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Abstract. This study conducts a  spatial analysis of sustainable development in 
Mashhad, Iran's second-largest metropolis, focusing on urban green space (UGS) 
enjoyment. Utilizing a  descriptive-analytical approach paired with the multi-
criterion decision-making (MCDM) method, the assessment encompasses the city's 
13 districts. Data analysis was performed using ArcMap software, categorizing 
the districts into five development levels: very developed, developed, relatively 
developed, deprived, and very deprived. The key statistical findings are as follows: 
The spatial analysis reveals a  Moran's I  index of 0.19, indicating a  clustered 
distribution and spatial autocorrelation in the availability of green spaces across 
Mashhad's districts. Additionally, the analysis of the G statistic shows no significant 
local clustering or hot/coldspot patterns. To further understand the factors affecting 
green space availability, geographically weighted regression (GWR) was employed. 
The results reveal that ~60% of the variability in UGS enjoyment is accounted for 
by green space area and population growth rate, with coefficients of determination 
of 0.57 and 0.59, respectively.
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1. Introduction 

Rapid urbanization, particularly in the Global South, 
intensifies pressures on urban ecosystems and equi-
table service delivery, placing the sustainable devel-
opment of cities at the forefront of geographical and 
planning inquiries (Kiamba, 2012; Cui, 2018; Carli 
et al., 2018; Awuah & Abdulai, 2022).

In Iran, recent changes in urban development 
have led to a shift away from traditional urban areas 
with modern urban designs, alongside significant al-
terations in various economic, social, environmental 
and physical factors (Pilehvar, 2021). These chang-
es have adversely affected the efficiency of urban 
areas in meeting residents' needs. Given the com-
plexity of urban systems, their conditions are not al-
ways straightforward or easily changeable. Therefore, 
a careful analysis from a sustainability perspective 
is essential to examine all relevant factors and iden-
tify key influences on urban development (Gonzalo 
et al., 2015; Correia & Roseland, 2022).

One of the defining characteristics of cities in 
the Global South is intense concentration and im-
balance, where numerous assets and amenities are 
concentrated in one or a few neighborhoods, while 
others remain marginal (Smith, 2019). The evident 
disparity in development levels across various urban 
areas in Iran since the 1960s has led to widespread 
incompatibility within cities. This has created ab-
normal living conditions and imposed unequal dis-
tributions of resources and services, undermining 
social justice and challenging the pursuit of sustain-
able urban development (Pilehvar, 2021).

Improving and expanding green space as a vital 
urban asset can significantly reduce inequalities and 
enhance the quality of life for citizens (Jain, 2024). 
Green spaces are a strong defense against climate 
change and are critical in preserving urban ecosys-
tems (Athokpam et al., 2024). Therefore, it is essen-
tial to monitor changes in the distribution of green 
space and promote its integration into sustainable 
urban development to create healthy and balanced 
cities in response to contemporary challenges (Ha-
lecki et al., 2023).

The importance of various types of green spac-
es, such as parks, gardens and green islands, in ur-
ban environments cannot be overstated; they are 
indicators of societal development and criteria for 
enhancing the quality of living spaces (Jain, 2024; 
Wheatley, 2024). Consequently, green space is a key 
factor in forming sustainable cities. Its most signifi-
cant impact lies in its environmental function, which 
enhances the urban environment and mitigates the 
adverse effects of industrial expansion, thereby im-

proving the biological quality of urban areas (Pir-
moradian & Ashtari, 2020; Teimouri et al., 2023). 
However, rapid urbanization worldwide has dis-
rupted the balance between urban land use and di-
minished green and natural spaces, particularly in 
developing countries (Ramaiah & Avtar, 2019).

The city of Mashhad, Iran's second-largest me-
tropolis and a major pilgrimage destination, em-
bodies these conflicts with acute specificity. It faces 
a critical spatial-demographic imbalance, with a high 
annual population growth rate (2.65%) vastly out-
stripping its physical expansion (0.17%), thereby 
intensifying pressure on all land resources, includ-
ing UGS .While its reported per capita UGS (8 m²) 
meets the national minimum standard (7–12 m²), 
this average masks severe intra-city inequalities in 
access, quality and enjoyment – a core issue of spa-
tial justice (Mashhad Municipality, 2007; Mashhad 
Municipality, 2022; Sabet Teimouri et al., 2022).

Therefore, the core geographical problem ad-
dressed in this study is not merely to quantify an 
average UGS inequality within Mashhad but to di-
agnose its spatial pattern and drivers. This research 
examines the distribution patterns of various types 
of urban green space (UGS) at the district level. Rec-
ognizing that UGS enjoyment is influenced not only 
by the area of green space but also by factors such 
as population density and accessibility, this study 
spatially analyzes the inequitable access to UGS in 
Mashhad to identify deprivation hotspots and in-
form equitable urban planning.

