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Abstract:

With the rise of urbanization and construction density in metropolitan areas, the phenomenon of Urban Heat Island (UHI) has become one
of the major challenges in the field of urban climatology. Among the contributing factors, building materials, and particularly urban fagades
as vertical surfaces exposed to solar radiation, play a significant role in either intensifying or mitigating ambient temperature levels. The
objective of this study is to evaluate the effect of different fagcade materials on ambient dry temperature in an urban case study. For this
purpose, the southern section of Phase 1 of Ekbatan Town in Tehran was selected as the study area. Using Grasshopper software along with
the Ladybug and Dragonfly plugins, three different scenarios were modeled and simulated: the current condition (concrete and stone facades),
fully glazed fagades, and a condition without anthropogenic elements (traffic, population, green spaces). The output data were analyzed
through the UWG engine and compared with reference climatic data. The results indicated that highly reflective materials, particularly glass,
cause a significant increase in ambient temperature during peak solar radiation hours (09:00-15:00). In the glazed facade scenario, the
maximum temperature difference compared to the reference condition exceeded 5.5°C. These findings highlight the importance of
considering appropriate material selection in urban fagade design in order to reduce the negative impacts of UHI and to enhance outdoor

thermal comfort.
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Extended Abstract

Introduction

In recent decades, rapid urbanization and increasing construction density in metropolitan areas have profoundly transformed
local climatic systems (1-4). One of the most concerning consequences of these changes is the Urban Heat Island (UHI)
phenomenon, which refers to the rise in air temperature in urban environments compared to surrounding rural or natural areas
(5, 6). The UHI effect not only elevates energy consumption in cities but also imposes negative impacts on human health,
outdoor thermal comfort, and even the economic productivity of residents (7).

Urban heat islands are typically categorized based on the atmospheric layer in which they occur. The Urban Canopy Layer
(UCL) extends from the ground to the mean height of buildings, while the Urban Boundary Layer (UBL) lies above and
influences air circulation over urban areas (8-10). In addition, the Surface Urban Heat Island (SUHI) refers to differences in
land surface temperature, which are especially pronounced during daytime in summer when impervious surfaces such as asphalt
and concrete absorb the most solar radiation (11-13).

The intensification of UHI is particularly critical in densely populated regions with arid and semi-arid climates such as Iran,
where high solar radiation combined with low precipitation accelerates heat retention in urban surfaces (14-16). In this context,
Tehran, the capital and largest city of Iran, represents a prominent case where UHI effects have become severe (19). Among
the many contributing factors, building materials play a decisive role. Fagade, roof, and pavement materials influence UHI
through thermal conductivity, heat capacity, reflectance (albedo), and emissivity (20-22).

While earlier studies focused mostly on horizontal surfaces such as asphalt streets and dark roofs (11, 23, 24), vertical
surfaces—particularly fagades—remain relatively understudied (25, 26). In dense urban fabrics, fagades constitute a significant
portion of solar-exposed surfaces and strongly influence microclimatic conditions depending on their material and reflectance
properties (27, 28). Strategies to mitigate UHI generally fall into three categories: green strategies involving vegetation and
green infrastructure (29-32), blue strategies involving evaporative surfaces and water-based cooling (33, 34), and white
strategies based on high-albedo and reflective materials (35-37). In fagade design, high-albedo and retro-reflective materials
(40, 41) and vegetated facades (42, 43) are considered promising approaches.

However, growing trends of using glass and metal fagades have introduced new challenges. Although such materials may
enhance indoor energy efficiency, they often reflect excessive heat and light into outdoor urban environments (44, 45),
exacerbating thermal discomfort in narrow streets and semi-enclosed spaces (46). Additionally, other factors such as building
density, height, street orientation, and air flow interact with facade material performance (47-49).

This study addresses the research gap by examining the role of building facade materials in intensifying or mitigating UHI
in Tehran. Using Ekbatan Town as a case study, the research models and compares the thermal impacts of different facade
materials, specifically glass, aluminum, and stone, to assess their contributions to urban temperature variations.

Methods and Materials

The study employed a quantitative descriptive-comparative research design to analyze the thermal impacts of facade
materials on the urban microclimate. The case study area was the southern section of Phase 1 of Ekbatan Town in Tehran,

selected due to its high building density, facade material diversity, and proximity to Mehrabad meteorological station. The site
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includes 10 high-rise residential blocks with step-like forms ranging between seven and thirteen stories, complemented by
commercial and educational facilities.

Data inputs consisted of geometric attributes of buildings (height, orientation, and floor numbers), physical characteristics
of facade materials (thermal conductivity, heat capacity, albedo, emissivity), annual meteorological data from Mehrabad
station, and contextual features such as vegetation cover, traffic density, and land use distribution.

