



Assessment of Suitable Areas for Physical Development of Residential Zones: A Case Study of the Makran Coastal Strip, Southern Iran
Abstract

The geographical position of the Makran coasts [use ‘Makran coastal strip’] has led this region to face an increasing population and physical development of residential areas in recent years. Considering that the Makran coasts face many natural limitations for the physical development of residential areas, identifying areas suitable for the development of settlements in this region is very important, which is addressed in this research. In this study, the 30-meter SRTM DEM [write in full at first mention], a 1:100,000 geological map, data related to earthquake epicenters occurring in the region from 1907 to 2024, MODIS [write in full at first mention], and Google Earth images have been used as the main research data. The main research tools were Google Earth Engine, ArcGIS, and TerrSet. In this research, using 10 natural and human parameters, the relative weighting method, and the WLC [write in full at first mention], model, areas suitable for the physical development of residential areas along the Makran coasts were identified. Based on the results, 34.1% of the area is classified as prohibited areas and lacks potential for the development of residential zones, while only 6.9% of the area, which mainly includes the outskirts of the cities of Negour, Chabahar, Konarak, and Jask, is suitable for urban development objectives. Given the obtained results, the Makran coasts [use ‘Makran coastal strip’] face significant limitations for urban development goals, and therefore, special attention should be paid to the natural potentials of this region in the planning of residential area development.
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1. Introduction

The establishment and emergence of a city are primarily dependent on its geographical conditions and location, as natural features and phenomena have a decisive impact on site selection, sphere of influence, physical development, and urban morphology (Ugenti et al., 2025). Natural phenomena can sometimes act as positive factors and at other times as negative and deterrent factors (Zhu et al., 2023; Mohammadzadeh et al., 2024) . In fact, the establishment and growth of cities without consideration of the land’s capabilities and potentials can lead to numerous destructive and harmful effects, resulting in a multiplicative increase in human and financial losses during critical times (Nayyeri et al., 2018; Shi et al., 2023).

In recent years, with the increase in population and urbanization, the trend of expanding residential areas has been increasing (Aarthi et al., 2018; Bharath et al., 2018; Deb et al., 2024; Pireh & Ganjaeian, 2024). This expansion has led to an unplanned movement of population centers towards hazardous areas, which can pose significant risks (Gibson et al., 2016; Fekete, 2022). In fact, the unlimited and unplanned expansion of cities has led to encroachment on the environment and its destruction (Ghosh et al., 2022; Osman & Das, 2023), resulting in many residential areas being exposed to hazards and facing not only billions in financial losses annually but also human casualties (Safari Namivandi et al., 2024). [use ‘n’ Lower case]
Different regions are influenced by geological, geomorphological, and hydroclimatic conditions, resulting in varying potentials for urban development, with some areas facing significant limitations (Ganjaeian et al., 2024; Negahban et al., 2025). As previous research has shown, approximately 60 percent of the world population lives in coastal areas (Hosseini & Ashournejad, 2018). The Makran coast [use ‘Makran coastal strip’] in southern Iran faces significant limitations for the development of residential areas due to the influence of natural factors. Due to its geographical position, the Makran coast [use ‘Makran coastal strip’] has high potential for the development of economic activities, trade, tourism, and more, leading to repeated attention towards residential development plans in this area. In fact, the limitation of water resources in many parts of Kerman and Sistan & Baluchestan provinces has prompted numerous proposals for residential development along the Makran coastal strip. However, considering that the Makran coastal strip also has high geomorphological potential for various hazards, including floods and dust storms, assessing the coastal strip [use ‘area’] and identifying areas suitable [insert ‘locations’ here] for residential development in this region is of great importance, which is addressed in this research.

