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Abstract

:

Recent literature has highlighted the critical issue of urban land value and cost; properly assessing land use costs, particularly for residential and commercial purposes, is crucial in influencing urban development and investments. Therefore, the objective of this research is to create a model for land pricing that considers the urban street networks and hierarchy; by analyzing the spatial plan of the city using space syntax and evaluating the economic impact on land value, the study aims to identify the factors that influence land prices. Furthermore, the study intends to investigate the correlation between urban spatial networks, street hierarchy, and land price to create a predictive model for urban spatial land pricing. Ultimately, the study has successfully built a model for predicting the price of urban land. The case selected is evaluated and compared in three aspects of the analysis, including the urban axial assessments and urban street width, to find out their impacts on the real estate’s land price in the context of the land use distributions, which are predominantly residential and commercial types of uses. Depth map X8, SPSS, and QGIS 3.16 were used for the study evaluations and assessments. The study found that land prices are influenced by factors such as integration, connectivity, and street width. Commercial zones with good integration and wider roads tend to command higher prices, while narrow local roads generally have lower prices. This result can enhance future urban design regarding urban economy improvements and land costs.
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1. Introduction


The urban economy has witnessed an interest in urban studies due to the value problem, especially the problems with land price determinations due to the city’s decentralization, urbanization, and new financial crisis. Another critical characteristic of recent studies on urban morphology is the use of street networks to describe the built environment. Many studies can be found on the relationship between urban street networks and land prices. Still, fewer compare urban street integration and street width with an urban land price, in which urban land use and localized decisions and returns no longer seem appropriate to modern urban planning and design.



Land location and land price problems occur due to urban planning and design based on the availability of different zoning in cities and spatial concepts. Real estate securitization is one of the many aspects that are regulated by law [1]; additionally, unplanned development affects land value, and unregulated development causes land subsidence, damaging infrastructure and lowering property values [2,3,4]; those problems can be solved by arranging an optimal urban structure. An optimal urban system means that it has an optimal integrated and accessible urban, and the only way to assess the level of the integrated street network and identify problems of urban accessibility is through the use of syntactic analysis of the space syntax. The effect of optimal urban structure on land value and price still needs to be obvious; at the same time, spatial configurations create possibilities for economic activity. This should also be viewed as the reverse approach of how urban economics requires proximity in distance to be produced. This relationship has yet to be approached in space syntax research [5]. Therefore, this study examined urban economy and structure based on space syntax analysis to determine the impact of urban street integration on land prices. Space syntax offers a set of techniques to correlate the results from spatial analyses with various socioeconomic data [6]. On the other hand, the study investigates the impact of street hierarchy, including street width, on land prices.



For some researchers, land location and accessibility are critical for land value. Urban spatial plan as a part of urban development plan can achieve to contribute the problem-solving of the urban economy; spatial planning tries to coordinate and improve the impacts of other sectoral policies on land use to achieve a more even distribution of economic development within a given territory than would otherwise be created by market forces [7]. Furthermore, studies by [8] found that urban planning, urban growth control, urban policies, and urban land use directly impact land price and efficiency.



Numerous factors influence the value of land, which must be thoroughly examined. The relationship between land supply and the cost is exploratory and inverse; an increase in supply results in a price decrease, while a supply shortage leads to higher land costs. However, the situation is different with demand; increasing land demand impacts land prices because the market is not working with people’s senses. Therefore, in urban planning and design, there is a need to refine the definition of the cost and value of land. As urban economic relations become more intricate, it becomes crucial to establish a model for assessing urban land prices; this study will explore this concept as a hypothesis. Therefore, this research aims to develop a land pricing model considering the urban street networks and their hierarchy; this will be achieved by analyzing the urban spatial plan using space syntax and assessing the economic effects of this analysis on land value. The study aims to identify the factors that affect land value and price in the selected case and explore the correlation between urban spatial networks, street hierarchy, and land price to predict a model for urban spatial land pricing.



The literature review and discussion pointed out the need for a model that can accurately assess the price of urban land based on an urban network system. As a result, this study endeavors to build upon the existing conceptual framework and introduce a new model to the urban literature for effectively determining the price of urban land. Considering the impact of the urban spatial integration and street width gap on the land price, this study statistically evaluates the state of the urban economy in the entire urban street network on the relationship of land prices. OSM (open street map) and AutoCAD were used to collect and prepare urban plan data. Syntactical analysis and urban spatial assessments were conducted using Depth Map X8 and QGIS 3.16, while the statistical correlation analysis was performed using the IBM SPSS 26.0 software program. This study revealed a significant correlation between urban street networks and land prices. This finding can improve future urban design and patterns and enhance the urban economy by incorporating the urban land price model for future land price determinations.




2. Literature Review


2.1. Urban Spatial Network in Literature


2.1.1. Urban Street Network


Previous studies indicated that socioeconomic, physical, location, and political factors are essential for stimulating and evaluating urban spatial growth [9,10]. It can be said that those factors are priorities as urban problems that must be studied before any urban design enhances urban development. As an urban spatial network integration, social, economic, and environmental problems are the most related factors to urban spatial planning. They are essential for promoting sustainable development and improving quality of life [7].



