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Urban growth and development and changes in urban land use are inseparable parts of
planning for sustainable development. The current research intends to evaluate the urban
growth and leap for Zanjan city from the time dimension and spatial distribution based
on the natural earthquake risk. For this purpose, using Landsat series satellite images,
urban land use maps for the years 1986 to 2020 were evaluated and maps of land use
changes in Zanjan city were obtained. In the next stage, considering the importance of
earthquakes in Zanjan city, the number of earthquakes that occurred in the study area up
to a radius of 200 kilometers was investigated using GIS software, and in the final stage,
using two models, AHP and FUZZY, and using from the important parameters such as
depth, strength, distance from the epicenter, slope, height and type of building structures,
earthquake risk zoning maps were obtained in the city limits. The type of research in this
research is applied and descriptive-analytical in terms of method and nature. The final
results show that the area growth of Zanjan city during the years 1986 to 2020 has had an
increasing trend (more than two hundred percent), so that the growth of urban areas has
reached from 17.56 square kilometers to 50.65 square kilometers. Also, the results The
result of the statistical study of earthquakes shows that in the last hundred years, 276
earthquakes occurred within a radius of 200 km of Zanjan city, the lowest of which was
3.4 on the Richter scale, and the highest of which was 7.4 on the Richter scale, and the
average earthquakes were The data was 4.5 Richter. Based on the maps produced by AHP
and FUZZY models, the studied area is located in a high risk zone in terms of the
probability of earthquake occurrence. The most suitable direction for the development of
Zanjan city is towards the south and southwest.
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Extended Abstract

Introduction

One of the current characteristics of the contemporary world is the tendency towards urbanization and settlement
in urban centers. A process that began after the industrial revolution and is currently continuing in a developing
form. It is obvious that urbanization is one of the most important aspects of social life in the world today. Although
this phenomenon has its roots in the past, it is not comparable to the current conditions in terms of the number and
proportion of the population living in urban centers. It can be said that the growth of urbanization worldwide began
in the twentieth century, especially in its second half, and therefore it is considered a new phenomenon that is both
global and has been experienced by almost most countries.

Materials and Methods

The steps of this research were first taken from the US Geological Survey, Landsat satellite images, TM, ETM+,
and OLI sensors. The selected images were from the warm season of the year, when we had the least amount of
cloud cover. These images have a resolution of 30 meters in the period from 1986 to 2020. In order to prepare the
data, atmospheric and geometric corrections to satellite events were used from 1:250,000 and 1:50,000 topographic
maps of the Armed Forces Geographical Organization and digital elevation data. The type of research in this study
is applied and descriptive-analytical in terms of method and nature, and TM (Landsat 5), ETM+ (Landsat 7), and
OLI (Landsat 8) satellite images with a resolution of 30 meters, from 1986 to 2020, were used to extract land use
and cover maps. Initially, Landsat satellite images were geometrically and radio metrically corrected to reduce
errors related to satellite images.

For earthquake hazard zoning in the AHP model, which is related to determining the importance of each of the
indicators related to earthquake hazard. A questionnaire was designed whose structure is based on the AHP analytic
hierarchy process technique and the basis of this method is based on paired comparisons. In this method, the weight
of each indicator is obtained with a degree of importance that is equivalent to small values between 1 and 9. The
parameters used in this questionnaire include: the strength of the earthquakes that occurred, the depth of the
earthquakes that occurred, proximity to the fault, the slope of the ground, the height and the type of structure. In
the process of completing this questionnaire, the size of the statistical population was increased to the level of
enrichment. This targeted statistical population was selected, which included 20 members of the faculty and experts
in this field, and the average of the experts' opinions was obtained. Then, to obtain the weight of the parameters,
these parameters were entered into the Choice Expert software and analyzed and reviewed. Then, based on the
fuzzy logic model, the aforementioned parameters were used and the compiled layers were combined and the final
map of earthquake hazard zoning in the study area was obtained. Also, earthquake data was received from the
United States Geological Survey website for the period from 1900 onwards.

Results

Today, in a world free from border structures, complex and nonlinear settlement systems of cities face numerous
hazards and have low predictability, among which earthquakes are the most obvious. Earthquakes are sudden
ruptures of the upper layers of the earth, which sometimes involve the rupture of the surface layer and cause ground
shaking, and sometimes involve the destruction of facilities, buildings, and assets, along with its complications
(Alikhani, 2008). In the northwest region of Iran, the city of Zanjan is surrounded by three dangerous faults: Zanjan
in the north, Soltaniyeh in the south, and the Biatler fault in the west, and the city and county mentioned are in a
high-risk area in terms of earthquake risk zoning in Iran. Earthquakes are one of the most important and at the
same time, the most destructive natural disasters caused by tectonic movements. As mentioned, the city of Zanjan
and its surroundings are also affected by this phenomenon and the displacement of the main and secondary faults
affected by it is considered one of the earthquake-prone areas of the country. In this section, we will examine the
earthquakes that occurred in the city up to a radius of 200 kilometers and examine the depth and strength of the
earthquakes that occurred. Within the city of Zanjan and based on the studies conducted on the earthquakes that
occurred within a radius of 200 kilometers from 1986 to 2020, it can be said that a total of 276 earthquakes occurred
in this area, the lowest of which was at a depth of 1 kilometer and the highest at a depth of 77.6 kilometers.
Conclusion