Various studies have been conducted in relation to the subject. Many of these studies have focused on locating areas suitable for the physical development of residential zones using various zoning and weighting methods (Alberico et al., 2020; Ramadan & Effat, 2021; Fan & Ma, 2024; Fu et al., 2024; Qi et al., 2024; Rahman Shah et al., 2025) [incorrect citation: use ‘Shah et al., 2025’) . Some studies have assessed the natural hazards in urban areas using remote sensing, field methods, and zoning techniques (Lee, 2015; El Jazouli et al., 2019; Negahban et al., 2021; Jiang & Yu, 2022; Pinskwar et al., 2023). Other research has evaluated the trend of physical development in residential areas in relation to hazardous zones using remote sensing methods (Shooshtarian et al., 2018; Negahban et al., 2019; Pérez-Molina et al., 2025). Additionally, some studies have focused on predicting the trend of physical development in residential areas using remote sensing and various modeling methods (Negahban et al., 2019; Salari et al., 2020; Beyene et al., 2023 [use ‘Beyene & Minal, 2023’; Kumar et al., 2025).
In line with previous research, the goal of this study is to identify areas suitable for the physical development of residential zones along the Makran coast. This research not only employs zoning methods but also defines prohibited areas, allowing for the obtaining of final results with high accuracy.

2. Study Area
The study area encompasses the coastal counties of Makran in southern Iran. In the Makran coast, there are five counties: Jask, Zarabad, Konarak, Chabahar, and Dashtyari. Jask County is part of Hormozgan Province, while Zarabad, Konarak, Chabahar, and Dashtyari Counties belong to Sistan & Baluchestan Province. The study area is bordered to the south by the Oman Sea, to the west by the Strait of Hormuz, and to the east by Pakistan [incomplete-please recast in a clockwise direction starting from neighboring locations in the north] (Figure 1). The length of the coastline in the study area exceeds 600 km, and the total area of the study region is approximately 26,900 km2.

The study area exhibits significant topographical diversity, with an overall increasing elevation trend from south to north. Climatically, due to its location in the subtropical high-pressure region, it has an average annual rainfall of about 100 mm and an average annual temperature of approximately 27 °C. Additionally, considering the climatic and hydrogeomorphological conditions, this region lacks permanent rivers.
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Fig. 1. Location of the Study Area
[There is no differentiation of the study counties (Jask, Zarabad, Konarak, Chabahar, and Dashtyari) from other regions (Please recompile the study area map to reflect this]

3. Methodology

In this study, the 30-meter SRTM DEM [write in full],, a digital geological map layer at a scale of 1:100,000, data regarding the epicenters of earthquakes that occurred in the region from 1907 to 2024 (sourced from the USGS website), MODIS satellite imagery, and Google Earth images were utilized as the primary data sources. The main research tools employed included Google Earth Engine, ArcGIS, and TerrSet. Considering the subject and objectives of the study, the research was conducted in several stages, which are detailed below:

Step 1. Identification of Parameters and Preparation of Data Layers for Each Parameter

In this step, parameters were selected based on library studies [use ‘literature search’] and the condition of the area to identify regions suitable for the physical development of residential zones in the study area (Table 1). After selecting the relevant parameters, data layers for each parameter were prepared.

To create the layers related to elevation, slope, and rivers, the 30-meter DEM was utilized. For the preparation of lithology and fault layers, the 1:100,000 geological map of the area was employed. To generate layers concerning urban points [footprint], communication lines, and the coastline, Google Earth images were used. Additionally, to create a vegetation cover density map for the region, MODIS satellite imagery, Google Earth Engine, and the NDVI [write in full at first mention], index were utilized.
Table 1: Parameters Used and Methods for Preparing Data Layers

	Index
	Parameter
	Method for Preparing Data Layers

	Hydrogeomorphology


	Elevation
	Prepared based on the 30-meter DEM

	
	Slope
	Prepared based on the 30-meter DEM

	
	Distance from River
	Prepared based on the 30-meter DEM

	
	Distance from Coastline
	Prepared based on Google Earth images

	Geology


	Lithology
	Prepared based on the 1:100,000 geological map

	
	Distance from Fault
	Prepared based on the 1:100,000 geological map

	
	Distance from Earthquake Epicenters
	Obtained from the USGS website

	Human Factors


	Distance from Urban Points
	Prepared based on Google Earth images

	
	Distance from Main Road
	Prepared based on Google Earth images

	Vegetation Cover
	Vegetation Density
	Prepared based on MODIS satellite imagery and Google Earth Engine


