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Abstract

In the face of escalating climate change and its cascading impacts, urban resilience
has become a fundamental approach to achieving sustainable city management.
Zahedan, situated in an arid to semi-arid region, experiences severe climatic
stressors including rising land surface temperatures, declining soil moisture,
intensifying droughts, and increasing occurrences of dust storms. This study
investigates the role of urban green spaces in reducing climate vulnerability and
enhancing resilience, focusing on two neighborhoods with contrasting
environmental conditions: Daneshgah (University) and Shirabad. Utilizing Landsat
satellite imagery, spatiotemporal changes in vegetation cover (NDVI) and land
surface temperature (LST) were analyzed for the period 1980-2023. Climatic
parameters—air temperature, precipitation, humidity, and wind speed—were
examined through time-series analysis and validated using the Mann-Kendall
trend test. Furthermore, the TOPSIS multi-criteria decision-making model was
applied to evaluate and rank neighborhood vulnerability and resilience levels. The
results reveal a marked decline in vegetation cover accompanied by a significant
rise in land surface temperature over the past four decades. Drought indices
suggest that decreasing precipitation and humidity levels are primary drivers of
these patterns. The Daneshgah neighborhood, characterized by greater vegetation
density, exhibits higher climate resilience compared to Shirabad. Vegetation in
Daneshgah enhances urban resilience by absorbing carbon dioxide, releasing
oxygen, reducing ambient temperature, and improving soil water retention,
thereby mitigating air pollution and urban heat island effects. Conversely,
Shirabad’s compact built environment, inadequate infrastructure, and limited
green space intensify its climate vulnerability. The findings underscore the critical
role of effective green space management—particularly through the cultivation of
drought-tolerant species, adoption of smart irrigation technologies, and
establishment of urban green belts—in strengthening Zahedan’s urban climate
resilience.
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Introduction

Green spaces are among the most vital components of urban environments, playing a critical role in
enhancing resilience against natural hazards particularly drought and climate change. This function is
realized through mechanisms such as moderating air temperatures, improving air quality, controlling urban
flooding, preserving biodiversity, and promoting the mental well-being of city residents (Hesari, 2023, p.
68). In arid and semi-arid regions such as Zahedan, green spaces can help mitigate the effects of drought by
reducing evaporation and increasing soil permeability, thereby facilitating better water resource
management. Furthermore, urban vegetation contributes to dust control by stabilizing soil and decreasing
wind velocity (Eskandari Sani et al., 2023, p. 89). Due to its specific geographical location, Iran is highly
exposed to numerous natural hazards. Out of the 40 globally recognized natural hazards, 31 occur within
the country (Nowruzi, 2019, p. 74). The average annual precipitation in Iran is approximately 250 mm
roughly one-third of the global average. In recent decades, the country has experienced some of its most
prolonged and severe droughts. Simultaneously, water consumption in Iran has consistently exceeded the
initial water stress threshold (Afrakhteh & Hajipour, 2024, p. 46). Under such circumstances, effective
drought management in arid and semi-arid areas like Iran becomes critically important. Traditional crisis
management approaches mainly reactive, focused on emergency response and post-disaster government
aid have proven insufficient in reducing long-term vulnerability and have instead increased the dependency
of local communities (Malekan et al.,, 2020, p. 728). In contrast, the urban resilience approach, which
emphasizes enhancing the capacity of communities to cope with disasters, has emerged as a more effective
framework for addressing climate-related crises (Milleti, 1999, p. 172). In this context, the present study
examines the role of green spaces in reducing climate vulnerability and enhancing resilience in two
neighborhoods of Zahedan: Daneshgah (University) and Shirabad. The primary aim is to analyze the impact
of vegetation cover on climate moderation, the mitigation of drought and urban heat effects, and overall
improvement in environmental quality.

