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Abstract
The present study was conducted with the aim of analyzing the transformations in the
physical structure of the spatial organization of the Mashhad metropolis during the
years 1976 to 2026. Despite the importance and necessity of understanding the
dynamics of the physical structure of this major metropolis in northeastern Iran, a
multidimensional and spatial assessment of physical transformations using
quantitative indicators and spatial models over a long-term period has received limited
scholarly attention. This research employs a descriptive-analytical method. Following
the collection of the required data and information (spatial census data of urban blocks
and approved master plan maps), a multidimensional assessment of the
transformations in physical form and the measurement of urban sprawl over a 50-year
period (encompassing the census years 1976, 1986, 1996, 2006, 2016, and the plan
horizon of 2026) was conducted using "urban blocks™ as the unit of analysis. Galster's
eight-dimensional framework was adopted as the basis for assessment, utilizing
Geographic Information Systems (GIS) as a tool for layer processing and spatial
modeling. Additionally, three techniques were employed in this study: the standard
deviational ellipse model; Moran's Index of spatial autocorrelation; and Shannon's
entropy model. The findings indicate that Shannon's entropy index for the city of
Mashhad consistently fluctuated above 7.5 (relative to the maximum natural logarithm
of 10) throughout the study period. Over the fifty-year period, the index rose from 8.4
to a peak of 8.8, and subsequently increased to 8.1. The results "It shows that over the
past half-century, the physical structure of the spatial organization of the metropolis
of Mashhad, influenced by the spatial development pattern based on 'sprawl’ and
‘fragmentation,’ has gone through four distinct periods of physical transformation:
‘physical explosion,’ ‘the era of decentralization from the traditional core,' ‘the period
of controlled horizontal development and densification," and ‘the emergence of the
polycentric metropolis.'
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Introduction

The spatial organization of a metropolis is not
merely a lifeless container of streets and
buildings; rather, it is a living entity and the
embodied platform of complex economic,
social, and political interactions that take shape
over time. The spatial organization of a city
represents a coherent whole resulting from
multiple forces that are constantly evolving.
These transformations first manifest in the
physical fabric of the city, directly altering the
flows of people, goods, and information.
Understanding changes in this structure—
particularly in metropolitan areas experiencing
accelerated and explosive growth—is key to
decoding  the challenges of  urban
unsustainability, physical inequalities, and the
fragmentation of connectivity networks.
Mashhad, as Iran's second-largest population
center and a religious world-city, presents a
unique paradigm of spatial structural
transformation. For centuries, the city's
skeleton was an organic and coherent fabric,
ordered by the powerful gravitational force of
the Holy Shrine of Imam Reza as its single
central core. However, over the past half-
century, this historically integrated order has
undergone a storm of structural changes,
yielding unprecedented transformations in
physical form. Since the early 1970s, the
intersection of factors such as massive waves
of migration, land reforms, transformations in
the political economy of space, and the
implementation of urban development plans
based on horizontal expansion has profoundly
transformed Mashhad's physical fabric.
Official master plans—including the Khazeni
Plan (1972) and the second comprehensive
plan by Mehrazan (1993)—relied on rigid
patterns and  geometric  development
assumptions, ignoring the real dynamics of
migration and morphological evolution of the
city. While these plans predicted industrial
development in eastern zones, market forces
and spontaneous tendencies created a linear
industrial-residential corridor in the northwest,
imposing an incompatible structure on the
system. The central research question is: What
transformations has the physical structure of
Mashhad's spatial organization undergone over
the past half-century?

Methodology
This research employs a descriptive-analytical
method. Following the collection of required
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data (spatial census data of urban blocks and
approved master plan maps), a
multidimensional assessment of physical form
transformations and urban sprawl
measurement over a 50-year period
(encompassing census years 1976, 1986, 1996,
2006, 2016, and the plan horizon of 2026) was
conducted using "urban blocks" as the unit of
analysis.

Galster's eight-dimensional framework was
adopted as the assessment basis, utilizing
Geographic Information Systems (GIS) for
layer processing and spatial modeling. Three
analytical techniques were employed:
Standard Deviational Ellipse (SDE): This
model tracks three components
simultaneously: concentration/dispersion,
geographic orientation of development form,
and the displacement trajectory of the urban
system's center of gravity. The model extracts
three interconnected geometric parameters: the
physical-demographic center of gravity, the
ellipse rotation angle relative to geographic
north, and the lengths of the major and minor
axes. The ratio of these axes is interpreted as
the "form elongation index."