Urban green spaces play a crucial role in sus-
tainable development and improving the quality of 
life in cities. They provide numerous environmen-
tal benefits, including ecosystem services, mitigation 
of urban environmental issues and enhancement of 
urban ecology (Kaur et al., 2021; Núñez, 2021; Li, 
2023; Zhang & Qian, 2024). Green spaces contrib-
ute to human health and well-being and social co-
hesion, and – through increased property values 
and tourism – to economic development (Zhang & 
Qian, 2024). However, urban expansion and land 
pressure pose challenges to green space manage-
ment (Li, 2023). Studies have shown that green space 
distribution is often inequitable, with public parks 
frequently located far from slum areas (Kaur et al., 
2021). The spatial patterns of UGS can be quanti-
fied using landscape metrics and gradient analysis, 
revealing distinct characteristics for different types 
of green spaces (Zhang et al., 2019). The availability 
of UGS varies across European cities, with metropo-
les and large cities having more “urban green” and 
smaller cities having more “natural green” (Baycan 
et al., 2002). Comparative studies of European cit-
ies have revealed variations in UGS enjoyment and 
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planning performance between southern and north-
ern European cities (Baycan-Levent et al., 2009). 
These research efforts demonstrate the importance 
of comprehensive, multi-dimensional approaches in 
UGS analysis and planning to enhance urban sus-
tainability and residents' well-being. The novelty of 
this study lies in generating a spatially-explicit diag-
nostic model that captures both the structural pat-
terns and local drivers of UGS inequality in a context 
marked by rapid growth, limited natural greenery 
and unique seasonal pilgrimage pressures, thereby 
offering a transferable methodological approach for 
similar cities in the Global South.

To achieve sustainable urban development, it 
is essential to strengthen the planning, design and 
management of green spaces (Karade et al., 2017; Li, 
2023). Urban planners and policymakers should pri-
oritize the integration of green infrastructure in city 
development to create resilient and sustainable urban 
environments (Zhang & Qian, 2024). In the context 
of this study, sustainable development is interpreted 
through a spatial equity lens. We adopt the three-pil-
lar model, encompassing environmental, social and 
economic sustainability (United Nations, 2015), with 
a particular focus on the social (equity) dimension. 
Specifically, we conceptualize sustainable urban de-
velopment as a process that meets the environmen-
tal need for greenery and ecosystem services while 
ensuring just and equitable spatial distribution of 
these benefits across different urban communities. 
Thus, analyzing and rectifying the spatial disparities 
in UGS access is posited as a fundamental prereq-
uisite for achieving true sustainability in Mashhad.

Geographic Information System (GIS) has been 
utilized to assess UGS and identify suitable loca-
tions for new green spaces (Mostafapour et al., 2015; 
Anteneh et al., 2023). Remote sensing techniques, 
like those using Sentinel-2 data, enable multi-scale 
assessments of urban green spaces, allowing for 
city comparisons and deficit analysis (Eichler et al., 
2020). 

Spatial analysis techniques are valuable for un-
derstanding the distribution and dynamics of UGS 
(Rahnama & Shaddel, 2019; Zhang et al., 2019). The 
application of MCDM methods like the Analytical 
Hierarchy Process (AHP) and the Technique for 
Order of Preference by Similarity to Ideal Solution 
(TOPSIS) has proven effective in evaluating poten-
tial UGS sites (Reyes Escalante et al., 2020). These 
approaches integrate various factors such as acces-
sibility, size and environmental benefits (Reyes Es-
calante et al., 2020; Anteneh et al., 2023). 

Various indicators have been developed to as-
sess and plan these spaces, focusing on availability, 
accessibility and distribution (Teimouri & Yigit-

canlar, 2018; Campagnaro et al., 2019; Biernacka, 
2020). Common indicators include per capita green 
space, distance-based accessibility, and balanced dis-
tribution (Teimouri & Yigitcanlar, 2018; Biernacka, 
2020). More comprehensive analyses incorporate at-
tractiveness factors such as cleanliness, equipment 
and biodiversity (Biernacka, 2020). Despite the im-
portance of these indicators, their application in 
planning and management is often overlooked by 
policymakers (Campagnaro et al., 2019). Implement-
ing these indicators can guide decision-making to 
enhance UGSs and meet international sustainabili-
ty goals (Campagnaro et al., 2019; Biernacka, 2020).

The distinguishing feature of this research, in 
comparison to other studies, is its integrated and 
comprehensive approach to the field of green space. 
In this study, the assessment of green space within 
the context of sustainable development extends be-
yond mere per capita measurements and area con-
siderations; it incorporates a multitude of criteria 
and variables into the analysis. Rather than simply 
ranking spatial distributions or examining relat-
ed indicators, this research employs a multifaceted 
analysis that utilizes various indices, including Lo-
cal Moran's I and Gi index, to investigate the dis-
tribution and dispersion of UGS. The application of 
these diverse indices not only reflects the quantita-
tive aspects of UGS but also reveals insights into its 
qualitative spatial distribution, establishing a signif-
icant distinguishing factor for this research relative 
to others. Each analytical index uniquely highlights 
different characteristics of spatial distribution; thus, 
combining these indices yields a more nuanced and 
comprehensive understanding of the studied areas 
within the context of UGS. Moreover, the study em-
ploys Geographically Weighted Regression (GWR) 
to model the factors influencing changes, enabling 
a more precise analysis of the spatial and temporal 
relationships among variables. Consequently, this 
comprehensive and integrated approach has the po-
tential to inform the development of more effective 
policies aimed at improving and promoting the sus-
tainable development of UGS across cities, while also 
providing an accurate representation of the condi-
tions and needs specific to each region.

