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Abstract
Economic resilience—the capacity of regions to withstand shocks,

adapt to uncertainty, and return to growth—has become a central
theme in regional economics. This study examines the impact of
population density (measured as persons per square kilometer) on the
economic resilience of Iran's provinces over 2010-2024, analyzing

transmission mechanisms through consumer demand and
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technological innovation. Using annual panel data for 31 provinces, a
fixed-effects panel regression model (GLS) is applied. To address
endogeneity and reverse causality, panel Granger causality tests and
instrumental variable (IV) estimation are employed. Results indicate
a positive and statistically significant relationship between population
density and economic resilience.. Provinces with higher density show
greater capacity to absorb shocks and smooth fluctuations. The
findings indicate statistically significant indirect associations between
population density and economic resilience through consumer demand
and technological innovation Panel Granger causality tests and IV
estimation indicate that the observed positive association remains
robust after applying complementary approaches to mitigate
endogeneity concerns. The results underscore the importance of
targeted management of population density alongside supportive
policies for demand expansion, innovation, and human capital

investment, offering policy implications for regional planning.

Introduction

Urban economic resilience—the capacity of cities and regions to
withstand shocks, adapt to uncertainty, and reconfigure growth
paths—has become a core concept in urban economics. Globalization,
financial crises, pandemics, and geopolitical instability have revealed
structural vulnerabilities in urban economies and the limits of
conventional growth models (Simmie & Martin, 2010; Bristow,
2010). Resilience is increasingly viewed as a framework emphasizing
long-term adaptability and structural transformation (Martin &
Sunley, 2015).

Rapid urbanization has reshaped spatial organization of economic
activities and population distribution. Population density is not only

an outcome of urbanization but also a key determinant of economic
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performance (Glaeser & Gottlieb, 2009). This study measures density
using persons per square kilometer (total provincial population
divided by total area), reflecting actual settlement density (Duranton
& Puga, 2020; Combes et al.,, 2008). Dense settings generate
agglomeration economies through scale effects, deeper labor markets,
and knowledge spillovers (Combes et al., 2008; Glaeser & Resseger,
2010). However, poor management may lead to congestion and
infrastructure strain (Brinkman, 2016).

A key challenge is endogeneity and reverse causality: provinces with
higher resilience may attract more population. This study addresses
this using panel Granger causality tests and IV estimation with the
second lag of density as an instrument. In Iran, systematic evidence
on the density-resilience nexus remains scarce. This study analyzes
the impact of population density on economic resilience across Iranian
provinces, with attention to consumer demand and technological

innovation as mediators, while controlling for endogeneity.

Methods and Materials

This quantitative study employs panel data econometric techniques to
analyze the relationship between population density and economic
resilience. The dataset covers all 31 Iranian provinces (census
approach) from 2010-2024, a period marked by macroeconomic
volatility, sanctions, and urbanization shifts. The level of analysis is
the province; generalization to cities requires caution due to data
constraints.

Economic resilience is measured following Martin et al. (2016).
Population density is measured as persons per square kilometer (total
provincial population + total area). Consumer demand is proxied by
the natural logarithm of per capita household consumption
expenditures. Technological innovation is proxied by the share of
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R&D expenditures in local budgets. Control variables include
economic openness (foreign trade + provincial GDP), financial
development (bank deposits and facilities + provincial GDP),
education (per capita educational expenditures), and government
intervention (public budget expenditures + provincial GDP). Data
sources include the Statistical Center of Iran, Central Bank, Plan and
Budget Organization, and Customs Administration.

A fixed-effects panel regression model (GLS) is applied to control for
unobserved heterogeneity. Mediation analysis uses stepwise
regressions and Sobel tests. To control for endogeneity, panel Granger
causality tests (Dumitrescu & Hurlin, 2012) and IV estimation using
the second lag of population density as an instrument are employed.
Outliers were identified using IQR and Z-score methods; mild outliers
retained, severe outliers (<2% of observations) removed, and linear

interpolation applied where needed.

