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H I G H L I G H T S  
 

A B S T R A C T  

 A fuzzy logic algorithm and spatial analysis 

methods are presented to propose suitable 

locations for a sports city in Iraq. 

 GIS overlay analysis has been applied based 

on the fuzzy logic algorithm and data input 

extracted from the spatial analysis process. 

 The proposed methodology has combined an 

intelligence multi-criteria analysis and GIS 

modelling to support the process of decision 

making. 

 In recent times, many cities have clustered new sports infrastructures in 

concentrated areas to create a sports city. Al Hillah City as one of the biggest 

cities in the center of Iraq, because of many components' countryside relocation 

and natural expansion of population, and other has been distinguished; extreme 

population expansion and lastly evolution in need of planning in some inner-city 

areas and places. Consequently, designated areas in terms of premier spatial 

allocation and appropriate location for users of general services; sports services 

that are rapid, on time, and at ease access to them are essential that are not 

considered. A small- scale recognition has spent on critical aspects of sports 

utilization for land measure and appropriately locating. This issue has been 

minimized the premier performance of these spaces and creates problems for the 

city and its citizens. The premier performance of these spaces has been 

minimized because of the above-mentioned issue, which creates difficulties for 

the city and its residents. This research conducted based on the integration 

between Fuzzy logic algorithm and GIS techniques, spatial analysis tools in 

ArcGIS software were utilized to implement this method. The results showed 

that the most suitable areas include three areas that are located on the north-west 

and the south of the study area. On the other hand, the largest area located on the 

north-west location respect to Al-Hillah city, the center of Babylon Province, 

which is considered the proposed area to construct sports city. This study will be 

useful for decision-makers and stockholders by reducing cost, time, and efforts 

through decreasing field works. 
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1. Introduction 

A sports activity is considered one of the main leisure activities in modern human's lives. Therefore, governments 

established several locations for various sports activities throughout the world. Nowadays, many governments have grouped 

new sports infrastructures in concentrated areas to create so-called sports cities [1]. In Iraq, Babil Province is considered one of 

the most important provinces in the center of Iraq, Due to the high population growth and urban expansion, the region of Iraq's 

center requires the development of sport infrastructures. The lack of appropriate planning for such infrastructures is 

catastrophic. Further, decision-makers do not consider the proper spatial distribution of public services such as sports 

infrastructure. Furthermore, little attention has considered sports land-use criteria and proper location that may reduce the 

optimal performance of these areas and leads to problems in the future. The recent development in urban planning, which 

represented by the development of multi-criteria decision making through spatial analysis techniques shows a feasibility in the 

spatial decision making process, spatial analysis techniques [2,3,4] Therefore, the present study is conducted to utilize the 

spatial analysis techniques based on the integration of Artificial Intelligence Algorithms (Fuzzy logic algorithm) and geomatics 

techniques (Geographic Information System, Global Position System, and satellite images) to support the multi-criteria 

decision-making process and planning to determine the suitability of lands for establishing a sports city in a region mainly 

located within Babil Governorate with some parts from Karbala and Najaf Governorates. ArcGIS software includes several 
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tools such as spatial analysis tools, which can perform multi-criteria decision-making to find suitable locations based on 

several parameters. In addition, ArcGIS includes the Fuzzy logic algorithm, which is a widely used method of site selection. It 

assigns membership values to locations that range from 0 to 1 (ESRI). 0 indicates non-membership or an unsuitable site, while 

1 indicates membership or a suitable site. Without using traditional methods that manually assigning weights for criteria. 

Spatial analysis used in the present study can be used as a tool to support the multi-criteria decision-making processes in terms 

of suitable site selection in Iraq. The proposed method can be used to reduce fieldworks cost, time, and efforts. 

2.  Related works 

Spatial analysis is an important tool for support decision making process [5, 6, 7]. Regarding the suitability analysis for 

finding suitable locations for establishing a sports city, many studies have been conducted, in this part we will describe the 

relevant studies. [8,9] developed model based on GIS and AHP to find suitable location for sport venue area in Tehran, Iran, 

the main drawback of AHP methods that requires a previous knowledge and weights for each criterion make it not usually 

suitable for suitability analysis. On the other hand, [10] proposed a methodology based on the Geographic Information System 

to detect suitable location for establishing a sports venue location, their study considered time consuming through the field 

investigation and creating analysis. In a separate study, [11] proposed a methodology based on Geographic Information System 

to evaluate the pattern of sport tourism locations in Lahijan, Iran based on environmental factors, their study neglected many 

factors such as the proximity to other locations making this study limited for finding suitable location for sport infrastructures. 