Step 2. Standardization of Data Layers

After preparing, the layers were standardized to make them evaluable. The standardization of the layers was conducted based on intra-layer weighting and according to the potential they have for the development of residential areas (Table 2).
Table 2: Method of Standardizing Data Layers

	Row
	Parameter
	Method of Standardizing Data Layers

	1
	Elevation
	Areas with low elevation are given a value close to 1, and areas with high elevation are given a value close to 0.

	2
	Slope
	Areas with low slope are given a value close to 1, and areas with steep slope are given a value close to 0.

	3
	Distance from River
	Areas far from the river are given a value close to 1, and areas close to the river are given a value close to 0.

	4
	Distance from Coastline
	Areas close to the coastline are given a value close to 1, and areas far from the coastline are given a value close to 0.

	5
	Lithology
	Conglomerate and sandstone: value 0.9
Sandstone and marl: value 0.8
Shale, marl, and sandstone: value 0.7
Limestone and marl: value 0.6
Alluvial materials: value 0.5
Salt flats: value 0.3
Coastal and swamp sediments: value 0.2
Sand dunes: value 0.1

	6
	Distance from Fault
	Areas far from faults are given a value close to 1, and areas close to faults are given a value close to 0.

	7
	Distance from Earthquake Epicenters
	Areas far from earthquake epicenters are given a value close to 1, and areas close to epicenters are given a value close to 0.

	8
	Distance from Urban Points
	Areas close to urban points are given a value close to 1, and areas far from urban points are given a value close to 0.

	9
	Distance from Main Road
	Areas close to main roads are given a value close to 1, and areas far from main roads are given a value close to 0.

	10
	Vegetation Density
	Areas with sparse vegetation are given a value close to 1, and areas with dense vegetation are given a value close to 0.


Step 3. Weighting Data Layers

Given that the value and importance of data layers are not the same, in this step, the layers were assigned weights using the weighting method proposed by Ganjaeian et al., 2025 [not found in reference list]. In this method, based on the opinions of experts (5 geomorphology experts), all criteria were compared with each other, and the final weight was determined based on the number of priorities each parameter had relative to other parameters. For example, the lithology parameter is considered the most important among all parameters, thus it received a weight of 1.9 and because it is deemed more important than 9 other parameters, so 0.1 was added to its coefficient. Similarly, the slope parameter has a weight of 1.8, as it is more important than 8 parameters, thus it received a weight of 1.8. According to this method, for each time a parameter is prioritized over other parameters, a coefficient of 0.1 is added to its weight. After weighting the parameters, the derived weight was applied to each layer.
Step 4. Implementation of the WLC [write in full] Model

In this step, the layer of prohibited areas was first prepared. The prohibited areas layer was developed based on expert opinions and the condition of the region (Table 3). This layer has a value of zero and has been applied to all data layers. Subsequently, the data layers were imported into the TerrSet software, and ultimately, they were combined using the Weighted Linear Combination (WLC) model. This process resulted in the creation of a map showing the areas suitable for the development of residential zones in the study area.

The WLC method is considered one of the most common techniques for multi-criteria evaluation, also known as the additive weighting method or scoring method (Ogato et al., 2020). The basis of this method is the weighted average, where decision-makers assign weights to criteria directly based on their relative importance. Then, by multiplying the relative weight by the value of that criterion, a final weight for that criterion is obtained (Ganjaeian et al., 2021).