2. Research materials and methods

2.1.	  Field site

Mashhad, the capital of Khorasan Razavi Province, is 
located in north-eastern Iran with geographical coor-
dinates of 36.2605° N and 59.6168° E. The city is situ-
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ated in the Kashafrud River basin and is surrounded 
by the Hezar-masjed and Binaloud mountain ranges, 
which significantly influence its local climate and wa-
ter resources. Mashhad has a semi-arid climate char-
acterized by hot, dry summers and cold winters, with 
low annual precipitation averaging around 250 mm 
(Mashhad Municipality, 2022). This climatic condi-
tion poses an inherent challenge for the development 
and maintenance of lush, water-intensive urban green-
ery, making the planning and equitable distribution of 
existing green spaces even more critical. With a popu-
lation of over three million people, it is recognized as 
one of the largest and most populous cities in Iran (Fig. 
1). Additionally, as a religious and tourist destination, 
Mashhad hosts nearly 30 million domestic and foreign 
pilgrims and tourists annually due to the presence of 
the Imam Reza (AS) shrine, placing exceptional and 
cyclical pressure on its urban infrastructure, including 
parks and public spaces. Mashhad covers ~351 square 
kilometers and is divided into 13 municipal districts, 
each with its own characteristics and needs (Sabet Tei-
mouri et al., 2022). Broadly speaking, the urban green 
spaces (UGSs) in Mashhad consist primarily of public 
parks, neighborhood green patches, street plantations, 
and the historic gardens surrounding the holy shrine. 
Their spatial distribution is historically uneven, with 
a higher concentration in the central and southern dis-
tricts developed during earlier planned phases, while 
newer northern and north-eastern expansions often 
exhibit lower green cover. The UGS in Mashhad is es-
timated to be ~8 square meters per person on average 
(Mashhad Municipality, 2022), which is significantly 

Fig. 1. Study area
Source: own elaboration

less than international standards (~20 m²) and is with-
in the lower range of the national standards defined by 
MHUD (7–12 m²). This average, however, masks sig-
nificant qualitative and accessibility differences, from 
well-maintained formal parks to neglected green patch-
es. Figure 1 shows the location of the study area and 
the dispersion of UGSs in the city.

2.2.	  The Multi-Criterion Spatial Decision 
Support System (MC-SDSS) Framework

The core methodological framework of this study is 
a Multi-Criterion Spatial Decision Support System 
(MC-SDSS). An MC-SDSS integrates Geographic In-
formation Systems (GIS) with Multi-Criterion Deci-
sion-Making (MCDM) methods to structure, evaluate 
and visualize complex spatial planning problems in-
volving multiple, often conflicting, criteria (Santos et 
al., 2025). In this research, the MC-SDSS was imple-
mented as Figure 2 through a sequential three-stage 
process to assess UGS enjoyment in Mashhad:
1.	 Problem Structuring & Input: The spatial problem 

(unequal UGS enjoyment) was defined, and rele-
vant criteria (the nine indicators) and spatial units 
(the 13 districts) were identified. All data were geo-
referenced within a GIS environment.

2.	 Analysis & Processing: This stage combined 
MCDM and spatial statistics. The TOPSIS tech-
nique was applied to integrate the nine indica-
tors and calculate a composite Closeness Index for 
each district, ranking them by overall UGS enjoy-
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ment. Subsequently, spatial statistics (Global Mo-
ran's I and Getis-Ord Gi) were used to analyze 
the pattern and significance of the resulting spa-
tial distribution. Finally, Geographically Weighted 
Regression (GWR) was employed to model local 
relationships between key drivers and the enjoy-
ment score.

3.	 Output & Synthesis: The outputs, including dis-
trict classification maps, spatial autocorrelation re-
sults and local coefficient maps from GWR, were 
synthesized to provide a comprehensive spatial 
diagnosis for planning support. Thus, the MC-
SDSS served as the overarching analytical engine 
that connected raw spatial data to actionable pol-
icy insights.

Fig. 2. Research framework
Source: own elaboration

2.3.  Data collection, data processing and data 
analysis

This research employs a descriptive-quantitative and 
analytical approach, focusing on the 13 districts of 
Mashhad as the statistical population. The necessary 
data were gathered from the Parks and Green 
Space Organization of Mashhad Municipality and 
the National Statistics Portal for the year 2023. 
To assess Urban Green Space (UGS) enjoyment 
comprehensively, nine indicators were selected and 
operationalized. The selection rationale was based 
on capturing the three core dimensions of UGS 
sustainability: (1) Supply & Environmental Function 
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(e.g., area, oxygen production, water resources), (2) 
Demand & Pressure (e.g., population density, growth 
rate), and (3) Accessibility & Spatial Equity (e.g., 
service radius, per capita allocation). The indicators, 
their precise definition, and units are detailed below:
1.	 Green Space Area (m²): Total area of formal pub-

lic green spaces within each district. Justification: 
Represents the absolute supply of UGS.

