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Abstract

The optimal allocation of sport facilities is crucial for urban management, as it enhances
public health and improves citizens’ quality of life. This study proposed a novel decision-
making approach for optimizing the allocation of sports facilities in a megacity in which
accessibility to sports facilities is a major challenge. To achieve this, 23 criteria in three
categories of compatibility, environmental, and infrastructural criteria were analyzed. The
analytical hierarchy process (AHP) method determined the criterion weights, while the
weighted linear combination (WLC) method integrated them. The results showed that the
current spatial distribution of sports facilities in Tehran follows a clustered pattern, and the
compatibility criterion, with a weight of 0.45, has the greatest impact on the sports facility
location selection process. A spatial analysis identified 48.58 km2 as being highly suitable
for facility development, mainly in central and southern Tehran. These findings can assist
urban managers and planners in improving spatial justice, increasing accessibility to sports
facilities, and promoting sustainable urban development.

Keywords: sports facilities management; location-allocation; GIS; SMCDA; Tehran

1. Introduction
In contemporary urban planning and public health discourse, equitable access to

sports facilities is increasingly recognized as a cornerstone of sustainable and just cities.
Numerous studies have shown that the presence and proper distribution of such facilities
plays a crucial role in enhancing physical and mental well-being, promoting social cohesion,
and improving the overall quality of life for urban populations [1]. As cities continue to
grow in scale and complexity, especially in the Global South, ensuring spatial justice in
the allocation of urban services including sports infrastructure has emerged as a pressing
policy concern.

A key challenge faced by many urban regions is the imbalance in the spatial distribu-
tion of sports facilities, which can exacerbate health disparities and social inequalities [2].
While some areas enjoy sufficient access, others remain underserved, leading to unequal
opportunities for physical activity and community engagement. International benchmarks
suggest that a minimum per capita sports space of 2 m2 is desirable in urban contexts [3].
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However, this standard is seldom met in many cities of developing countries, where
infrastructure development has often lagged behind population growth and urban sprawl.

In this regard, the combination of geographic information system (GIS) and spatial
multi-criteria decision analysis (SMCDA) methods has gained attention as an innovative
tool in urban management. The GIS method, with its capability to analyze spatial data
and provide a comprehensive view of distribution patterns, enables the identification of
areas in need of sports facilities [4]. On the other hand, SMCDA methods, considering
multiple criteria such as the population density, accessibility, implementation costs, and
environmental considerations, facilitate the decision-making process [5]. This combination
not only provides optimal solutions for the location–allocation of sports facilities but also
enhances spatial equity.

Despite this growing body of knowledge, there remains a need for context-specific
models that adapt these methodologies to the unique socio-spatial challenges of particular
cities. In this context, Tehran, a megacity with notable demographic and geographical
complexities, provides a compelling case for applying a GIS-SMCDA-based approach
to sports facility planning. The city is characterized by significant spatial inequalities;
while the northern districts are relatively well-served, the southern areas suffer from acute
under-provision of sports infrastructure. For instance, the per capita sports space in Tehran
is estimated at less than 0.5 m2 overall, and even lower in districts such as district 18,
which also lack proximity to natural recreational spaces such as the Alborz Mountains.
This unequal distribution not only impairs public health contributing to the rise of non-
communicable diseases such as diabetes, hypertension, and cardiovascular issues [6] but
also undermines social justice by deepening existing socio-economic disparities [7]. Studies
by organizations such as the Centers for Disease Control and Prevention (CDC) have shown
that better access to sports facilities can increase public participation in physical activity by
up to 25% [8].

Previous studies indicate that this approach is highly effective in the optimal location
of infrastructure in various fields such as healthcare [9,10], culture and education [11,12],
accessibility and public services [13,14], shopping centers [15,16], energy [17,18], and crisis
management [19,20]. In this regard, several studies [21,22] have emphasized that easy
and convenient access to sports facilities, such as sports fields, stadiums, and parks, can
increase individuals’ willingness to engage in physical activity. Additionally, the research
by Ahmadi et al. [23], Giles-Corti and Donovan [24], and Hallmann et al. [25] has shown
that the increase in sports facilities, easy access to these centers, and better proximity to
other urban uses can lead to greater participation in physical activities and improved life
satisfaction among community members. Furthermore, the studies by McGrath et al. [26]
and Zohrevandian et al. [27] have also emphasized the importance of the proper distribution
and optimal location of sports facilities. Based on this, it can be concluded that easy access
for citizens to these facilities plays a crucial role in achieving a healthy and sustainable
society. In this study, the term sports facilities refers to both public and private facilities, as
all types contribute to the overall spatial accessibility and support the goal of improving
public health and social equity.

Tehran, as the capital of Iran, with its unique geographical, economic, and demo-
graphic characteristics, requires more precise planning in the development of sports infras-
tructure. The population density, air pollution, spatial limitations, and unequal distribution
of facilities are challenges that make this issue even more critical. The southern areas of the
city, due to their higher population and infrastructure limitations, suffer the most from the
disproportionate distribution of sports facilities. Meanwhile, the northern areas, despite
having a smaller population, have more facilities. Therefore, the main goal of this research
is to propose a novel approach for the optimal allocation of sports facilities in Tehran. This
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approach, utilizing a combination of GIS and SMCDA methods, aims to identify suitable
areas for the establishment or development of sports facilities. The innovation of this re-
search lies in the simultaneous use of a spatial analysis and multi-criteria decision-making
techniques to address a multi-dimensional problem in the allocation of sports facilities.
This method can also serve as a model for other metropolitan cities in the country.

The remainder of this paper is structured as follows. Section 2 describes the materials
and methods used in the study. Section 3 presents the results. Section 4 provides a discus-
sion of the findings, and Section 5 concludes the paper with final remarks and implications.

2. Materials and Methods
2.1. Study Area

Tehran, the capital of Iran and the largest city in the country, is situated on the southern
foothills of the Alborz Mountain range and the northern edge of the Central Plateau of
Iran. With a population of 9,259,009 people and an area of 613 km2, Tehran is considered
one of the largest and most important metropolises in the world [28]. Geographically
located between 51◦17′ to 51◦33′ E and 35◦36′ to 35◦44′ N (Figure 1), the city is bordered
to the north by mountainous regions and to the south by desert areas. The elevation of
Tehran varies significantly across the city, ranging from 1800 m in the northern areas to
1050 m in the southern parts. This elevation difference has a noticeable impact on the
climate of different regions, with the northern areas experiencing a cold and dry climate,
while the southern areas have a warmer and drier climate. Tehran consists of 22 districts,
134 neighborhoods, and 376 sub-neighborhoods, holding special economic, social, and
political significance. The city’s share in Iran’s gross domestic product (GDP) is around
27%, and it houses more than half of the country’s industries. Moreover, Tehran plays a key
role in Iran’s economy, contributing 38% of the services sector and 24% of the industrial
sector’s value added. Due to its specific economic and demographic characteristics, Tehran
is one of the busiest cities in the world, with a daily influx and outflux of people, pushing
its daily population to over 20 million. The city holds a distinguished position globally,
ranking as the 37th most populous city in the world.

