



Assessment of the Physical Development Trends of Residential Areas in Natural Hazard-Prone Regions of Kurdistan Province, Western Iran



Abstract
Cities in Kurdistan Province have a high potential for vulnerability to natural hazards. Given the importance of this issue, this study evaluates the trend of physical development in the cities of Kurdistan Province towards areas that are susceptible to natural hazards. The Landsat satellite images, ALOS PALSAR 12.5m DEM, and digital information layers were used as the main data sources. The main analytical tools used in this study are ArcGIS and ENVI. The results of the physical development assessment indicate that Sanandaj city has experienced the most significant physical development, with an increase of 12.35 km2 over 30 years. However, in terms of relative physical development (development relative to the area of the city), Sarvabad city has shown the highest relative physical development, with an increase of approximately 2.3 times over the same period. Furthermore, the examination of physical development in relation to the geomorphological conditions of the cities indicates that geomorphological factors play a primary role in the trend and direction of physical development in Kurdistan Province. Geomorphological constraints have led many residential areas to encroach into hazardous regions in recent years. According to the results obtained from 1992 to 2022, the following areas have encroached into hazardous zones: 1.84 km2 from Baneh, 0.51 km2 from Bijar, 0.29 km2 from Dehgolan, 0.33 km2 from Divandareh, 0.14 km2 from Sarvabad, 1.49 km2 from Saghez, 2.72 km2 from Sanandaj, 0.36 km2 from Qorveh, 0.23 km2 from Kamyaran, and 1.06 km2 from Marivan. Based on these results, it is recommended that urban planners prioritize the expansion of residential areas in safer locations and implement risk reduction strategies in hazardous zones. Future urban development should integrate geomorphological assessments to minimize vulnerability to natural hazards. These findings can serve as guidelines for sustainable urban planning and disaster risk management in Kurdistan Province.
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1. Introduction
The steady rise in population in recent years has resulted in the rapid expansion of urban areas (Hassan et al., 2023). This increase in population density and urban development has created conditions that heighten exposure to human-induced hazards and elevate the risk of natural disasters (Lewis & Jaana, 2005; Gibson et al., 2016; Aarthi et al., 2018; Bharath et al., 2018; Fekt et al., 2022). Since many natural hazards frequently occur within cities (Bakkensen et al., 2016), these events affect millions of people every year (Jha, 2012). Natural hazards manifest in various forms, and the occurrence of one type can often trigger others (Malalgoda et al., 2010; Mas et al., 2014). For example, earthquakes may cause landslides, flooding, or ground subsidence (Ganjaeian et al., 2023), while tectonic activity can influence the utilization of river resources (Goorabi et al., 2022). Additionally, natural hazards can serve as precursors to human-induced hazards such as pollution, indicating that one hazard can lead to a chain of subsequent risks. The susceptibility of different regions to these hazards depends on geomorphological, geological, hydrological, and climatic factors (Ganjaeian et al., 2020; Negahban et al., 2019). Urban environments are particularly vulnerable (Salari et al., 2020; Nayyeri et al., 2017) because any hazard occurring within cities often results in extensive destruction and losses.
Analyses of natural hazards reveal that Iran ranks among the world’s most hazard-prone nations. In recent years, the country has frequently experienced floods, earthquakes, ground subsidence, and mass movements. Due to Iran’s considerable geological, geomorphological, and hydroclimatic diversity—especially in Kurdistan Province (Ganjaeian et al., 2021)—different areas within Kurdistan demonstrate varying levels of susceptibility to specific hazards. As a result, many of its cities face a significant risk of geomorphological hazards. This high exposure, combined with weak management and insufficient attention to urban vulnerability, has driven urban expansion into high-risk zones, thereby intensifying the damage from such hazards. Given these circumstances, evaluating and monitoring the vulnerability of Kurdistan’s cities to natural hazards is critically important. Moreover, one of the major contributors to rising urban vulnerability in this region has been the unplanned physical expansion of cities without consideration of environmental constraints. Therefore, alongside determining the degree of vulnerability of Kurdistan’s cities to environmental hazards, it is vital to assess and regulate urban growth trends extending into high-risk zones. In light of these issues, the present study seeks to analyze patterns of urban expansion in Kurdistan Province, evaluate their exposure to natural hazards, and investigate how physical development has progressed toward hazardous regions. Based on these considerations, the study aims to answer the following research questions:
· What has been the trend of physical development in the cities of Kurdistan Province from 1992 to 2022?
· Which areas within the cities of Kurdistan Province exhibit a high potential for vulnerability to natural hazards?
· What has been the trend of physical development and development towards vulnerable areas of cities in Kurdistan province in recent years?
The importance of this research topic has motivated numerous studies in related fields. Several prior investigations have analyzed urban physical growth patterns through the use of multi-temporal satellite imagery (Bagan & Yamagata, 2012; Notti et al., 2018; Chini et al., 2019; Negahban et al., 2020; Hussain et al., 2022; Liang et al., 2024). Other works have concentrated on determining areas susceptible to natural hazards by integrating various environmental and anthropogenic factors (Herryal et al., 2017; Bourenane et al., 2019; Saha & Agrawal, 2020; Ghosh et al., 2022; Vekaria et al., 2023; Sundaram et al., 2023; Osman & Das, 2023; Qi et al., 2024). Moreover, some studies have aimed to identify potential zones for urban expansion by examining both natural and human parameters (Ramadan et al., 2021; Gao et al., 2023; Xiang et al., 2024). In addition, several researchers have investigated management approaches for monitoring and regulating urban growth in relation to natural hazard exposure (Ansah, 2016; Parhi et al., 2018; Munoz et al., 2022; Cao et al., 2024; Boateng).
An examination of the literature reveals that the majority of existing studies have either concentrated on the physical expansion of urban areas or identified potential development zones without sufficiently addressing the risks these cities face. Unlike many of these prior efforts, the present research not only analyzes the patterns of urban growth but also maps out the vulnerable regions within the urban and peri-urban zones of cities in Kurdistan Province. Furthermore, it evaluates the extent to which residential development has expanded toward these hazard-prone areas.


