 0.00891***
Working age population
(0.00423) (0.00328)
43.64*** 32.96**
Built up area
(13.28) (13.05)
26,056*** 30,605*** 35,849***
Constant
(890.0) (1,848) (1,060)
Observations 4,397 760 760
R-squared 0.075 0.080 0.060
Number of cities 249 220 220

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1

Again, we performed a U-test to test the hypothesis of an inverse U-shaped relationship
between population size and GDP. The results are presented in Table 7. The U-test suggests
an extreme point at a population level of 15,200,000, bounds ranging from 1,05,469 to
200,00,000. The p-values confirm that the relationship between city population and GDP is
inverse U-shaped. The overall t-value for the test was 9.53, and the p-value was 1.33e-21.
The findings of the U-test indicate the optimum number of people for maximizing city GDP.

Table 7: U-test: panel data analysis

 Lower Bound Upper Bound

Interval 105469 2.00e+07
Slope 0.000 -0.000
t-value 43.276 -9.527
P>t 0.000 0.000

Source: Authors’ calculation
Conclusion

This study provides critical insights into the intricate relationship between city size and
economic performance, contributing valuable knowledge for urban planning and policy-
making. Our findings confirm that larger cities generally enhance economic output; however,
they also identify an optimal city size of approximately 8.85 million people in the short run and
up to 15.2 million in the long run. Beyond this size, the economic benefits of further expansion
tend to decline due to negative factors such as congestion and pollution. This supports the
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hypothesis of an inverse U-shaped relationship between population size and GDP. Initially,
increases in population are beneficial for economic growth, but further expansion may lead to
diminishing returns, reflecting an optimal balance between the benefits of agglomeration and
the drawbacks of excessive urban size.

These results are consistent with the broader literature on urban economics. The findings
are notably aligned with Brilhart et al. (2009) and Shukai et al. (2021), who argue that while
agglomeration benefits are significant at lower levels of economic development, they diminish
as the economy grows beyond a certain threshold. This mirrors our observation that the
economic advantages of city growth wane once the population surpasses the optimal size. Our
study also aligns with the broader economic concept that spatial concentration and urban
expansion yield diminishing returns after reaching a critical level of development. Air pollution
emerged as a significant factor negatively affecting GDP. Pollution imposes health-related
externalities that reduce labour productivity (Lin et al., 2023), increase healthcare costs, and
discourage investment. Chronic exposure to pollutants such as particulate matter (PM2.5) and
Nitrogen oxides (NOx) can lead to respiratory illnesses, cardiovascular diseases, and even
cognitive decline, which lowers human capital accumulation (Bracht & Verhoeven, 2023).
Empirical studies support this link, with research showing regions with high pollution tend to
experience slower productivity growth and declining work efficiency (Dechezleprétre, 2025). In
knowledge-driven urban economies, where human capital is a primary engine of growth, such
productivity losses have a direct and measurable impact on GDP. Interestingly, while territorial
fragmentation is typically associated with inefficiencies and duplicated services, our results
show a positive association. This may reflect the benefits of moderate decentralization, which
can enhance local accountability and allow customization of policies to local needs
(Polishchuk, 2018) and support higher regional GDP growth when accompanied by high-
quality regional governance (Rodriguez-Pose & Mustra, 2022).

The 8.85 million (15.2 million in long run) figure reflects conditions specific to high-income
OECD cities, where relatively strong institutions, advanced infrastructure, and service delivery
systems enable economies of scale up to that point and may not be a one-size-fits-all figure.
In developing countries, where governance capacity, infrastructure resilience, and social
equity mechanisms may be weaker, the optimal size may be considerably lower due to the
quicker onset of congestion costs or inadequate urban services. Another key result is the shift
in optimal city size from 8.85 million in the short run to 15.2 million in the long run (from panel
data analysis). In the short term, infrastructure and institutions may lag behind population
growth, creating bottlenecks.

However, in the long run, proper planning, productive investments in mass transit, green
technologies, housing, and digital infrastructure can raise the optimality threshold, allowing
cities to sustain larger populations without experiencing proportional increases in congestion
or pollution (Henao et al., 2015; Wang et al., 2024). This increase from the short-run to the
long-run threshold suggests that cities can "grow into" higher optimal sizes if supported by
sustained investment, governance reforms, and adaptive capacity. This finding has great
policy relevance. City planners should prepare for long-term growth by designing
infrastructure, transport, and housing systems that are scalable and resilient.