One of the critical characteristics of recent studies on urban morphology is the use of street networks to describe the built environment. The positive theory aims to explain metropolitan organizations and regularities and propose testable hypotheses for further research. However, as [11] argued, we are not satisfied with the mere verification of regulars. The presence of patrons does not necessarily imply that a given spatial configuration of a city is as desirable; we shall also be interested in normative theory for identifying the efficient spatial structure and size of cities and suggesting means of achieving them.



Urban street networks, as a part of urban development plans, can contribute to the problem-solving of the urban economy. Spatial planning tries to coordinate and improve the impacts of other sectoral policies on land use to achieve a more even distribution of economic development within a given territory than market forces would otherwise create [5,7]. Ref. [12] emphasize the importance of network structure in public planning systems and suggest that the position of nodes and network analysis are helpful in planning that contributes to sustainable mobility and overall urban development. Since the social phenomenon can be calculated as the city structure, many factors grounded the city’s growth, including the relationship between architecture, economy, and the city space. The economic differences from one place to another depend on the social and geographical aspects due to urban planning and design. Therefore, urban planning and design are essential for economic expansion, especially in the arrangement of urban land. The land can be used as an exchange economy as the infrastructure can contribute to economies of scale by providing faster markets [13].



To develop reliable models that can be used to predict urban land value, various factors which stimulate urban growth and change in a highly complex way need to be considered, therefore the objective of this research is to analyze and identify potential driving forces which promote the urban spatial plan and urban growth which will then be included in the urban spatial land value model to indicate the urban land price. Thus, studying and identifying factors simulating urban street networks is the primary step for developing such a model.




2.1.2. Street Accessibility


Addressing the urban location can be found through two types of accessibility. Geographic accessibility includes the availability of infrastructure with the easiest way to reach a location; geometric accessibility is a resource given the geometric topological characteristics of urban planning [14,15]. According to [16], three fundamental processes govern the location of economic activity in cities, including accessibility and land cost, transportation and communication, and public policy. Those factors are interconnected for structuring the urban economy. A measure of the efficiency of the road network is the level of accessibility it provides [17]. Accessibility gives commercial land value; land accessibility and location are core concepts of land value and price [15]. Previous research has shown that direct spatial integration and accessibility between buildings and streets enhance walkability [18]. Based on empirical studies, economic principles are realized as determining factors for land prices at the city level. Still, the relationship between land prices and the spatial network of cities is controversial. The value of land increases with the provision of access which affects land prices. Accessibility is measured directly through the size of the local labor market and indirectly through accessibility provided by the network [13]. Eventually, it can be stated that the urban structure and street network, including accessibility, ultimately affect land value and price.




2.1.3. Street Function


Street mobility is the ease with which traffic can move at relatively high speeds with minimal interruptions. Activities streets are covered explicitly for land access as well as related activities. Increasing public transport utilization, promoting social equity, and improving public health by encouraging physical activity opportunities [19]. This idea is built upon location theory which asserts that a highly accessible location provides efficient access to amenities and reduces travel time and cost savings, which translates into higher property values [20]. This is because the attractiveness and price of land depend on the amenities available in that location [21]. The literature further establishes that accessibility improvements, even in relatively cheaper forms such as bus rapid transit, lead to a positive response from urban real estate in the form of higher property values, zoning permissions, and land use intensification [17], additionally [19] determined that accessibility, amenity levels, and topography are the predominant drivers of land values. Subsequently, it can be stated that street function is the primary motive of land values.




2.1.4. Urban Street Classifications


One of the essential components of the urban context is the streets [22]. They play a crucial role in forming the spatial configuration of urban forms in both the center and the suburbs [23]. The street hierarchy categorizes roads according to their functions and capacities. Generally, the functional hierarchy can more or less correspond to the hierarchy of roads by their owner or administrator; the basic hierarchy comprises arterials, collectors, and local routes based on the street width [24]. Access management is a concept that strives to grant access to land development while guaranteeing the smooth and safe flow of traffic on adjacent roads.



The functional classification model for streets was first introduced in “A Handbook for the Classification of Functional Highways” (AASHO, 1964). The mobility and land access functions could be combined under a classification system that serves traffic mobility and land access. In 1996, Brindle introduced an addition to the street functionality known as the access function. His “Separate Functions Models” included this, which combined process, access, and mobility elements. Refer to Figure 1 for further understanding. The complete functional classification system has been developed around the hierarchy of movements: main movement, transition, distribution, collection, access, and termination [25]. The hierarchical structure is usually related to the internal composition of the network, which has an important impact on traffic flow distribution [26].



In the early 20th century, street design became the responsibility of engineers instead of economists; since then, traffic engineers and urban designers have primarily determined the size and layout of streets. Still, in recent days, the economist has been involved with street dimensions which divided streets into different levels with different uses and sizes. Besides mobility and movements, streets play more social and economic roles [27]. From an economic perspective, if we examine it closely, aside from the width of the road, it may give more value to the land in the boundary. Lately, streets have different types and purposes; expressways are for high-speed driving with minimal slopes and curves, principal arterial roads link major areas, minor arterial roads connect collectors or significant sources, collectors connect residential areas, and local roads divide households. They are surrounded by other roads [28,29,30].
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Figure 1. Traditional road classification. (a) Highway Functional Classification (AASHO, 1964), source [20]. (b) Roadway service ‘Separate functions Model.’(Brindle 1996), Ref. [31]. 