 

Figure 1. Map of the geographical location of the study area, (a) Iran’s position in the world,
(b) location of Tehran in Iran, (c) 22 district of Tehran (numbers indicate location of each district).
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2.2. Data Used

In the present study, geographical datasets were used to achieve the desired objec-
tive. To identify areas with high potential, the data were categorized into three groups—
compatibility criteria, environmental criteria, and infrastructural criteria. The compatibility
criteria included cultural centers, educational centers, commercial centers, entertainment
centers, industrial areas, existing sports centers, residential areas, and the population den-
sity; the environmental criteria included the earthquake risk, flood risk, slope, and water
bodies; the infrastructural criteria included fire stations, police stations, medical centers,
pharmacies, fuel stations, parking, public transportation stations, highways, airports, and
main streets. The characteristics of the data used are shown in Table 1. After gathering the
initial data, the capabilities of ArcGIS 10.8 software were employed for a spatial analysis
and the generation of criteria maps at various stages. Additionally, TerrSet 19.0 software
was used to produce the sports facility potential maps.

Table 1. Specifications of the data used in this study.

Data Format Resolution/Scale Source

Highways Shapefile (polyline) 1:2000 https://www.mrud.ir/ (accessed on 20 December 2024)
Public transport stations Shapefile (point) 1:2000 http://www.ncc.org.ir/ (accessed on 20 December 2024)
Existing sports centers Shapefile (point) 1:2000 https://www.tehran.ir/ (accessed on 28 December 2024)
Industrial areas Shapefile (polygon) 1:2000 https://gis.isipo.ir/ (accessed on 18 December 2024)
Entertainment centers Shapefile (point) 1:2000 https://www.tehran.ir/ (accessed on 9 December 2024)
Residential areas Shapefile (polygon) 1:2000 http://www.ncc.org.ir/ (accessed on 20 October 2024)

Slope Raster 30 m https://www.aw3d.jp/en/products/standard/
(accessed on 20 October 2024)

Main streets Shapefile (polyline) 1:2000 https://www.mrud.ir/ (accessed on 20 October 2024)
Airport Shapefile (point) 1:2000 https://en.caa.gov.ir/ (accessed on 20 October 2024)
Water bodies Shapefile (polygon) 1:2000 http://www.ncc.org.ir/ (accessed on 20 October 2024)
Fire stations Shapefile (point) 1:2000 https://www.tehran.ir/ (accessed on 9 December 2024)
Police stations Shapefile (point) 1:2000 https://www.tehran.ir/ (accessed on 9 December 2024)
Medical centers Shapefile (point) 1:2000 https://www.tehran.ir/ (accessed on 9 December 2024)
Pharmacies Shapefile (point) 1:2000 https://www.tehran.ir/ (accessed on 9 December 2024)
Fuel stations Shapefile (point) 1:2000 https://www.tehran.ir/ (accessed on 9 December 2024)
Parking Shapefile (point) 1:2000 https://www.tehran.ir/ (accessed on 9 December 2024)
Earthquake risk Raster 30 m https://gsi.ir/ (accessed on 9 December 2024)
Population density Raster 30 m https://www.tehran.ir/ (accessed on 9 December 2024)
Flood risk Raster 30 m https://frw.ir/ (accessed on 14 December 2024)
Cultural centers Shapefile (point) 1:2000 http://www.ncc.org.ir/ (accessed on 20 December 2024)
Educational centers Shapefile (point) 1:2000 http://www.ncc.org.ir/ (accessed on 20 December 2024)
Commercial centers Shapefile (point) 1:2000 http://www.ncc.org.ir/ (accessed on 20 December 2024)

2.3. Research Methodology

Based on the flowchart presented in Figure 2, the research methodology of this study
consisted of six main stages. In the first stage, the study area was defined, and the key
criteria influencing the optimal location–allocation of sports facilities were identified and
selected. In the second stage, the current distribution of sports facilities was analyzed using
the average nearest neighbor (ANN) statistical method. In the third stage, spatial data and
GIS-based spatial analyses were employed to generate maps for the selected criteria.

In the fourth stage, the analytical hierarchy process (AHP) and pairwise comparison
matrices were used to determine the relative importance of each criterion. In the fifth
stage, the criteria were standardized using the min–max standardization method to ensure
uniform scaling. Finally, in the sixth stage, the standardized criteria and calculated weights
were integrated using the weighted linear combination (WLC) method, generating the
final potential development map for sports facilities. In this stage, model validation was
performed through field visits and a satellite imagery analysis. This comprehensive process
enables the optimal location of sports facilities and assists urban planners in making
efficient decisions.

https://www.mrud.ir/
http://www.ncc.org.ir/
https://www.tehran.ir/
https://gis.isipo.ir/
https://www.tehran.ir/
http://www.ncc.org.ir/
https://www.aw3d.jp/en/products/standard/
https://www.mrud.ir/
https://en.caa.gov.ir/
http://www.ncc.org.ir/
https://www.tehran.ir/
https://www.tehran.ir/
https://www.tehran.ir/
https://www.tehran.ir/
https://www.tehran.ir/
https://www.tehran.ir/
https://gsi.ir/
https://www.tehran.ir/
https://frw.ir/
http://www.ncc.org.ir/
http://www.ncc.org.ir/
http://www.ncc.org.ir/
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Figure 2. The main stages of the research methodology.