Additionally, our research highlights several gaps in the existing body of knowledge.
Many previous studies focus on specific regions or countries and often employ static models
that do not account for rapid changes in urban conditions, technological advancements, or
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evolving infrastructure. There is a clear need for more dynamic and region-specific models that
integrate a broader range of variables, including technological innovations, social equity, and
infrastructure development. While this study focuses on economic output (GDP), congestion,
and pollution, key indicators in assessing optimal city size, it does not account for important
social dimensions such as equity, access to services, quality of life, or cultural vibrancy due to
data limitations. Future research should aim to incorporate these broader social indicators to
provide a more holistic understanding of what constitutes a sustainable and truly optimal urban
size. By addressing these gaps, future research can offer a more comprehensive
understanding of the interplay between city size, economic performance, and quality of life.

The findings of this study underscore the need for targeted policy interventions to
balance the economic benefits of urban population growth with the adverse effects of over-
expansion, congestion, and pollution. First, strategic urban planning should focus on
accommodating population growth by investing in infrastructure, housing, and public services
that enhance productivity without overstressing urban systems. These efforts can help cities
reap the benefits of agglomeration economies while ensuring sustainable growth (Ahrend et
al., 2017).

Second, recognizing the diminishing returns from population beyond the optimal size
(8.85 million in this study), policymakers should implement measures to manage urban sprawl
and control congestion and pollution. This can be achieved by promoting satellite cities,
expanding public transportation networks, and implementing congestion pricing, as
recommended by Duranton & Puga (2020). Furthermore, high-density, compact urban designs
should be prioritized to maximize land use efficiency and reduce urban sprawl.

Additionally, addressing adverse effects of territorial fragmentation requires fostering
regional cooperation and integration among neighbouring municipalities to streamline
governance and enhance resource sharing. Promoting inter-municipal collaboration can
mitigate the negative effects of fragmented urban regions and improve overall economic
performance (OECD, 2019). Moreover, investments in the working-age population through
education, skills development, and labour market policies are critical to sustaining economic
growth. Enhancing the human capital of the workforce is essential for maintaining
competitiveness in an increasingly knowledge-based economy (Moretti, 2012; Mohmed et al.,
2021). Finally, stringent environmental regulations and the promotion of green technologies
are necessary to combat the negative impact of air pollution associated with large urban
populations. The adoption of clean energy technologies and emission control measures will
not only improve air quality but also contribute to long-term economic sustainability (Melhim &
Isaifan, 2025). By adopting these integrated strategies, cities can optimize their population size
and economic outcomes while ensuring a sustainable urban future.

Furthermore, future studies should explore the effects of emerging trends and
technologies on urban dynamics. Comparative analyses across different global contexts could
provide insights into how varying socio-economic conditions and policy environments influence
the optimal city size and its impact on economic performance. Developing more sophisticated
models that consider the interactions between economic, social, and environmental factors will
be crucial for understanding how cities can grow sustainably while maximizing economic and
social benefits.

127



S.T. and A. K. contributed to the overall conceptualization of the study and led the design of the
research framework. A.K, S.T., and K. M. were primarily responsible for developing the methodology,
formulating the core arguments, and drafting the original version of the manuscript. A. K, S. T., and K.
M. conducted an extensive literature review.

The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

Ahlfeldt, G. M., & Pietrostefani, E. (2019). The economic effects of density: A synthesis. Journal of Urban
Economics, 111, 93—107. https://doi.org/10.1016/j.jue.2019.04.006

Ahrend, R., Farchy, E., Kaplanis, I., & Lembcke, A. C. (2017). What makes cities more productive?
Evidence from five OECD countries on the role of urban governance. Journal of Regional
Science, 57(3), 385—-410. https://doi.org/10.1111/jors. 12334

Alderete, M.V. (2021). Determinants of Smart City Commitment among Citizens from a Middle City in
Argentina. Smart Cities, 4, 1113—1129. https://doi.org/10.3390/smartcities4030059