According to the information collected from the population and area data of Zanjan city during the years 1365 to
1400 (1986 to 2020), it is observed that the area growth of Zanjan city has been increasing during the years 1986
to 2020, so that the growth of the area of urban areas has reached from 17.56 square kilometers to 50.65 square
kilometers. In terms of population, the population growth has been on average more than 2 percent and the
population of Zanjan city has always increased in these years. In a general view, when we examine the
demographic evolution and expansion and development of the city of Zanjan from 1986 to 2020, we see that from
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1986 to 2005 (1365 to 1385), the population density per square kilometer has continuously decreased, and between
2010 and 2015 (1385 to 1395), this trend was almost constant, and between 2015 and 2020 (1395 to 1400), a
relative jump is seen in it. The physical expansion of the city initially has a faster trend than population growth,
and the urban density, which was approximately 12,433 people per square kilometer (124 people per hectare) in
1986, has reached 8,624 people per square kilometer (86 people per hectare) in 2005. This trend has been almost
constant over the next 10 years and has begun its reverse growth since 2016, reaching approximately 9,085 people
per square kilometer (91 people per hectare) in 2020, which indicates the prevention of uncontrolled growth of
Zanjan city in the last 15 years. Urban densification policies are also one of the reasons for preventing the
horizontal expansion of cities in recent years.

-According to the studies conducted using the two AHP and FUZZY models and the parameters used, it can be
said that the study area in terms of the probability of earthquake risk based on the AHP model is located in a low-
risk zone, 1.4% in a medium-risk zone, 65.2% in a high-risk zone, 33.2% of the area in a high-risk zone, and 0.1%
of the study area in a very high-risk zone. Based on the fuzzy model, it was concluded that 75.6% of the area is
located in a low-risk zone and 4.9% of the study area is located in a high-risk zone.
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Fig. (1): area of study
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Fig. (2): Evaluation and review of the area of Zanjan city in 1986
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Fig. (3): Evaluation and investigation of changes in the size of Zanjan city in 1990
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Fig. (4): Evaluation and investigation of changes in the size of Zanjan city in 1995
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Fig. (5): Evaluation and investigation of changes in the size of Zanjan city in 2000
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Fig. (6): Evaluation and investigation of changes in the size of Zanjan city in 2005
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Fig. (7): Evaluation and investigation of changes in the size of Zanjan city in 2010
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Fig. (8): Evaluation and investigation of changes in the size of Zanjan city in 2015
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Fig. (9): Evaluation and investigation of changes in the size of Zanjan city in 2020
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Fig. (10): Area and population diagram of Zanjan city
Yoe YA o 5l oo e colue :(V)oyleud oo
Table (1): Zanjan city area from 1986 to 2020
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Table (2): Demographic developments of Zanjan city from 1365 to 1400
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Table (3): Population density of Zanjan city in different periods during the last 30 years
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Fig. (11): Population density chart in Zanjan city (in terms of people per square kilometer)
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Fig. (12): Population density chart in Zanjan city (in terms of people per hectare)
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. (13): Earthquake strength distribution map in Zanjan city
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Fig. (14): Earthquake depth distribution map in Zanjan city
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Fig. (15): Map of the distance from the fault in Zanjan city
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Fig (16): Slope map of Zanjan city
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Figure (17): Height map of Zanjan city in meters
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Fig. (18): Map of types of building structures in Zanjan city
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Fig. (19): Earthquake risk zoning map based on the AHP model of Zanjan city
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Fig. (20): Earthquake risk zoning map based on the fuzzy model of Zanjan city area
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Fig. (21): Parameter weight chart based on experts' opinion
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Fig. (22): Spatial distribution map of earthquakes based on depth
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Fig. (23): Spatial distribution map of earthquakes based on strength
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Evaluation of the urban leap of areas prone to city development with an

emphasis on earthquake risk (case study: Zanjan city)

Abstract

Urban growth and development and changes in urban land use are inseparable parts of planning
for sustainable development. The current research intends to evaluate the urban growth and leap
for Zanjan city from the time dimension and spatial distribution based on the natural earthquake
risk. For this purpose, using Landsat series satellite images, urban land use maps for the years
1986 to 2020 were evaluated and maps of land use changes in Zanjan city were obtained. In the
next stage, considering the importance of earthquakes in Zanjan city, the number of earthquakes
that occurred in the study area up to a radius of 200 kilometers was investigated using GIS
software, and in the final stage, using two models, AHP and FUZZY, and using from the
important parameters such as depth, strength, distance from the epicenter, slope, height and
type of building structures, earthquake risk zoning maps were obtained in the city limits. The
type of research in this research is applied and descriptive-analytical in terms of method and
nature. The final results show that the area growth of Zanjan city during the years 1986 to 2020
has had an increasing trend (more than two hundred percent), so that the growth of urban areas
has reached from 17.56 square kilometers to 50.65 square kilometers. Also, the results The
result of the statistical study of earthquakes shows that in the last hundred years, 276
earthquakes occurred within a radius of 200 km of Zanjan city, the lowest of which was 3.4 on
the Richter scale, and the highest of which was 7.4 on the Richter scale, and the average
earthquakes were The data was 4.5 Richter. Based on the maps produced by AHP and FUZZY
models, the studied area is located in a high risk zone in terms of the probability of earthquake
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occurrence. The most suitable direction for the development of Zanjan city is towards the south
and southwest.
Keywords: Zanjan, Urban development, AHP, Earthquake, FUZZY .