2.	 Proposed Green Space Area (m²): Area designat-
ed for green space in Mashhad’s detailed com-
prehensive plan. Justification: Indicates planning 
intent and future supply potential.

3.	 Green Space per capita (m²/person): Ratio of to-
tal green space area to district population. Justi-
fication: A standard measure of individual share, 
though it masks intra-district distribution.

4.	 Ratio of Green Space to Residential Area (%): 
Proportion of a district’s residential zone occu-
pied by green space. Justification: Measures land-
use integration and penetration of greenery into 
living areas.

5.	 Population Density (persons/km²): Number of 
inhabitants per unit area in each district. Justifi-
cation: A key pressure factor influencing per cap-
ita access and demand intensity.

6.	 Population Growth Rate (%/year): Average annu-
al population change. Justification: Captures dy-
namic demographic pressure on static or slowly 
evolving UGS infrastructure.

7.	 Access Radius to Green Spaces (m): Calculated 
as the average Euclidean distance from the cen-
troid of each residential block to the nearest pub-
lic park entrance. Green spaces located on the city 
limits were included if they were publicly acces-
sible and functionally served the adjacent urban 
population. This method accounts for enclaves 
by calculating access from within the inhabited 
portions of each district. Justification: A direct 
measure of physical accessibility, crucial for ac-
tual enjoyment.

8.	 Water Resources Proxy: Represented by the to-
tal length of primary and secondary water ca-
nals (for irrigation) within each district (km). 
In Mashhad’s semi-arid context, this infrastruc-
ture is critical for maintaining green spaces. Jus-
tification: Serves as an indicator of the capacity 
to sustain green spaces, influencing their quali-
ty and survival.

9.	 Oxygen Production-Consumption Balance (kg/
year): Estimated based on the total leaf area of 
green spaces (derived from area and typical can-
opy cover coefficients for Mashhad’s vegetation) 
and standardized oxygen production rates, bal-
anced against the oxygen consumption of the 
district’s population. Justification: Provides a bi-

ophysical metric of the environmental service 
(air purification) provided by UGS.

TOPSIS model

TOPSIS is a multi-criterion decision-making method 
designed to rank and select options based on a variety 
of features and criteria. As an analytical tool, TOPSIS 
assists decision-makers in evaluating available options 
by assessing their proximity to both an ideal and a non-
ideal solution. In this method, the criteria and their 
respective weights are first established. The weight 
assignment is a critical step, as it reflects the relative 
importance of each indicator in the overall assessment 
of UGS enjoyment. In this study, the weights for the 
nine indicators were determined through an expert 
judgment approach. Twenty structured questionnaires 
were distributed among experts in urban planning, 
environmental science and geographical sciences. 
The experts performed pairwise comparisons of the 
indicators using Saaty's standard 1–9 scale of relative 
importance (Saaty, 1980; Ming Way & Hsu, 2014). 
The collected responses were aggregated, and the 
consistency ratio (CR) for each questionnaire was 
checked to ensure logical judgment. Responses with 
a CR of less than 0.1 were considered acceptable. The 
final weight for each indicator (wjwj) was calculated as 
the geometric mean of the validated expert judgments, 
ensuring a consensus-based weighting scheme. After 
establishing the criteria weights, a normalized decision 
matrix is constructed. Subsequently, the weighted 
normalized matrix is calculated by multiplying each 
normalized value by its corresponding criterion 
weight. Then, the ideal best (A+A+) and ideal worst 
(A−A−) solutions are identified for each criterion 
(where a higher value is desirable for “benefit” criteria 
and a lower value for “cost” criteria). The Euclidean 
distances of each alternative (district) from A+A+ 
(Di+Di+) and from A−A− (Di−Di−) are calculated. 
Finally, the relative closeness (Closeness Index, CiCi) 
of each alternative to the ideal solution is computed 
using the formula Ci=Di−/(Di++Di−)Ci=Di−/
(Di++Di−). The districts are then ranked based on their 
CiCi values, which range from 0 (closest to the worst 
solution) to 1 (closest to the ideal solution), enabling 
the identification of the optimal choice and a complete 
ranking of all districts.

Spatial autocorrelation

Spatial autocorrelation is a valuable analytical tool for 
understanding how spatial patterns evolve. It classifies 
spatial patterns as clustered, dispersed or random, fo-
cusing on the arrangement of regional units. Strong 
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spatial autocorrelation indicates that the attribute val-
ues of geographic phenomena are closely related to one 
another. Conversely, if the coefficients of geographic 
phenomena exhibit no specific correlation or discern-
ible order, they are characterized as having weak spa-
tial correlation or a random pattern (Qiu et al., 2022; 
Griffith, 2023). Common measures of spatial autocor-
relation include Moran's I index, which is expressed as:

𝐼𝐼 = 𝑛𝑛
𝑠𝑠  

∑ ∑ 𝑤𝑤𝑖𝑖𝑖𝑖(𝑥𝑥𝑖𝑖 − 𝑥𝑥)(𝑥𝑥𝑗𝑗 − 𝑥𝑥)𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑖𝑖=1

∑ (𝑥𝑥𝑖𝑖 − 𝑥𝑥)2𝑛𝑛
𝑖𝑖=1

 

 
where:
•	 xi and xj are the attribute values for districts i and j,
•	 x̄ is the mean of the attribute values,
•	 n is the number of urban districts,
•	 s is the sum of all coefficients,
•	 wij is the spatial weight between which ranges 

from –1 to +1. –1 indicates negative spatial in-
teraction and +1 indicates positive spatial inter-
action. If there is no spatial interaction, Moran's 
coefficient is zero.