2. Study Area
In this study, the urban areas (county centers) of Kurdistan Province in western Iran have been selected as the study area. Kurdistan Province consists of ten counties and is bordered to the south by Kermanshah Province, to the north by Zanjan and West Azerbaijan Provinces, to the east by Hamadan and Zanjan Provinces and to the west by Iraq (Fig. 1). Due to its location within various geological units, Kurdistan Province exhibits a high diversity of landforms including mountains, hills, alluvial fans, plains, and floodplains, among others (Yamani et al., 2020). Additionally, the province demonstrates significant climatic variability, with precipitation levels ranging from an average of 900 mm in Marivan to an average of 300 mm in Qorveh and Bijar.
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Fig. 1. Location of the study area

3. Materials and methods
In this study, descriptive-analytical methods and software tools have been employed. The research data includes 1:50000 topographic maps for urban areas in Kurdistan Province (to assess the topographic conditions of urban areas), 12.5 m ALOS PALSAR digital elevation model (DEM) (for preparing elevation maps and drainage networks), as well as Landsat satellite images[footnoteRef:1] (Landsat 5, 7, and 8, sensors TM, ETM, and OLI) for preparing land use maps of urban areas over the years 1992, 2002, 2012, and 2022. The research tools also include ENVI (for preparing land use maps of urban areas during the studied periods), ArcGIS (for preparing elevation and drainage maps and final outputs), and SPSS (for calculating changes in the physical development of cities). [1:  . https://earthexplorer.usgs.gov] 

The research was carried out in four phases, which are as below:
· Assessment of the Geomorphological Conditions of the Area: For this purpose, a Digital Elevation Model (DEM) with a resolution of 12.5 meters was utilized to generate elevation and drainage network maps for the urban areas. The objective of preparing these maps is to examine the prevailing geomorphological conditions in the studied cities.
· Evaluation of the Physical Development Trends of the Cities: Remote sensing methods are widely used in the study of land surface changes (Asadi et al, 2021., Safari Namivandi et al, 2024., Negahban et al, 2025). In this study, this method was used to evaluate the physical development process of cities in Kurdistan Province. For this purpose, images corresponding to the years 1992, 2002, 2012, and 2022 (July) from the TM, ETM, and OLI sensors were obtained. After acquiring the images, the data were preprocessed and so examined for geometric and radiometric errors before any analysis and processing. Subsequently, to prepare urban land use maps, training samples were defined in two classes: urban areas and non-urban areas. Finally, using the maximum likelihood method, urban land use maps for the years 1992, 2002, 2012, and 2022 were generated for the studied cities. To validate the results, the overall accuracy coefficient of these maps was calculated, as shown in Table 1.

