Journal of Sustainable City

Online ISSN: 2476-6151

Journal Homepage: www.jscity.ir

Analysis of Physical Transformations within the Framework of Urban Physical
Expansion Management Strategies: A case study of District 22 of Tehran

Sina Seifi Marzan 1, Hossein Mansourian 2 =2 , Ahmad Pourahmad 3

1. Department of Human Geography and Planning, Faculty of Geography, University of Tehran, Tehran, Iran

Email: sina.seifi@ut.ac.ir

2. (Corresponding Author) Department of Human Geography and Planning, Faculty of Geography, University of Tehran, Tehran, Iran
Email: h.mansourian59@ut.ac.ir

3. Department of Human Geography and Planning, Faculty of Geography, University of Tehran, Tehran, Iran

Email: apoura@ut.ac.ir

Avrticle type:
Research Paper

Population growth and urban sprawl have made physical change
more complex, driven by land-use policies.The District 22 of
Tehran, as the capital's new development hub, has experienced
distinctive spatial dynamics. This study aims to analyze the
morphological transformation of District 22 within the framework
of urban physical expansion management strategies. The research is
applied in purpose and quantitative in methodology. Spatial data on
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built-up areas for 2006, 2016, and 2024 were extracted through
visual interpretation of satellite imagery using Google Earth Pro.
The Holdren model and landscape metrics were then employed to
distinguish the contribution of different factors and to analyze the
landscape structure. The Holdren model results for the first period
(2006-2016) indicated that population growth, with a contribution
of approximately 128%, was the primary driver of physical
development, while per capita land consumption decreased by
28%. However, landscape metrics revealed increasing shape
complexity and patch fragmentation, indicating that this expansion
lacked a structural guidance and a coherent development strategy.
During the second period (2016-2024), although the Holdren
model showed a positive 15% contribution from per capita land
consumption, declining trends in the Shape-MN and ENN-MN
metrics demonstrated that new land consumption primarily
occurred through infill development and the utilization of vacant
internal spaces in a more compact and orderly pattern. Over the
entire 18-year period (2006-2024), population growth, accounting
for 113% of the total contribution, remained the principal driver of
the district's physical expansion. District 22's macro-structure has
inadequate sprawl and progressed toward smart growth principles.
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Extended Abstract

Introduction

The process of large-scale urbanization and
urban growth has impacted all countries
worldwide. In recent decades, the world has
been urbanizing at an unprecedented rate, a
trend manifested in Iran through the
concentration of population in metropolitan
areas. One of the most unsustainable
patterns resulting from this process is urban
sprawl—defined as the uncontrolled,
horizontal, and low-density physical
expansion into peri-urban lands, leading to
excessive and inefficient land consumption.
Driven by dynamic forces such as rapid
population  growth  and increasing
migration, land policies and government
interventions, the expansion of informal
settlements, the growth of surrounding
villages, and the expansion of urban
infrastructure and transport networks
alongside technological advancements, this
discontinuous  sprawl entails  severe
consequences. These include heightened
social and economic vulnerabilities,
degradation of agricultural lands, natural
resources, and open spaces in urban
peripheries, increased costs for public
infrastructure and  service provision,
reduced spatial and physical cohesion of
cities, exacerbated traffic congestion and
environmental pollution, and ultimately, a
decline in centralized local land-use
control.

Given the inherent finiteness of land, its
pivotal role in the development process, and
the destructive impacts of urban sprawl,
leaving the urban land market unregulated
without an appropriate  management
strategy ~ compromises  complementary
sectors such as capital and labor markets
within ~ the  development  continuum.
Therefore, state intervention via land policy
serves as a critical mechanism to regulate
price-profit dynamics and guide land uses
optimally.

Among the  government's  primary
instruments for controlling the urban land
market are the formulation of strategic
programs, master plans, detailed plans, and
overarching land policy frameworks. To
manage urban expansion and address the
resulting environmental, economic, and
social challenges, urban managers globally

have considered various strategies, broadly
categorized into two main approaches. The
first encompasses growth containment
policies, which utilize restrictive tools—
such as urban growth boundaries and
greenbelts—to  prevent the outward
horizontal expansion of cities into
greenfield lands. The second approach is
the Smart Growth paradigm, an affirmative
approach aimed at directing growth inward
toward existing built-up areas through
redevelopment, high-rise construction, and
infill revitalization. In Iran, although
numerous master and detailed plans
inspired by these two approaches have been
formulated to curb physical expansion,
macroeconomic and political fluctuations,
alongside a lack of institutional alignment,
have aggravated chaos in decision-making
processes and perpetuated uncoordinated
growth.