Control for Endogeneity and Reverse Causality

One of the key challenges in examining the relationship between
population density and economic resilience is the issue of endogeneity
and reverse causality. Provinces with higher economic resilience may
attract more population due to better job opportunities and economic
stability. To address this concern, the present study employs two
complementary approaches. First, panel Granger causality tests
(Dumitrescu & Hurlin, 2012) indicate that causality primarily runs
from population density to economic resilience (p<0.01), while there
is no strong evidence of reverse causality (p>0.05). Second, to control
for endogeneity arising from omitted variables, the model is re-
estimated using instrumental variable (IV) estimation with the second
lag of population density (AGG_{t-2}) as an instrument. This

instrument satisfies the relevance condition (correlation of 0.67 with
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the endogenous variable) and the exclusion restriction (the second lag
does not directly affect current resilience except through current
density). The IV estimation yields a coefficient of 0.218 (significant
at the 1% level). The Hausman test shows no significant difference
between GLS and IV estimates (p=0.182), and the first-stage F-
statistic of 24.68 confirms strong instrument relevance. For
robustness, the model was also estimated using alternative instruments
(third lag and historical average of density) and after removing severe
outliers, yielding qualitatively similar results. Nevertheless, the
authors acknowledge that complete control for endogeneity in
observational studies is challenging, and future research could benefit

from longer panel data or quasi-experimental methods.

Results and Discussion

Results show a strong positive effect of population density
(persons’km?) on economic resilience (Hypothesis 1 confirmed).
Coefficients are 0.273 (Model 1) and 0.241 (Model 3), both significant
at 1%. Denser provinces demonstrate greater capacity to absorb shocks
and adjust growth trajectories, aligning with agglomeration economies
theories (Glaeser & Gottlieb, 2009; Combes et al., 2008; Duranton &
Puga, 2020).

Population density significantly strengthens consumer demand (Sobel
7=6.126, p<0.001; Hypothesis 2 confirmed), stabilizing markets and
reducing external shock exposure (Keynes, 1936; Li et al., 2023; Du et
al., 2023). Population density also positively influences technological
innovation (Sobel Z=4.420, p<0.001; Hypothesis 3 confirmed),
boosting productivity and enabling structural upgrading (Boschma,
2015; Boschma & Martin, 2007; Sousa et al., 2021).

The Sobel tests indicate the presence of statistically significant indirect
relationships through consumer demand (Z = 6.126, p < 0.001) and
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technological innovation (Z =4.420, p <0.001). Therefore, the findings
are consistent with the existence of indirect statistical relationships
through these two channels. However, given the limitations of the Sobel
test in establishing definitive causality, this study does not claim full
confirmation of mediation. Instead, it cautiously states that the results
are consistent with the presence of indirect channels. Future research
could employ more advanced methods such as bootstrapped mediation
analysis or structural equation modeling to examine these mechanisms
more rigorously.

Panel Granger causality tests show causality runs from density to
resilience (p<0.01), not reverse (p>0.05). IV estimation yields a
coefficient of 0.218 (significant at 1%), Hausman test shows no
significant difference between GLS and IV (p=0.182), and first-stage
F-statistic of 24.68 confirms instrument strength. Education has a
positive effect on resilience; economic openness, financial
development, and government intervention show negative effects,
reflecting vulnerability to external shocks and potential market
distortions (Martin et al., 2016; Giannakis & Bruggeman, 2017,
Bristow & Healy, 2018).

Limitations include: (1) provincial-level analysis limits generalization
to cities; (2) persons’km? cannot capture all qualitative dimensions of
density; (3) potential omitted variables (governance quality, social
capital) remain. Future research should employ city-level data and
multidimensional indicators (Trippl et al., 2024).

Keywords: Economic resilience; Population density; Consumer

demand; Technological innovation
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