Theoretical Framework

Urban resilience refers to the capacity of a community to absorb, adapt to, and recover from natural
hazards and climate-related disruptions (Adger et al., 2005, p. 1036). Initially rooted in the field of disaster
risk management, this concept has since evolved into a cornerstone of sustainable urban planning (Parry et
al,, 2009, p. 76). Climate resilience specifically encompasses a set of preventive and adaptive strategies
aimed at reducing vulnerability and enhancing the ability of cities to cope with climate change. Among the
various tools for fostering climate resilience, urban green spaces are considered one of the most effective.
Vegetation plays a critical role in moderating the urban climate by lowering ambient temperatures,
improving air quality, increasing soil water retention, reducing evaporation, and capturing atmospheric
carbon dioxide (Nowak & Crane, 2000, p. 718). These ecological services contribute to mitigating the
adverse effects of climate change and improving overall urban environmental quality (Alberti, 2005, p.
198). Climate resilience indices serve as essential tools for assessing the vulnerability of different regions.
These indices integrate environmental, social, and economic factors to evaluate a region’s capacity to
withstand and adapt to climatic stresses (Sullivan & Meigh, 2005, p. 70). Within this context, sustainable
green space management including the selection of drought-resistant plant species, the development of
green belts, and the implementation of smart irrigation systems is widely recognized as a key strategy in
enhancing urban resilience.

Urban resilience to climate change has emerged as a key concept in sustainable development and has
been widely examined in numerous studies. Early research in this field primarily focused on disaster
management and reducing the damage caused by natural hazards. For instance, Mileti (1999, p. 203)
emphasized the need to replace traditional, reactive crisis responses with resilience-based strategies. He
argued that establishing robust infrastructure including the development of green spaces can serve as a
critical tool in addressing climate-related risks.
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Sullivan and Meigh (2005, p. 75), in their analysis of climate vulnerability indices, highlighted the
significance of environmental, social, and economic factors in shaping community resilience to climate
change. Their findings suggest that green spaces play a crucial role in reducing vulnerability by increasing
relative humidity, improving air quality, and moderating ambient temperatures. In line with this, Alberti
(2005, p. 192) explored the relationship between urban spatial patterns and ecosystem performance,
demonstrating that the distribution of green spaces significantly reduces urban heat intensity while
enhancing urban ecological structure.The environmental and social health benefits of green infrastructure
have also attracted research attention. Landry and Chakraborty (2009, p. 2668) found that the expansion
of green spaces in urban areas not only enhances climate resilience but also fosters social cohesion and
reduces inequality, thereby improving overall quality of life. Similar conclusions were drawn by Nowak and
Crane (2002, p. 718), who underlined the importance of vegetation in mitigating air pollution and enhancing
ecological quality.

In recent years, attention has increasingly turned toward the multifaceted role of urban green
infrastructure in sustainable climate adaptation. McPherson et al. (2018, p. 592) investigated the role of
biodiversity in enhancing resilience within urban systems. Their study concluded that multifunctional
green spaces featuring a mix of drought-tolerant species and shade trees can significantly alleviate heat
stress. Farini et al. (2020, p. 19) also emphasized the importance of sustainable green space management
in reducing climate change impacts. Their findings indicate that urban vegetation plays a pivotal role in
lowering ambient temperatures, capturing airborne pollutants, managing stormwater runoff, and
decreasing noise pollution, thereby strengthening urban resilience. Smart planning and sustainable
maintenance of green spaces through biodiversity preservation and species selection adapted to climate
stress can improve urban living standards while mitigating global warming. These insights are echoed in a
study by Gherri (2023, p. 11), which showed that urban vegetation significantly contributes to mitigating
heat in densely populated areas. By providing shade and improving air circulation, green spaces reduce
ambient temperatures and increase thermal comfort. The study also noted that interactions between
vegetation and urban morphology can produce varying effects on surface temperature reduction.
Continuing this line of inquiry, Zhang et al. (2025, p. 22) demonstrated that urban vegetation plays a key
role in reducing fire risk under changing climate conditions. Through physical barriers and reduced
flammability, plants limit fire spread and enhance urban resilience. The study also emphasized that plant
diversity and sustainable green space management can substantially reduce the intensity of urban wildfires.