Although  extensive  domestic  and
international studies have monitored and
analyzed physical indicators (Dutta &
Sengupta, 2026; Sharma & Ghuge, 2025;
Liu et al., 2025; Mahtta et al., 2022;
Parizadi et al., 2023; Ramzi & WNavidi
Majd, 2023; Mehimi et al.,, 2020) or
evaluated the efficacy of wurban land
policies and their impacts on spatial
transformations (Moradi et al., 2021;
Goudarzi et al.,, 2021; Laleh-Pour, 2012;
Rahimi, 2020; Kumar & Singh, 2023;
Zhang & Li, 2011; Seto et al., 2011), a
theoretical and empirical gap remains
regarding the simultaneous assessment of
physical  transformations  under the
influence of two contrasting yet
complementary approaches—Smart Growth
and Growth Containment—within newly
developed metropolitan zones.

This gap is particularly obvious in District
22 of the Tehran Metropolitan Area — Iran’s
political and economic hub. Strategically
located and assigned a regional role in high-
level planning  documents—originally
designated with an ecological mandate as a
hub for tourism development and the
capital's last environmental lung—District
22 has evolved over the past two decades
into a locus of intense structural conflicts.
Massive population loading, the
introduction of regional mega-commercial
projects (such as Iran Mall), high-density
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residential developments around Chitgar
Lake, and frequent alterations to zoning
regulations have subjected this area to rapid
spatial changes in its landscape. The
physical tension between compact high-rise
development on one hand and the
horizontal expansion of built-up areas
toward virgin lands and mountain slopes on
the other underscores the urgent need for a
rigorous spatial structure evaluation.
Therefore, the central problem of this
research is to investigate the extent to
which the physical transformations and
landscape pattern changes in District 22
over the past two decades align with the
strategic goals of the Smart Growth
paradigm or reflect the impact of urban
growth containment policies. Answering
this question through landscape metrics
analysis and the measurement of spatial
dynamics can elucidate the degree of
success achieved by past urban land
policies, thereby establishing the necessary
scientific foundation to refine future policy-
making and guide the physical expansion of
the Tehran Metropolitan Area in a smart
manner. Specifically, this study addresses
the core question: What physical patterns
have driven the spatial transformations and
landscape structure changes in Tehran’s
District 22 over the past two decades, and
to what extent have these patterns fulfilled
the strategic objectives of physical growth
management?

Methodology

In terms of nature, this research is a
retrospective study; in terms of objective, it
is applied; and in terms of approach, it is
quantitative. The temporal scope of the
study covers an 18-year period, from 2006
to 2024. The year 2006 was selected as the
baseline because it aligns with the 2006
National Population and Housing Census,
the formulation of the Tehran Master Plan
in 2007, and the implementation of the first
Comprehensive Plan for District 22
(approved in 2004), which established the
initial official strategies for managing
physical growth in the area.

High-resolution historical satellite imagery
from Google Earth Pro (GEP) was utilized
as the primary database to extract spatial
data regarding the built-up areas of District

22. Specifically, the boundaries of built-up
lands across the three temporal periods—
2006, 2016, and 2024—were accurately
digitized as vector layers based on visual
interpretation of ground evidence within the
GEP environment. These vector layers were
subsequently used to analyze physical
transformations via spatial metrics in
FRAGSTATS software.

Spatial metrics quantify, define, and enable
the comparison of the structural, geometric,
and  distributional  characteristics  of
landscape  components  (patches  or
fragments). Analyzing spatial metrics
contributes to understanding urban growth
patterns, thereby fostering better-informed
decisions regarding urban land policies.
Key applications of spatial metrics include
evaluating the environmental impacts of
urban growth, planning for cost reduction,
and forecasting future urban growth and
physical transformations.  Furthermore,
spatial metrics serve as effective tools for
measuring urban sprawl patterns, urban
density, and compact development. By
monitoring these temporal changes and
analyzing historical trends, future physical
transformations can be anticipated. The
outputs of these spatial metrics were
ultimately used to identify the dominant
paradigm governing physical
transformations over the past two decades.
In addition to spatial metrics, Holdern’s
mathematical model was applied to analyze
the relationship between demographic shifts
and physical expansion. Holdern's model
enables researchers to quantify the
proportion of urban growth attributable to
population growth wversus the share
resulting from sprawling, unregulated
physical expansion.