Table 1. Evaluation of overall accuracy of the prepared maps
	2022
	2012
	2002
	1992
	           Year
City

	0.94
	0.92
	0.88
	0.84
	Baneh

	0.94
	0.90
	0.88
	0.84
	Bijar

	0.94
	0.92
	0.90
	0.88
	Dehgolan

	0.92
	0.90
	0.88
	0.86
	Divandareh

	0.94
	0.92
	0.88
	0.84
	Sarvabad

	0.94
	0.94
	0.88
	0.86
	Saghez

	0.96
	0.92
	0.88
	0.86
	Sanandaj

	0.94
	0.92
	0.88
	0.88
	Qorveh

	0.94
	0.94
	0.90
	0.86
	Kamyaran

	0.96
	0.94
	0.88
	0.86
	Marivan



· Evaluation of the role of geomorphology and urban expansion directions: After the preparation of urban land use maps over the studied time periods, the trends of physical development in the cities have been evaluated. The extent of physical development for each city, as well as the role of geomorphological factors in this development and the changing directions of urban expansion, have been analyzed.
· Assessment of Urban Physical Development towards Hazardous Areas: After preparing the maps of physical development of the cities, a map of hazardous areas was prepared to evaluate the trends of physical development towards hazardous regions. For this purpose, parameters such as slope, slope direction, distance from rivers, and distance from faults were utilized (Negahban et al, 2019). Following the preparation of the hazardous areas map, the trends of physical development in the studied cities within hazardous areas from 1992 to 2022 were evaluated. Fig.2 illustrates the flowchart of the research.

[image: ]
Fig. 2. The Research Flowchart

[bookmark: _GoBack]4. RESULTS AND DISCUSSION
In recent years, the physical development of cities in Kurdistan Province has experienced an increasing trend. Given the varying geomorphological conditions of the cities in this province, this upward trend has, in some cases, directed development towards hazardous areas. Accordingly, in the present study, the geomorphological status prevailing in the cities of Kurdistan Province has been examined first, followed by an evaluation of their physical development trends.

