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Abstract

Introduction: Rapid urbanization and its consequences, such as climate change and the intensification of
urban heat islands, have elevated the importance of urban climatology. This highlights the necessity of
designing resilient cities and clarifying the complex interactions among urban microclimates, the physical
urban environment, and thermal comfort conditions in residential spaces. Given the limited research on
thermal comfort in cold climates, this study aims to identify the optimal urban morphological configurations
for such climatic conditions.

Research Method: The organic configuration of the historical urban fabric of Hamedan was used as a
baseline for evaluating outdoor thermal comfort. Subsequently, five alternative urban morphological
configurations—a two-story linear block, a five-story linear block, a variable-height continuous linear
block, a variable-height discontinuous linear block, and a variable-height perimeter block—were compared
with the existing organic fabric. Microclimate simulations were conducted using ENVI-met to investigate
the effect of urban morphology on the Physiological Equivalent Temperature (PET) during the winter and
summer seasons. Furthermore, the impacts of wind velocity and shading duration on PET were examined
across six selected zones within each alternative.

Results and Discussion: The data analysis revealed that urban morphological configurations significantly
affect PET in both summer and winter. Moreover, the influence of wind velocity and shading duration on
PET varied depending on the spatial orientation of the different zones.

Conclusion: The findings indicated that in winter, the organic fabric of the Kababian neighborhood and the
variable-height perimeter block (among the proposed alternatives) recorded the highest PET values.
Conversely, in summer, the five-story linear block registered the lowest PET values, providing the most
favorable outdoor thermal comfort conditions. Detailed spatial analysis further demonstrated that in winter,
alleys oriented northeast—southwest (NE-SW) at a 65° angle relative to true north experienced the lowest
PET values. In summer, however, NE-SW oriented courtyards at a 30° angle relative to true north exhibited
the highest PET values across all alternatives.

Keywords: Thermal comfort, urban outdoor space, urban morphology, Physiological Equivalent
Temperature (PET), ENVI-met
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Fig. 1- Monthly average dry-bulb temperature and relative humidity for Hamadan Airport Meteorological
Station derived from the EPW weather file
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Tab. 4- Urban geometric model alternatives
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