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ABSTRACT

Currently, 50 percent of the world's population lives in cities, and statistics
indicate an increasing trend of urbanization in the world. In order to prevent
damage to the environment, the settlement of the population in urban areas
should be carried out in accordance with prior planning. On the other hand,
understanding the processes related to the physical development of the city
is essential for planners to adopt sustainable urban development strategies.
In order to examine the suitability of land for the physical development of
Maragheh city, nine variables were examined, including slope, elevation,
distance to the city, distance to communication network, distance to the
river, soil, geology, vegetation, and land use. The thematic layers of the
variables were transformed into fuzzy sets using various types of linear
functions, either decreasing or increasing, and user-defined. In this way, the
values of all the prepared maps were defined between 0 and 1 and then
combined using the fuzzy gamma operator. Finally, the final map of land
suitability for the physical development of Maragheh was prepared. The
results show that over 23% of the study area is in the very low-proportion
class for spatial development of the city. In comparison, 18% of the study
area in the east and southwest of Maragheh city and continuously connected
to the city have very favorable conditions for physical development of
Maragheh city. These areas are located far from the river and the bed of the
Sufi-Chai valley, and as a result, environmental and ecological problems
will be avoided.
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Extended Abstract

Introduction

The global trend of urbanization is a widespread
phenomenon impacting cities across the world.
As projected, the populations of many cities in
Asia and Africa will nearly double over the next
15 years (Zangiabadi et al., 2015).
Accommodating this influx requires careful
planning, as urban development must address
community needs while safeguarding the
environment (Rostami & Khorshiddoust, 2016).
In recent years, the rapid pace of urbanization has
placed growing pressure on natural resources and
agricultural land. In developing countries, this
accelerated urban growth exacerbates problems
such as unemployment, food insecurity, poverty,
public health crises, declining quality of life,
environmental degradation, poor water quality,
and the deterioration of rural areas.
Consequently, managing urban growth has
become a major challenge for urban planners
(Gharaibeh et al., 2020). Although urban land
occupies less than 2% of the Earth's surface,
cities' physical expansion has profound impacts
on the interconnected human-nature ecosystem
at various scales. A  comprehensive
understanding of the spatial processes driving
urban growth is essential for urban planners and
policymakers to develop sustainable strategies
for future urban expansion (Yang et al., 2022).
This study aims to:

e Identify existing challenges and
determine  optimal locations  for
Maragheh city’s physical development
to reduce urban sprawl and mitigate its
negative impacts.

e Achieve the most efficient urban
development with minimal
environmental consequences.

Methodology

Assessing land  suitability for physical
development involves evaluating multiple
factors and indicators. In this study, key
indicators include elevation, slope, land use,
geology, vegetation, proximity to rivers, soil
type, access to communication networks, and
distance to the city. To generate a land suitability
map for physical development in Maragheh,
thematic layers based on these criteria were
prepared and transformed into fuzzy layers. This
process employed decreasing and increasing
linear functions, as well as user-defined
functions, for the fuzzification of the thematic
layers. To integrate these fuzzy layers, the
gamma operator was used. Five fuzzy operators
(AND, OR, product, sum, and gamma) can be

employed for integrating thematic maps, and the
gamma operator was chosen for this study.

The following steps were taken to identify
suitable locations for physical development in
Maragheh:

1. Thematic layers of criteria affecting
land suitability for physical
development were prepared using
Geographic Information Systems (GIS)
to analyze spatial distribution across
Maragheh.

2. These layers were fuzzified using linear
decreasing and increasing functions,
normalizing values between zero and
one. User-defined functions were also
employed in Terrset software to fuzzify
some thematic layers.

3. The fuzzy thematic layers were
integrated using the gamma operator,
resulting in a zoning map that highlights
potential sites for physical
development.

Results and discussion

The results of combining thematic layers to
determine the optimal locations for Maragheh
city's spatial-physical development can be
summarized as follows: The topographic and
ecological conditions of the area severely limit
the potential locations for the spatial-physical
expansion of Maragheh. Over 23% of the study
area was classified as having very low suitability
for urban development, corresponding to built-
up areas and lands along the Sufi-Chay River.
Approximately, 17% of the area was classified as
low suitable, mainly due to the presence of
irrigated agricultural lands, particularly in the
intermountain plains. Some of these lands are
characterized by steep slopes, making
construction practically impossible. Around 20%
of the area was categorized as medium
suitability, with mixed suitability for urban
development.  Favorable factors include
relatively resistant geological formations, low
vegetation density, and distance from the main
river, while unfavorable factors include distance
from the city, lack of infrastructure, and the
presence of steep slopes. About 22% of the area
is classified as highly suitable for spatial-
physical development, forming a crescent shape
around Maragheh. Over 18% of the study area
shows very favorable conditions for
development, particularly in the east and
southwest of the city, where the areas are directly
connected to the urban core. In fact, a
combination of factors makes these areas ideal
for urban  expansion. For  example,
topographically, these lands have slopes of less
than 10%, which are suitable for urban
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development. In recent years, the spatial-
physical growth of the city has primarily
expanded eastward, aligning with these favorable
zones. This trend suggests that the city's growth
direction has been well-planned. Furthermore,
relatively favorable areas exist to the west of the
city, where the villages of Taleb Khan and
Kordlar are undergoing development. Continued
growth in these zones is likely to lead to the
integration of these villages into Maragheh.
Conclusion

This study explored the optimal locations for the
physical development of Maragheh city. The
variables analyzed include land use, geology,
altitude, slope, proximity to rivers, distance to the
city and main communication roads, soil, and
vegetation. The thematic layers representing
these variables were created in ArcMap software,
and their spatial distribution was examined. Over
23% of the study area is classified as having very
low suitability for urban development, primarily
corresponding to built-up areas and lands along
the Sufi-Chai River. About 17% of the study area
is classified as having low suitability, mainly due
to irrigated agricultural land, particularly in the
intermountain plains. Approximately 20% of the

area falls under medium suitability, with mixed
suitability for urban development based on
various criteria. About 22% of the region is
classified as highly suitable for spatial-physical
development. Over 18% of the study area has
very favorable conditions for urban expansion,
particularly in the east and southwest of the city,
where areas are already connected to the urban
core. The findings suggest that the spatial-
physical development of the city has been
generally well-directed, particularly in the
eastern zones, while some potential for further
growth exists to the west.
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