In the present study, after calculating the level of 
UGS enjoyment for each district of Mashhad, each cri-
terion was converted into raster data. Following reclas-
sification, their dispersion patterns were analyzed in 
ArcMap software using Moran's technique to exam-
ine the distribution of indicators and their spatial re-
lationships.

While Global Moran's I identifies the type of spa-
tial pattern, Hot Spot Analysis (Getis-Ord Gi statistic) 
is employed to illustrate the spatial distribution of deg-
radation patterns. The calculated Z-score indicates ar-
eas where high or low values are clustered. This index 
evaluates each feature in the context of its neighbor-
ing features, implying that, for a feature to be classified 
as a statistically significant hot spot, both the feature 
and its neighbors must exhibit high values (Wang et 
al., 2021; Fahad et al., 2022). The Getis-Ord Gi statis-
tic is calculated as:

𝐺𝐺𝑖𝑖
∗ = ∑ 𝑤𝑤𝑖𝑖𝑖𝑖 𝑥𝑥𝑗𝑗

𝑛𝑛
𝑗𝑗=1 −𝑥̅𝑥 ∑ 𝑤𝑤𝑖𝑖𝑖𝑖

𝑛𝑛
𝑗𝑗=1

𝑆𝑆 √
𝑛𝑛 ∑ 𝑤𝑤𝑖𝑖𝑖𝑖

2 −(∑ 𝑤𝑤𝑖𝑖𝑖𝑖)2𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑗𝑗=1

𝑛𝑛−1

 , 

 where:
•	 xi is the attribute value for feature j,
•	 wij is the spatial weight between features i and j,
•	 n is the total number of features.

x̄ is expressed as: 

𝑥̅𝑥 =
∑ 𝑥𝑥𝑖𝑖𝑛𝑛
𝑗𝑗=1
𝑛𝑛  

 

and S is expressed as:

𝑠𝑠 = √∑ 𝑥𝑥𝑗𝑗2𝑛𝑛
𝑗𝑗=1
2 − (𝑥̅𝑥)2 

Geographically Weighted Regression (GWR) is a lo-
cal spatial statistical technique used to analyze spatial 
non-stationarity, particularly when the unit of meas-
urement of a variable varies across different locations. 
This model enables the examination of relationships 
between variables within a specific geographical con-
text, accounting for local variations (Wheeler, 2021). 
The GWR model is defined as:

𝑦̂𝑦 = 𝛽𝛽0(𝜇𝜇𝑖𝑖 𝑣𝑣𝑖𝑖) + ∑ 𝛽𝛽𝑘𝑘𝑘𝑘 (𝜇𝜇𝑖𝑖 𝑣𝑣𝑖𝑖)𝑥𝑥𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖 ,  

 where:
•	 (μivi) are the coordinates of each location i,
•	 β0(μivi)  is the intercept for location i,
•	 βk(μivi) is a local parameter that estimates the in-

dependent variable xk at location i,
•	 εi is a random error with the assumption of N (0, 

σ2) (normality assumption).

3. Research results

3.1. UGS enjoyment in Mashhad districts

The results of the TOPSIS model regarding the level 
of development in Mashhad's urban districts are pre-
sented in Table 1 and Figure 3. Based on the studies 
and analyses conducted, the urban districts of Mash-
had are evaluated concerning green space from a sus-
tainable development perspective and categorized into 
five groups according to their prioritization of devel-
opment levels. These classifications are based on the 
Closeness Index (CI), which reflects the output of the 
TOPSIS calculations, with an ideal CI value of one. The 
closer a district's CI value is to one, the more favorable 
and suitable the district is considered. Conversely, as 
the CI value decreases further from one, the district's 
situation becomes increasingly unfavorable. The five-
tier classification (Very Developed, Developed, Rela-
tively Developed, Deprived, and Very Deprived) was 
determined using the Natural Breaks (Jenks) classifi-
cation method. This data-driven method optimizes the 
arrangement of values into classes by minimizing the 
variance within each class and maximizing the vari-
ance between classes. It is particularly suitable for iden-
tifying inherent groupings in spatial data, such as the 
distinct tiers of UGS enjoyment found across Mash-
had's districts.
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Source: own elaboration

Table 1. Overview of UGS enjoyment level in Mashhad metropolis 
districts based on Closeness Index (CI)

Level of 
availability

District 
Number CI CI average

Very 
Developed 
Areas

9 0.78
0.6177 0.536

10 0.536

Developed 
Areas

11 0.495
0.4698 0.489

2 0.425

Relatively 
Developed 
Areas

1 0.372

0.354
6 0.364
4 0.358
5 0.344

13 0.334
Deprived 
Areas 3 0.210 0.210

Very 
Deprived 
Areas

12 0.179 0.179

•	 Very Developed Areas: Among the urban districts 
of Mashhad, three districts are classified as very de-
veloped, with an average Closeness Index (CI) of 
0.617. District 9 boasts the highest development 
score, achieving a CI of 0.780, making it the most 
developed district. It is followed by District 7 in 
second place and District 10 in third place.