2.3.1. Selection of Criteria

Some scholars argue that sports facility equity should be understood as a comprehen-
sive framework that includes both metropolitan-level stadiums and small-scale community
fitness facilities [29,30]. Therefore, this study considered various scales of sports facilities to
ensure equitable access across different community levels. To achieve this goal, it is essen-
tial to carefully and thoroughly examine the selection criteria for the optimal locations of
sports centers. Drawing from previous research and expert opinions, including specialists
from the Tehran municipality, Ministry of Sports and Youth, and academic institutions, this
study identified a set of key determining factors. A total of 23 map layers were used as
inputs, categorized into three main groups based on their characteristics, as compatibility
criteria, environmental criteria, and infrastructural criteria. The following sections provide
a detailed explanation of each criterion.
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Compatibility criteria: In the process of locating sports facilities, compatibility criteria
play a crucial role in ensuring accessibility, efficiency, and responsiveness to community
needs. One’s proximity to cultural centers promotes a healthy lifestyle and fosters a
sports-oriented culture. Similarly, being near educational institutions, particularly schools
and universities, encourages student participation in physical activities, contributing to
their physical and mental well-being. The accessibility of sports facilities for working
individuals is enhanced when located near commercial areas, where high foot traffic
increases the potential engagement. Additionally, integration with recreational spaces
results in a well-rounded experience, motivating greater public participation. However,
maintaining an appropriate distance from industrial zones is essential to avoid exposure
to air and noise pollution, which could negatively impact athletes’ health. Considering
existing sports centers helps achieve an equitable distribution, preventing oversaturation in
certain areas while addressing shortages elsewhere. Moreover, considering the proximity to
residential areas ensures greater convenience, encouraging more residents to utilize these
spaces. Finally, the population density is a key factor, as higher-density areas require more
sports infrastructure to meet demand, ensuring the optimal use of facilities and maximizing
their impact.

Environmental criteria: These factors directly impact the safety, sustainability, and
efficiency of sports facilities. The earthquake risk is a critical consideration, as constructing
sports centers in high-risk earthquake zones without proper reinforcement measures can
endanger athletes and citizens. Selecting locations with lower seismic risk or implementing
structural reinforcement strategies is essential to minimize the potential damage. Similarly,
the flood risk must be addressed, as building in flood risk areas can lead to financial losses,
infrastructure damage, and operational disruptions. Therefore, sites at higher elevations
and outside flood pathways are more suitable. The slope gradient is another crucial
factor, as steep terrain increases the levelling costs and poses design challenges, making
areas with moderate slopes preferable for reducing construction expenses and ensuring
user safety. Having a close proximity to water bodies offers aesthetic and environmental
benefits, such as a pleasant atmosphere and irrigation opportunities for green spaces.
However, maintaining an appropriate distance is necessary to prevent issues such as
excessive humidity, pest growth, and soil erosion.

Infrastructure criteria: In the site selection of sports facilities, infrastructure criteria play
a crucial role in ensuring safety, accessibility, and efficiency, as well-developed infrastructure
enhances the operational effectiveness and mitigates potential risks. The proximity to
fire stations is a key safety factor, allowing for a swift emergency response to incidents
such as fires, thereby minimizing casualties and financial losses. Similarly, having easy
access to police stations enhances one’s security, reduces potential crimes around sports
centers, and fosters a sense of safety among users. Medical facilities and pharmacies are
also vital, as athletes and visitors may require immediate medical assistance in case of
injuries. Locating sports centers near hospitals, clinics, and pharmacies is particularly
essential for professional and competitive sports to ensure timely medical interventions.
The availability of fuel stations is another important aspect, facilitating transportation
logistics and ensuring fuel supply for personal and service vehicles. Additionally, having
adequate parking facilities is crucial, as many visitors commute using private vehicles,
and a lack of sufficient parking spaces could lead to congestion, increased traffic, and
public dissatisfaction. Access to public transportation hubs, highways, and main roads
significantly influences public participation in sports activities. The proximity of metro,
bus, and taxi stations to sports stadiums influences their accessibility, particularly for
low-income groups, while also reducing traffic congestion caused by private vehicles.
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Furthermore, locating sports facilities near major highways and main roads enhances their
connectivity and increases their attractiveness for users.

In addition to the main criteria, certain constraints were considered for some of the
factors. These constraints included areas that are entirely excluded from the establishment
of sports facilities. Specifically, a buffer of 1500 m from airports, 200 m from earthquake
risk zones, 200 m from flood risk areas, 150 m from water bodies, 150 m from fuel stations,
350 m from industrial centers, and residential areas was applied. These thresholds were
determined based on a combination of the relevant literature [2,23,31], urban planning
guidelines, and an expert consultation with three faculty members specializing in sports
management. Similar buffer distances had been adopted in previous spatial planning
studies for public facilities [8,32]. Furthermore, compliance with these distances is consis-
tent with safety and environmental risk mitigation principles recommended in national
and international urban development standards. Adhering to such constraints plays a
significant role in enhancing the safety, sustainability, and efficiency of sports facilities.

2.3.2. SMCDA

Identifying the optimal location for a specific activity is one of the key challenges in
spatial planning and management. Selecting the right site can significantly impact the
success of a project, especially when factors such as the accessibility, cost, environmental
conditions, and other relevant criteria are considered. One of the most effective tools
used in this field is the GIS method. This technology enables the collection, analysis, and
visualization of spatial data, playing a crucial role in the decision-making process.

In this context, there are two general approaches to evaluating the suitability of a
location. The absolute method classifies areas strictly into two categories—suitable and
unsuitable. For example, when selecting a site for a factory, if a region falls within a
protected environmental zone, it is considered entirely unsuitable. In contrast, the relative
method ranks locations on a continuous scale from least to most suitable. This approach
offers greater flexibility, allowing decision-makers to compare different locations and select
the optimal option [33]. One of the most commonly used scoring techniques in this field is
the WLC method, which has been widely applied in various studies.

A suitability analysis of a location combines two key scientific fields: a spatial analysis,
which examines the distribution, patterns, and spatial relationships of features; and spatial
decision-making, which focuses on selecting the best options within a specific geographic
context. This process is known as the integration of the GIS method with an SMCDA.
The GIS-SMCDA process typically consists of four main steps [34]. First, the criteria are
standardized to ensure that data with different measurement units are converted to a
common scale. A commonly used technique for this is the min–max standardization
method, which transforms criterion values into a predefined range (0 to 1). Next, the
criteria weights are determined, as not all factors have the same level of importance. One
of the widely used methods for this step is the AHP, which assigns precise weights through
pairwise comparisons of criteria. Finally, decision rules are applied to prioritize the options.
The most commonly used data integration method at this stage is the WLC, where the final
suitability score for each option is calculated based on the weighted sum of different criteria.