In the Iranian context, several studies have explored the role of green spaces in climate resilience.
Nowruzi (2019, p. 85), in a study on rural settlement resilience, noted relatively strong performance in
social and physical dimensions, but highlighted severe vulnerability in economic and managerial aspects.
His findings stressed that expanding green infrastructure in rural areas can enhance livelihood resilience.
Yadegari Far et al. (2023, p. 345) investigated Zahedan's vulnerability to water crises and drought,
concluding that declining water resources and increasing dust storms have adversely affected the region’s
social and economic well-being. Their study underlined the potential of urban green spaces especially in
water-scarce regions like Zahedan to alleviate the harmful effects of climate change. Similarly, Malekan et
al. (2020, p. 716) criticized traditional crisis response policies in Iran, arguing they are ineffective for long-
term vulnerability reduction. They advocated for resilience-based strategies, emphasizing the role of
drought-tolerant species, green belts, and expanded green spaces around cities as effective climate
adaptation tools. In a remote sensing-based study, Golestani et al. (2022, p. 341) analyzed the relationship
between vegetation cover and land surface temperature in Isfahan. Their findings confirmed that areas with
greater green space experience lower surface temperatures and reduced urban heat island effects. Overall,
both international and domestic studies consistently support the conclusion that sustainable development
and management of green spaces can significantly enhance climate resilience. The present research uses
satellite imagery, climate data analysis, and the TOPSIS modeling approach to examine the impact of green
spaces on climate resilience in two Zahedan neighborhoods: Daneshgah and Shirabad. It aims to provide
scientifically grounded strategies to improve green space policy and management in this region.
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Given the environmental significance of Daneshgah and Shirabad, it is essential to assess the impact of
drought and dust storms on their climate resilience. Drought, as one of the most severe climate hazards,
contributes to water scarcity, soil erosion, and vegetation degradation, thereby increasing dust storm
activity. This phenomenon rooted in unsustainable development and poor environmental management has
far-reaching effects on local ecosystems, air quality, and public health. Dust storms exacerbate particulate
pollution, disrupt ecological systems, and pose a major threat to urban infrastructure, economic
productivity, and environmental sustainability. If such conditions persist, they could accelerate
desertification, reduce ecological carrying capacity, and intensify regional environmental risks. This study
examines drought and dust storm effects from both climatological and natural hazard perspectives,
assessing the resilience of the target area in the face of these growing challenges.

Materials and Methods

This study employs both quantitative and qualitative data. Initially, a comprehensive literature review
was conducted using academic sources, including books, peer-reviewed articles, theses, and official reports,
to gather background information relevant to the research topic. Existing theories and conceptual
frameworks related to urban resilience were examined to establish a theoretical foundation.To address the
research questions and fulfill the study’s objectives, a structured questionnaire was developed based on the
expected dimensions of climate resilience. This questionnaire was distributed across the study area and
completed by a range of participants, including local experts, university professors, technical specialists,
and residents of Zahedan. The collected responses were then analyzed to extract insights into perceived
vulnerabilities and adaptation capacities.Following this, key indicators and criteria influencing the
assessment of neighborhood-level resilience to climate change in Zahedan were identified. These indicators
served as the basis for evaluating how different urban areas respond to environmental stressors and the
role of green spaces in enhancing or limiting their resilience.

Study Area

Zahedan, the capital of Sistan and Baluchestan Province, is located in southeastern Iran at approximately
29°28' N latitude and 60°53' E longitude. The city spans an area of roughly 41,400 square kilometers and is
characterized by a hot and arid climate. It receives one of the lowest annual precipitation rates in the
country, with an average of less than 100 millimeters. In addition to experiencing extreme drought and
chronic water scarcity, Zahedan is exposed to frequent dust storms, sandstorms, and rising land surface
temperatures due to its geographical position. These environmental stressors have a direct impact on both
the quality of life and ecological sustainability of the region (Poudineh et al., 2020, p. 135). Urban green
space coverage in Zahedan is significantly below both national and international standards. The current per
capita green space is approximately 4 square meters per person, whereas the national average in Iran
ranges between 8 to 12 square meters, and global standards suggest a minimum of 20 to 25 square meters
per person (Manouchehri et al.,, 2011, p. 27). The city's vegetation primarily consists of drought-resistant
tree species such as Prosopis (Kahoor), Tamarix (Gaz), Eucalyptus, Conocarpus, and various types of palms.
These species are mainly distributed across limited urban areas, including parks, street edges, and
educational institutions. However, the spatial distribution of green spaces is highly uneven, and many
zones particularly informal or marginalized neighborhoods such as Shirabad lack adequate green coverage.
Figure 1 illustrates the geographical location of the studied neighborhoods and highlights the spatial
distribution of vegetation cover in Zahedan using green overlays.
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Figure 1. Geographic location of the selected neighborhoods within the city of Zahedan.

Research Findings

In this study, meteorological data from the Zahedan synoptic weather station including humidity, wind
speed and direction, dust concentration, precipitation, and temperature were used to assess climate change
trends. The data were collected based on monthly observations from synoptic records over a 42-year period
(1981 to 2022). To analyze trends in key meteorological parameters such as precipitation, temperature,
and other climatic variables, time series analysis and the non-parametric Mann-Kendall trend test were
employed. Data processing and statistical analyses were conducted using SPSS software to ensure accuracy
and consistency in the interpretation of climatic trends.

