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Unprecedented urbanization has occurred globally in the last few decades. Urbanization
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important social phenomenon, has a clear effect on the landscape pattern. Therefore,
urbanization is always associated with the spatial expansion of urban land, which leads
to changes in the landscape pattern. Previous studies have analyzed urbanization patterns
in areas with rapid urban expansion, while urban areas with low to medium expansion,
especially in developing countries such as Iran, have been less studied. Therefore, the
aim of the current research is to identify the patterns of urban expansion in the middle
cities; It is in the city of Urmia. The current research is a descriptive-analytical research
and applied research. In the present study, the first set of data will be satellite images, so
the satellite images of 1990, 2000, 2010, and 2020 of Urmia city were received from
Landsat satellite and processed using related software. Therefore, it is a library data
collection method. The results of the present research show that when we take a look at
the urban expansion in Urmia, two periods can be identified. In the first period of 1990-
2000, the rapid development in the periphery of the city has led to an increase in the size
of the core city area, which is indicated by a decrease in the Al index. In addition, new
expansion is observed in areas separated from other areas by vacant land. This shows the
sprawling expansion of the city. In the period of 2000-2010, the intensity of urban
expansion has decreased. During this period, the city experienced a cumulative decrease
in GYRATION_MN, and the accumulation of spots has been greatly reduced. This may
indicate that the continued growth in Urmia has focused on the development of urban
patches and this development has been accompanied by a significant increase in
ENN_MN and a cumulative decrease in Gyration. Finally, the investigation of urban
expansion patterns in Urmia city led to the identification of four cumulative, jump, linear
and nodal patterns.
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Extended Abstract

Introduction

In the last half century, cities have expanded rapidly. The increase in the degree of urbanization and the urban
population has been considered as an undeniable urban reality (Mohad et al., 2013). Increasing urbanization has
led to significant development in a number of urban areas, and in addition, the changes in the structure of land
use due to the rapid growth and expansion of urban areas have been significant (Hakimi and Mostafaei, 2003).
The city of Urmia is one of the middle cities of Iran, which is experiencing the rapid growth of urbanization
and scattered growth. Such growth has led to many consequences, including the loss of habitats, the
fragmentation of the landscape, and the formation of unplanned peripheral settlements, resulting in the loss of
agricultural land. These consequences have led to an increase in costs for the decision-making bodies of Urmia
city. In order to deal with such growth, organizations such as Jihad Agriculture and Urmia Municipality have
only destroyed the garden houses so far. Considering that this unplanned growth has made it difficult for the
city administration to provide services. Drawing the evolution of the spatial pattern due to urban expansion is
necessary to understand the important geographical process, according to the characteristics of the change of
spatial patterns and the appearance of the land.

Study Area

Urbanization is a process in which people move from rural areas to cities. Iran is a rapidly urbanizing country,
and more than 76% of its population will live in urban areas in 2023. This figure was 51% in 1986. Iran's
population has increased over the past 50 years and will continue to grow in the coming decades. Urmia is one
of the metropolises of Iran, the capital of West Azarbaijan province and Urmia city in the northwest of Iran,
with an area of more than 11230 hectares, it is located next to Lake Urmia in Azerbaijan region. According to
the census of 2016, with a population of 736,224 people, this city is the tenth most populated city in Iran and
the second most populated city in the northwestern region of Iran.

Material and Methods

The current research is a descriptive-exploratory research and applied research. In the current research, the first
category of data will be satellite images. Satellite images of 1990, 2000, 2010, and 2020 of Urmia city were
received from Landsat satellite and processed using related software. As a result, in the present research, the
first category of data will be satellite images. After forming a database of Landsat 5 and 8 satellite images for
four time periods (1990, 2000, 2010, 2020), the land use map of the mentioned years was prepared. To validate
the maps, Google Earth images, ground reality points, and accuracy and kappa coefficients were used.
Therefore, the data collection method is a library. Google Earth Engine, GIS and Fragstat software were used
for data analysis.