2.3.3. Standardization of Criterion Values

In suitability analyses, spatial variations are implicitly incorporated into the definition
of evaluation criteria. Standardization methods are employed to integrate multiple criteria,
enabling decision-makers to obtain comparable units across different datasets [35]. Spatial
concepts and relationships, such as the proximity and overlap, play a crucial role in
defining a set of decision-making options. To enhance the accuracy in the standardization
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process, the min–max standardization method is used. This approach first identifies the
maximum and minimum values of each criterion and then standardizes all other values
to a scale between 0 and 1. This process minimizes the impact of outliers and ensures
a fairer and more precise comparison among criteria. By applying this method, a more
cohesive comparison between various factors is achieved, improving the reliability of
spatial analyses and decision-making processes. When standardizing positive criteria (the
higher, the better) and negative criteria (the lower, the better), Equations (1) and (2) have
been used, respectively.

maxij =
xij − xmin

xmax − xmin
(1)

minij =
xmax − xij

xmax − xmin
(2)

where xij is the original data value, xmin is the smallest value in the dataset for the same
criterion, and xmax is the largest value in the dataset for that criterion [36].

2.3.4. Criteria Weighting Method

The relative importance or impact of a criterion compared to other criteria is evaluated
with a specific weight. Within the framework of the AHP, Saaty [37] developed the pairwise
comparison method to determine the weights of criteria. This method is one of the most
widely used techniques in the research literature. In this method, the pairwise comparisons
are organized into a symmetric matrix Cn×n, which is defined according to Equation (3).

C =


1 c12 . . . c1n

1/c12 1 . . . c2n
...

...
...

...
1/c1n 1/c2n . . . 1




w1

w2
...

wn

 = λmaxw (3)

where λmax is the largest eigenvalue in the pairwise comparison matrix. In the pairwise
comparison matrix, each row is evaluated against the corresponding column. The elements
on the main diagonal are always equal to one, and any value above the diagonal is the
reciprocal of the value corresponding to the lower diagonal. To determine the importance
and priority in pairwise comparisons, the Saaty and Vargas [38] scale ranging from 1 to
9 is used, which specifies the relative weights of the criteria. This scale, employed in
numerous studies, including those by Şahin et al. [39] and Uyan [40], proposes a range
from 1 to 9 for comparing criteria. In this scale, 1 represents equal importance between two
criteria, while 9 indicates the absolute greater importance of one criterion over the other.
Once the decision-makers construct the pairwise comparison matrix, the weight vector
for the criteria can be calculated. These weights must satisfy the conditions established in
Equations (4) and (5).

n

∑
k=1

wk = 1 ∀k = 1, 2, . . . , n (4)

0 ≤ wk ≤ 1 (5)

In this method, the largest eigenvalue λmax of the pairwise comparison matrix plays a
crucial role in determining the weights of the criteria. One of the most common methods
for solving Equation (3) (the above equation), which was proposed by Saaty [37], involves
standardizing the elements of the matrix based on Equation (6). After standardization,
the weights of the criteria are calculated using Equation (7). This process enables the
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determination of the final weights, which reflect the relative importance of each criterion
compared to the others.

c∗kp =
ckp

∑n
k=1 ckp

∀k = 1, 2, . . . , n (6)

wk =
∑n

p=1 c∗kp

n
∀p = 1, 2, . . . , n (7)

When a decision-maker performs pairwise comparisons between options or criteria,
the results may not always be perfectly consistent. Therefore, the consistency ratio (CR),
which is determined based on Equation (8), is recommended. In this relation, the numerator
represents the consistency index (CI) that is obtained from the pairwise comparison process.
According to Equation (8), the CI value depends on the largest eigenvalue of the pairwise
comparison matrix and the number of criteria (n). Additionally, the random index (RI),
which appears in Equation (9), represents the consistency index of a randomly generated
pairwise comparison matrix. According to Qureshi et al. [41], the RI values for n = 9, 10, 11,
and 12 are 1.42, 1.49, 1.52, and 1.54, respectively.

CI =
(λmax − n)
(n − 1)

(8)

CR =
CI
RI

(9)

Finally, when the CR value is less than 0.1, the pairwise comparisons will be considered
acceptable in terms of consistency [42]. However, if the CR value exceeds 0.1, this indicates
inconsistency in the evaluations, and the pairwise comparisons may need to be reviewed
and revised.

In applying the AHP methodology, an expert consultation was conducted to deter-
mine the relative weights of the selected criteria. A total of 12 experts participated in the
pairwise comparison process. These experts were selected based on their professional
background and academic or practical experience in urban planning, sports infrastructure
development, and GIS-based spatial analyses. The panel included 3 university faculty
members specializing in urban planning and spatial analyses, 3 faculty members in the
field of sports management, 2 senior consultants in urban infrastructure planning, and
4 municipal decision-makers with over 10 years of experience in sports facility development
and location planning. The criteria for selecting these experts included having a minimum
of 5 years of experience in relevant fields, scholarly publications or project experience re-
lated to spatial planning or sports infrastructure, and availability for structured interviews
and pairwise comparison tasks. To ensure the reliability of the results, the CR values were
calculated for all pairwise comparison matrices, and only matrices with a CR of less than
0.1 were accepted for the analysis. The final weights were obtained by aggregating consis-
tent individual judgments using the geometric mean method.

2.3.5. Criteria Integration Method

The WLC model, as defined in Equation (10), is one of the most commonly used
methods in SMCDAs. This model operates by combining the criterion maps, where at each
geographic location (x i, yi), a weighted sum of the criteria is calculated. The process is
carried out using weight coefficients and value functions, and the relationship is defined as
follows [43]:

V(Ai) =
n

∑
k=1

wkv (ai,k) (10)
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where V(Ai) represents the potential value, and the subscript iii indicates the option being
evaluated at the location xi, yi. Here, wk is the weight of the jth criterion, reflecting its
importance in the decision-making model, and v (ai,k) is the standardized value of the jth
criterion at option ith [44]. In the WLC method, each cell in a GIS raster layer is treated
as an option (alternative). The suitability value for each cell is calculated through the
linear combination of different criteria and their corresponding weights, which is then
provided as a final decision index for making the best decision. This approach allows for
an aggregated view of how well each location satisfies the multiple criteria, providing an
overall ranking or potential map [45].

3. Results
The analysis of the ANN, which was conducted to examine the spatial pattern of

existing sports centers in Tehran (Figure 3), provided meaningful and noteworthy results.
Based on the nearest neighbor ratio of 0.582584, it is evident that sports facilities are
clustered in specific areas of the city. This ratio, being less than 1, indicates that the average
distance to the nearest neighbors observed is shorter than the distance that would be
expected in a random distribution. The Z-score value of −12.900898 is highly negative and
indicates a significant deviation from randomness. This Z-score falls in the statistically
significant region on the left side of the normal distribution curve, clearly confirming the
clustered distribution of sports facilities.

 

Figure 3. Spatial distribution pattern of existing sports centers in the study area.