4.1. Geomorphological Conditions of Cities in Kurdistan Province
In general, it can be stated that Kurdistan Province is divided into two geomorphological sections: the western and eastern parts. The western section is primarily characterized by mountainous units and intermountain plains with valleys, while the eastern part consists of high plains, scattered hills, and mountainous units. Among the cities in the western part of the province is Baneh, which with continuous increase in population in recent years has faced limitations in its physical development. Baneh is surrounded by mountainous units, including Mount Arbaba and steep slopes, and the presence of a river terrace within the urban area also considered another limitation for this city. Currently, given the prevailing geomorphological conditions, the western part of Baneh has greater potential for physical development.
Saghez is another city in the west and the second most populous city in the province. This city faces limitations due to its rugged terrain, specifically the presence of hilly areas and mountainous units, as well as constraints from the Saghez River and its surrounding floodplain. While this river has its attractions and positive aspects, it is also considered a limitation for the physical development of the city. Due to its high flow and flood-prone nature, attention to its buffer zone is essential. In recent years, the trend of development in Saghez has been towards the northern and southern areas of the city.
Marivan is another city in the province that leads to Lake Zeribar from the west. This city is also limited by mountainous units and steep slopes from the north and south. The geomorphological limitations of Marivan have altered its physical development trend, causing it to expand eastward in recent years. Sarvabad is among the cities that face geomorphological constraints from various directions. This city is bordered by mountainous units to the north and east, and by river terraces to the west and southwest. Given the geomorphological conditions, its physical development has progressed towards the southeast in recent years.
Sanandaj, as the provincial capital, faces numerous geomorphological limitations. The presence of mountainous units in various directions (including Mount Abidar) and numerous hills within the urban limits have restricted the city’s physical development. Additionally, the terrace of Qashlaq River and its floodplain to the east of Sanandaj pose serious limitations for the city’s physical development due to high flow and flood-prone characteristics. In recent years, the trend of physical development in Sanandaj has been directed towards the southern areas of the urban limits.
Kamyaran, the southernmost city in the province, also faces limitations due to river terraces, which not only restrict development within the urban area but also limit the southern part of Kamyaran. Furthermore, mountainous units restrict parts of the northern areas of the city. Considering the geomorphological conditions of Kamyaran, its development trend in recent years has been towards the eastern areas.
Bijar and Divandareh are considered northern cities of the province. Bijar is the highest city in the province, bordered by mountainous units from the north, south, and east. The river terrace in the eastern part also constitutes a limitation for the city’s physical development. The geomorphological constraints from various directions have led to the physical development of Bijar trending towards the western areas of the urban limits in recent years. Similarly, Divandareh faces numerous limitations from various directions. The presence of hilly areas within the urban limits of Divandareh is one of the main constraints on its physical development. Additionally, the river terrace with a northwest-southeast trend encompasses the western part of Divandareh, limiting physical development in that direction. Consequently, the physical development of Divandareh has occurred in the eastern part of the city, trending northwest-southeast in recent years.
Qorveh and Dehgolan are considered eastern cities of the province, situated on a plain. Qorveh is established on a plain from a geomorphological perspective (Ganjaeian, 2024). The city extends towards the southwestern slopes of Mount Kovalau, which has led to some residential areas being located on steep slopes. Additionally, it is bordered to the east by a river terrace, which has created limitations for its physical development. However, despite these factors, Qorveh faces relatively few geomorphological constraints for the development of residential areas, allowing for physical development in various directions in recent years.
Dehgolan, like Qorveh, also faces few geomorphological constraints for physical development. This city is located on a plain and lacks steep areas due to the minimal elevation differences within its urban limits. Currently, the river terrace on the western side of this city is considered the most significant limiting factor for its physical development, which has resulted in the trend of development in recent years being directed towards the eastern areas of the urban limits.
Divandareh, like the Bijar, faces numerous limitations from various aspects. The presence of hills within the urban boundaries of Divandareh is considered one of the most significant constraints on the physical development of this city. Additionally, the river terrace unit, with a northwest-southeast trend, encompasses the western part of Divandareh, restricting physical development in that direction. These factors have led to the physical development of Divandareh occurring primarily in the eastern section of the city, following a northwest-southeast trend.
The cities of Qorveh and Dehgolan are regarded as eastern cities of the province, situated within the plain unit. In terms of Geomorphology, Qorveh is established on a plain unit. This city extends southwestward to the slopes of Mount Kovalau, which has resulted in part of its residential areas being located on steep slopes. Furthermore, it also terminates to the east at the river terrace unit, which has created limitations for the physical development of this city. However, despite these factors, Qorveh faces relatively few geomorphological constraints for the development of residential areas, allowing for physical expansion in various directions in recent years.
Similarly, Dehgolan, like Qorveh, encounters minimal geomorphological limitations for physical development. This city is established on a plain unit and, due to the slight elevation differences within its urban area, lacks steep regions. Currently, the river terrace unit on the western side of this city is considered the most significant limiting factor for its physical development, resulting in the trend of physical expansion in recent years being directed toward the eastern areas of the urban boundary. Fig. 3 illustrates the topographic status of the cities in Kurdistan Province.
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Fig. 3. Elevation map of cities in Kurdistan province

4.2. The Trend of Physical Development of Cities in Kurdistan Province
Due to the population growth and migration from rural areas to urban regions, urban settlements in Kurdistan Province have experienced significant growth in recent years. In this study, Landsat images of the years 1992, 2002, 2012, and 2022 have been utilized to assess the trend of physical development of the cities in Kurdistan Province. The results obtained are presented in Table 2.

