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Introduction

Urbanization and industrialization have intensified urban density, triggering adverse
environmental phenomena such as the Urban Heat Island (UHI) effect, particularly in
megacities like Tehran. This study examines the interplay between building density,
green space provision, and outdoor thermal comfort in Tehran's District 10, a high-
density area characterized by minimal green space per capita. The research aims to
model how strategic adjustments in urban form and vegetation can mitigate UHI
effects and improve microclimatic conditions in hot, arid climates.

Literature Review

The Urban Heat Island phenomenon arises from extensive use of low-albedo
materials, reduced evapotranspiration, and anthropogenic heat. Green infrastructure
mitigates UHI through shading, evapotranspiration, and airflow enhancement.
Thermal comfort in outdoor environments is commonly assessed using indices like the
Physiological Equivalent Temperature (PET), which integrates climatic and
physiological variables. Prior studies underscore the efficacy of strategic greening and
optimized urban geometry in enhancing thermal comfort, especially in dense,
climatically stressed settings.

Methodology

A quantitative, multi-phase approach was employed. First, the urban density index
was calculated for the study area. Second, a two-week field campaign measured air
temperature and relative humidity using HOBO data loggers for model validation.
Third, parametric simulations were conducted using ENVI-met software (v5). Two
scenarios were modeled: the existing high-density fabric (Scenario 1) and a modified
scenario with reduced longitudinal building density and increased park-based green
space (Scenario 2). Simulations were run for a typical summer day, with outputs
analyzed at pedestrian level (1.5 m). Thermal comfort was evaluated using PET under
standardized metabolic and clothing conditions. Model validation utilized R-squared
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and RMSE statistical tests.

Findings

The study area exhibited an urban density of 72% and a critically low green space per
capita of 2.6 m2. Field data recorded temperatures of 17-20°C and relative humidity of
48-59%. ENVI-met simulations, validated with field measurements (RMSE = 0.82),
revealed that Scenario 1 resulted in peak PET values up to 51.08°C, indicating "hot" to
"very hot" thermal stress. In contrast, Scenario 2 demonstrated a reduction in air
temperature by 3-4°C due to increased vegetation. The intervention enhanced
evapotranspiration and shading, significantly lowering PET values and improving
thermal comfort categories. Non-enclosed street layouts showed better ventilation and
lower heat retention compared to enclosed spaces.

Conclusion and Recommendations

The study confirms that strategically reducing longitudinal building density while
integrating interconnected green spaces can significantly improve microclimatic
conditions, reduce UHI intensity, and enhance outdoor thermal comfort. Key
mechanisms include increased shading, plant evapotranspiration, and improved air
ventilation. Urban geometry, alongside vegetation, is a critical factor in hot, arid
climates. It is recommended that urban redesign in dense districts prioritize vertical
density over horizontal sprawl, incorporate connected green corridors, and utilize
high-albedo materials. Future research should investigate the synergistic effects of
specific building morphologies, green space typologies, and seasonal variations in
similar climatic contexts to inform more nuanced urban design guidelines.
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