On the other hand, the p-value of 0.000000 indicates that the probability of this pattern
being random is almost zero. This value suggests that the observed pattern is statistically
significant and cannot be attributed to chance. Critical values further confirm that for
a 99% confidence level, the observed Z-score, which is much less than −2.58, proves
the high significance of the clustered pattern. The bell-shaped curve accompanying this
analysis illustrates three types of spatial patterns—clustered, random, and dispersed. In
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this analysis, the highly negative Z-score and the nearest neighbor ratio being less than 1
clearly indicate that the distribution of sports facilities in Tehran is clustered.

This clustering indicates the concentration of these locations in specific areas of the
city, which could be influenced by factors such as the population density, socio-economic
distribution, and access to resources. The results show that some areas of Tehran have
better access to sports facilities, while others are deprived of these amenities. Therefore, this
analysis highlights the spatial inequality in the distribution of sports facilities. Based on
this, identifying areas lacking sports amenities and planning for the establishment of new
facilities in these areas can contribute to greater spatial equity. Additionally, conducting
further studies to identify the factors influencing the spatial concentration of these facilities
can assist in more informed decision-making in urban development.

Table 2 shows the weights of the criteria and sub-criteria. The analysis of the criteria
weights for sports facility site selection shows that the compatibility criterion, with a
weight of 0.45, has the greatest impact on the selection of locations. This indicates that the
alignment of a location with other urban land uses plays a key role in decision-making.
Among the sub-criteria in this section, the population density (0.25) and distance from
educational centers (0.18) hold greater importance. This suggests that sports facilities
should be located in areas with high population density rates to maximize their utilization,
and the distance from educational centers can also help increase the usage of these facilities.
In addition to the compatibility criterion, the infrastructure criterion, with a weight of 0.35,
highlights the importance of access to urban services and amenities. In this section, the
distances from public transport stations (0.20) and medical centers (0.18) have the highest
weights. These findings suggest that the ease of access to sports facilities for citizens, as well
as the ability to provide emergency services, when necessary, are key factors in site selection.
The environmental criterion, with a weight of 0.20, also plays an important role in the site
selection process. Within this category, the earthquake risk (0.45) and flood risk (0.35) are
identified as two key factors. This emphasizes the importance of minimizing natural risks
when locating sports facilities, as constructing such facilities in areas prone to earthquakes
or floods can pose serious risks to users. Overall, the weighting of criteria reflects a
balanced approach to decision-making, considering urban compatibility, environmental
risk reductions, and access to key infrastructure. The prioritization of the compatibility
criterion with the urban fabric, over environmental and infrastructural criteria, indicates a
focus on social needs and maximizing the use of sports facilities.

Finally, the CR in this analysis indicates the level of consistency and logical soundness
in the decision-making process. The low CR values for various criteria, particularly the
compatibility (0.008), environmental (0.002), and infrastructure (0.005) criteria, suggest
that the judgments made were sufficiently coherent, and the selections were made based
on a valid and accurate analytical method. The low CR values confirm that the pairwise
comparisons made between the criteria and sub-criteria were highly reliable, and the
weights assigned to each criterion were trustworthy and dependable.

The compatibility criteria map (Figure 4) for the location of sports facilities reveals
that the high-potential areas (brown color) are mainly situated near cultural, educational,
recreational, and commercial centers, as well as residential zones. In contrast, the low-
potential areas (blue color) are mostly located on the outskirts of the city, in industrial areas,
or in regions with low population density. The distribution of values in the maps indicates
that central urban areas, due to their distance from commercial and educational centers, are
more conducive to the establishment of sports facilities, while the outskirts and industrial
areas, due to their distances from service centers and negative environmental impacts, have
the lowest potential. Additionally, in the population density map, the densely populated
urban areas are marked in brown, indicating that these areas, due to the high numbers of
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potential users, are the most favorable for the development of sports facilities. In contrast,
the sparsely populated areas, which are mostly scattered on the outskirts of the city, have
the lowest scores. Moreover, the distance map from the existing sports centers shows that
the areas that have so far lacked sports centers, if other favorable conditions are met, have
a higher potential for the construction of new facilities.

Table 2. Weight of criteria, sub-criteria, and criterion type affecting the locations of sports facilities.

Criterion Weight CR Sub-Criterion Weight CR Criterion Type

Compatibility 0.45 0.003 D.F cultural centers 0.10 0.008 Minimum

D.F educational centers 0.18 Minimum

D.F commercial centers 0.12 Minimum

D.F entertainment centers 0.08 Minimum

D.F industrial areas 0.05 Maximum

D.F existing sports centers 0.07 Maximum

D.F residential areas 0.15 Minimum

Population density 0.25 Maximum

Environmental 0.20 Slope 0.17 0.002 Minimum

Flood risk 0.30 Maximum

Earthquake risk 0.42 Maximum

D.F water bodies 0.11 Minimum

Infrastructure 0.35 D.F fire stations 0.15 0.005 Minimum

D.F police stations 0.10 Minimum

D.F medical centers 0.18 Minimum

D.F pharmacies 0.02 Minimum

D.F fuel stations 0.05 Minimum

D.F parking 0.06 Minimum

D.F public transport
stations 0.20 Minimum

D.F highways 0.12 Minimum

D.F main streets 0.08 Minimum

D.F airports 0.04 Minimum

The environmental criteria map (Figure 5) for the locations of sports facilities reveals
that the high-potential areas (brown color) are predominantly located in regions with better
safety in terms of their earthquake and flood risks, suitable slopes, and favorable distances
from water sources. On the other hand, the low-potential areas (blue color) are mostly
scattered in high-risk and geographically unsuitable zones. In the earthquake risk map, the
low-potential areas are primarily concentrated in seismically active regions, where the risks
posed by earthquakes make the establishment of sports facilities inadvisable. In contrast,
the safer regions, shown in brown on the map, indicate a higher potential for sports facility
development. The flood risk map highlights that the low-potential areas are located in
floodplains and along riverbanks, while the higher-potential areas are situated in elevated
zones away from water flow paths. The slope map shows that the areas with gentle slopes,
marked in brown, are ideal locations for building sports centers, as they are easier and more
cost-effective to develop. Conversely, the steep and mountainous areas, shown in blue,
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have lower potential due to the challenges of construction and higher costs. Furthermore,
the distance from water sources map indicates that areas with an appropriate distance from
water bodies, which are less prone to environmental hazards and soil erosion, offer better
conditions for the development of sports facilities.