Table 2. Urban area of ​​cities in Kurdistan Province (km2)
	2022
	2012
	2002
	1992
	           Year
City

	12.48
	10.44
	6.13
	3.9
	Baneh

	5.9
	5.22
	4.24
	3.61
	Bijar

	2.53
	2.13
	1.51
	1.03
	Dehgolan

	3.15
	2.49
	1.75
	1.12
	Divandareh

	0.56
	0.41
	0.33
	0.24
	Sarvabad

	12.04
	10.21
	7.63
	6.1
	Saghez

	27.11
	25.24
	19.78
	14.76
	Sanandaj

	7.33
	5.34
	4.19
	3.31
	Qorveh

	2.9
	2.4
	1.77
	1.44
	Kamyaran

	9.09
	8.18
	5.38
	3.9
	Marivan



Based on the above table, the cities in Kurdistan Province have experienced significant physical development. Baneh, due to its commercial position, has experienced significant physical growth in recent years, with the total area of urban settlements and infrastructure in Baneh being approximately 3.9 km2 in 1992. This figure increased to 6.13, 10.44, and 12.48 km2 in 2002, 2012, and 2022, respectively, indicating a multiple physical growth of this city over a 30-year period (Fig. 4). Additionally, Bijar had an area of approximately 3.61 km2 in 1992, which increased to 4.24, 5.22, and 5.9 km2 in 2002, 2012, and 2022, respectively, indicating that Bijar experienced about 2.3 km2 of physical development over the 30-year period (Fig. 5).
Dehgolan also had more than double its physical development over the 30-year period, with an area of approximately 1.03 km2 in 1992, which increased to 1.51, 2.13, and 2.53 km2 in 2002, 2012, and 2022, respectively (Fig. 6). Divandareh experienced even more growth compared to Dehgolan, starting with an area of approximately 1.12 km2 in 1992, which increased to 1.75, 2.49, and 3.15 km2 in 2002, 2012, and 2022, respectively (Fig. 7).
Sarvabad, as the smallest county center in Kurdistan Province, had an area of approximately 0.24 km2 in 1992, which increased to 0.33, 0.41, and 0.56 km2 in 2002, 2012, and 2022, respectively (Fig. 8). Saghez, which is considered the second most populous city in the province after Sanandaj, has also experienced significant physical growth. The area of Saghez was approximately 6.1 km2 in 1992, increasing to 7.63, 10.21, and 12.04 km2 in 2002, 2012, and 2022, respectively (Fig. 9).
Sanandaj, as the most populous and largest city in the province, has also experienced considerable growth, with its area approximately doubling over the 30-year period. In 1992, Sanandaj had an area of approximately 14.76 km2, which increased to 19.78, 25.24, and 27.11 km2 in 2002, 2012, and 2022, respectively (Fig. 10). Qorveh, like other cities in the province, has also experienced physical development. The area of Qorveh was approximately 3.31 km2 in 1992, which increased to 4.19, 5.34, and 7.33 km2 in 2002, 2012, and 2022, respectively (Fig. 11).
Kamyaran has also shown significant growth, with an area of approximately 1.44 km2 in 1992, which increased to 1.77, 2.4, and 2.9 km2 in 2002, 2012, and 2022, respectively (Fig. 12). Finally, Marivan is one of the cities that has had the most significant physical development, starting with an area of approximately 3.9 km2 in 1992, which increased to 5.38, 8.18, and 9.09 km2 in 2002, 2012, and 2022, respectively (Fig. 13).
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Fig. 4. Trend of Physical Development of Baneh City over the Years 1992, 2002, 2012, and 2022.
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Fig. 5. Trend of Physical Development of Bijar City over the Years 1992, 2002, 2012, and 2022.
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Fig. 6. Trend of Physical Development of Dehgolan City over the Years 1992, 2002, 2012, and 2022.
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Fig. 7. Trend of Physical Development of Divandareh City over the Years 1992, 2002, 2012, and 2022.
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Fig. 8. Trend of Physical Development of Sarvabad City over the Years 1992, 2002, 2012, and 2022.
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Fig. 9. Trend of Physical Development of Saghez City over the Years 1992, 2002, 2012, and 2022.
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Fig. 10. Trend of Physical Development of Sanandaj City over the Years 1992, 2002, 2012, and 2022.
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Fig. 11. Trend of Physical Development of Qorveh City over the Years 1992, 2002, 2012, and 2022.
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Fig. 12. Trend of Physical Development of Kamyaran City over the Years 1992, 2002, 2012, and 2022.
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Fig. 13. Trend of Physical Development of Marivan City over the Years 1992, 2002, 2012, and 2022.