•	 Developed Areas: The urban districts ranked as 
developed include Districts 8, 2 and 11, with CIs 
of 0.489, 0.425 and 0.495, respectively. The aver-
age TOPSIS score for this group is 0.469.

•	 Relatively Developed Areas: This group has an av-
erage TOPSIS score of 0.354. District 1 leads with 
the highest development score of 0.372, while Dis-
trict 13 has the lowest score at 0.334. Areas in this 
category possess relatively adequate facilities and 
green spaces and are considered a third priority 
for planning.

•	 Deprived Areas: This category is represented by 
District 3, which has a CI of 0.210. It faces signifi-
cant shortcomings concerning green space indica-
tors and is classified as the second level of planning 
priority.

•	 Very Deprived Areas: District 12, with a CI of 
0.0179, is in a very unfavorable and critical situ-
ation concerning the evaluated indicators. Un-
doubtedly, this area should be the highest priority 
for planning efforts.

Fig. 3. Levels of UGS enjoyment in Mashhad metropolis 
districts based on Closeness Index (CI)
Source: own elaboration
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Fig. 4. Statistical results of Moran's test in evaluating the 
spatial pattern of UGS enjoyment
Source: own elaboration

Fig. 5. Statistical results of the Gi test in evaluating the 
spatial pattern of UGS enjoyment
Source: own elaboration

3.2.	  Analysis of the spatial pattern of UGS 
enjoyment in Mashhad metropolis 
districts

The application of Moran's Index to the spatial dis-
tribution of Urban Green Space (UGS) enjoyment 
yielded a value of Moran’s Index = 0.195543. Since 
this value is positive and close to one, it indicates 
the presence of spatial autocorrelation within the 
data. Additionally, the calculated z-score is 1.948571, 
which exceeds the expected value of 1.65 at a 95% 
confidence level. Based on the findings from the 
global Moran's I, it can be inferred that UGS en-
joyment in the districts of Mashhad follows a clus-
tered pattern, meaning that areas with either high 
or low enjoyment tend to be located adjacent to one 
another (see Fig. 4).

The Gi index for areas with spatial autocorrela-
tion in this study is 0.0000690 at a 95% confidence 
level. This value suggests the absence of significant 
clustering, indicating that there is no discernible hot-
spot or coldspot pattern at the local level (see Fig. 5).

3.3.	  Modeling factors affecting UGS 
enjoyment by GWR

To model the factors affecting UGS enjoyment, Mo-
ran's I correlation coefficient was first calculated for all 
indicators. The results revealed that, among the nine 
studied variables, two – namely, the green space area 
and the population growth rate – exhibited spatial au-
tocorrelation. Consequently, the impact of changes in 

these variables on the districts of Mashhad was further 
investigated using GWR (Fig. 6).

After running GWR on the model parameters, gen-
eral information about the model was compiled in 
Table 2. This table includes statistics that reflect the 
model's goodness of fit, with the most important val-
ues being R2 and Adjusted R2, which assess the accu-
racy of the model. The closer these values are to one, 
the better the descriptive variables can predict varia-
tions in the dependent variable. According to Table 2, 
the model in question demonstrates acceptable accu-
racy in modeling the spatial relationships of factors af-
fecting the level of UGS enjoyment in Mashhad, with 
an Adjusted R2 value of 0.83.
The GWR analysis on the model variables revealed 
that the variables of green space area and population 
growth rate have a significant impact on UGS enjoy-
ment (Fig. 7).

AICc(Note 1) Adjusted R2 R2 Residual 
Squares Variables 

-15.50 0.56 0.593013 -0.104810 Population 
growth rate 

-15.19 0.55 0.58333 0.033297 Green space 
Area   

 Source: own elaboration

Table 2. Modeling variables of UGS enjoyment in the city 
of Mashhad by GWR.
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Fig. 6. Statistical results of Moran's test in evaluating the spatial pattern of green spaces area and population 
growth rate
Source: own elaboration

Fig. 7. Spatial variations of green space area and population growth rate and its impact on UGS 
enjoyment in Mashhad
Source: own elaboration
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3.4. Synthesis of key findings

The spatial analysis of UGS enjoyment in Mashhad 
yields the following key findings:
•	 Spatial Hierarchy of Development: The TOPSIS 

model revealed a clear spatial hierarchy across 
Mashhad's districts. District 9 in the south is the 
most developed, while Districts 3 and 12 in the 
north and north-east are classified as the most 
deprived.

•	 Clustered yet Non-Polarized Pattern: Global spa-
tial autocorrelation (Moran's I = 0.195) confirms 
a clustered distribution of UGS enjoyment, mean-
ing districts of similar levels tend to be geographi-
cally adjacent. However, the absence of significant 
local hotspots/coldspots (Gi statistic) indicates 
that this clustering does not create statistically 
extreme or isolated pockets of privilege or dep-
rivation at the district level.