 

Figure 4. Map of compatibility criteria: (a) distance from cultural centers (b) distance from educational
centers; (c) distance from entertainment centers; (d) distance from industrial areas; (e) distance from
residential areas; (f) population density; (g) distance from commercial centers; (h) distance from
existing sports centers.



Land 2025, 14, 1318 14 of 26

 

Figure 5. Map of environmental criteria: (a) earthquake risk; (b) flood risk; (c) slope; (d) distance
from water bodies.

The infrastructure criteria map (Figure 6) indicates that the high-potential areas (brown
color) are predominantly located near fire stations, police stations, medical centers, pharma-
cies, fuel stations, parking, public transport stations, highways, main streets, and airports.
In contrast, the low-potential areas (blue color) are concentrated in remote zones with
limited access to these essential infrastructures. The distances from fire stations and po-
lice stations enhance the safety of sports facilities, while access to medical centers and
pharmacies is crucial for providing necessary medical services. Additionally, the distances
from public transport stations, highways, and main streets facilitate easy access for users,
while areas far from these routes have lower potential due to difficulties in movement and
transportation. Access to parking and fuel stations also increases user convenience, and
airports can play a significant role in the development of international sports activities.
Therefore, the best locations for establishing sports facilities are those with better access to
safety, healthcare, and transportation infrastructure.

The map of the spatial distribution of the constraints for sports facility construction
shown in Figure 7 illustrates that a significant portion of Tehran is affected by spatial
constraints, particularly in the peripheral areas in the western, southern, and eastern parts
of the city, highlighted in orange. The areas with constraints cover an area of 398 square
kilometers, which accounts for 65% of the total study area. This indicates that only 35%
of the city is suitable for development. Regions 9, 18, 21, and 22 in the western and
southwestern parts, as well as regions 15 and 19 in the south, exhibit the highest levels
of limitations, which may stem from environmental factors, inadequate infrastructure, or
incompatible land uses. In contrast, the central areas such as regions 6, 11, and 12 have
fewer constraints and are more suitable for development. This distribution pattern suggests
that urban peripheries, due to various reasons such as the density of incompatible land uses,
environmental constraints, and lack of necessary infrastructure, are less appropriate for new
developments. On the other hand, the central areas, due to better access to facilities and
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infrastructure, have higher potential. The extent of these constraints highlights the need for
careful planning and urban interventions to improve conditions in underprivileged areas
and enhance suitable land uses in restricted zones.

 

Figure 6. Map of infrastructure criteria: (a) distance from fire stations; (b) distance from police
stations; (c) distance from medical centers; (d) distance from pharmacies; (e) distance from fuel
stations; (f) distance from parking; (g) distance from public transport stations; (h) distance from
highways; (i) distance from main streets; (j) distance from airports.
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Figure 7. Map of spatial constraints for the development of sports facilities.

The standardized and classified maps for compatibility, environmental, and infras-
tructure criteria are presented in Figure 8. These maps are categorized into five suitability
levels based on the suitability index as very low (0.0–0.2), low (0.2–0.4), moderate (0.4–0.6),
high (0.6–0.8), and very high (0.8–1.0). The analysis of potential allocation maps for optimal
sports facility placement in Tehran reveals a clear spatial pattern in the distribution of
suitability classes across the city. In all three maps (compatibility, environmental, and
infrastructure), the northern and northwestern areas of the city (especially districts 1, 2,
5, and 22) are predominantly classified in the very low to low potential classes (blue),
indicating significant constraints in these regions. Conversely, the central and southern
areas (such as districts 10, 11, 12, 16, and 17) are mostly classified in the high and very high
potential classes (red), particularly in the infrastructure map, which highlights better access
to facilities and the transportation network.

The compatibility map (Figure 8a) shows that the highest potential areas (red color)
are concentrated in central and southern districts, such as districts 10, 11, 16, 17, and 19,
while the northern and western districts, including 1, 2, 5, 21, and 22, have the lowest
potential. This indicates that densely populated urban areas with adequate infrastructure
are better suited for sports facility development. The environmental map (Figure 8b) reveals
that very low and low potential classes are more widespread in the north and northwest
(e.g., districts 1, 2, and 21) due to the steep slopes, high river density, and proximity to
active fault lines. Conversely, southern areas such as districts 15, 16, and 19 exhibit higher
potential, likely due to their gentler slopes, optimal distance from rivers and fault lines,
and overall favorable environmental conditions for sports facility development. Finally, the
infrastructure map (Figure 8c) indicates that the central and southeastern districts (e.g., 12,
14, 15, and 16) have the highest potential, whereas the northern (1, 2, and 5) and western
(21 and 22) districts show lower potential due to weak infrastructure. This distribution
suggests that sports facility development should be prioritized in the central and southern
areas, considering multiple factors, while the northern districts, due to environmental
constraints and limited infrastructure access, are less suitable for such developments.
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Figure 8. Integrated maps of sports facility potential: (a,a1) standardized and classified compatibility
map; (b,b1) standardized and classified environmental map; (c,c1) standardized and classified
infrastructure map.

The analysis of the areas of the different classes in the compatibility, environmental,
and infrastructural criteria reveals a varied distribution of sports facility development
potential across Tehran (Figure 9). In the compatibility criterion (Figure 9a), the largest
areas belong to the high potential class (88.95 km2) and the moderate potential class
(54.05 km2), indicating that a significant portion of the city has favorable conditions for
establishing sports facilities. In contrast, the very low class covers a very small area
(3.35 km2). In the environmental criterion (Figure 9b), the distribution is more balanced;
the very low potential class (42.3 km2) and the very high potential class (35.37 km2) suggest
that while some areas are highly unsuitable, others are highly suitable for development.
Additionally, the moderate potential class, covering 56.73 km2, holds the largest share,
reflecting a relatively even spatial distribution of environmental factors in the city. In the
infrastructural criterion (Figure 9c), the very high (70.13 km2) and high potential (71.86 km2)
classes account for most of the area, indicating widespread access to adequate infrastructure.
In contrast, the very low class has the smallest share (3.08 km2), suggesting that only a few
areas suffer from severe infrastructure deficiencies for sports facility development. Overall,
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the infrastructural factors present more favorable conditions for development compared to
the other two criteria, while the environmental factors exhibit a more uneven distribution,
and the compatibility remains at a high level of suitability.

Figure 9. Areas of different classes of potential for the development of sports facilities (km2),
(a) compatibility criterion, (b) environmental criterion, (c) infrastructural criterion.