Alesina, A., Spolaore, E., & Wacziarg, R. (2005). Trade, growth and the size of countries. Handbook of
Economic Growth, 1(B), 1499-1542. https://doi.org/10.1016/S1574-0684(05)01023-3

Alonso, W. (1971). The Economics of Urban Size. Papers of the Regional Science Association, 26(1),
67-83. https://doi.org/10.1111/j.1435-5597.1971.tb01493.x

Arnott, R. (2004). Does the Henry George Theorem Provide a Practical Guide to Optimal City Size? The
American Journal of Economics and Sociology, 63(5), 1057-1090.
http://www.jstor.org/stable/3488064

Au, C.-C., & Henderson, J. V. (2006). Are Chinese Cities Too Small? The Review of Economic Studies,
73(3), 549-576. http://www.jstor.org/stable/20185020

Batty, M. (2015). Optimal cities, ideal cities. Environment and Planning B Planning and Design, 42(4),
571-573. https://doi.org/10.1177/0265813515595765

Bloom, D. E., Canning, D., & Fink, G. (2008). Urbanization and the wealth of nations. Science,
319(5864), 772—775. https://doi.org/10.1126/science.1153057

Bracht, F., & Verhoeven, D. (2025). Air pollution and innovation. Journal of Environmental Economics
and Management, 103102. https://doi.org/10.1016/j.jeem.2024.103102

Brulhart, M., & Sbergami, F. (2008). Agglomeration and growth: Cross-country evidence. Journal of
Urban Economics, 65(1), 48—63. https://doi.org/10.1016/j.jue.2008.08.003

Brunt, L., & Garcia-Pefialosa, C. (2021). Urbanisation and the onset of modern economic growth. The
Economic Journal, 132(642), 512—545. https://doi.org/10.1093/ej/ueab050

Camagni, R., Gibelli, M. C., & Rigamonti, P. (2002). Urban mobility and urban form: the social and
environmental costs of different patterns of urban expansion. Ecological Economics, 40(2), 199—
216. https://doi.org/10.1016/s0921-8009(01)00254-3

Chang, T. Y., Zivin, J. G., Gross, T., & Neidell, M. (2019). The Effect of Pollution on Worker Productivity:
Evidence from Call Center Workers in China. American Economic Journal Applied Economics,
11(1), 151-172. https://doi.org/10.1257/app.201604 36

128


https://doi.org/10.1016/j.jue.2019.04.006
https://doi.org/10.1111/jors.12334
https://doi.org/10.3390/smartcities4030059
https://doi.org/10.1016/S1574-0684(05)01023-3
https://doi.org/10.1111/j.1435-5597.1971.tb01493.x
http://www.jstor.org/stable/3488064
http://www.jstor.org/stable/20185020
https://doi.org/10.1177/0265813515595765
https://doi.org/10.1126/science.1153057
https://doi.org/10.1016/j.jeem.2024.103102
https://doi.org/10.1016/j.jue.2008.08.003
https://doi.org/10.1093/ej/ueab050
https://doi.org/10.1016/s0921-8009(01)00254-3
https://doi.org/10.1257/app.20160436

De Duren, N. L., & Compean, R. G. (2015). Growing resources for growing cities: Density and the cost
of municipal public services in Latin America. Urban Studies, 53(14), 3082-3107.
https://doi.org/10.1177/0042098015601579

Dechezleprétre, A. (2025). The impact of air pollution on labour productivity. OECD Science,
Technology and Industry Working Papers. https://doi.org/10.1787/318cb85f-en

Desmet, K., & Henderson, J. V. (2015). The geography of development within countries. Handbook of
Regional and Urban Economics, 5, 1457-1517. https://doi.org/10.1016/b978-0-444-59531-
7.00022-3

Duranton, G., & Puga, D. (2004). Chapter 48 Micro-foundations of urban agglomeration economies.
Handbook of regional and urban economics, 4, 2063-2117. https://doi.org/10.1016/s1574-
0080(04)80005-1

Duranton, G., & Puga, D. (2023). Urban growth and its aggregate implications. Econometrica, 91(6),
2219-2259. https://doi.org/10.3982/ecta17936