After determining the final weights of the options, the option with the highest value will be the most suitable choice for the intended objective. The WLC technique is one of the Multi-Criteria Evaluation (MCE) methods, which is computed according to Eq. (1) (Tabesh et al, 2020., Mostafa et al, 2022):
	Eq 1.
	min₍w₎ ∑ⱼ₌₁ⁿ Mⱼ ( ∑ᵢ₌₁ᴷ wᵢ xᵢⱼ − yⱼ )²
subject to ∑ᵢ₌₁ᴷ wᵢ = 1,   wᵢ ≥ 0 ∀ i


· w=[w1​,w2​,…,wK​] is the vector of normalized weigh
· xij​ denotes the value of the i-th criterion at pixel j,
· yj is the reference or target value at pixel j,
· Mj∈{0,1} is the Boolean mask applied to pixel j,
· N is the total number of pixels,
· K is the number of input layers or criteria.

wᵢ are the normalized weights (∑ᵢ wᵢ = 1, wᵢ ≥ 0), xᵢⱼ represents the value of criterion i at pixel j, yⱼ is the reference value at pixel j, and Mⱼ is a Boolean mask indicating inclusion (Mⱼ = 1) or exclusion (Mⱼ = 0) of pixel j in the optimization (Solaimani et al, 2023).

Table 3. Criteria considered for preparing the prohibited areas layer

	Row
	Parameter
	Prohibited Areas

	1
	Slope
	Areas with a slope greater than 15 degrees

	2
	Distance from River
	A buffer of 500 m from main rivers

	3
	Lithology
	Areas with swampy sediments and sand dunes

	4
	Distance from Fault
	A buffer of 1 km from main faults

	10
	Vegetation Density
	Areas with NDVI value greater than 0.2


4. Results and Discussion 

4.1. Description of the Parameters Used
In this study, in order to identify areas suitable for physical development in the residential areas along the Makran coast, 10 parameters have been utilized, which are described below:

A. Hydrogeomorphological Parameters. The hydrogeomorphological parameters used in this study include elevation, slope, distance from rivers, and distance from the coastline. Elevation is considered one of the effective parameters in environmental planning. High-altitude areas typically have steep slopes, high erosion potential, and frost risk, and the development of residential areas in these regions is very costly. Moreover, the high-altitude regions in the study area are primarily composed of degraded and eroded lands; therefore, they have limited suitability for the physical development of residential areas (Salari et al., 2017). Given the above factors, low-elevation areas have the highest value and high-elevation areas have the lowest value for urban development purposes (Figure 2).
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Fig. 2. Standardized Elevation Map

Slope is another crucial parameter for urban physical development. Areas with steep slopes have limited potential for residential development, while regions with slopes between 2 to 10 degrees are considered the most suitable for urban development purposes. Additionally, as slope increases, land prices tend to decrease, but construction costs rise, as building on steep slopes requires more investment, thus increasing overall construction costs (Nayyeri et al., 2017; Shi et al., 2023). Accordingly, low-slope areas have the highest value and high-slope areas have the lowest value for urban development purposes (Figure 3).
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Fig. 3. Standardized Slope Map

Rivers also play an important role in urban development objectives. The study area lacks permanent rivers, and due to the sporadic nature of rainfall in the region, areas close to the rivers are at risk of flooding. Considering this, areas far from the region’s rivers have the highest value, while areas close to rivers have the lowest value for urban development purposes (Figure 4).
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Fig. 4. Standardized Distance from River Map

Furthermore, the distance from coastlines also plays a significant role in urban development planning. Since coastlines are considered population attractors, with about 60% of the world's population living on the coasts (Hosseini & Ashournejad, 2018), and coastal strips have high economic potential, areas close to coastlines have greater potential for the physical development of residential areas (Xu et al., 2025; Su et al., 2025). Accordingly, areas near coastlines have the highest value, while areas far from coastlines have the lowest value for urban development purposes (Figure 5).
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Fig. 5. Standardized Distance from Coastline Map