Trend Analysis Using the Mann-Kendall Test

The Mann-Kendall test is a non-parametric rank-based method suitable for detecting both linear and
non-linear trends in time series data (Makkari & Abbasnia, 2020, p. 35). It is particularly useful for
identifying monotonic trends either increasing or decreasing without the assumption of normal data
distribution. The method begins by computing the difference between all data pairs within the time series.
Then, using a sign function (sgn), the test statistic is calculated based on the following formula (Equation
1), as proposed by Helsel and Hirsch (2002, p. 217):

— yn-1
S =2k=1 ?=k+159”(xj - xk) (1)
In Equation 1, n represents the total number of observations in the time series; xj denotes the j-th data
point, and xk denotes the k-th data point in the same series.

The sign function (sgn) is a simple yet essential mathematical tool used to determine the direction or
trend between two values. It compares two observations and indicates whether the second value has
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increased, decreased, or remained unchanged relative to the first. The output of this function is either +1,
0, or -1, corresponding to an increase, no change, or a decrease, respectively. The sign function is defined
as follows:

+1 if (x—x)>0

Sgn(x) = 0 if (.Xj —x,)=0 (2)
-1 if (x—x<0

The Non-Parametric Sen’s Slope Estimator

The Sen’s Slope Estimator is a non-parametric method used to estimate the linear trend in a time series.
Originally introduced by Theil in 1950 and later developed by Sen in 1968, this method, like the Mann-
Kendall test, is based on the analysis of pairwise differences between data points in a time series. It is
particularly appropriate when the underlying trend is assumed to be linear over time (Gadgisu Toso et al.,
2023, p. 5). This method estimates the median of all possible slopes between data point pairs and provides
arobust, distribution-free measure of trend magnitude. It is applicable when the function f(t), representing
the trend over time, is linear. As shown in Equation 3, the model is defined as follows:

fO)=Qt+B (3)
In Equation 3, Q represents the slope of the trend line, while B is the intercept constant.
To compute the trend slope Q, the slope between all possible pairs of observed data points is calculated
using the following formula, presented as Equation 4:
xj—xk
Q=-= 4)

In Equation 4, j>k. In this equation, xj and xk represent the observed data at times j and k, respectively.
By applying this equation, a slope was obtained for each pair of observed data. By placing these slopes
together, a time series of calculated slopes was formed. That is, if there are n values of xj in the time series,
then N=n(n-1)/2 slope estimates (Qi) are obtained.

In the next step, the median of the studied time series was calculated. For this, the N values of (Qi) were
sorted in ascending order, and then, using one of the following equations, the median of the time series was
determined. If the number of observations in the time series was odd, Equation (5) was used, and if even,
Equation (6) was used (Gonzalo, 2004, p. 89).

Q = Qiv+1)/2] (5)
Q= %[Q[N/Z] + Q[v+2)/21] (6)
The result obtained from these equations was the slope of the trend line (Qmed). If the slope of
the trend line was positive, it indicated an increasing trend, and if negative, it indicated a decreasing
trend in the data.

In this study, the next step was to test the obtained slope at a 95% confidence interval. To
perform this test, the following equation was used:

Ca = Z1-a/2+/ VAR(S) (7)
In Equation 7, Z represents the standard normal distribution statistic in a two-tailed test, which for a
95% confidence level is equal to Z=1.96, and VAR(S) is the variance of the parameter S. To calculate the value

of the parameter S as well as VAR(S), the following steps were taken (Alijani et al., 2011, p. 26):

a) Calculating the difference between each element in the time series and all others, applying the sign
function (sgn), and deriving the parameter SSS using the following formula:

S=Yr1 ?=k+159n(xj — %) (8)
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In the above equation, n is the number of observations in the series, and xj and xk are the j-th
and k-th data points in the series, respectively.

b) Calculation of the sign function (sgn), which was computed as follows:
+1 if (xj—x)>0
Sgn(x) = 0 if (Xj —x,) =0 (9)
-1 if (—x<0

c) Calculation of the variance of S using one of the following equations. If the number of data points in
the time series is greater than 10, Equation (3-11) was used; if fewer than 9, Equation (3-12) was applied.

n(n—1)(2n+5)-Yie, t(t—1)(2t+5)

VAR(S) = (10)
18
VAR(S) = %;27”5) (11)

In the above equation, n is the number of observed data points, m is the number of tied groups in which
at least one repeated value occurs, and ttt represents the frequency of data with identical values.