Duranton, G., & Turner, M. A. (2012). Urban growth and transportation. The Review of Economic
Studies, 79(4), 1407—1440. https://doi.org/10.1093/restud/rds010

Fisch, O. (1977). Spatial equilibrium with local public goods. Regional Science and Urban Economics,
7(3), 197-216. https://doi.org/10.1016/0166-0462(77)90009-6

Glaeser, E. L., Kallal, H. D., Scheinkman, J. A., & Shleifer, A. (1992). Growth in Cities. Journal of Political
Economy, 100(6), 1126—1152. http://www.jstor.org/stable/2138829

Greenstone, M., & Gallagher, J. (2008). Does Hazardous Waste Matter? Evidence from the Housing
Market and the Superfund Program. The Quarterly Journal of Economics, 123(3), 951-1003.
https://doi.org/10.1162/gjec.2008.123.3.951

Greenstone, M., & Hanna, R. (2014). Environmental regulations, air and water pollution, and infant
mortality in India. American Economic Review, 104(10), 3038-3072.
https://doi.org/10.1257/aer.104.10.3038

Guo, X., Deng, M., Wang, X., & Yang, X. (2023). Population agglomeration in Chinese cities: is it benefit
or damage for the quality of economic development? Environmental Science and Pollution
Research, 31(7), 10106—10118. https://doi.org/10.1007/s11356-023-25220-4

Henao, A., Piatkowski, D., Luckey, K. S., Nordback, K., Marshall, W. E., & Krizek, K. J. (2015).
Sustainable transportation infrastructure investments and mode share changes: A 20-year
background of Boulder, Colorado. Transport Policy, 37, 64-71.
https://doi.org/10.1016/j.tranpol.2014.09.012

Henderson, J. V. (1974). The Sizes and Types of Cities. The American Economic Review, 64(4), 640—
656. http://www.jstor.org/stable/1813316

Jacobs, J. (1969). Strategies for Helping Cities. The American Economic Review, 59(4), 652—-656.
http://www.jstor.org/stable/1813237

Lin, J., Wan, H., & Yu, Y. (2023). What you breathe makes you poor: The effect of air pollution on
income. China Economic Review, 83, 102103. https://doi.org/10.1016/j.chieco.2023.102103

Melhim, S. H., & Isaifan, R. J. (2025). The Energy-Economy Nexus of Advanced Air Pollution Control
Technologies: Pathways to Sustainable Development. Energies, 18(9), 2378.
https://doi.org/10.3390/en18092378

Mitra, A., & Tripathi, S. (2025). Are cities in advanced countries saturated in population size? Journal of
Public Affairs, 25(1). https://doi.org/10.1002/pa.70016

129


https://doi.org/10.1177/0042098015601579
https://doi.org/10.1787/318cb85f-en
https://doi.org/10.1016/b978-0-444-59531-7.00022-3
https://doi.org/10.1016/b978-0-444-59531-7.00022-3
https://doi.org/10.1016/s1574-0080(04)80005-1
https://doi.org/10.1016/s1574-0080(04)80005-1
https://doi.org/10.3982/ecta17936
https://doi.org/10.1093/restud/rds010
https://doi.org/10.1016/0166-0462(77)90009-6
http://www.jstor.org/stable/2138829
https://doi.org/10.1162/qjec.2008.123.3.951
https://doi.org/10.1257/aer.104.10.3038
https://doi.org/10.1007/s11356-023-25220-4
https://doi.org/10.1016/j.tranpol.2014.09.012
http://www.jstor.org/stable/1813316
http://www.jstor.org/stable/1813237
https://doi.org/10.1016/j.chieco.2023.102103
https://doi.org/10.3390/en18092378
https://doi.org/10.1002/pa.70016

Mohamed, B. H., Ari, ., Al-Sada, M. b. S., & Kog, M. (2021). Strategizing Human Development for a
Country in Transition from a Resource-Based to a Knowledge-Based Economy. Sustainability,
13(24), 13750. https://doi.org/10.3390/su132413750

Moretti, E. (2012). The new geography of jobs (lllustrated, reprint ed.). Houghton Mifflin Harcourt. ISBN:
978-0547750118. https://www.tandfonline.com/doi/full/10.1111/juaf.12122