Results and Discussion

In the context of physical urban growth
management,  strategies are broadly
classified into two main paradigms: urban
growth containment policies and the Smart
Growth paradigm. This study aims to
analyze the spatial-physical transformations
of District 22 in Tehran—one of the
capital’s most dynamic spatial zones—
within the framework of physical growth
management strategies.
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An examination of spatial developments
during the 2006-2016 period reveals a
phase of massive physical development that
lacked a clear managerial framework.
Although the Holdern model results for this
decade indicate that 127.83% of physical
construction growth was driven by
demographic attraction, accompanied by a
decline in per capita land consumption, the
structural analysis of the landscape metrics
uncovers a complementary  reality.
Throughout this decade, a departure from a
compact urban form was evident; increases
in  shape complexity and patch
fragmentation reflected accelerated
construction in the absence of a cohesive
spatial plan. This finding aligns with prior
empirical research that identified the initial
development phase of District 22 as a form
of unguided, scattered expansion (Goudarzi
et al., 2022; Rafieian et al., 2017).
Conversely, during the 2016-2024 period,
physical transformations in District 22
entered a new phase, exhibiting preliminary
signs of alignment with Smart Growth
principles. Contrary to purely qualitative
claims, guantitative evidence derived from
spatial metrics supports this positive shift.
Despite the physical expansion of built-up
areas from 4,200 to 5,157 hectares during
this interval, structural landscape
indicators—specifically the decline in
geometric shape complexity (Shape MN),
the reduced mean Euclidean nearest-
neighbor  distance  among  patches
(ENN_MN), and the moderation of the
largest patch index (LPI)—demonstrate a
clear trajectory toward spatial cohesion,
infill  development, and endogenously
driven growth. This trend reflects improved
sprawl management compared to the
preceding decade.

Nevertheless, the full realization of Smart
Growth objectives in District 22 remains
constrained by structural challenges. The
absence of unified official statistics post-
2016 and discrepancies between municipal
building permit administrative data and
actual spatial realities on the ground hinder
comprehensive evaluations. Given these
registry data limitations, future research
should focus on a comprehensive
sustainability assessment of District 22 by
empirically evaluating the ten core

principles of Smart Growth (e.g., mixed
land use, sustainable transportation, and
diverse housing options) through rigorous
field-based methodologies.

Conclusion

The first period of physical and
demographic transformations in District 22
(2006-2016) reflects significant population
growth accompanied by rapid physical
expansion. The observed developments
align closely with the outputs of Holdern’s
model for this decade, demonstrating that
physical urban growth during this initial
phase was predominantly driven by
demographic factors. When evaluated
against the two main growth management
frameworks, this period exhibits an increase
in  built-up areas, heightened spatial
complexity, and a decline in urban density,
revealing no clear strategic approach
toward urban sprawl management. Rather,
the ascending trajectory of both population
and built environments indicates a clear
departure from a compact and sustainable
urban form.

During the second period (2016-2024),
Holdern’s model indicates that physical
expansion played a more dominant role in
driving urban sprawl, while population
growth experienced a  noticeable
deceleration. Interestingly, the demographic
data and Holdern model outputs for this
phase appear somewhat counterintuitive
when contrasted with the spatial metrics
findings—a discrepancy primarily
attributable to an internal development
(infill) approach. Despite the overall
expansion of urbanized land from 2016 to
2024, widespread, scattered urban sprawl
was effectively restrained due to the
consolidation and development of interior
vacant spaces. Spatial metrics during this
era—including reduced geometric
complexity of urban areas, diminished
distances between built-up patches, and a
declining influence of the largest urban
patch (LPI)—further confirm a shift in
spatial development logic compared to the
preceding decade.

In summary, the first phase of physical
transformation was  characterized by
simultaneous demographic and spatial
expansion, reflecting the absence of
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targeted strategies to manage urban sprawil.
In the second phase (2016-2024),
population growth continued, albeit at a
significantly reduced intensity.
Consequently, the spatial shifts during this
second era can be characterized as a
structural improvement of the built
environment in terms of shape complexity,
spatial proportion, patch size, and related
spatial metrics. Thus, District 22
demonstrated more effective management
of sprawl and unguided physical growth
during the second period.

However, given the ongoing decline in
urban density, future spatial developments
may push expansion toward peripheral or
emerging zones. Potential future shifts,
such as changes in the LPI and Shape MN
metrics, could signal risks of spatial
fragmentation and irregular development
over time. Conversely, the observed
increase in mean patch area (Area MN)
reflects larger-scale developments and
intensified residential construction,
suggesting enhanced spatial connectivity
and structural integration in the long term.
Ultimately, the physical transformations in
District 22 over this 18-year timeframe
highlight a critical juncture: without
optimal land management and proactive
policies, the region will face severe
physical, economic, and environmental
vulnerabilities.
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. Mix Land Uses

. Take Advantage of Compact Building Design

. Create Walkable Neighborhoods

. Provide a Variety of Housing Options

. Foster Distinctive, Attractive Communities with a Strong Sense of Place

. Preserve Open Space, Farmland, Natural Beauty, and Critical Environmental Areas
. Strengthen and Direct Development Towards Existing Communities

. Provide a Variety of Transportation Choices

. Make Development Decisions Predictable

0. Encourage Community and Stakeholder Collaboration in Development Decisions
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