In another study, [12] proposed a methodology to find optimal site location for sports site by using Geographic Information 

System techniques. Their study didn’t focus on sports city concept. [13] Proposed a model based on AHP method and GIS to 

plan for suitable sports spaces in Zanjan City, Iraq. On the other hand, [14] proposed a methodology based on GIS technique to 

find optimal location for stadium location in Wuhan, China. Their study focused only on the factors that affect stadium 

construction rather than sports city. In this study we will propose the integration between Fuzzy logic algorithm and Geomatic 

techniques that represented by spatial analysis tools to find suitable location for establishment of  sports city in the center of 

Iraq. 

3. Methodology and data 

3.1 Research area 

This research was carried out near Hillah city in Babylon province. In addition, the study area includes some parts from 

Karbala and Najaf provinces, Iraq (Figure 1). The selected area of study is located south of Baghdad city, It's geographically 

located at the intersection of (44°10’0”E,32°40’0”N)and (44°40’0”E,32°20’0”). The city of Hillah is considered as the center 

of the province of Babylon and it is 89 km to the south of Baghdad.  

 The total area of the study area is approximately 2797km² and has a population of about 2,065,042 people in 2018. The 

study area is characterized by numerous land use locations such as commercial, industrial, residential areas and several human 

activities and infrastructures that recently increased. Moreover, there are many historical locations such as old Babylon city 

distributed near the city making this area attraction location for tourism (Figure 2). On the other hand, agricultural fields 

covered large areas in Babylon Province [15]. In addition, the weather in this area is considered cold in winter and hot-dry in 

summer. 

 

Figure 1: The study area. Source the author 
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Figure 2: criteria used Source the author 

3.2 Suitability criteria 

In this study, we used eight criteria derived from different data sources in order to find suitable locations to establish a 

sports city. These criteria were collected from governmental data (i. e ministry of planning and the municipality of Babil 

Governorate. On the other hand, these criteria were prepared and organized in a GIS environment. These criteria were distance 

from archeological locations, distance from main roads, distance from railway, distance from oil pipes, distance from oil 

facilities, distance from power lines, distance from water bodies, distance from built-up areas as shown in table (1). 

Table 1: The used criteria 

No.  data Criterion 

1  archeological locations as far away as possible from the game city 

2 

3 

4 

 main roads as close as possible from the game city 

 railway as close as possible from the game city 

 oil pipes as far away as possible from the game city 

5  oil facilities as far away as possible from the game city 

6  power lines as far away as possible from the game city 

7  water bodies as far away as possible from the game city 

8  built-up areas as close as possible from the game city 

3.3 The Overall methodology 

The proposed methodology contains several steps, the first step is the data collected and preparing in GIS environment. 

Then, the criteria were created by using spatial analysis tools in ArcGIS software, the Euclidean distance analysis was used to 

calculate the distances from each criterion, where Euclidean Distance gives the distance from each cell in the raster to the 

closest source. Such as (Euclidean distance from archeological locations, Euclidean distance from main roads, Euclidean 

distance from railway, Euclidean distance from oil pipes, Euclidean distance from oil facilities, Euclidean distance from power 

lines, Euclidean distance from water bodies, Euclidean distance from built-up areas). 

Then, we used the reclassification tool in ArcGIS to reclassify Euclidean distances were reclassified into specific ranks 

ranged from 1 to 10, where rank 10 refers to the suitable values, and rank 1 refers to the unsuitable values.  In this study we 

used Fuzzy logic algorithm, Fuzzy logic can be used as an overlay analysis technique to solve traditional overlay analysis 

applications such as site selection and suitability models. The basic premise behind fuzzy logic is that there are inaccuracies in 

attribute and in the geometry of spatial data. The proposed criteria were analyzed by using fuzzy membership. The Fuzzy 

Membership tool reclassifies or transforms the input data to a 0 to 1 scale based on the possibility of being a member of a 

specified set. 0 is assigned to those locations that are definitely not a member of the specified set, 1 is assigned to those values 

that are definitely a member of the specified set, and the entire range of possibilities between 0 and 1 are assigned to some 

level of possible membership (the larger the number, the greater the possibility). 