Figure 1. Traditional road classification. (a) Highway Functional Classification (AASHO, 1964), source [20]. (b) Roadway service ‘Separate functions Model.’(Brindle 1996), Ref. [31].
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2.2. Urban Economy in Literature


2.2.1. Land Market Theory


In the late 1960s, urban economics transformed, with scholars adopting more analytical and rigorous approaches to studying urban economies. This marked a departure from the previously descriptive approach. Among the theories that emerged during this period, the new urban economic theory had the most significant relevance to urban spatial theory. This theory posits that individuals act rationally in their choice of location based on their preferences and budget constraints, such as income, housing, and transportation costs. This demand model optimizes individual utility, and rent is a standard cost incurred [32,33].



According to [22,34], the new urban economy became more relevant after 1990. As urban areas developed and underwent redevelopment, profitable businesses were no longer limited to the CBD. Suburbs were no longer just residential areas with low-level retail. Instead, urban areas were characterized by concentric circles around the CBD representing various rent gradients. Ref. [32] explained that the modern urban economic theory incorporates both microeconomic theory and urban spatial interaction theory, making it a well-rounded model considering supply and demand as critical factors in urban economics. Based on mathematical evaluation rather than empirical analysis, this theory draws its roots from the van Thünen model, where rent gradients are determined by distance from the central place. Ref. [34] studies further support this perspective.



Understanding the spatial relationships between different sectors is crucial in explaining cities’ formation, function, and evaluation. The spatial distribution of urban economy and urban form can provide valuable insights. Alonso’s (1964) theory is a notable economic distribution model, while space syntax is the most relevant software for urban spatial analysis. However, several other factors can influence markets at the microeconomic and macroeconomic levels. The behavior of the market is primarily driven by supply and demand. A recent study by [35] reveal that the cost of land is steadily increasing due to the growing demand for housing. However, infrastructure limitations can negatively affect land prices [36]. Furthermore, ref. [37] discovered that the high demand for real estate in China has caused housing demand to surpass supply, resulting in an upsurge in housing and land prices. At the urban level, land value and price are determined by economic factors. Ref. [38] revealed a significant disparity between the demand and supply of land for specific land-use types. With urbanization and development on the rise, urban land resources are becoming increasingly scarce. Unfortunately, this trend is set to continue with the growing demand for urban land. The solution to these challenges lies in a new urban economy that can address issues related to supply and demand. Ref. [39] emphasized the importance of competitive markets in sustaining an optimal urban structure characterized by optimal accessibility. It is essential to gain insights into the spatial information of urban areas, particularly the relationship between land price and relevant influencing factors. This is crucial for urban planning and development, especially in rapidly growing cities with constantly changing populations and infrastructures.




2.2.2. The Concept of the Land Value and Land Price


Our land is a precious asset that plays a crucial role in many businesses. In today’s free-market system, land is highly sought-after and can be traded. The value and price of land are determined by supply and demand and the potential benefits that can be gained from it. However, what distinguishes land value from price? Essentially, the price reflects what something costs or what the market considers it worth. It is a measure of an object’s or property’s worth expressed in monetary terms and is the standard means of comparing values in the marketplace. On the other hand, value is subjective and reflects what an individual believes something to be worth [40].



In today’s land market, the value and price of land are primarily influenced by supply, demand, and the perceived benefits it can gain. The value of land lies in its potential for future tangible or intangible profits, which determines its exchange value in the job market. Typically, exchange value is linked to price, and monetary transactions drive the exchange process. As a result, price serves as a parameter to express an object or property’s exchange value, and it is the commonly accepted method for comparing values in the market. The price of land is determined by its value and exchangeability. In the market, price is the standard means of comparing values, and ultimately, the land’s value and price reach an equilibrium state. Ref. [40] highlighted the difference between value and price. Market price refers to the amount a property can be sold for at a particular time, while value represents its actual worth compared to similar properties.





2.3. Urban Configurational Syntax Theory


In the late 19th century, the research mainly focused on the urban built environment. Urban subjectivity, behavior, social aspects, meaning, memory perception, and cognition were studied, with particular attention given to urban spatial configuration. Hillier and Hanson’s work on space syntax is a famous example. Space syntax is a tool to understand space and society’s interrelationship. Space is intrinsic to human activity and not just a background to it. As [41,42] explained, we shape space to reflect our relationship, then the space we create shapes us. Ref. [41] further defines space as a fundamental aspect of our existence. As per [43] explanation, configuration is a term used to describe a collection of interconnected elements that are unified by an overall structure. Configurations are analytical patterns that help understand complex layers of a particular concept. Structural permeability diagrams are an effective tool for analyzing typological space design. These diagrams also aid in identifying the deepest space. Additionally, the term “natural movement” refers to the percentage of movement along a line that is influenced by the structure of the urban grid rather than by any particular attractors or magnets.



The relationship between spatial configuration and urban functions is significant. Analyzing spatial structure helps design, shape, maintain, and alter urban processes effectively. Space syntax urban configuration is based on essential concepts such as movement, visual perception, and human occupation, which are crucial for physical space and occupants [44]. Syntax configuration analysis divides the urban into various configurational layers, each with unique values and premises for the urban structure. Shapes and geometries represent special configurations and elements experienced by people in different ways. These representations are axial, segment, convex, isovist, and agency [44]. A study by [5] found that connecting spatial syntax techniques to Alonso’s bid rent model and urban configurational analysis can lead to creative outcomes in urban economics and design.