Finally, the upper and lower confidence limits were calculated using the following formulas:
M. = n'+C,
L=
e (12)
M; =—;

Based on the above formula, the M1-th and M(2+1)-th slope values were extracted from among the
calculated slopes. If the value zero fell within the range between these two slope values, the null hypothesis
was accepted and the absence of a trend in the data series was confirmed. Otherwise, the null hypothesis
was rejected, indicating the presence of a statistically significant trend at the tested confidence level.

Finally, to obtain the value of B in Equation (3-4), the differences xi-Qti were calculated for all n
observations. The median of these values was then used to estimate B (Alijani et al., 2011, p. 27).

Standardized Precipitation Index (SPI)

Drought is one of the most complex climatic phenomena, and its analysis requires consideration of
multiple characteristics such as severity, intensity, and duration. In 1993, researchers at the University of
Colorado introduced the Standardized Precipitation Index (SPI) as a tool for drought monitoring, which has
since become a key instrument for early warning systems and the assessment of drought severity (McKee
et al, 1993, p. 179). Since precipitation data typically do not follow a normal distribution, calculating this
index requires fitting appropriate probability distributions to the observed data. Studies have shown that
the choice of distribution varies across regions and has a direct impact on the accuracy of the index
calculations (Shahabfar & Eitzinger, 2013, p. 99). By standardizing precipitation data, SPI enables the
comparison of drought conditions across different locations and plays a significant role in water resource
management. In this study, the following formula was used to calculate the intensity and duration of
drought episodes (Guttman, 1999, p. 315):

spi =2 (13)

In the above equation, pi represents the precipitation during the studied period, p denotes the long-

term average precipitation for that period, and S is the standard deviation of precipitation values.

The classification of drought and wetness conditions based on SPI values was introduced by McKee
(Table 1). Positive SPI values indicate precipitation above the long-term mean, while negative values
indicate the opposite. According to this method, a drought period is defined as any span during which the
SPI remains continuously negative and falls to -1 or below. The drought is considered to end when the SPI
value becomes positive again. The cumulative SPI values reflect the magnitude and severity of the drought
episode.
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Table 1. Classification of Drought and Wetness Severity Using the Standardized Precipitation Index (SPI)

SPI Value Range Category
SPI = +2.00 Extremely Wet
+1.50 < SPI < +1.99 Severely Wet
+1.00 < SPI1 < +1.49 Moderately Wet
-0.99 <SPI<+0.99 Near Normal
-1.49 <SPI < -1.00 Moderately Dry
-1.99 <SPl <-1.50 Severely Dry
SPI<-2.00 Extremely Dry

(Source: McKee etal.,, 1995, p. 234)

In this study, trends in vegetation cover and land surface temperature (LST) were analyzed using a time
series of Landsat satellite imagery. For this purpose, data from Landsat 4, 5, and 8 were acquired from the
United States Geological Survey (USGS) and stored in a unified geospatial database. Subsequently,
geometric and radiometric corrections were applied using GIS and ENVI software. The analysis focused on
changes in vegetation and surface temperature over a 44-year period (1980-2023). Two indices were
extracted for the Zahedan urban area: the Normalized Difference Vegetation Index (NDVI) and Land Surface
Temperature (LST). Landsat images were selected at ten-year intervals, specifically from the years 1980,
1990, 2000, 2010, 2020, and 2023, chosen based on their suitable spatial resolution (see Table 2).

All images were processed in ENVI software and georeferenced to the Inverse Mercator projection
system using the nearest neighbor resampling method (Hao et al,, 2012, p. 391). This process enabled
precise analysis of vegetation and surface temperature trends over the past four decades.