B. Geological Parameters. Geological parameters are other effective factors in urban planning. The geological parameters relevant to the present study include lithology, distance from faults, and distance from earthquake epicenters. Lithology, as the foundation of cities, plays an important role in urban development goals. Areas with resistant lithology have greater potential for urban development objectives. The assessment of the lithological status of the studied area indicates that a large portion of the area is covered by swamp sediments and sand dunes, which are unsuitable for urban development purposes. Therefore, the studied area has significant limitations regarding lithological conditions (Ganjaeian et al., 2020). Considering the mentioned factors, areas with resistant lithology, such as conglomerates and sandstones, are assigned a value close to 1, while areas with swamp sediments and sand dunes are assigned a value close to 0 (Figure 6).
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Fig. 6. Standardized Lithology Map
Fault lines are another geological parameter that should be considered as a threatening factor (Lei et al., 2022). Areas close to fault lines have lower potential for urban physical development due to their exposure to earthquake hazards. Accordingly, areas far from fault lines are assigned a value close to 1, while areas near fault lines are given a value close to 0 (Figure 7). Earthquake epicenters are also considered as another effective parameter. Areas close to earthquake epicenters have lower values for urban development objectives due to their high seismic potential (Figure 8).
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Fig. 7. Standardized Distance from Fault Lines Map
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Fig. 8. Standardized Distance from Earthquake Epicenters Map

C. Human Parameters. Attention to human parameters in urban planning, especially in identifying areas suitable for urban physical development, is of great importance. In this study, two parameters, distance from urban points and distance from main roads, are used as the most important human parameters. In the process of physical development of residential areas, the distance from the current fabric and area of cities is significant, as it relates to access to the services and facilities of the central city. The best locations for residential development are those areas that, in addition to other conditions, are close to the current city limits or the proper of villages that will join the city. Considering these issues regarding the layer of distance from residential areas, the shorter the distance from residential areas, the more suitable it is for the intended goals (Ganjaeian et al., 2020). In this way, areas close to urban points are assigned a value close to 1, while areas far from urban points are assigned a value close to 0 (Figure 9). Additionally, access to communication routes also plays an important role in urban development goals. Communication routes are significant for urban development objectives due to their ease of access and convenience for construction and infrastructure development (Salari et al., 2017). Therefore, areas close to main roads are assigned a value close to 1, while areas far from main roads are assigned a value close to 0 (Figure 10).
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Fig. 9. Standardized Distance from Urban Points Map
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Fig. 10. Standardized Distance from Main Roads Map

D. Vegetation Cover. Considering the environmental conditions in various environmental planning is very important (Song et al., 2024). Given that the studied area is part of the dry regions of Iran and has a sensitive and fragile ecosystem, paying attention to its environmental status is therefore crucial (Safari Namivandi et al., 2023) [use ‘n’ Lower case]. Considering the importance of the subject, this study uses the parameter of vegetation cover density, and using MODIS images, the NDVI index, and Google Earth Engine, a map of vegetation cover density for the area has been prepared. Based on the prepared map, only a small portion of the studied area has dense vegetation cover; therefore, the development of residential areas should be such that it does not harm these regions. So, for the standardization of the vegetation cover density layer, areas with less vegetation cover are assigned a value close to 1, while areas with dense vegetation cover are assigned a value close to 0 (Figure 11).
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Fig. 11. Standardized Vegetation Cover Map of the Area
4.2. Weighting of Dat [use ‘Data’] Layers
Considering that the value and importance of data layers are not the same, in this section, the data layers have been weighted based on expert opinions and using a relative weight coefficient (Table 4). Based on the results, the lithology layer, due to the specific lithological conditions of the area, has the highest value with a weight of 1.9. Following this parameter, the slope and vegetation cover density parameters have the highest values with weights of 1.8 and 1.7, respectively.
Table 4. Weighting of Used Parameters

	Overall Weight
	Priority Relative to Other Parameters
	Parameter
	Row

	1.1
	Distance from earthquake epicenters
	Elevation
	1

	1.8
	Elevation, distance from river, distance from coast, distance from fault, distance from earthquake epicenters, distance from urban areas, distance from main roads, vegetation cover density
	Slope
	2

	1.6
	Elevation, distance from coast, distance from fault, distance from earthquake epicenters, distance from urban areas, distance from main roads
	Distance from river
	3

	1.3
	Elevation, distance from earthquake epicenters, distance from main roads
	Distance from coast
	4

	1.9
	Elevation, slope, distance from river, distance from coast, distance from fault, distance from earthquake epicenters, distance from urban areas, distance from main roads, vegetation cover density
	Lithology
	5