3. Materials and Methods


3.1. Case Study Social, Economy, and Environment Background


Sulaymaniyah is a governorate in northeast Iraq and covers an area of 17,023 km2, see Figure 2. It is geographically located at 35°34′0.7104′′ N and 45°24′57.9852′′ E. The population of Sulaymaniyah is 1,783,270, with a climate typical to the region, characterized by hot, dry summers and cooler winters. Most of the inhabitants are ethnic Kurds, with the Sunni branch of Islam being the dominant religion. Additionally, Shiite Kurds and Chaldean Christian communities are also present in the governorate. The city’s urban structure is a blend of old and new styles. The city center has an irregular shape, while the new urban structure is more regular, with some irregularities due to the area’s topography. The economic situation in Sulaymaniyah City has undergone significant changes due to the dynamics of urban growth. This has resulted in varying land prices across different areas, some high and others low. Urban sprawl in Sulaymaniyah City is a consequence of the widespread uncontrolled building development in the vicinity of the city, especially into the foothills of the surrounding mountains. New buildings are being vastly constructed in all directions across the ring roadsides [45].




3.2. Sampling System and Data Collection


The study used different procedures for data collection purposes. The data includes primary and secondary within both qualitative and quantitative types. The selected case’s urban street network data was downloaded from the city’s OSM website and prepared using AutoCAD software. The axial spatial map was analyzed with depth map X8 as the best program for analyses in the social-spatial research [6,41,42,43,44,46,47], and QGIS 3.16 was used for data presentation and illustration. In addition, data such as photos, land prices, and land-use diversity were collected on-site. The location of commercial activities, shops, service buildings, and residential areas was manually registered. The study used a sampling technique in geographical cluster sampling as the best sampling method for urban land price evaluations and market research. Then each sample stratifies into three groups: high, average, and low land prices, see Figure 3.





4. Analysis and Results


4.1. Land Price and Syntactical Street Network Analysis


According to [41], global axial integration refers to the values of axial lines at an infinite radius, which can provide a picture of integration patterns on a large scale. Spatial syntax analysis of axial integration involves studying how each axis line relates to all other lines, considering the total number of trend changes [6]. Integration is also referred to as movement potential, and it measures how an axial line is connected to other lines, whether shallow or deep distributed (rings) or non-distributed. A space is considered integrated when all other areas in the urban environment are relatively close to it [41].



Like any other city, case study areas have varying urban land prices. Commercial activities host the city center and other parts of the metropolitan area. Land use and price distribution are based on integrating the street network. Commercial land is allocated on the most extended lines of spatially integrated networks with the highest land prices. In contrast, residential land is situated on deeper streets in the urban spatial network with lower land prices. The study has revealed that most commercial areas are found on the main urban network streets, which are arterial and collector types of roads—see Figure 4.



According to the survey, the location of land can significantly influence its value. The distance of the land from the main street in the urban spatial network is the primary factor determining its price [48,49]. For instance, a small plot of land will likely have limited value and low prices due to its distance from transportation and lack of access to facilities. On the other hand, the weight and price of the property can increase if it is close to popular destinations in cities offering essential services, including primary transportation.



Sulaymaniyah is a city shaped by its central main lines, primarily used for commercial activities. However, different areas of the city have varying circumstances. For instance, land closer to the main street is more expensive than land located farther away. A study by [9] demonstrates that the street network connection plays a significant role in determining land value, and accordingly, prices can be predicted. Generally, land closer to the main street commands a higher price, while land farther away from the main road is less expensive. Urban land use and the movement of people are heavily influenced by the street network, as concluded by [41] in his analysis. The grid structure of streets plays a significant role in the distribution of land use and movement patterns within the urban landscape [43]. The arrangement of roads and urban layout determines the most convenient and direct routes for driving or walking and thus affects the city’s overall functionality. The layout of urban streets is a crucial factor influencing the flow of movement. According to [50], the street network’s connectivity can predict the land’s value. Typically, areas closer to main street networks are more easily accessible and where people tend to move, resulting in higher land prices [51]. Conversely, land prices decrease in locations where neighborhood buildings are further away from these networks.



According to [42], longer streets comprise the foreground route network, while shorter streets are part of the background routes network. Ref. [42] also notes that most residential streets tend to be metrically short. In the case selected, the urban plan does not follow a similar logic of urban structure; residential quarters are located in the background of the main accessible streets, which makes them less integrated with the main roads. As a result, the residential area has lower land prices than the commercial space. Table 1 reveals that the main commercial street is located in the highly integrated core of the urban network, resulting in the highest land prices. In contrast, the residential area is situated in a less integrated core with lower land prices.



According to sources [43], the longitudinal land is closely connected to the global infrastructure. However, the network circuit varies in different locations, as noted by [52,53]. This means that the shape and width of streets significantly impact land prices. For example, Sabunkaran is a place near the city center with a median price of land due to low connectivity. The integration value is also standard because of the irregular shape of the street integration network, making it difficult to connect to the main structure of the urban street network. Please refer to Figure 5 for a visual representation.