Result and Discussion

To analyze and compare urban expansion patterns, three spatial criteria of land analysis were used. These
spatial criteria were used to explain the main features of the urban pattern (aggregation, compactness and
isolation) at the micro and macro scale. At the macro level, spatial criteria were interpreted for the urban area of
Urmia as a whole. This work has continued with the analysis of spatial micro-patterns in concentric zones and
different directions. The temporal changes in the values of the spatial criteria of the land in the urban area of
Urmia have been investigated from 1990 to 2020. In general, urban area allocation involves the growth of new
urban patches, which is explained by the increase of the Al index. The increase in aggregation indicates that the
fabricated spots tended to form an aggregation pattern. In addition, the increasing trend of ENN_MN showed
that the process of isolation decreased during the study period. Additionally, according to GYRATE_MN, the
city experienced an increasing trend in compaction. In general, the scattered development and fragmented
growth of the existing city in Urmia is indicated by the increase of GYRATION_MN and Al. It is important to
note that these are only general trends and the specific values of the Al, GYRATE and ENN criteria for a
specific urban area depend on various factors such as the specific characteristics of the urban area and stages of
growth and development. Al, GYRATE and ENN metrics can be used to monitor and evaluate urban expansion
patterns over time. As a result, it is important to note that the relationship between these patterns of urban
expansion and spatial processes can be different depending on local planning policies, transportation networks,
and other contextual factors. Furthermore, these patterns may not always be perfectly aligned with specific
spatial processes, as real-world urban development is influenced by complex interacting factors. Analyzing
these relationships can help urban planners and researchers understand the spatial characteristics of different
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patterns of expansion and their implications for urban development and land use. As a result, urban expansion
patterns have been identified in Urmia city.

Conclusion

The study of urban expansion patterns in Urmia city led to the identification of four cumulative, jump, linear
and nodal patterns which were investigated in geographical zones and directions. The jump pattern has
occurred at a distance of 12 to 20 km from the city center with great diversity. The agglomeration pattern
(increasing agglomeration and generally decreasing dispersion) has prevailed at a distance of five kilometers
from the city center. This pattern of urban growth tends to remain constant and unchanged or lead to a
reduction in land fragmentation. In addition, the analysis of the landscape pattern in the directional regions
showed that it experienced an accumulation pattern in the northern, northeastern and western parts. In addition
to the mentioned regions, the northwestern regions also had a spatial pattern of accumulation in the 1990s-
2000s, but in the following decades, they expanded sporadically. The location of the accumulation areas in
Urmia shows that the obtained patterns were strongly related to the geographical location of the spatial units.
For example, the northern part is limited to agricultural lands, the northeast is limited to Lake Urmia. In other
words, these two factors were built as obstacles for the expansion of the region.

Key words: urban expansion, landscape patterns, geographic spatial regression, geographic information system,
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AI | GYR | ENN | Spatial pattern AI | GYR | ENN | Spatial pattern AI | GYR | ENN | Spatial AI | GYR | ENN | Spatial pattern

1 |H |Vl vl aggregated h | vl vl aggregated h [vl vl g;g':;:ted h |1 vl aggregated

2 |vh|l vl aggregated vh |1 vl aggregated vh | vl 1 aggregated vh | vl vl aggregated

3 |vh|vl vl aggregated vh |1 vl aggregated vh | vl vl aggregated vh | vl 1 aggregated

4 |vh|vl vl aggregated vh |1 vl aggregated vh | vl m aggregated vh | vl 1 aggregated

5 |vh|vl 1 aggregated vh |1 m aggregated vh | vl m aggregated vh |1 m aggregated

6 |H|I vl aggregated h |m 1 aggregated vh |1 1 aggregated vh |1 1 aggregated

7 |H |1 1 aggregated h |m 1 aggregated h |1 m aggregated 1 m aggregated

8 m|m vh | Linear m |h m Linear h |1 1 aggregated m m aggregated

9 |[L |m h leapfrogging /Nodal | 1 | vh h leapfrogging /Nodal | h | m m aggregated m | m m linear
10|L |h m leapfrogging /Nodal | vl | vh vh | leapfrogging/Nodal [ 1 | h h linear vl | h h linear
11|m |h vh | leapfrogging/Nodal | 1 | h vh | leapfrogging/Nodal [ m | h h linear Il |vh |m leapfrogging
12 | VL | vh h leapfrogging vl | vh h leapfrogging 1 |h m leapfrogging /Nodal | vl | h vh leapfrogging
13 | vL | vh h leapfrogging /Nodal | 1 | h h leapfrogging m |h vh | leapfrogging 1 |h vh | leapfrogging
4|L |h m leapfrogging /Nodal | vl | vh m leapfrogging m |h vh | leapfrogging vl | h h leapfrogging
15 m m leapfrogging /Nodal | 1 | h m leapfrogging m | h h leapfrogging /Nodal |1 | h h leapfrogging
16 | vL | vh h leapfrogging /Nodal | vl | vh m leapfrogging 1 |vh h leapfrogging vl [ h h leapfrogging
17|L |vh h leapfrogging /Nodal | 1 | vh h leapfrogging /Nodal | m | vh vh | leapfrogging 1 |h h leapfrogging
18|L [m h leapfrogging /Nodal | 1 | h m leapfrogging /Nodal | 1 | vh vh | leapfrogging 1 |h vh leapfrogging
19 | vL | vh m leapfrogging 1 |vh vh | leapfrogging vl | vh h leapfrogging vl [vh |vh leapfrogging
20|L |m h leapfrogging /Nodal | vl | vh h leapfrogging 1 |vh h leapfrogging vl [ vh |vh | Leapfrogging
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