Global Moran's I Spatial
Autocorrelation: This statistic evaluates the
simultaneous spatial location and density of
features, determining whether urban physical
expansion follows a clustered, concentrated
order or has undergone sprawl. An inverse-
distance spatial weight matrix was employed
(W_ij = 1/d_ij), where d_ij represents the
Euclidean distance between block centroids.
Shannon's Entropy Model: For this model,
Mashhad was divided into 10 fixed geographic
study zones (n=10). The entropy value ranges
between zero and In(n)=10; values closer to 10
indicate more uniform spatial distribution and
greater sprawl, while movement toward zero
indicates  concentration and  physical
compactness.

Results and Discussion

The Shannon entropy index for Mashhad
consistently fluctuated above 7.5 throughout
the study period. The fifty-year trend reveals
four  distinct  periods  of  physical
transformation:

Period One (1976-1986) — The Era of
Physical Explosion and Horizontal Urban
Creep: The Islamic Revolution, war-induced
migration, and a population surge of 114%
(from 677,800 to 1,453,934) overwhelmed the
city's planning system. The SDE area expanded
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by 67.45%, with the geometric center of
gravity shifting 2,140.59 meters
northeastward. The minor axis grew by 39.11%
compared to 20.37% for the major axis,
reducing the elongation index from 1.86 to
1.61—indicating broad areal expansion rather
than corridor development.

Period Two (1986-1996) — Continuation of
Uncontrolled Physical Expansion and
Decentralization from the Traditional
Core: Population reached 1,886,590, and
built-up area expanded by approximately 1,225
hectares. The major axis grew by 27.35% while
the minor axis grew only 6.49%, increasing the
elongation index from 1.61 to 1.93. Shannon
entropy peaked at 8.8, confirming the most
dispersed spatial distribution in the city's
modern history. Outlier urban blocks emerged
as isolated islands, creating a fragmented and
discontinuous skeleton.

Period Three (1996-2006) — Densification,
Formation of Development Corridors, and
Emergence of New Urban Centers: Under
the Mehrazan Master Plan, growth rates
moderated. The major axis grew 9.38% and the
minor axis 8.12%, stabilizing the elongation
index at 1.95. Shannon entropy dropped
significantly from 8.8 to 7.8—evidence of
successful densification policies and infill
development. New service and administrative
centers emerged along the western corridor
(Ahmadabad, University, Vakilabad),
initiating gradual functional decentralization
from the religious core. However, Moran's |
revealed that underlying sprawl patterns
persisted in marginal areas.

Period Four (2006-2016) — Emergence of
the Polycentric Metropolis with a
Centrifugal, Dual, and Clustered Spatial
Organization: Saturation of central fabrics
and capital flows toward peripheral lands
intensified centrifugal forces. Shannon entropy
rose again to 8.1. The SDE expanded along the
northwest-west axis, with rotation angle
shifting from 111.31° to 116.57°. Moran's |
moved toward a clustered pattern, confirming
the consolidation of detached townships and
marginal settlements as separate population
islands. A profound morphological duality
emerged: the western front (Qasemabad,
Elahieh) developed with standard, engineered,
grid-patterned fabrics and high-rise densities,
while eastern and northeastern zones (Tabarsi,
Tollab, Toroq) exhibited micro-parceling,
organic  self-grown  textures, extreme
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population density, and physical deterioration.
The final period (2016-2026), based on the
approved master plan horizon, shows entropy
declining to 7.5, suggesting attempts to control
horizontal growth and return toward a more
compact pattern. Nevertheless, persistent
fluctuations above 7.5 confirm that Mashhad's
growth over the past half-century has been
profoundly shaped by sprawl and fragmented
spatial distribution.

Conclusion

This research demonstrates that Mashhad's
physical structure has undergone a profound
metamorphosis over the past half-century—
from a compact, continuous, monocentric
pattern (centered absolutely on the Holy
Shrine) to a fragmented, multi-nodal, linear-
corridor structure. The city's skeleton, driven
by centrifugal forces, has experienced severe
elongation along the northwest-southeast
corridor (Vakilabad and Cento axes), with its
physical center of gravity definitively shifted
westward.

This uncontrollable form change, resulting
from the deviation of official urban
development documents from the real
dynamics of the land and housing market, has
created an acute morphological duality in
Mashhad's spatial organization. The western
front has become a modernized, planned pole
attracting superior services, while eastern and
northeastern zones remain trapped in micro-
parceling, physical deterioration, and the
spatial isolation of informal settlements.

The findings underscore that urban planning
interventions have only succeeded in
temporarily controlling sprawl during brief
periods. The persistent entropy values above
7.5 indicate that Mashhad's physical structure
remains fundamentally engaged in spatial
fragmentation. This reality challenges the
entire urban system'’s equilibrium and demands
a fundamental reconsideration of future
planning approaches—moving beyond rigid,
top-down master plans toward adaptive
strategies that acknowledge the complex
interplay between market forces, migration
dynamics, and morphological evolution.
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