When determining spatial integration in Sulaymaniyah City, we look at the number of times a road changes direction as it connects to other streets. The city’s well-connected urban street network shows that the most accessible and connected streets are located just after the red line. The red and yellow stripes on the map indicate that these roads have fewer direction changes compared to other streets, making them highly integrated within the most expensive commercial land. The green and blue lines offer potential accessibility as well, as shown in Figure 6. Sulaymaniyah City has been labeled as well-integrated in the global analysis, with a focus on the central business district. Additionally, the axial line analyses reveal a high degree of integration, indicating that there are more available streets in the area than in its depth.



The older parts of the case study have integration cores that are compact and irregular. As a result, the physical urban structure of the cities is made up of two types: deformed grids and linear extensions. The deformed grids have a continuous sub-structure from the city center, with secondary routes branching off from the main streets and either penetrating or segregating within the quarters or connecting to neighboring quarters. The city contains irregular shapes in the urban context, which is clearly illustrated in the urban label assessment. The majority of the city streets have high-value labeling, while some secondary roads have low-value labeling. The urban integration label indicates that the street network is highly integrated, as the segment street label values are very close, see Figure 7.




4.2. Street Classification and Land Price


The main road in Sulaymaniyah City is mostly commercialized and is considered an important collector and arterial road. Residential areas are separated by local roads with limited access to the main road, as shown in Figure 7. The land market highly values properties located near transit corridors that offer significant travel-time savings [54].



The concept of road hierarchy is used in urban design, where wider, high-priced roads are used for commercial activities, while residential areas are often isolated and have lower land prices. The street networks within residential areas are dominated by minor collectors and local roads that slow down traffic, leading to low connectivity between neighborhoods. This design can result in indirect and inefficient routes between locations, increasing travel distances and decreasing the viability of walking. As a result, land prices may fall further into residential neighborhoods. Please refer to Figure 8 for more information.



A recent study examined the relationship between road width and land price. The findings revealed that arterial and major collector roads could increase the number of car trips, even if the distance traveled is shorter. The study by [55] conducted in San Francisco Bay area neighborhoods discovered that better accessibility could result in more frequent trips. Therefore, the high value of integration and connectivity with wider roads can increase travel distances to destinations and surrounding areas, leading to more commercial activity like supermarkets and shopping malls; this can result in higher land values in these areas compared to areas with poor integration, connectivity, and narrow roads. According to [5], centrality refers to the concentration of socioeconomic activities based on location and connectivity. In this case area, the axial connectivity shows potential connectivity with long lines in the urban plan, which enhances movement economy in most metropolitan areas. However, different circumstances can affect connectivity in certain areas due to social, economic, and policy influences. For example, in the selected case, the interconnected layout of traditional neighborhoods reduces distances, and these areas are primarily located in the central business district. Despite narrow roads, evaluations show that connectivity and integration in these neighborhoods are highly valued, and land prices around the CBD remain high due to its functional purpose.



The results of the study show that the price of land is greatly affected by integration, connectivity, and street width according to space syntax principles. After examining Sulaymaniyah City, it was found that commercial and shopping areas have the highest level of global spatial integration. The study also revealed that areas with diverse economic activities, wider roads, and well-connected street networks have the highest land prices. On the other hand, pedestrian-based locations with narrow roads tend to have lower land prices based on the analysis of local integration.





5. Discussion


Several factors can impact the value of land, either positively or negatively [56,57]. Land value is influenced by the surrounding environment and facility improvements [58]. Based on case study evaluations, the areas with the most economic activities are the arterial and major collector roads that are 12 m–32 m wide. These areas are typically located in city centers and offer the shortest walking and driving distances. As a result, they have the highest land prices. Accessible transportation options can boost economic activity and increase the regional land value [58,59].



The areas with the most interconnected streets are typically commercial and shopping areas. According to regional integration analysis, the densest street networks are located on arterial and collector roads that connect the commercial area to nearby residential areas. These roads also have the highest level of global integration. When analyzing urban structure, the length of a line is an important factor in determining its significance. Studies suggest that the longest street in a specific area can significantly enhance land value [60], particularly for commercial purposes. The main roads in Sulaymaniyah City are long and linear, running through all the public spaces. Shorter routes with widths ranging from 6m to 10m are positioned behind these long lines. The wider main roads significantly increase the land value and price of the city. For further details, please refer to Appendix A Table A1.



Upon analyzing the statistics of Sulaymaniyah City, it is evident that there is a significant correlation between the independent variables, namely integration, connectivity, street width, and the price of land as a dependent variable. The nonlinear correlation independent variables curve estimator is displayed in Figure 9. Additionally, Table 2 provides an overview of the model summary and parameter estimates for each indicator.