•	 Key Driving Factors: Geographically Weight-
ed Regression identified green space area and 
population growth rate as the two spatially au-
tocorrelated variables that are locally significant. 
Together, they explain ~60% of the spatial varia-
tion in UGS enjoyment, highlighting the critical 
imbalance between demographic pressure and 
green infrastructure provision.

•	 Spatial Non-Stationarity: The strength and direc-
tion of the relationship between the key drivers 
(area, population growth) and UGS enjoyment 
vary across the city, as captured by the GWR 
model. This indicates that the factors influenc-
ing access are location-specific, necessitating tai-
lored local planning interventions rather than 
a one-size-fits-all policy.

4. Discussion and conclusions

The TOPSIS technique was used to assess UGS enjoy-
ment in Mashhad's 13 districts. The results indicate 
varying levels of enjoyment across the metropolis, 
with southern and western districts generally more 
endowed and northern and north-eastern districts 
less so. This result of the study is in line with studies 
by Bielecka et al. (2018) and Alrikabi & Almoshere-
fawi (2021), who likewise concluded that UGS dis-
tribution varies significantly among urban districts, 
affecting per capita allocation.

The distribution analysis of the level of UGS en-
joyment was carried out using the global Moran 
coefficient and the local Gi index in Geographic In-
formation Systems (GIS). It proves valuable for ana-
lyzing and visualizing the spatial distribution of green 

areas, aiding in urban planning and policy develop-
ment (Dimyati et al., 2018; Alrikabi & Almoshere-
fawi, 2021).

The global Moran's I coefficient for UGS enjoy-
ment among Mashhad's districts is 0.195543 at a 95% 
confidence level, indicating spatial correlation among 
the urban areas. The Gi index is 0.000069, suggesting 
no significant hotspots or coldspots in Mashhad's dis-
tricts. This indicates that, while the overall distribu-
tion of green space is clustered, there are no specific 
areas with significantly higher or lower levels of en-
joyment. The distribution is unexpectedly uniform at 
the local level. The differences in results stem from 
the analytical approaches of each index:

Moran's I consider relationships between all data 
points, indicating overall spatial correlation. Gi is de-
signed to examine local details and identify specific 
areas with significant features. Thus, while Moran's 
I indicates a correlation, Gi suggests that this corre-
lation does not result in significant differences across 
the city. This outcome has both positive and negative 
implications:
Positive Aspects:
1.	 Equitable Distribution: Despite neglecting the 

qualitative aspects of Mashhad's urban green 
spaces and the average per capita distance to the 
ideal, the absence of significant spatial dispari-
ties in UGS enjoyment suggests a relatively fair 
distribution, promoting spatial justice in access 
to UGS for citizens.

2.	 Lack of Inequality: The lack of identifiable hot-
spots or coldspots indicates that there are no 
significant inequalities in access to UGS across 
different districts.

3.	 Sustainable Expansion: Despite considerable 
physical and spatial development through or-
ganic growth and urban sprawl, the distribution 
of minimum per capita green space reflects an 
awareness of sustainability in UGS during the 
city's expansion.

4.	 Endowment Ownership: Large-scale green spac-
es with endowment ownership have historically 
helped protect and stabilize urban green spaces, 
especially in central and strategic areas. This has 
played a significant role in balancing the distribu-
tion of per capita green space for the public good 
and reducing severe spatial imbalances.

Negative Aspects:
1.	 Neglect of Specific Needs: A uniform distribution 

of green spaces may overlook the specific needs 
of certain areas – particularly, densely populat-
ed or disadvantaged neighborhoods – that may 
require more green space.
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2.	 Lack of Diversity: The absence of hotspots might 
imply that some areas lack unique features in 
green spaces, potentially diminishing environ-
mental diversity and the area's overall appeal.

Spatial analysis of urban green spaces reveals im-
portant insights into their distribution and impact. 
Multiple studies have found that green spaces tend 
to be clustered and unevenly distributed within cities 
(Dimyati et al., 2018; Bielecka et al., 2018; Alrikabi & 
Almosherefawi, 2021). Moran's I index is common-
ly used to assess spatial autocorrelation, with values 
indicating clustering or randomness in distribution 
(Bielecka et al., 2018; Dimyati et al., 2018; Rahnama 
& Shaddel, 2019).

The spatial diagnosis provided by this study offers 
several concrete implications for urban planning and 
policy in Mashhad:
•	 Targeted Investment in Deprived Clusters: Re-

sources for new parks, park upgrades, and green 
infrastructure should be strategically funneled 
into the identified deprived cluster in the north 
and north-east (Districts 3 and 12 and their ad-
jacent areas). General city-wide per capita tar-
gets are insufficient to address this spatially 
entrenched inequality.

•	 Green Space–Growth Nexus Regulations: The 
strong explanatory power of population growth 
rate necessitates new policy instruments. Mu-
nicipal bylaws should mandate proportional 
green space provision tied to new residential or 
commercial development approvals, ensuring 
infrastructure keeps pace with demographic ex-
pansion.