The results of fuzzy membership were calculated by using fuzzy overlay and intersected with the vacant areas that 

obtained from governmental data in order to obtain suitability map. The final step included conversion of raster data to vector 

data to select final area based on the area. By using selection analysis, we selected the final proposed suitable location to 

establish sports city. The overall methodology is illustrated in Figure 3. 

https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/fuzzy-membership.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/fuzzy-membership.htm
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Figure 3: The proposed methodology 

4. The Suitability analysis  

4.1 Spatial Analysis tools 

In this part, we describe the spatial analysis process, which was performed based on spatial analysis tools. We applied 

Euclidean distance analysis to calculate distances from each criterion. In general, “the Euclidean algorithm" works as follows: 

for each cell, the distance to each source cell is determined by calculating the hypotenuse with x_max and y_max as the other 

two legs of the triangle. 

 This calculation derives the true Euclidean distance, rather than the cell distance. The shortest distance to a source is 

determined, and if it is less than the specified maximum distance, the value is assigned to the cell location on the output raster”. 

 In this research, we used the Euclidean distance tool that available in ArcGIS software, which can calculate Euclidean 

distances from multiple features within a single layer simultaneously and produce a single raster included the values of 

Euclidean distances. We calculated the Euclidean distance for eight criteria that input as shape files such as (Euclidean distance 

from archeological locations, Euclidean distance from main roads, Euclidean distance from railway, Euclidean distance from 

oil pipes, Euclidean distance from oil facilities, Euclidean distance from power lines, Euclidean distance from water bodies, 

Euclidean distance from built-up areas).Figure (4,5). 

After that, the Euclidean distances resulted were reclassified into specific ranks, The reclassification tools reclassify or 

change cell values to alternative values in order to simplify the information in a raster, Euclidean distances reclassified  ranged 

between (1-10) in order to facilitate the analysis process. To perform this task, we utilized reclassify tools in ArcGIS (Figure 

6,7). According to reclassify tools, we can modify values to ranks and save changes into new output. There are many purposes 

why we may want to apply reclassification such as changing values that relied on new information, grouping input data, 

reclassifying values to a specific scale, setting values to zero value. After that all criteria were subjected to overlay analysis 

based on spatial analysis tools in ArcGIS software. In this study, we applied Fuzzy overlay as the main algorithm for the 

overlaying process. On the other hand, we used vacant areas as a restricted parameter for the final suitable areas. 
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Figure 4: Euclidean distances from ( archaeological sites, built-up areas , oil facilities, and main 

roads) 

 

Figure 5: Euclidean distances from (oil-pipes, power lines, Railways, and Waterbodies) 
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Figure 6: Reclassified distances from (archaeological sites, built-up areas, oil facilities, and main 

roads) 

 

Figure 7: Reclassified distances from ( oil-pipes, power lines , Railways, and Water-bodies) 
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Table 2: The optimal distances for each criteria and Ranks 

Criterion Euclidean distance (m) Rank 

Water bodies 31500.1 - 35000 1 

Main Roads 0 - 1150  1 

Railway 0 - 3600 1 

Power Lines 0 - 2700 1 

Oil pipes 27000.1 - 30000 1 

Oil facilities 33300.1 - 37,000 1 

Built-up areas 0 - 1700 1 

Archeological locations 22500.1 - 25000 1 

4.2 Fuzzy algorithm 

The fuzzy logic algorithms have been developed to model ambiguity in both attribute and geometry of geospatial data 

[16]. In terms of overlay analysis, fuzzy logic methods usually focus on ambiguity or inaccuracies in the semantic data 

(attributes). Generally, ambiguity occurs in two areas within attribute data (features definition, phenomena's measurement). 

These inaccuracies lead to errors during assigning cells to a specific class. Consequently, ambiguity can negatively impact 

decision-making operations. Thus, fuzzy overlay tools can help decision-making operations by modeling ambiguity in class 

boundaries [17]. 

