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Abstract

The quality of urban livability in hot and dry climates depends on microclimatic conditions. Solar radiation, low
humidity, and sparse vegetation significantly affect quality of life. Enhancing thermal comfort contributes to a
better experience of public spaces and encourages greater social interaction. Zahedan, with its high temperature
potential and limited vegetation cover, serves as a suitable case for analyzing the effects of climate-based design
on improving livability. This study aimed to assess the existing thermal conditions and propose integrated
strategies, employing a combination of field measurements, vegetation and material monitoring, and
microclimatic modeling with ENVI-met software. The results indicated that the Rasouli intersection area
experienced severe thermal stress during the midday hours as characterized by high PET values, insufficient
shading, and low-albedo surfaces. Analysis of design scenarios showed that the use of drought-tolerant species
with effective canopy cover, increased vegetation density, reflective materials, and artificial shading could
reduce surface temperatures by approximately 6°C, moderate the mean radiant temperature, and lower the
physiological equivalent temperature by 2-3°C. At the same time, the maximum relative humidity during peak
radiation hours decreased from 35.16 to 33.00%, while its minimum value during the morning hours rose from
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38.21 to 17.34%, activating the evaporative cooling mechanism of plants and enhancing its positive effect on
thermal comfort indices, such as the physiological equivalent temperature and the global thermal climate index.
This simultaneous interaction of temperature reduction and increased relative humidity improved the range and
duration of users' thermal comfort, indicating the effective impact of urban design interventions on enhancing
livability in public spaces. The findings of this study emphasized climate-responsive strategies and the
integration of green elements in improving the thermal conditions of open urban spaces.

Keywords: Urban Microclimate, Urban Heat Islands, Thermal Comfort, Regulating Services, Mitigation
Strategies.

Introduction

Urban growth and urban transformations have intensified the urban heat island phenomenon, adversely affecting
citizens' health and quality of life. Thermal comfort in urban open spaces, particularly in hot and arid climates,
has emerged as a fundamental challenge as these areas are directly exposed to environmental stresses and their
quality influences behavioral patterns and social interactions. Research indicates that climate-responsive design
and implementation of vegetation can improve microclimatic conditions by providing shade and moderating
temperatures. In this context, microclimate simulation utilizing indices, such as PET, PMV, and UTCI, serves as
an effective tool for assessing the impact of design interventions prior to implementation. Despite advancements,
a research gap persists regarding the integrated analysis of thermal indices and physical components within a
systemic framework. The present study adopted an innovative approach by employing the Xeriscaping strategy
and concurrently evaluating multiple thermal indices to investigate the influence of physical characteristics and
climate-responsive design on enhancing thermal comfort. Focusing on Rasuli Crossroads in Zahedan, this article
analyzed the role of spatial structure and interventions—such as low-water vegetation—in mitigating thermal
stress and improving urban livability.

Materials & Methods

Study Area: Zahedan County covering an area of 31,250 km?2 (equivalent to 17% of the total area of the
province) is characterized by an arid desert climate with winter precipitation (Statistical Center of Iran, 2023).
The region experiences extreme summer temperatures and limited vegetation cover. The commercial district at
Rasuli Crossroads serving as one of the city's busiest pedestrian thoroughfares provides an appropriate setting for
investigating urban livability in thermally stressful environments. This research employed ENVI-met software
modeling, field-based microclimatic measurements, and a systematic review of thermal comfort literature to
examine and propose integrated urban design strategies for improving environmental comfort and enhancing
livability.

Data and Methodology: This study adopted a descriptive-analytical approach by utilizing a mixed-methods
(quantitative-qualitative) strategy organized into 3 main phases:

Phase One: Theoretical Framework Development: A systematic review of relevant research on outdoor
thermal comfort, microclimate simulation, and climate-responsive design was conducted to establish the
theoretical framework of the study.

Phase Two: Field Data Collection: Climatic parameters were measured at 12 fixed points within the study
area by using a TES-1160 thermo-hygro-barometer at a standard height of 1.1 meters above ground level in
accordance with ASHRAE Standard 55 guidelines (ASHRAE, 2023). The measured parameters included air
temperature, relative humidity, wind speed and direction, and radiant temperature. Concurrently, 70
questionnaires based on ASHRAE Standard 55 were distributed and collected to assess users' thermal
perception. Field data were utilized for calibration and validation of simulation results.

Phase Three: Microclimate Simulation and Scenario Analysis: Simulations were performed by using ENVI-
met software, version 5.6. For detailed analysis, 3 representative receptors were selected based on physical
characteristics, predominant activity types, and degree of solar exposure. Using the SWOT model informed by
field observations and stakeholder interviews, strategic spatial analysis revealed that high accessibility and
economic dynamism constituted the primary strengths of the area, while insufficient vegetation cover, intense
solar radiation, and pedestrian—vehicle route conflicts represented its most significant weaknesses. These
findings informed the development of design intervention scenarios. In the final phase, in addition to analyzing
existing conditions, a proposed intervention scenario incorporating climate-adapted vegetation was simulated to
evaluate its effects on air temperature and relative humidity. The analysis results served as practical guidelines
for designing and enhancing the quality of urban open spaces in the area of Rasuli Crossroads.
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Research Findings

Data collection combined climatic measurements with 70 surveys. The results showed that most users
experienced severe thermal stress, forcing them to seek shade or pass through shops. The sample comprised 60%
men and 40% women, predominantly aged 20-35 years with shopkeepers as the main occupational group. The
findings confirmed the direct link between physical design and thermal experience validated against previous
research. Field measurements confirmed significant microclimatic variations in the pedestrian area with shaded
versus sunlit spaces showing substantial temperature differences. ENVI-met simulations closely matched field
data, particularly near building masses, thus validating the model's accuracy. Wind flow analysis (northwest—
southeast) indicated natural ventilation potential, while intense solar radiation (11:00-16:00) in shaded areas
severely reduced thermal comfort. Extensive hard surfaces, limited vegetation, and uneven building heights were
identified as key factors exacerbating heat stress. Despite strong commercial activity creating social interaction
potential, this capacity remained underutilized due to poor climatic conditions.