The urban design process can be enhanced effectively by analytical methods that are applied at the specific stages of a design process [44,61]. Space syntax is a technology that examines how people use and navigate through space [41,43,62]. Unlike a purely theoretical analysis, it combines practical and theoretical approaches by observing human behavior. It focuses on cognition and how people experience space, recognizing that movement is essential to the lifeblood of cities. Without movement, cities lack meaning, and people cannot engage in social, economic, or communication transactions. As a result, movement is a driver of social and economic activities in cities [43,63]. Spatial street networks organize movements in urban areas, and their connection values significantly impact land value. In the Sulaymaniyah case study, high connection values increase land value, while poor connections result in lost value. Space syntax premises, including integration, connectivity, and street hierarchy, are the core of urban land price determination. The finding demonstrated that the syntactical premises, including integration and connectivity, and street width highly correlate with the land price. Therefore, those independent variables can be used to determine the urban land price. As the main aim of the research, the study can predict the model for an urban spatial land price that can predict more than 76% price of urban land as R2 = 76.6%, see Table 3. Based on Table 3, Table 4 and Table 5, The expected model is as follows:


Y = β + β1x1 + β2x2 + β3x3










Y = β+0.438x1 + 0.338x2 + 0.299x3
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Y = Land Price










x1 = Integration value










x2 = Connectivity value










x3 = Street width value











Using street networks as a model provides a particular analytical configuration that can determine density and land use [64,65,66]; there is a positive correlation between the density of streets near homes and commuting distance, as well as the frequency of using public transportation or private vehicles for commuting trips [67,68]. Moreover, centrality has been addressed in configurational studies as a spatial process in a specific network using spatial analysis [69,70]. This method has proven effective in experimental research linking economic and spatial variables. The result of this study can be added to the urban literature gap in terms of urban land price determination; the model provided can be used for future urban street networks and urban built environment improvements to enhance urban land value and price.




6. Conclusions


In the field of urban design and analysis, Space Syntax is considered the best software tool. It can be used in combination with bid rent theory in urban economics to analyze and explain specific urban areas. Through various approaches, this study has demonstrated that the spatial configuration of an urban area and its economic theory are closely related and can be used to create a suitably built environment. Business owners always strive to maximize their profits and therefore seek out ideal locations to attract potential customers. This study found that the ideal location is on the longest axial line with a high degree of connectivity in the global integration and wider width. Specifically, the ideal location is on the longest and most expansive axial line with the nearest node at the global integration level. The result of this study can help business owners choose the best location for their investment.



According to the study, factors like street accessibility and street hierarchy are the main indicators for land value and price estimations; there is a positive correlation between medium and high levels of integration and connectivity and increased land value on arterial roads. Generally, land prices are higher on arterial and major collector roads with wider roads, while they are lower on minor collector and local roads with narrower roads. Wider roads can increase the number of car trips and lead to more frequent trips. Therefore, improved street network integration and connectivity with wider roads in Sulaymaniyah City can lead to higher land values and increased commercial activity. Consequently, the study proves that creating a functional urban street network is crucial in optimizing the use of urban land value. Therefore, urban planning, development, and design require a space syntax system to determine the land’s value for future improvements. On the other side, urban planners and designers should consider street hierarchy for urban future economic enhancements in terms of land value and price. Different community categories can benefit from this study regarding this topic, and people usually fall into two categories: designers and planners; and financiers and real estate professionals. If you are a designer or planner, there are specific steps you can take to enhance street connectivity and improve land value. These include decreasing traffic on arterial roads, creating more direct routes to make it easier for non-motorized modes of transportation such as walking and cycling, and improving the quality of local roads. All of these efforts lead to more efficient transit service and make a connection between urban road connectivity and land price improvements.



The results of this study have significant implications for both theoretical and practical applications. Theoretically, it can offer valuable insights into urban economics, spatial planning, and transportation. On a practical level, it can assist urban planners in designing future infrastructure based on the built environment that enhances the land value and aids investors and those in the real estate industry in determining urban land value and pricing more accurately. Additionally, these findings can be utilized in future urban economic studies to establish a new land pricing program based on space syntax principles.
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Appendix A


Table A1 below displays the importance and correlation between independent variables to obtain further details on selected samples.
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Table A1. Samples and land price indicators under the use of space syntax premises.






Table A1. Samples and land price indicators under the use of space syntax premises.