	1.5
	Elevation, distance from coast, distance from earthquake epicenters, distance from urban areas, distance from main roads
	Distance from fault
	6

	1.0
	-
	Distance from earthquake epicenters
	7

	1.4
	Elevation, distance from coast, distance from earthquake epicenters, distance from main roads
	Distance from urban areas
	8

	1.2
	Elevation, distance from earthquake epicenters
	Distance from main roads
	9

	1.7
	Elevation, distance from river, distance from coast, distance from fault, distance from earthquake epicenters, distance from urban areas, distance from main roads
	Vegetation cover density
	10


4.3. Application of Prohibited Areas and Execution of the WLC Model
In this study, after standardizing and weighting the data layers, based on Table 3, the layer of prohibited areas has been prepared (Figure 12). According to the prepared map, a large portion of the study areas lacks potential for the development of residential areas due to having a slope greater than 15 degrees, proximity to main rivers, the lithology of swamp sediments and sand dunes, closeness to active faults, and areas with an NDVI coefficient greater than 0.2.
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Fig. 12. Map of Prohibited Areas
After the application of prohibited areas, the data layers were combined using the WLC model, resulting in the final map of areas suitable for the physical development of residential zones in the studied region (Figure 13). According to the prepared map, the peripheries of the cities of Negour, Chabahar, Konarak, and Jask have a high potential for the physical development of residential areas. In contrast, the central and northern sections of the region have low potential for urban development due to factors such as lithology type, proximity to fault lines, slope, distance from urban points, distance from communication routes, and distance from coastal lines.

[image: image13.jpg]58°0'E

61°0'E
N

26°0'N

T
25°30'N

£
o]
&
z
8
]
Oman Sea
T T T T
58°0'E 59°0'E 60°0'E 61°0'E
Legend Suitable for residential development
o City - Prohibited areas N
=== Road -Very Low - Moderate f40 A

| Study area

I Low [ nigh —





Fig. 13. Final Map of Areas Suitable for Physical Development of Residential Zones
Table 5 and Figure 14 show the area and percentage of the classes. According to the results, 9,170 km2 of the studied area (equivalent to 34.1% of the total area) are classified as prohibited areas and lack potential for the development of residential zones. Additionally, 10,609 km2 (equivalent to 39.4% of the total area) have low to very low potential for urban development. Areas with moderate potential for urban development cover 5,275 km2 (equivalent to 19.6% of the total area). Furthermore, 1,848 km2 (equivalent to 6.9% of the total area) have high potential for urban development. Based on the results, influenced by geological and hydrogeomorphological conditions, only a small portion of the Makran coastal strip has potential for the physical development of residential areas.
Table 5. Area and Percentage of Classes

	Class
	Prohibited areas
	Very Low
	Low
	Moderate
	High

	Area (km2)
	9170
	5445
	5164
	5275
	1848

	Percent
	34.1
	20.2
	19.2
	19.6
	6.9
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Fig.14. Percentage of Area Classes
5. Conclusion
The results of this research indicate that the Makran coasts [use ‘Makran coastal strip’] face significant limitations due to geological and hydrogeomorphological conditions, which has led to the impossibility of developing residential areas in some regions. According to the findings, 9,170 km2 of the studied area, equivalent to 34.1% of the total area, are classified as prohibited areas and lack potential for residential development. The results further reveal that only the peripheries of the cities of Negour, Chabahar, Konarak, and Jask possess high potential for the physical development of residential zones. The assessment of the area classes also shows that only 6.9% of the total area has significant potential for urban development, while many parts of the region have low potential due to factors such as lithology type, proximity to fault lines, slope, distance from urban centers, distance from communication routes, and distance from coastal lines. Overall, the findings of this study demonstrate that the Makran coasts face substantial constraints regarding urban development objectives, and therefore, it is essential to pay special attention to the natural potentials of this region in the planning of residential area development.
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