Table 2. Number of Selected Satellite Images Used in Each Month of the Study Period

Band Landsat 8 Spectral Spatia}l Landsat5 Landsat 4 Spectral Spatigl
- Range Resolution Range Resolution Year
Description OLI ETM+ ETM
(um) (m) (um) (m)
Coastal aerosol Band 1 0.43-0.45 30
Blue Band 2 0.45-0.51 30 0.50-0.60 30 1980
Green Band 3 0.53-0.59 30 Band 2 Band 2 0.60-0.70 30
Red Band 4 0.64-0.67 30 Band 3 Band 3 0.70-0.80 30 1990
Near('l\llrllgamd Band5  0.85-0.88 30 Band 4 Band4  0.80-1.10 30 2000
SWIR 1 Band 6 1.57-1.65 30 Band 5 Band 5 1.10-1.30 30 2010
SWIR 2 Band 7 2.11-2.29 30 Band 6 — — 30 2020
Panchromatic Band 8 0.50-0.68 15 Band 7 — — 30 2023
Cirrus Band 9 1.36-1.38 30 = =

(https://landsat.gsfc.nasa.gov/multispectral-scanner)

Normalized Difference Vegetation Index (NDVI)

Green vegetation absorbs the highest amount of solar radiation in the visible portion of the
electromagnetic spectrum, whereas it reflects more strongly in the near-infrared (NIR) range. Satellite
imagery, by measuring the reflectance of red and NIR light (approximately 0.58-0.68 um and 0.73-1.10 pm,
respectively), provides valuable information on vegetation cover. This data is used to assess plant growth,
estimate biomass, and evaluate vegetation health. To quantify and analyze vegetation properties,
researchers use vegetation indices mathematical formulas that compare the reflectance intensity in
different spectral bands, particularly red and NIR. Since vegetation strongly absorbs red light and reflects
NIR, the contrast between these two bands provides critical insights into plant condition (Khosravi Yeganeh
etal,, 2024, p. 86).
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The vegetation index plays a key role in energy exchange between the atmosphere and Earth's surface,
influencing various climatic factors, including ambient temperature. Therefore, it is also a significant input
in the calculation of Land Surface Temperature (LST). In this study, Band 4 (Red) and Band 5 (NIR) of the
Landsat satellite were used to calculate the NDVI. The index was computed using Equation (14) as follows
(Najafi et al, 2020, p. 261):

NDVI = (Band® — Band*)(Band® + Band*) (14)

NDVI values range from -1 to +1. High reflectance in the near-infrared region of the electromagnetic
spectrum indicates plant health, with high values between 0.05 and 1 (Sarani & Hashemi, 2023, p. 80). In
this index, numerical values between 0.1 and 0.5 correspond to areas with sparse vegetation, 0.5 to 0.6 for
areas with moderate and semi-dense vegetation, and 0.6 to 0.7 for areas with very dense and lush
vegetation. Water, snow, and ice have negative NDVI values, and soils also show values less than 0.05.
Clouds generally have NDVI values equal to zero (Hosseini Chamani et al.,, 2019, p. 245).

Vegetation Cover Map Analysis (NDVI)

In this study, vegetation cover maps derived from processed Landsat satellite imagery for the month of
July from 1980 to 2023 were prepared to examine the temporal trends in vegetation across the study area
(Figure 2). July was selected as it represents the hottest month of the year and is thus critical for assessing
vegetation resilience. According to the correlation analyses and as clearly visible in the maps vegetation
cover throughout the study period has remained sparse and scattered. Analysis of precipitation,
temperature, and humidity data indicates that limited rainfall and air moisture, combined with high
regional temperatures, are the main environmental constraints on vegetation density. A comparison
between Shirabad neighborhood (in the north of the city) and the University neighborhood (in the south)
reveals that, historically, Shirabad had denser vegetation due to its peripheral location. However, over time
particularly with the expansion of the University area as the city’s academic hub this trend has reversed.
The decline in vegetation in Shirabad can be attributed to large-scale construction, unregulated growth of
informal settlements, and destruction of natural green cover. In contrast, the increase in vegetation within
the university compound is the result of urban development projects and deliberate green space expansion.
These changes underscore the influence of human activities, urban development, and climatic conditions
on the distribution and sustainability of vegetation in the region.

O O
O O

1980 1990
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O O
O O

2000 2010

O O
O O

2020 2023
Figure 2. NDVI Vegetation Cover Maps of Zahedan for the Month of July during the 1980-2023 Period

Land Surface Temperature (LST) Map Analysis

In the present study, Landsat images for the month of July in Zahedan were obtained from the NASA
archive for the years 1980 to 2023. These images were used to generate Land Surface Temperature (LST)
maps for July over the specified time period (Figure 3). The spatial variability of surface temperatures
across Zahedan County is clearly observable in these maps. In 2023, the maximum recorded land surface
temperature reached 48.5°C, whereas in 1980, the maximum temperature was only 23.6°C. This
comparison alone indicates a significant rise in temperature over the period, primarily attributed to the
decline in rainfall in Zahedan during this time. Furthermore, the spatial distribution of land surface
temperatures shows that Shirabad neighborhood, located in the northern elevated areas of the city,
consistently exhibits lower LST values compared to the University neighborhood in the south. However,
between 2010 and 2023, despite generally higher temperatures in the University area, parts of this
neighborhood showed lower surface temperatures than Shirabad, due to the increase in vegetation cover
around the university campus.
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1980 1990
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2000 2010
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O O