	Case Number
	Samples
	Land Price
	Integration
	Connectivity
	Street Width





	1
	Setwan LR *
	300
	0.2047
	4
	10



	2
	Setwan CR *
	400
	0.2221
	4
	12



	3
	Setwan C *
	500
	0.2477
	5
	15



	4
	Zerinok LR
	500
	0.2453
	3
	10



	5
	Zerinok CR
	1250
	0.2773
	4
	20



	6
	Ibrahim ahmad LR
	350
	0.2137
	4
	10



	7
	Ibrahim ahmad CR
	450
	0.2391
	4
	20



	8
	Ibrahim ahmad C
	1500
	0.277
	9
	30



	9
	Qrga LR
	280
	0.1973
	6
	12



	10
	Qrga CR
	400
	0.2272
	4
	20



	11
	Qrga C
	1000
	0.2586
	7
	30



	12
	Tasluja LR
	50
	0.1414
	4
	7



	13
	Tasluja CR
	200
	0.2244
	6
	10



	14
	Tasluja C
	500
	0.244
	5
	20



	15
	kandaswra LR
	100
	0.1602
	4
	6



	16
	kandaswra CR
	300
	0.2058
	4
	15



	17
	qularaisy LR
	150
	0.1858
	5
	7



	18
	qularaisy CR
	300
	0.2276
	4
	10



	19
	Rapareen LR
	250
	0.197
	4
	20



	20
	Rapareen LR 1
	125
	0.1848
	4
	7



	21
	Rapareen CR
	450
	0.2948
	3
	20



	22
	Rapareen CR 2
	300
	0.2048
	4
	15



	23
	Rapareen C
	1600
	0.2964
	11
	30



	24
	Rapareen C 3
	1000
	0.2838
	5
	30



	25
	Farmanbaran LR
	350
	0.217
	4
	8



	26
	Farmanbaran CR
	500
	0.2593
	4
	8



	27
	Farmanbaran C
	1400
	0.3105
	9
	30



	28
	Majy bag LR
	350
	0.2306
	4
	6



	29
	Majy bag CR
	400
	0.2355
	6
	10



	30
	Majy bag C
	850
	0.2746
	8
	22



	31
	Khabat LR
	300
	0.2572
	6
	7



	32
	khabat CR
	350
	0.2867
	6
	12.5



	33
	khabat C
	1300
	0.3127
	9
	26



	34
	qazi muhamad LR
	400
	0.2891
	4
	7



	35
	qazi muhamad CR
	750
	0.3103
	4
	7



	36
	qazi muhamad C
	2500
	0.3332
	11
	22



	37
	Bakrajo LR
	200
	0.1914
	3
	7



	38
	Bakrajo CR
	650
	0.2508
	5
	12



	39
	Bakrajo C
	1500
	0.2862
	6
	22



	40
	Hawary Shar LR
	300
	0.2345
	5
	7



	41
	Hawary Shar CR
	700
	0.2668
	4
	10



	42
	Hawary Shar C
	1500
	0.2716
	8
	22



	43
	Sarchnar LR
	350
	0.241
	3
	10



	44
	Sarchnar CR
	650
	0.2992
	4
	10



	45
	Sarchnar C
	2200
	0.3137
	11
	20



	46
	Azadi LR
	350
	0.2425
	4
	6.5



	47
	Azadi CR
	650
	0.2975
	3
	7



	48
	Azadi C
	2200
	0.3145
	13
	17



	49
	Ibrahim pasha LR
	350
	0.2633
	6
	5.5



	50
	Ibrahim pasha CR
	600
	0.298
	4
	8.5



	51
	Ibrahim pasha C
	2000
	0.3046
	11
	22



	52
	Zargatay kon LR
	400
	0.2657
	4
	10



	53
	Zargata CR
	650
	0.3003
	4
	10



	54
	Zargata C
	2500
	0.3222
	22
	15



	55
	Slemany new LR
	450
	0.2583
	4
	8



	56
	Slemany new CR
	750
	0.3175
	4
	12



	57
	Slemany new C
	2100
	0.3412
	12
	12



	58
	Bakhtiary LR
	500
	0.239
	4
	8



	59
	Bakhtiary CR
	800
	0.3017
	5
	8



	60
	Bakhtiary C
	3000
	0.3522
	11
	32



	61
	Kareza wishk LR
	300
	0.2985
	4
	7



	62
	Kreza wishk CR
	600
	0.3179
	4
	10



	63
	Kareza wishl C
	2000
	0.332
	13
	15



	64
	Chwarbax LR
	500
	0.2899
	4
	8



	65
	Chwarbax CR
	700
	0.3198
	5
	12



	66
	Chwarbax C
	1500
	0.3355
	7
	12



	67
	Hawara barza LR
	450
	0.2579
	5
	8



	68
	Hawara barza CR
	700
	0.2725
	4
	10



	69
	Hawara barza C
	2000
	0.3391
	36
	22



	70
	Ashty LR
	600
	0.2844
	4
	8



	71
	Ashty CR
	1000
	0.3062
	4
	12



	72
	Ashty C
	3000
	0.3368
	24
	12



	73
	Malkany LR
	200
	0.2397
	1
	4



	74
	Malkany CR
	300
	0.28
	5
	7



	75
	Malkany C
	1300
	0.329
	3
	10



	76
	Alinajy LR
	750
	0.2976
	4
	8



	77
	Alinajy CR
	1100
	0.3266
	4
	10



	78
	Alinajy C
	3000
	0.3325
	7
	15



	79
	Kurdsat LR
	400
	0.2024
	3
	10



	80
	Kurdsat CR
	700
	0.2226
	4
	10



	81
	Kurdsat C
	1000
	0.2337
	6
	12



	82
	Tuymalik LR
	450
	0.2573
	5
	10



	83
	Tuymalik CR
	1000
	0.3233
	3
	10



	84
	Tuymalik C
	3500
	0.3391
	36
	20



	85
	Reaya shabab LR
	500
	0.2871
	4
	8



	86
	Reaya shabab CR
	1000
	0.3137
	3
	8



	87
	Reaya shabab C
	3000
	0.3229
	7
	28



	88
	Kosay cham LR
	100
	0.1622
	4
	8



	89
	Kosay cham CR
	220
	0.2263
	6
	8



	90
	Kosay cham C
	600
	0.2645
	3
	15



	91
	Aqary (shorish) LR
	800
	0.3035
	5
	10



	92
	Aqary (shorish) CR
	1200
	0.3184
	5
	12



	93
	Aqary (shorish) C
	4000
	0.3457
	13
	32



	94
	Chwarchra LR
	200
	0.1947
	3
	10



	95
	Chwarchra CR
	400
	0.2424
	4
	20







* LR = land on a local road * CR = land on a collector road. * C = land used for commercial activities, on arterial type of roads).
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Figure 2. Sulaymaniyah City on Iraq map location (Different colors represent sectors of the city of Sulaymaniyah). 
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Figure 3. The study’s methodological approaches. 
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Figure 4. Commercial distribution in the city of Sulaymaniyah (The circular spots indicate the areas where commercial activities take place). 
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Figure 5. The city center Sabunkaran districts (The circular spots indicate the areas where commercial activities take place). 
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Figure 6. Global integrations of Sulaymaniyah City. 
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Figure 7. Sulaymaniyah city (a) The global integration of the city (b) the city’s local and global integration values. 
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Figure 8. Sulaymaniyah Street hierarchy. 
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Figure 9. Sulaymaniyah independent variables curve estimator. 
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Table 1. Price of land in Sulaymaniyah City.