Microclimate Analysis and Simulation: Using field data, microclimate simulation was conducted with
ENVI-met software. A scenario incorporating native drought-resistant trees (Prosopis, Cupressus, Olea, Melia,
Washingtonia) was designed with tall shade trees along pedestrian margins and understory species in xeriscaping
layers. This aimed to reduce ambient temperature by 2-3°C, increase shade, and mitigate urban heat island
effects.

Key Simulation Results: The proposed scenario reduced maximum temperatures and hotspots while
improving spatial temperature distribution. At 15:00, the maximum temperature decreased by 6.49°C (from
39.70 to 33.21°C), demonstrating that the combined interventions were more effective than vegetation-only
approaches. Air temperature reductions of 2-6°C and PET decreases of 2-3°C confirmed positive thermal
comfort impacts.

Relative humidity analysis revealed enhanced evapotranspiration effects with maximum humidity increasing
from 16.35 to 33.00% at 15:00. Morning humidity increases (from 34.17 to 38.21%) demonstrated vegetation
benefits throughout the daily cycle. These findings aligned with international research on the effectiveness of
green infrastructure.

Shade deficiency and limited airflow were identified as primary factors reducing thermal comfort. Areas with
adequate vegetation experienced significant PET reductions and improved user perception, confirming the
effectiveness of drought-resistant species and strategic tree placement.

Thermal Comfort and Livability: The proposed scenario expanded comfort zones and reduced heat stress.
Vegetation, shading, and reflective materials created "thermal shelters” in dense green areas. Unlike the study of
Meliouh et al. (2024), in which vegetation alone proved insufficient, integrated approach of this research
combining plants, shade, and radiation control achieved superior comfort in hot, arid climates.

Physical Structure Analysis: Rasuli Crossroads exhibited market development that increased thermal
density, poor coordination that limited airflow, and activity patterns that overrode climate considerations.

SWOT Analysis: Thermal quality stemmed from design, not merely climate. Direct sun exposure without
shade reduced comfort, while wind flow remained untapped. Movement analysis showed that pedestrian—vehicle
interference reduced safety and spatial quality despite commercial potential. The SWOT analysis identified
strengths and weaknesses in pedestrian spaces. Integrating microclimatic data with SWOT enabled practical
improvement strategies (Ahmadi, 2024; Dirvar, 2025; Cui et al., 2019).

Discussion of Results & Conclusion

The research findings indicated that thermal comfort in the open space of Rasuli Crossroads in Zahedan resulted
from a complex interaction of climatic, physical, and movement factors. Simulation results and field data
confirmed that direct solar radiation in the absence of effective shading elements was the primary factor reducing
users' thermal comfort. However, appropriate wind orientation within the area was identified as a valuable
climatic opportunity that, with proper physical organization, could contribute to natural ventilation and reduce
thermal stress.

The key point was that the existing thermal challenges were not solely attributable to the hot and arid climate
of the region, but largely stemmed from spatial organization and physical design. The development of market-
oriented activities, conversion of residential units to commercial spaces, and high human density had intensified
thermal density while increasing economic dynamism. Physical incoordination, lack of shading, and pedestrian—
vehicle route interference (particularly motorcycle traffic) had not only reduced safety but also negatively
affected the perceptual quality of space and willingness to remain in the environment.
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Similar studies (such as Meliouh et al., 2024) had shown that merely increasing vegetation density could not,
on its own, achieve complete comfort. In contrast, the present study emphasized that an integrated, combined
approach—incorporating native drought-resistant vegetation, spatial shading arrangements, direct radiation
control, and physical spatial organization—could shift the thermal comfort index (PET) from severe stress
conditions to moderate or near-comfort ranges (the green-yellow spectrum). This finding aligned with research
by Sharaf et al. (2023) and Shabanzadeh Namini et al. (2021), which emphasized the importance of structural
and integrated design in urban spaces. Ultimately, combining microclimatic data with strategic SWOT analysis
demonstrated that strengths like high accessibility and economic dynamism, when mitigating weaknesses, such
as lack of shade and vegetation, could lead to the realization of the space's social and economic capacities.
Therefore, enhancing thermal comfort is not merely a decorative goal but a prerequisite for effectively
leveraging the potential of pedestrian-oriented spaces in hot and arid climates. Climate-responsive design must
be prioritized as a fundamental strategy for urban livability.
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Figure 1- The study area in the city of Zahedan (at Rasouli Intersection), Iran
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Figure 2 - Plan and 3D view of the Rasouli Market (intersection)
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Figure 3- Air temperature distribution maps in existing conditions and proposed scenario
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Table 5- Comparison of ambient temperature values in existing conditions and proposed situation
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Figure 4- Relative humidity distribution maps in existing conditions and proposed scenario
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Table 6- Comparison of ambient temperature values in the current conditions and the proposed situation
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