2020 2023
Figure 3. Land Surface Temperature (LST) Maps of Zahedan for the Month of July during the 1980-2023 Period

One of the main factors contributing to the reduction of vegetation cover in the Shirabad neighborhood
is widespread and unauthorized construction, coupled with consecutive droughts. Based on the analysis of
the Standardized Precipitation Index (SPI), severe droughts occurred in Zahedan during the years 2000,
2020, and 2023, leading to a decline in vegetation cover in the Shirabad area and the degradation of its
natural resources. These findings are consistent with those of Negarsh et al. (2019, p. 124), who highlighted
the successive droughts in Zahedan and their impact on the region’s agriculture and natural resources. In
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contrast, vegetation cover in the University neighborhood of Zahedan has increased, indicating that unlike
Shirabad the green space of the university has been relatively unaffected by the direct impact of drought.
This can be attributed to centralized management of the university’s green space and the availability of
water resources for its maintenance. An analysis of land surface temperature (LST) data in the Shirabad
and University neighborhoods shows a notable increase in temperature in recent years. This temperature
rise has directly affected the climate resilience of these areas, reducing the capacity of local ecosystems to
adapt to environmental changes. A decrease in climate resilience implies a reduction in the regions' ability
to cope with environmental challenges such as floods, droughts, and dust storms, which can have serious
consequences for the ecosystem and the quality of life of local residents (Sadeghi & Taghvaei, 2024, p. 142).

Neighborhood Vulnerability Ranking Using the TOPSIS Technique

In this study, data related to various vulnerability components were collected and evaluated, and then
scored for the University and Shirabad neighborhoods based on the Likert scale. To analyze the level of
vulnerability in these areas, four main components were considered. The TOPSIS technique (Technique for
Order of Preference by Similarity to Ideal Solution), a widely used multi-criteria decision-making (MCDM)
method, was employed to rank the neighborhoods in terms of vulnerability. Since all components in the
TOPSIS model must be quantitative, the qualitative data on neighborhood vulnerability were converted into
numerical values using the Likert scale, as shown in Table 3. This conversion allowed for accurate and
comparable mathematical calculations, thereby enhancing the precision of the final analyses.

Table3. Conversion of Qualitative Components to Quantitative Values
Qualitative Component Very Low Low Medium High Very High
Quantitative Equivalent 1 3 5 7 9
(Source: Hosseini et al.,, 2016, p. 87)

After converting the qualitative data into quantitative values, the initial vulnerability assessment matrix
for the two studied neighborhoods was constructed (Table 4). This matrix represents the scores of the main
vulnerability components for each neighborhood. The data indicate that the University neighborhood
scores higher across all components compared to Shirabad, suggesting that its vulnerability is lower than
that of Shirabad.

Table 4. Vulnerability Assessment Matrix for the Studied Neighborhoods

Component Economic Social Environmental Infrastructure & Institutional
University 7 5 5 5
Shirabad 1 3 1 1

In the next step, the initial data matrix was normalized to enable the calculation of each neighborhood’s
distance from the positive and negative ideal solutions. The results of this step indicate that the University
neighborhood scores significantly higher across all components compared to Shirabad (Table 5).

Table 5. Normalized Vulnerability Assessment Matrix for the Studied Neighborhoods
Component Economic Social Environmental Infrastructure & Institutional
University 0.98 0.86 0.98 0.98
Shirabad 0.2 0.51 0.2 0.2
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In the following stage, the positive and negative ideal solutions were determined for each component
(Table 6). Since all components are positive in nature, the highest value in each column was considered the
positive ideal solution, while the lowest value was taken as the negative ideal solution. These values served
as the basis for calculating the distance of each neighborhood from the ideal condition.

