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The exacerbation of ecological inequalities resulting from the disproportionate
concentration of infrastructure, public amenities, and environmental burdens has
confronted the spatial development of Isfahan Metropolis with pronounced
physical disruptions and escalating pressures across its fifteen municipal
districts. Grounded in the core—periphery paradigm, this study evaluated the
spatial patterns of ecological sustainability indicators and analyzed carbon
emission dynamics to foster spatial justice and low-carbon urban development.
A mixed-methods research design was employed, integrating objective spatial
layers—including urban form, transportation networks, green spaces, and
density metrics within a Geographic Information System (GIS)—with perceptual
data gathered via a structured survey administered to 384 citizens (demonstrating
Cronbach’s alpha , confirmed construct validity, and robust factor structure).
Empirical findings revealed that the urban ecological structure strictly conforms
to a core—periphery logic: District 3 emerged as the most sustainable urban core
due to superior spatial contiguity, optimal accessibility, enhanced connectivity
to green transit, and service concentration. Conversely, Districts 14 and 15 were
identified as critical ecological hotspots, characterized by severe green
infrastructure deficits, physical fragmentation, and proximity to major industrial
hubs. Furthermore, a “knowledge—consumption paradox” was observed in
southern zones, alongside a macro-level “strategic spatial mismatch” in resource
distribution. Layer overlay synthesis demonstrated that ecological hotspots
coincide with the convergence of industrial pressures, carbon-intensive
behaviors, and infrastructural deprivation. Consequently, achieving urban
sustainability in Isfahan necessitates transitioning from sectoral planning to
integrated environmental governance, equitable redistribution of green transit
infrastructures, and structural reconfiguration of vulnerable peripheral zones.
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Introduction

In recent decades, rapid urbanization and the
horizontal and vertical expansion of built
environments have intensified environmental
pressures in cities. Among the most
significant challenges is the increase in
greenhouse-gas emissions, particularly carbon
dioxide, which contributes to climate change,
declining air quality, and urban heat-island
effects. International commitments, including
the Paris Agreement, emphasize reducing
carbon emissions and strengthening carbon
sequestration through environmental policies
and urban green infrastructure. Research
indicates that compact urban forms, coherent
spatial ~ structures,  accessible  public
transportation, cycling networks, and
equitably distributed green spaces can
improve environmental performance and
reduce per-capita emissions. In Iran, studies
have examined urban form, land use, and air
pollution, but integrated spatial assessments
of ecological inequalities remain limited.
Isfahan, an industrial, cultural, and historical
center, faces environmental pressures
associated ~ with  unbalanced  spatial
development, declining green space per
capita, and energy consumption. Accordingly,
this study analyzes ecological sustainability
indicators across Isfahan’s fifteen municipal
districts through the core—periphery model,
emphasizing spatial inequalities and carbon-
emission reduction for sustainable urban
development.

Methodology

This applied-developmental study employed a
descriptive-analytical, mixed-methods design
across Isfahan’s fifteen municipal districts.
Data were collected through documentary
sources, geographic information system
layers, and a questionnaire administered to
384 residents. Twenty experts assessed
content validity; reliability and construct
validity were examined using Cronbach’s
alpha and confirmatory factor analysis.
Descriptive, inferential, and GIS-based spatial
analyses were conducted to map perceived
and objectively measured conditions.

Results and Discussion

The findings reveal a pronounced center—
periphery pattern in ecological sustainability
across Isfahan’s fifteen municipal districts.

District 3 performs most favorably, benefiting
from coherent wurban form, integrated
infrastructure, and better environmental
management. Its scores for energy
consumption and carbon-emission control are
high, indicating the advantages of spatial
continuity and coordinated land use. By
contrast, peripheral Districts 14 and 15, and
partly District 12, experience ecological
disadvantages, including limited green space,
fragmented wurban structure, inadequate
infrastructure, and pollution-intensive
transport patterns. The average scores for
ecological sustainability and infrastructure
development indicate that urban resilience
remains constrained. A significant spatial
relationship is observed between energy
consumption and carbon emissions: although
energy-use  conditions show  relative
improvement, emissions remain problematic,
because of transportation and industrial
activities. The combined analysis of data and
residents’ perceptions identifies ecological
hotspots where industrial pressure, high-
carbon  behavior, and  infrastructure
deprivation overlap. These results suggest that
Isfahan’s development model concentrates
services and environmental advantages
unevenly in central areas while leaving
peripheral districts increasingly vulnerable.
Therefore, reducing ecological inequality
requires integrated governance, equitable
distribution of green infrastructure and public
transport, and  targeted  low-carbon
interventions in disadvantaged districts.

Conclusion

This study examined the spatial distribution of
ecological sustainability indicators in
Isfahan’s metropolitan area through the core—
periphery model, focusing on carbon-
emission reduction and sustainable urban
development. The findings demonstrate that
ecological sustainability is not distributed
evenly across the city; rather, it follows a
polarized spatial pattern in which central
districts  enjoy  better  environmental
conditions and infrastructure, while several
peripheral  districts  face  ecological
vulnerability. District 3 represents the most
favorable area, reflecting the benefits of
spatial continuity, accessibility, and green
infrastructure. Conversely, Districts 14 and
15, together with District 12, show
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weaknesses associated with insufficient green
spaces, fragmented urban form, industrial
proximity, and limited access to sustainable
transportation. These spatial disparities
indicate that urban development policies have
not adequately addressed the environmental
needs of peripheral communities. The
coexistence of high environmental pressure,
carbon-intensive mobility, and infrastructural
deprivation in vulnerable districts highlights
the need to reconsider the spatial distribution
of urban resources. Differences between
residents’ perceptions and objective spatial
indicators suggest that effective planning
should combine environmental data with
citizens’ experiences and participation.
Accordingly, sustainable development in
Isfahan requires an integrated and spatially
differentiated approach. Priority should be
given to expanding accessible green spaces,
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