4.3. Evaluation of Physical Changes in the Cities of Kurdistan Province
The assessment of the physical development trends in the cities of Kurdistan Province indicates that, in terms of the extent of physical development, Sanandaj, as the provincial capital, has experienced the most significant growth with an area of 12.35 km2 over the 30-year period. Additionally, the cities of Baneh and Saghez with 8.58 and 5.94 km2, respectively, are ranked next. However, in terms of relative physical development (development relative to the city area), Sarvabad has shown the highest rate over the 30-year period, with an increase of approximately 2.3 times its area. Furthermore, the cities of Divandareh and Dehgolan have also exhibited significant relative physical development, with increases of 2.8 and 2.5 times, respectively.
The assessment of the trends and directions of physical development in the cities of Kurdistan Province indicates that their level of development is directly influenced by the geomorphological factors prevailing in the areas. Table 3 and Fig. 14 illustrate the status of physical and relative development of the cities in the province (from 1992 to 2022), as well as the geomorphological constraints for each city.
According to the table 3, the most significant geomorphological constraints for the physical development of the cities of Baneh, Bijar, Qorveh, and Kamyaran are the mountainous unit and river terrace. For the cities of Sanandaj and Saghez, the mountainous and hilly unit, terrace, and floodplain are considered as limiting geomorphological barriers. In Divandareh, the hilly unit and terrace act as important barriers to physical development. For Dehgolan, the terrace and floodplain to the west of the city are significant barriers to physical development. In Sarvabad, the mountainous unit, terrace, and valley are considered limiting geomorphological factors, while in Marivan, the mountainous unit, terrace, and lake are considered as constraints.

Table 3. Status of Physical and Relative Development of the Cities in the Province and Limiting Geomorphological Constraints
	Limiting Geomorphological Constraints
	Relative Development
	Physical Development (Km2)
	City

	Mountainous unit and river terrace
	3.2
	8.58
	Baneh

	Mountainous unit and river terrace
	1.6
	2.29
	Bijar

	River terrace and floodplain
	2.5
	1.5
	Dehgolan

	Hilly unit and river terrace
	2.8
	2.03
	Divandareh

	Mountainous unit, river terrace, and valley
	2.3
	0.32
	Sarvabad

	Mountainous and hilly unit, river terrace, and floodplain
	2.0
	5.94
	Saghez

	Mountainous and hilly unit, river terrace, and floodplain
	1.8
	12.35
	Sanandaj

	Mountainous unit and river terrace
	2.2
	4.02
	Qorveh

	Mountainous unit and river terrace
	2.0
	1.46
	Kamyaran

	Mountainous unit, river terrace, and lake
	2.3
	5.19
	Marivan
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Fig. 14. Status of Physical (Km2) and Relative Development of the Cities in the Province from 1992 to 2022

4.4. Evaluating The Trend of Physical Development of Cities Towards Hazardous Areas
Urban hazards are influenced by the geomorphological position of the region. In fact, many cities are prone to hazards due to their geomorphological location. Meanwhile, population growth and the trend of physical development of cities have caused many residential areas to move towards hazardous regions. The geomorphological position of the cities in Kurdistan Province has made many of these cities susceptible to hazards. In this study, to asses the hazard susceptibility of the cities in Kurdistan Province, hazard-prone areas within the cities of the province have been identified based on parameters such as distance from rivers, distance from fault lines, slope, and slope direction (Table 4). The map of hazard-prone areas in the cities of Kurdistan Province has been identified (Fig. 15).

Table 4. Prohibited Areas for Urban Development
	Hazardous Areas
	Criterion
	Row

	Areas with a slope greater than 15 degrees
	Slope
	1

	North-facing slopes
	Slope Direction
	2

	500-meter buffer zone
	Fault
	3

	100-meter buffer zone
	River
	4
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Fig. 15. Map of Hazard-Prone Areas within the Cities of Kurdistan Province