Modeling was conducted using Grasshopper software with Ladybug and Dragonfly plugins. Three primary simulation
scenarios were defined: (1) the current condition with existing concrete and travertine facades, (2) a fully glazed facade
scenario, and (3) a condition without anthropogenic elements (excluding vegetation, population, and traffic). Thermal
simulations were carried out on an hourly basis for an entire year using the UWG (Urban Weather Generator) engine, which
accounts for the urban canopy layer.

Outputs were processed into dry bulb temperature (DBT) datasets and analyzed statistically through descriptive and
comparative methods. Indicators included maximum, minimum, and mean DBT differences relative to reference
meteorological conditions, as well as seasonal and diurnal variations. Hourly, monthly, and annual temperature distribution
charts were plotted to capture temporal dynamics.

Findings

Analysis revealed significant differences in ambient temperature patterns across the modeled scenarios. In comparison with
reference meteorological data, the current condition consistently exhibited higher monthly average temperatures, confirming
the presence of UHI. However, during peak solar radiation hours (09:00-15:00), a reverse trend appeared in some cases where
localized shading effects reduced observed temperatures relative to the reference condition.

The fully glazed fagcade scenario displayed the highest increase in DBT during midday hours, with maximum differences
exceeding 5.5°C relative to baseline conditions. In contrast, the current condition with concrete fagades reached a maximum
DBT difference of approximately 5.4°C, while the no-anthropogenic scenario recorded about 5.37°C. These results placed
glass fagades at the top of the ranking in terms of UHI intensification, followed by aluminum, while existing concrete facades
exhibited a slightly lower but still significant effect.

Seasonal comparisons demonstrated that temperature discrepancies were most pronounced in summer months, especially
August, when the maximum positive difference reached 5.4°C. Conversely, the lowest negative difference occurred in
November at -0.83°C, suggesting cooling effects in certain months due to shading and radiative exchanges.

Hourly variation analysis indicated steep temperature transitions between early morning (06:00) and mid-morning (09:00),
highlighting the role of facade material properties in modulating diurnal heating. While glass facades strongly amplified midday
heat, materials such as concrete released stored heat more gradually, contributing to elevated morning temperatures.

Overall, the statistical categorization confirmed that glass facades exhibited the highest mean DBT increase (1.04°C above
baseline), followed by aluminum and concrete. These results underscore the importance of facade material selection in shaping
microclimates within dense urban neighborhoods like Ekbatan Town.

Discussion and Conclusion

The results of this study clearly demonstrate that facade materials are critical determinants of ambient temperature in urban
environments. High-reflectance materials, particularly glass, exacerbate the UHI effect by significantly increasing daytime dry
bulb temperatures during hours of maximum solar radiation. The findings support international evidence highlighting glass

facades as major contributors to localized heat intensification in urban streetscapes.
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The study also reveals interesting temporal dynamics. While certain materials like concrete exhibit delayed heat release
during morning hours, glass and aluminum amplify direct solar gain and reflection during midday. This duality illustrates that
facade materials can influence both early morning cooling and midday heating, making their role more complex than previously
assumed.

Importantly, the study indicates that even in the absence of anthropogenic influences such as traffic and population, facade
materials alone exert strong thermal effects. This independence highlights that material selection should be prioritized in urban
design regulations as a direct lever for mitigating UHI.

The seasonal analysis further demonstrates that thermal impacts peak in summer, particularly in August, aligning with
regional solar radiation maxima. In Tehran’s arid climate, this effect is particularly severe, suggesting that fagade materials
with unregulated reflectivity may substantially worsen outdoor discomfort and energy demand for cooling.

From an architectural perspective, the stepped building forms of Ekbatan Town partially mitigate horizontal solar exposure
through shading but simultaneously intensify vertical solar exposure on fagades. This structural characteristic amplifies the role
of material reflectivity in shaping localized microclimates, underscoring the need for integrative design approaches that
consider both form and material.

These findings emphasize the necessity of adopting facade design strategies that move beyond aesthetics and indoor
performance toward holistic climatic responsiveness. Fagade materials with controlled albedo, balanced emissivity, and
moderate thermal capacity should be prioritized. Complementary measures such as shading devices, green fagades, and passive
climatic design elements can further mitigate undesirable heating effects.

At the policy level, the results highlight the need for revising building codes and urban design guidelines in Tehran and
other arid cities to account for the external climatic impacts of facade materials. This includes limiting the unregulated use of
glass fagades in dense districts and promoting materials with favorable thermal properties that align with both energy efficiency
and outdoor comfort.

Finally, while this study addressed the independent role of facade materials, future research should adopt multi-factorial
approaches integrating vegetation, wind patterns, urban geometry, and social behavior to comprehensively understand and
mitigate the UHI phenomenon. Developing advanced materials such as nanocoated fagades and adaptive smart surfaces may

provide innovative pathways to reconcile energy performance with sustainable urban microclimates.
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