Table 6. Positive and Negative Ideal Solutions

Component Economic Social Environmental Infrastructure & Institutional
Component Type Positive Positive Positive Positive
Positive Ideal Solution 0.98 0.86 0.98 0.98
Negative Ideal Solution 0.2 0.51 0.2 0.2

After identifying the ideal solutions, the Euclidean distance of each neighborhood from the positive and
negative ideal was calculated, and finally, the relative closeness (C) of each neighborhood to the ideal
condition was determined (Table 7). The results indicate that the University neighborhood (C = 1) is the
closest to the ideal solution and thus has the lowest vulnerability, while the Shirabad neighborhood (C =
0.01) is the farthest from the ideal indicating higher vulnerability compared to the University area.

Table 7. Distances from Positive and Negative Ideal Solutions and Relative Closeness (C)

Neighborhood S* S~ C
University 0 1.4 1
Shirabad 1.4 0.01 0.01

By prioritizing the vulnerability components, the University neighborhood ranked first, and Shirabad
neighborhood ranked second in terms of alignment with the ideal condition. This study demonstrated that
higher resident satisfaction with economic, social, environmental, and infrastructural-institutional
components has a direct impact on increasing neighborhood resilience. The results of the TOPSIS technique
confirm that the University neighborhood exhibits better social and physical resilience than Shirabad. These
findings highlight the infrastructural and social advantages of the University area, likely resulting from
greater access to public services, recreational facilities, improved social indicators, and a generally higher
quality of life. In contrast, Shirabad suffers from lower resilience due to inadequate infrastructure, economic
hardship, and social dissatisfaction. An investigation of the underlying causes of higher vulnerability in
Shirabad points to factors such as weak service delivery, informal development, economic constraints, and
a lack of effective urban planning all of which contribute to increased vulnerability and reduced resilience.
The final analysis emphasizes that attention to economic, social, and infrastructural components plays a key
role in enhancing urban resilience. Improving these components not only helps reduce vulnerability but
also promotes higher quality of life and sustainable urban development. Indeed, sustainable social
development is unattainable without addressing the economic, cultural, value-based, environmental, and
technological dimensions. The interactions among social actors, who are the true fabric of urban life, give
meaning and depth to sustainable development and enhance the resilience and adaptability of citizens in
the face of environmental crises (Nasiri Hendeh Khaleh et al., 2024, p. 164). The findings of this study can
serve as a scientific foundation for urban and social planning aimed at reducing neighborhood-level
vulnerability.

Discussion and Conclusion
Resilience refers to the ability to adapt to environmental changes and recover after the occurrence of

crises. In today’s world, where climate change is rapidly impacting communities, the concept of resilience
has gained increasing importance. The consequences of these changes such as drought, floods, and rising
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temperatures have heightened the vulnerability of cities and communities to natural disasters. Additionally,
weaknesses in local governance and insufficient preparedness have further complicated -crisis
management. In many cases, local authorities have failed to implement adequate preventive measures,
resulting in substantial human and financial losses. The findings of this study indicate that the University
neighborhood, due to its higher vegetation coverage, demonstrates greater resilience to climate change.
These results emphasize that green space plays a key role in strengthening urban resilience. Vegetation
contributes by absorbing carbon dioxide, producing oxygen, and lowering ambient temperatures, thereby
improving air quality and mitigating urban heat island effects. Moreover, vegetation helps retain soil
moisture and reduce evaporation, which is critical in mitigating the effects of drought. To enhance
Zahedan’s resilience to climate change, a comprehensive plan for the development and management of
urban green spaces is recommended. Such a plan should include actions such as establishing green belts,
expanding parks and public green areas, using drought-resistant plant species, and implementing smart
irrigation technologies. Furthermore, citizen participation in the maintenance of green areas and fostering
a sense of ownership should be prioritized. Based on the findings of this research and the recognized
importance of green space in strengthening resilience, it can be concluded that investing in the development
and preservation of urban green spaces is a long-term and profitable investment. This investment not only
contributes to improving the quality of life for residents but also strengthens the city’s resilience against
climate change. In this context, Sadeka et al. (2013, p. 131) highlighted the livelihood vulnerability of
communities and proposed diversification as a key strategy for enhancing livelihood resilience. These
insights align with the current study, where the differences in resilience between the University and
Shirabad neighborhoods suggest that economic and social diversity in the University area may contribute
to greater climate adaptability. Similarly, Liebman and Schulte (2015, p. 4) pointed to the role of agricultural
diversity in enhancing flexibility in the face of various stresses. In this study, the University neighborhood
demonstrated greater flexibility, largely due to its better infrastructure and higher resident awareness of
climate-related risks.
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