After preparing the hazard-prone areas map, the trend of urban development towards hazardous areas has been assesd from 1992 to 2022 (Table 5 and Fig. 16). The results indicate that alongside the physical development of cities, residential areas have progressed towards hazardous regions. Based on the obtained results, in 1992, approximately 1.18 km2 of the city of Baneh was located in hazardous areas, which increased to 1.45, 1.59 and 3.02 km2 in 2002, 2012 and 2022, respectively 2022. In 1992, about 0.08 km2 of the city of Bijar was in hazardous areas, which increased to 0.94, 1.2 and 1.31 km2 in 2002, 2012 and 2022, respectively. In 1992, around 0.14 km2of the city of Dehgolan was in hazardous areas, which increased to 0.15, 0.37, and 0.43 km2 in 2002, 2012 and 2022, respectively. In 1992, approximately 0.18 km2 of the city of Divandareh was in hazardous areas, increasing to 0.25, 0.40, and 0.51 km2 in 2002, 2012 and 2022, respectively. In 1992, about 0.04 km2 of the city of Sarvabad was in hazardous areas, which increased to 0.06, 0.1 and 0.18 km2 in 2002, 2012 and 2022, respectively. In 1992, approximately 1.4 km2 of the city of Saghez was in hazardous areas, which increased to 1.62, 2.32, and 2.8902 km2 in 2002, 2012 and 2022, respectively. In 1992, about 2.98 km2 of the city of Sanandaj was in hazardous areas, which increased to 3.95, 4.97, and 5.7 km2 in 2002, 2012 and 2022, respectively. In 1992, approximately 0.12 km2 of the city of Qorveh was in hazardous areas, which increased to 0.19, 0.34, and 0.48 km2 in 2002, 2012 and 2022, respectively. In 1992, about 0.16 km2 of the city of Kamyaran was in hazardous areas, which increased to 0.23, 0.32, and 0.39 km2 2002, 2012 and 2022, respectively. In 1992, approximately 1.17 km2 of the city of Marivan was in hazardous areas, which increased to 1.25, 2.16, and 2.23 km2 in 2002, 2012 and 2022, respectively.

Table 5. Area of Hazardous Urban Zones in the Cities of Kurdistan Province (Km2)
	2022
	2012
	2002
	1992
	           Year
City

	3.02
	2.59
	1.45
	1.18
	Baneh

	1.31
	1.20
	0.94
	0.08
	Bijar

	0.43
	0.37
	0.15
	0.14
	Dehgolan

	0.51
	0.40
	0.25
	0.18
	Divandareh

	0.18
	0.10
	0.06
	0.04
	Sarvabad

	2.89
	2.32
	1.62
	1.40
	Saghez

	5.70
	4.97
	3.95
	2.98
	Sanandaj

	0.48
	0.34
	0.19
	0.12
	Qorveh

	0.39
	0.32
	0.23
	0.16
	Kamyaran

	2.23
	2.16
	1.25
	1.17
	Marivan
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Fig. 16. Diagram of the area of hazardous urban areas in cities of Kurdistan province

5. Conclusion
[bookmark: _Hlk211597560][bookmark: _Hlk204003461][bookmark: _Hlk209007716]The findings of this study demonstrate that the cities of Kurdistan Province have undergone substantial physical expansion in recent decades, primarily driven by a growing population. However, much of this development has occurred in an unplanned manner, resulting in the expansion of residential areas into geomorphologically hazardous zones. Highest absolute growth occurred in Sanandaj (12.35 km²), followed by Baneh (8.58 km²), Saqez (5.94 km²), and Marivan (5.19 km²). In contrast, cities like Sarvabad (0.32 km²) and Dehgolan (1.5 km²) saw relatively limited growth. Notably, when considering relative physical development (i.e., growth in proportion to the original area), Sarvabad exhibited the most significant expansion—approximately 2.3 times its original size. The spatial analysis also revealed that geomorphological factors have played a critical role in shaping urban growth patterns. Many cities have expanded into areas classified as hazardous. Specifically, from 1992 to 2022, encroachments into such areas totaled 2.72 km² in Sanandaj, 1.84 km² in Baneh, and over 1 km² in both Saqez and Marivan. Although the absolute figures vary, all cities experienced some degree of unsafe expansion. These patterns suggest that insufficient planning and inadequate regulation of urban growth have exacerbated exposure to environmental risks. To mitigate future hazards, it is crucial to enhance regulatory oversight and integrate geomorphological assessments into urban planning frameworks across Kurdistan Province.
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