Table 1. Price of land in Sulaymaniyah City.





	
Sulaymaniyah City Land Price

	




	
Lowest Price per m2

(USD 60–USD 200)

	
Low Price per m2

(USD 250–USD 450)

	
Median Price per m2

(USD 500–USD 950)

	
Highest Price per m2

(USD 1000–USD 1500) and More

	
More than USD 2000 Price per m2






	
QAlawa

Farmanbaran Residential

	
Bakrajo residential

Kareza wshk residential

Sabunkaran

Mamostayan residential

Majy bag residential

Khabat residential

Bakrajo residential

Rapareen Residential

	
Zargara residential

Ashty residential

Ali najy residential

Kareza wishk commercial

Slemany new residential

Serchnar Residential

Bakrajo commercial

Rzgary residential

Farmanbaran commercial

Bakhtiary Residential

Kurdsat Residential

Hawara barza residential

Azadi residential

Goizha Residential

Dabashan residential

Mamostayan

Chwar bax residential

Pasha city residential

Qaiwan city

Ibrahim ahmad Residential

Darwaza city

Zerin

Hawary Shar Residential

	
Sarchnar commercial

Zargata commercial

Slemany new commercial Mamostayan commercial

Majy bag commercial

Malkany commercial

Khabat commercial

Azadi commercial

Tuy malik Residential

Ibrahim ahmad

Rzgary commercial

Farmanbaran commercial

Aqary Residential

Kurdsat commercial

Hawara barza commercial

Goizha commercial

Dabashan Commercial

Chwarbax commercial

Hawry Shar commercial

Rapareen commercial

Baxan

	
The city center

Saholaka

Tuy malik Comercial

AshtyCommercial

Serchnar Commercial

Aqari commercial

Bakhtiary commercial

Ali najy commercial
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Table 2. Model Summary and Parameter Estimates.
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(a) Integration model summary and parameter estimates




	
Dependent Variable: average price




	
Equation

	
Model Summary

	
Parameter Estimates




	
R Square

	
F

	
df1

	
df2

	
Sig.

	
Constant

	
b1




	
Exponential

	
0.734

	
256.025

	
1

	
93

	
0.000

	
9.849

	
15.408




	
The independent variable is integration.




	
(b) Connectivity model summary and parameter estimates




	
Dependent Variable: average price




	
Equation

	
Model Summary

	
Parameter Estimates




	
R Square

	
F

	
df1

	
df2

	
Sig.

	
Constant

	
b1

	
b2




	
Quadratic

	
0.646

	
83.832

	
2

	
92

	
0.000

	
-520.933-

	
286.663

	
-5.481-




	
The independent variable is connectivity.




	
(c) Street width model summary and parameter estimates




	
Dependent Variable: average price




	
Equation

	
Model Summary

	
Parameter Estimates




	
R Square

	
F

	
df1

	
df2

	
Sig.

	
Constant

	
b1




	
Power

	
0.400

	
62.112

	
1

	
93

	
0.000

	
36.391

	
1.150




	
The independent variable is street width.
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Table 3. Indicates the statistical correlation Model summary.






Table 3. Indicates the statistical correlation Model summary.





	
Model Summary




	
Model

	
R

	
R Square

	
Adjusted R Square

	
Std. The Error in the Estimate






	
1

	
0.875 a

	
0.766

	
0.758

	
413.64221








a Predictors: (Constant), street width, integration, connectivity.













[image: Table] 





Table 4. Regression analysis between street width, integration, and connectivity.
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ANOVA a




	
Model

	
Sum of Squares

	
df

	
Mean Square

	
F

	
Sig.






	
1

	
Regression

	
50953224.498

	
3

	
16984408.166

	
99.266

	
0.000 b




	
Residual

	
15570088.660

	
91

	
171099.875

	

	




	
Total

	
66523313.158

	
94

	

	

	








a Dependent Variable: average price. b Predictors: (Constant), street width, integration, connectivity.
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Table 5. Statistical coefficients between study indicators.






Table 5. Statistical coefficients between study indicators.





	
Coefficients




	
Model

	
Unstandardized Coefficients

	
Standardized Coefficients

	
t

	
Sig.




	
B

	
Std. Error

	
Beta






	
1

	
(Constant)

	
−1979.578

	
249.204

	

	
−7.944

	
0.000




	
integration

	
7583.791

	
1002.309

	
0.438

	
7.566

	
0.000




	
connectivity

	
57.733

	
8.779

	
0.388

	
6.576

	
0.000




	
Street width

	
35.413

	
6.698

	
0.299

	
5.287

	
0.000
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