The analysis of the final potential map for sports facility development in Tehran re-
veals a distinct spatial distribution pattern across different suitability classes. According
to the normalized map (Figure 10a), the northern and western parts of the city predom-
inantly exhibit low potential values (blue colors), while the central and southern areas
show higher potential in certain sections. In the classified map (Figure 10b), the very low
potential class (blue color) can be mainly observed in the northern and some western
areas, indicating significant limitations for sports facility development in these regions. In
contrast, the high and very high potential classes (orange and red colors) are more widely
distributed in the central and parts of the southern and southeastern areas, likely due to
higher population density, better infrastructure accessibility, and favorable environmental
conditions. Examining Figure 10c, the moderate potential class covers the largest area,
with 69.14 km2, indicating that a substantial portion of the city holds moderate poten-
tial for sports facility development. Following this, the high (67.26 km2) and very high
(48.58 km2) potential classes demonstrate that nearly half of the city has favorable condi-
tions for development. Conversely, the very low (3.18 km2) and low (26.84 km2) potential
classes occupy the smallest areas, suggesting that the highly unsuitable areas for sports
facility development are limited. At the district level, the central and southern districts
(such as districts 10, 11, 16, and 17) exhibit higher potential due to their high population
density and better access to urban infrastructure. In contrast, the northern districts (such
as districts 1 and 2) and certain western areas (such as district 22) display lower potential
values, likely due to topographical constraints, environmental limitations, and lower popu-
lation density. Overall, the spatial distribution of potential classes indicates that the central
and southern areas have the highest suitability for sports facility development, whereas the
northern and certain western regions face greater constraints in this regard.
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Figure 10. Potential map of sports facility development using the integration of the maps of compati-
bility, environmental, and infrastructure criteria, (a) standardized map, (b) classified map, (c) areas of
different classes of potential (km2).

In the final stage, a validation process was incorporated into the research to assess
the accuracy of the spatial modeling results (Figure 11). This validation included a visual
inspection of satellite images, field visits, and a comparison with the proposed model’s
results. Based on the provided map, the spatial analysis of the selected locations for
optimal sports facility allocation indicates that the areas with very high potential (marked
in red) are primarily concentrated in the central and densely populated urban regions of
Tehran. These areas offer favorable conditions for sports facility development in terms of
population density; accessibility to the road network; and proximity to key land uses such as
educational centers, public spaces, and residential zones. Additionally, the satellite imagery
analysis confirms that the selected locations provide adequate space for the construction
of sports complexes in terms of size and physical characteristics. Many of these sites
are situated in underutilized land or open urban spaces, allowing for efficient land use.
Furthermore, their proximity to major transportation routes facilitates easy access for
citizens, which can contribute to greater public participation in sports activities.

In addition to the visual and spatial validation, a quantitative evaluation of the model
was conducted using two performance indicators—the proportion of existing sports facil-
ities located in each suitability class and the corresponding prediction rate [46] (Table 3).
This approach provided a more objective measure of the model’s effectiveness in identifying
optimal locations. The results of this assessment demonstrate a strong correlation between
the model’s predictions and the actual distribution of sports facilities. Notably, 45% of
the existing facilities were located in the very high suitability class, which also recorded
the highest prediction rate of 1.99. This indicates a strong spatial match and confirms that
the model successfully prioritizes the most appropriate areas for development. The high
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suitability class further supports this trend, containing 37% of the existing facilities and
achieving a prediction rate of 1.17.

 

Figure 11. Validation of spatial modeling results for the very high potential class using Google Earth
satellite image and field visits.

Table 3. Distribution of existing sports facilities and prediction rate across spatial potential classes.

Potential Class Proportion of Existing
Sports Facilities (%) Prediction Rate

Very Low 0.00 0.00

Low 0.01 0.12

Moderate 0.17 0.52

High 0.37 1.17

Very High 0.45 1.99

Together, these two classes account for over 80% of the current sports facility locations,
validating the model’s ability to identify and prioritize highly viable zones. Equally
significant is the model’s capacity to accurately exclude less suitable areas. The low
and very low classes include only 1% and 0% of the existing facilities, respectively, with
prediction rates near zero. This demonstrates the model’s reliability not only in identifying
optimal areas but also in effectively minimizing false positives in unsuitable zones. Overall,
the high concentration of existing facilities in top-ranking suitability classes, combined
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with the strong prediction rates, confirms the robustness of the spatial model. It reflects a
well-calibrated and evidence-based methodology that can be confidently used to support
future decision-making for sports facility site planning and urban development.

4. Discussion
The integration of different maps and models for evaluating the optimal allocation of

sports facilities in a specific region can help optimize the decision-making process and iden-
tify the most suitable locations for the establishment of these facilities. Properly locating
sports facilities by considering multiple criteria such as compatibility with urban land uses,
environmental conditions, and access to infrastructure allows for the maximum utilization
of these spaces and enhances the effectiveness of urban investments. This process is par-
ticularly important in areas that require the integration of various social, economic, and
environmental factors. One of the main challenges in this regard is the fair and efficient
distribution of sports facilities in accordance with the demographic and spatial needs of the
city. For instance, areas with high population density require more sports infrastructure,
while areas prone to environmental hazards such as flooding or earthquakes need to be
carefully selected for facility development. Among the compatibility criteria, the popula-
tion density and residential areas are of greater importance and weight. These factors play
a crucial role in determining the optimal locations for sports facilities, as densely populated
areas tend to have a higher demand for such amenities. Among the environmental criteria,
the earthquake risk has been identified as a key factor, ensuring that sports facilities are
located in areas less prone to earthquakes. Regarding the infrastructural criteria, accessi-
bility to public transportation has shown significant importance, as easy access to these
facilities encourages greater public participation. Furthermore, the compatibility criteria
have been found to be more influential than environmental and infrastructural criteria in
the decision-making process for site selection. This suggests that ensuring harmony with
existing urban land use and demographic patterns is more critical than environmental
constraints or infrastructural considerations when determining the optimal allocation of
sports facilities. The findings of this study align with and expand upon previous research
in the field. For instance, studies such as those by Higgs et al. [47] and Namazi et al. [8]
similarly emphasized the importance of compatibility and population density in deter-
mining optimal locations for urban facilities. Other studies have employed multi-criteria
approaches and GIS-based models to assess spatial equity and accessibility, yet many
have not integrated a set of infrastructural, environmental, and compatibility criteria as
comprehensive as that used in this research. Moreover, unlike some prior studies that
primarily focused on technical optimization, this study also highlights social considerations
such as spatial justice and equity in underserved areas. This broader approach contributes
to a more holistic understanding of sports facility planning in urban settings.