Nguyen, H. M., & Nguyen, L. D. (2017). The relationship between urbanization and economic growth.
International Journal of Social Economics, 45(2), 316—339. https://doi.org/10.1108/ijse-12-2016-
0358

PetrikoviCova, L., Kurilenko, V., Akimjak, A., Akimjakova, B., Majda, P., Datelinka, A., Biryukova, Y.,
Hlad, L., Kondrla, P., Maryanovich, D., Ippolitova, L., Roubalova, M., & Petrikovi¢, J. (2022). Is
the Size of the City Important for the Quality of Urban Life? Comparison of a Small and a Large
City. Sustainability, 14(23), 15589. https://doi.org/10.3390/su142315589

Pfliger, M. (2021). City size, pollution and emission policies. Journal of Urban Economics, 126, 103391.
https://doi.org/10.1016/j.jue.2021.103391

Ro, Y. J., & Park, J. (2024). Weakening demographic dividend in India. Asian Economic Papers, 23(2),
119-139. https://doi.org/10.1162/asep_a_00896

Rodriguez-Pose, A., & Mustra, V. (2022). The economic returns of decentralisation: Government quality
and the role of space. Environment and Planning A: Economy and Space, 54(8), 1604—1622.
https://doi.org/10.1177/0308518x221118913

Rosenthal, S. S., & Strange, W. C. (2004). Chapter 49 Evidence on the nature and sources of
agglomeration economies. In Handbook of Regional and Urban Economics, 2119-2171.
https://doi.org/10.1016/s1574-0080(04)80006-3

Shukai, C., Haochen, W., & Xiaohong, Z. (2021). Do City Size and Population Density Influence
Regional Innovation Output Evidence from China? Wireless Communications and Mobile
Computing, 2021(1). https://doi.org/10.1155/2021/3582053

Sun, Y., & Zhao, S. (2018). Spatiotemporal dynamics of urban expansion in 13 cities across the Jing-
Jin-Ji Urban Agglomeration from 1978 to 2015. Ecological Indicators, 87, 302-313.
https://doi.org/10.1016/j.ecolind.2017.12.038

Wang, G., Han, Q., & De Vries, B. (2021). The multi-objective spatial optimization of urban land use
based on low-carbon city planning. Ecological  Indicators, 125, 107540.
https://doi.org/10.1016/j.ecolind.2021.107540

Wang, S., Zhai, C., & Zhang, Y. (2024). Evaluating the impact of urban digital infrastructure on land use
efficiency based on 279 cities in China. Land, 13(4), 404. https://doi.org/10.3390/land13040404

Wu, J., Wu, Y., & Wang, B. (2017). Environmental efficiency and the optimal size of Chinese cities.
China & World Economy, 25(3), 60-86. https://doi.org/10.1111/cwe.12200

Yang, Z. (2020). Development of Optimal City Size Theory: A Critical View. Journal of Resources and
Ecology, 11(1), 100. https://doi.org/10.5814/j.issn.1674-764x.2020.01.010

Zhang, S., Ding, J., Zheng, H., & Wang, H. (2023). Does spatial functional division in urban
agglomerations reduce negative externalities in large cities? Evidence from urban agglomerations
in China. Heliyon, 9(10), e20419. https://doi.org/10.1016/j.heliyon.2023.e20419

130


https://doi.org/10.3390/su132413750
https://www.tandfonline.com/doi/full/10.1111/juaf.12122
https://doi.org/10.1108/ijse-12-2016-0358
https://doi.org/10.1108/ijse-12-2016-0358
https://doi.org/10.3390/su142315589
https://doi.org/10.1016/j.jue.2021.103391
https://doi.org/10.1162/asep_a_00896
https://doi.org/10.1177/0308518x221118913
https://doi.org/10.1016/s1574-0080(04)80006-3
https://doi.org/10.1155/2021/3582053
https://doi.org/10.1016/j.ecolind.2017.12.038
https://doi.org/10.1016/j.ecolind.2021.107540
https://doi.org/10.3390/land13040404
https://doi.org/10.1111/cwe.12200
https://doi.org/10.5814/j.issn.1674-764x.2020.01.010
https://doi.org/10.1016/j.heliyon.2023.e20419

