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District 3 of Isfahan.

Increased temperatures in urban areas due to high energy consumption
and greenhouse gas emissions are some of the problems of today's
cities. Urban open spaces in hot and arid climates experience this
problem more in summer. The purpose of this study is to show the
relationship between morphological components of the urban fabric
and thermal comfort through integrated analysis. In this study, urban
fabric types were extracted by considering ground space index, floor
space index, open space ratio, average height, streets orientation,
streets organization, and type of plots according to their configuration
of mass and space. To study thermal comfort, a field study was carried
out in five neighborhoods in the historical context, for five continuous
days in summer. Environmental variables including air temperature,
humidity, radiant temperature, and wind speed were measured, and the
physiological equivalent temperature index was calculated using
ENVI-met software; thermal comfort in the neighborhoods with
different morphological characteristics was analyzed. The results
showed that more than half of the data during the day in the hot season
in all five neighborhoods are in conditions of extreme heat stress.
Comparison of neighborhoods with different morphological features
indicated that two neighborhoods with higher open space ratios,
despite the difference in the orientation of the streets and the type of
plots, have lower thermal comfort compared to other types. A
neighborhood with a higher ground space index and a lower open
space ratio has a lower average physiological equivalent temperature.
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Introduction
Urban areas are increasingly confronted with challenges associated with rising temperatures,

attributable to elevated energy consumption and greenhouse gas emissions, particularly in
hot and arid climates. Public open spaces, which are integral to enhancing urban livability,
often experience suboptimal thermal conditions during the summer months. This study aims
to investigate the relationship between the typo-morphological components of urban fabric
and thermal comfort in public open spaces at the neighborhood scale. The research focuses
on the historical fabric of District 3 in Isfahan, Iran, which presents a diverse array of urban
forms shaped by both traditional and modern urbanization patterns. By examining the
influence of physical urban characteristics on microclimate and thermal comfort, this study
contributes to the expanding body of knowledge on sustainable urban design within
historical contexts.

Material and Methods
This study employs a combination of field measurements and numerical simulations to

assess outdoor thermal comfort. Initially, urban fabric typologies were identified through
key quantitative indicators, including Ground Space Index (GSI), Open Space Ratio (OSR),
average building height, Floor Space Index (FSI), street orientation, street organization, and
parcel types. Five distinct neighborhood typologies were delineated utilizing the Spacemate
diagram. Field measurements of environmental variables—specifically air temperature,
humidity, globe temperature, and wind speed—were conducted over a span of five
consecutive summer days within each neighborhood. The Physiological Equivalent
Temperature (PET) index was utilized to evaluate thermal comfort levels. Simulations were
executed using ENVI-met software (version 4.4.5) to substantiate and validate the field
measurements. The model underwent calibration with field data, resulting in a high
correlation coefficient (R2 > 70%) across all neighborhoods under investigation.

Results and Discussion

The results indicate that over fifty percent of the collected data across all five neighborhoods
experienced significant thermal stress throughout the daylight hours during the summer
season. A comparative analysis of neighborhoods exhibiting diverse morphological
characteristics revealed that those with elevated open space ratios—despite variations in
street orientation and parcel types—demonstrated lower levels of thermal comfort. Notably,
neighborhoods classified under typology C (CGM1 and CGNZ2) exhibited heightened PET
values attributable to increased exposure to solar radiation. Conversely, the neighborhood
categorized as typology ETO1, characterized by a higher GSI and a lower OSR, exhibited
superior thermal performance, with reduced average PET values. This suggests that compact
urban forms featuring greater building coverage and diminished open space ratios can
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enhance thermal comfort conditions by augmenting shading and mitigating direct solar
exposure.

Conclusion

This study elucidates the substantial influence of typo-morphological components of urban
fabric on outdoor thermal comfort within historical urban environments. The findings
underscore the necessity of incorporating morphological considerations into urban planning
and design strategies to optimize thermal performance in public spaces. It was determined
that compact urban forms characterized by higher building density and diminished open
space ratios contribute to enhanced thermal comfort conditions in the hot and arid climate of
Isfahan. These insights can inform urban regeneration initiatives in historical contexts,
fostering sustainable and climate-responsive urban design practices that simultaneously
preserve cultural heritage and enhance the usability of public spaces. To study thermal
comfort, a field study was carried out in five neighborhoods in the historical context, for five
continuous days in summer. Environmental variables including air temperature, humidity,
radiant temperature, and wind speed were measured, and the physiological equivalent
temperature index was calculated using ENVI-met software; thermal comfort in the
neighborhoods with different morphological characteristics was analyzed. The results
showed that more than half of the data during the day in the hot season in all five
neighborhoods are in conditions of extreme heat stress. Comparison of neighborhoods with
different morphological features indicated that two neighborhoods with higher open space
ratios, despite the difference in the orientation of the streets and the type of plots, have lower
thermal comfort compared to other types. A neighborhood with a higher ground space index
and a lower open space ratio has a lower average physiological equivalent temperature.
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