•	 Leveraging Endowment Lands: The stabilizing 
role of large endowment-owned green spaces 
(e.g., around the Holy Shrine) should be formal-
ly recognized and leveraged. Partnerships with 
endowment foundations could be established to 
improve public access and management, using 
these central green anchors to enhance connec-
tivity to deprived northern districts.

•	 Neighborhood-Scale Planning: The district-level 
analysis, while revealing, may mask micro-scale 
inequities. Planners should use these findings to 
launch finer-grained, neighborhood-level au-
dits within deprived districts to identify specific 
underserved blocks and design hyper-local in-
terventions like pocket parks or street greening.

This study has limitations that frame the interpreta-
tion of its results and point to future research avenues:
•	 Data Resolution and Scope: The analysis was con-

ducted at the district level. While appropriate for 
city-wide policy, this administrative scale may 

obscure significant inequalities in access, qual-
ity and perception within districts, particular-
ly in large or heterogeneous ones. Future studies 
should employ higher-resolution data (neighbor-
hood or block level).

•	 Temporal Scope: The study provides a cross-sec-
tional snapshot for 2023. A longitudinal analysis 
tracking changes in UGS distribution against pop-
ulation growth and planning interventions over 
time would be invaluable for assessing policy ef-
fectiveness and understanding dynamic trends.

•	 Qualitative Dimensions: The indicators primar-
ily capture quantitative and spatial aspects (area, 
distance, density). Integrating qualitative metrics, 
such as perceived safety, maintenance quality, 
biodiversity or user satisfaction, would provide 
a more holistic understanding of UGS “enjoy-
ment” and its drivers.

Determining the distribution of service centers, 
including green spaces and parks, is a  common 
challenge for planners striving to guide resource 
and service allocation. Therefore, selecting appropri-
ate indicators is the first step in assessing the devel-
opment levels of different areas. In this study, nine 
selected indicators were ranked using the TOPSIS 
model, leading to the categorization of the develop-
ment levels of UGS in the districts of Mashhad into 
five categories: very developed, developed, relative-
ly developed, deprived, and very deprived. The key 
findings are as follows:
•	 Categorization of Districts: Mashhad's districts 

have been classified into five development levels 
based on the selected indicators.

•	 Developed Districts: Districts 7, 9 and 10 are con-
sidered developed, with an average Closeness In-
dex (CI) of 0.617.

•	 Developing Districts: Districts 2, 8 and 11 fall 
under the developed level, with an average CI 
of 0.469.

•	 Relatively Developed Districts: Districts 1, 4, 5, 6 
and 13 are classified as relatively developed, with 
an average CI of 0.354.

•	 Deprived Districts: District 3 is categorized as 
deprived, with an average CI of 0.210.

•	 Very Deprived Districts: District 12 is considered 
one of the most deprived areas, having an aver-
age CI of 0.179.

Developing structural strategies and attracting 
investment in deprived and relatively deprived areas 
can significantly enhance sustainable urban develop-
ment and improve green space infrastructure, there-
by reducing social inequality.
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Next, global Moran's I and local Gi coefficients 
were calculated for the research criteria to determine 
the spatial distribution of UGS enjoyment across the 
districts. The calculations showed that, at a 95% con-
fidence level, the global Moran's I index is 0.195543, 
indicating that UGS enjoyment is generally clustered 
and exhibits some spatial autocorrelation. Converse-
ly, the local Gi  index is 0.000069, suggesting that the 
correlation between districts is not strong enough to 
create distinct hotspots or coldspots. These findings 
imply that, while the overall distribution of green 
spaces is clustered at the urban level, these clusters 
do not necessarily create significant or distinct are-
as. Instead, they exhibit an unexpected and subtle 
variation in distribution at the local level, indicating 
a uniform distribution of green space across the city. 
Thus, it can be concluded that Mashhad's districts do 
not exhibit significant spatial differences concerning 
UGS enjoyment.

In light of this, it is suggested that future studies 
focus on the distribution patterns of UGS enjoyment 
in sub-districts and neighborhoods to better identify 
locations for future UGS development. This should be 
based on the hotspots and coldspots that may arise at 
the neighborhood level. To model the factors affecting 
the level of UGS enjoyment in Mashhad's districts, 
the correlation of each variable was initially calculat-
ed. The research results showed that the population 
growth rate and green space area have spatial corre-
lations, with coefficients of determination of 0.58 and 
0.59, respectively. Therefore, it can be concluded that 
~60% of the variation in UGS enjoyment in Mashhad 
is explained by these two variables. A key contribu-
tion of this study is its demonstration of a replica-
ble, integrated MC-SDSS framework for urban green 
space assessment. By combining multi-criterion deci-
sion-making with spatial statistics and local regression 
modeling, the study moves beyond simple per capi-
ta metrics to provide a nuanced spatial diagnosis of 
equity. Thereby filling a gap in literature focused on 
cities in the Global South with unique demograph-
ic and environmental pressures, the methodological 
approach applied here is readily transferable to oth-
er cities, especially in the Global South, facing simi-
lar challenges of rapid urbanization and green space 
provision.

Note

1.	 Akaike Information Criterion (AIC): This is 
a very useful indicator for comparing regression 
models. A lower AIC value indicates a better fit 
of the model to the observed data.
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