Theoretically, fuzzy logic system is trying to work as close as human perception, which assumes that people not only 

thinking about definite variables (yes or no) but also thinking about "blurry" values like (maybe yes, maybe no). Therefore, 

fuzzy logic system capable of working with blurred boundaries and cloudy information [15]. Fuzzy logic overlay process is 

working by setting a membership value to the resulted locations ranged between 0 and 1. Which 0 value refers to unsuitable or 

non-membership. While 1 value indicates a suitable site or membership [17]. In this study, we have used 8 parameters as input 

parameters ( i.e. Euclidean distance from archeological locations, Euclidean distance from main roads, Euclidean distance from 

railway, Euclidean distance from oil pipes, Euclidean distance from oil facilities, Euclidean distance from power lines, 

Euclidean distance from water bodies, Euclidean distance from built-up areas). The main reason to use Fuzzy overlay rather 

than other methods such as weighted overlay is the lack of criterion’s weight that may obtained from previous knowledge or 

studies. On the other hand, fuzzy algorithm is presented as an analysis tool within ArcGIS software (spatial analysis tools in 

Fuzzy overlay tool) (Figure 8). 

 

Figure 8: Fuzzy Overlay analysis. 

5. Results and Discussion 

5.1 Results of fuzzy algorithm 

According to the result of fuzzy membership that considered the main step in the fuzzy overlay process, the membership 

values obtained from proposed criteria, where the highest membership value is 0.55 with water bodies criterion. While the 

lowest membership value is 0.002 with main roads. While other criteria are; Archeological locations 0.54, Oil facilities 0.40, 

Railways 0.27, Power Lines 0.003, oil pipes 0.45, Built-up areas 0.24.Figure 9 
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Figure 9: Fuzzy membership values 

According to the suitability map showed in figure 11 that obtained from our methodology to find suitable locations for 

establishing sports city, five suitability classes have been resulted high suitable, Moderate suitable, low suitable, unsuitable, 

and High unsuitable. Fuzzy overlay values were calculated based on values resulted from fuzzy membership calculations, the 

highest fuzzy membership value ranged from 0.7 to 0.96 , Figure 10 shows the areas with Km2 unit that covered by each 

suitability class, where the high suitable covered approximately 5.79 , moderate suitable 56.84, low suitable 62.94, unsuitable 

99.87, and high unsuitable 65.45 .From the suitability maps we can conclude that the high suitable areas covered the least area 

in the study area. Consequently, this map can reduce the efforts, time, and cost of the field investigation. On the other hand, the 

high suitable areas are located on the north-west and the south of the study area. The high suitable area includes three areas. 

One of these areas has an area 5.35 km2 while other areas have areas less than 1 km2.After that we applied selection by 

attribute analysis in order to select area that suitable for establish sports city. The results showed that only one area that 

resulted which has the highest area 5.35 km2 (Figure 12), which is located on the north-west of the study area. Although our 

results selected suitable area for construct sports city, there still some investigations are required such as land price and cultural 

investigations. Our study showed that the integration between machine learning algorithms and Geomatics techniques are very 

useful to support the decision-making process in the site selection field. Figure 10 shows the final suitable location for 

establishing a sports city.  

 

Figure 10: Areas of suitability classes 
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Figure 11: The suitability classes and locations 

 
Figure 12: The proposed locations 

6. Conclusions 

Sport cities are considered as important infrastructures in urban environment in most cities in the world. Several methods 

were applied to perform suitability analysis. Recently, the geomatics techniques with machine learning algorithms have 

attracted scientists. Therefore, in this study we applied the integration between fuzzy logic algorithm and spatial analysis 

techniques to find suitable locations for establishing a sport city in the center of Iraq. In this study, we used 8 criteria as input 

data in the proposed methodology; Euclidean distance from archeological locations, Euclidean distance from main roads, 

Euclidean distance from railway, Euclidean distance from oil pipes, Euclidean distance from oil facilities, Euclidean distance 

from power lines, Euclidean distance from water bodies, Euclidean distance from built-up areas. The results showed that the 

high suitable areas include three areas that are located on the north-west and the south of the study area. On the other hand, the 

largest area located on the north-west location respect to Al-Hillah city, the center of Babylon Province, which is considered 

the proposed area to construct sports city. This study will be used as an efficient tool for decision-makers by the Iraqi 

Government by reducing cost, time, and efforts through minimizing the field works. 
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