The AHP method, as one of the most widely used techniques in multi-criteria decision-
making, has gained significant importance among researchers and specialists. This method
enables the precise weighting of criteria and prioritization of options through pairwise
comparisons. Due to its hierarchical structure, the AHP allows decision-makers to evaluate
different criteria at various levels and determine their relative weights. Unlike some
decision-making methods that require complex mathematical processing, the AHP provides
a clear and logical framework, enabling the simultaneous analysis of both qualitative and
quantitative criteria [48]. One of the key advantages of this method is the validation of
results through the calculation of the CR, which allows for checking the accuracy and
coherence of the judgments made [49]. A low CR value indicates high consistency in
pairwise comparisons and the reliability of the results. Furthermore, the AHP method
performs optimally in complex decision-making processes that require combining spatial
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and non-spatial data, especially when integrated with the GIS method, and provides the
ability to select the most optimal option based on the calculated weights for the criteria.

GIS methods are widely used in evaluation and optimal allocation projects. These
systems are particularly effective when there is a need to analyze spatial and geographic
data. One of the main advantages of the GIS method is its ability to integrate various
data and criteria, including social, environmental, infrastructural, and economic factors,
into a unified system [50]. This data integration, especially in complex projects involving
multi-criteria assessments of suitable locations for sports facilities, can help clarify the
results and improve decision-making. Alongside the GIS method, SMCDA methods are
also recognized as important tools for sports facility location planning. These models have
the ability to analyze and evaluate different criteria within a geographic framework and
can assist in identifying optimal locations for developing sports facilities. Especially in
areas with specific geographical features and environmental or infrastructural challenges,
SMCDA methods can, using spatial and geographic data, determine the best locations for
constructing these facilities.

One of the key goals of this study beyond the technical optimization of facility locations
was to contribute to social equity and spatial justice. While the model applies spatial and
infrastructural criteria, a special emphasis was placed on identifying underserved and
disadvantaged communities by including indicators such as high population density
levels and a lack of existing sports infrastructure. This allowed the model to prioritize
areas, particularly in the southern districts of Tehran, which are socioeconomically less
advantaged. By directing new facility development toward these regions, the proposed
approach actively promotes more equitable access to sports services and helps reduce
urban disparities. Therefore, the GIS-SMCDA integration used in this study is not only a
technical tool but also a means of operationalizing social justice in urban planning.

The varying levels of suitability identified across Tehran’s urban landscape can be
explained by spatial inequalities in demographic distribution, infrastructure access, and
environmental safety. For example, the central and southern districts with higher popula-
tion densities and limited existing sports infrastructure were deemed more suitable due
to both demand-based criteria and equity considerations. In contrast, environmentally
sensitive zones such as floodplains or areas near fault lines scored lower, regardless of
demand. These differences reveal a causal interaction among the criteria; for instance, the
combination of a high population density and poor infrastructure magnifies the need and
increases the priority for facility development. Moreover, urban planning issues such as
unbalanced land use patterns, historical investment gaps, and irregular service distribu-
tions have contributed to the current spatial disparities. Recognizing and addressing these
underlying causes is essential for sustainable and equitable sports facility planning.

This research faces challenges and limitations that should be addressed in future
studies. One of the biggest challenges is the accuracy and reliability of spatial data used in
GIS evaluations for locating sports facilities. Data such as land use maps, transportation
networks, and satellite images may be affected by factors such as seasonal changes or tech-
nological limitations, which could reduce the accuracy of the analyses. Additionally, expert
opinions were used for weighting criteria in this study, which could lead to inconsistencies
and errors in prioritizing the factors. These subjective evaluations might influence the
results of the potential analysis for sports facility development. It should also be noted that
the WLC method assumes linear and additive relationships among criteria, which may
oversimplify real-world spatial dynamics. In reality, complex and non-linear interactions
may exist between variables (e.g., population density and service accessibility). Future
studies are recommended to explore alternative decision models, such as fuzzy logic or
machine learning-based approaches, to better capture these complexities.
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In addition, it is essential that special attention be given to the economic and social
dimensions of sports facility development in future research. Analyses such as cost-benefit
simulations and assessments of citizen engagement with sports facilities and the social
and cultural impacts of these centers can play a significant role in accurately evaluating
the potential of different areas for developing such spaces. Furthermore, integrating
various models, including economic, social, and environmental analyses, is recommended
to provide a comprehensive framework for the allocation of sports facilities, ensuring that
all influencing factors are considered simultaneously. Additionally, conducting sensitivity
analyses and examining uncertainties in the location selection process can help reduce
errors arising from inaccurate data or expert judgments, thereby enhancing the decision-
making accuracy. Finally, advanced simulations and spatial optimization models can
contribute significantly to a more precise evaluation of suitable areas for establishing sports
facilities and creating a balanced and efficient network of such amenities at the urban and
regional levels.

5. Conclusions
This study, by presenting a novel managerial approach, comprehensively evaluated

potential locations for the optimal siting and allocation of sports facilities in Tehran, con-
sidering environmental conditions, infrastructure, and compatibility. The findings of this
research demonstrated that the use of GIS-based multi-criteria decision-making methods
can play a significant role in the optimal location selection of sports facilities. The analysis
of various criteria revealed that compatibility with the urban environment has the greatest
impact on the decision-making process, followed by infrastructural and environmental
criteria. The findings indicate that the central and southern areas of the city, particularly
districts 10, 11, 16, and 17, have the highest potential for the development of sports facili-
ties due to their high population density, proximity to educational centers, and favorable
access to transportation infrastructure. In contrast, the northern and western areas face
less favorable conditions due to their steep slopes, environmental risks, and weaknesses in
public transportation infrastructure. The clustered distribution of sports facilities across
the city indicates an uneven dispersion, leaving some areas deprived of adequate access
to these amenities, emphasizing the necessity of a fair redistribution. Moreover, the use
of the AHP method, due to its capability in structuring the decision-making process and
accurately weighting criteria, is considered an effective approach for the location selection
of sports facilities. In this study, the application of this method enabled the simultaneous
analysis of multiple criteria based on spatial data. Given the importance of equitable access
to sports services and the impact on citizens’ quality of life, the findings of this study can
assist urban planners in promoting sustainable development and optimizing the allocation
of sports facilities. This study has several limitations, including potential inaccuracies in
spatial data, a reliance on expert judgment for criteria weighting, and the assumptions
inherent in the WLC method. These factors may affect the precision of the location analysis.
It is recommended that future studies incorporate more precise data, advanced machine
learning models, and enhanced sensitivity analyses to improve the accuracy and feasibility
of the resulting recommendations, thereby strengthening evidence-based and data-driven
urban planning.
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