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Highlights

- Developing a conceptual framework effective on the causal and simultaneous interaction of urban morphology, microclimate, and
thermal comfort indicators

- Quantitative simulation of the impact of urban morphology on microclimate and thermal comfort of urban spaces using ENVI-met
software

- Emphasis on microclimate simulation as a supporting tool for urban design interventions against thermal stresses.

With the intensification of climate change and the growing thermal stress, analyzing the role Received 26/01/2026
of urban morphology in shaping microclimatic conditions and outdoor thermal comfort has Revised 12/03/2026
become a fundamental challenge of urban planning and design. The aim of research is to elucidate Accepted 26/03/2026

the active and dynamic role of urban morphological characteristics in generating microclimatic Available Online  21/06/2026
patterns and to examine the causal and simultaneous relationships between three-dimensional
morphological indices, microclimatic variables, and users’ thermal comfort at the neighborhood
scale. The study adopts an interdisciplinary approach within a hierarchical conceptual-analytical
framework. To this end, numerical microclimate simulations using ENVI-met software were
combined with quantitative spatial analyses. Two urban fabrics with distinct morphologies in
District 22 of Tehran (Dehkadeh Olympic and Zibadasht), which exhibit significant differences in
geometric configuration, building density, and vegetation cover, were selected as case studies.
The findings indicate that urban morphology plays a decisive role in shaping microclimatic
conditions and users’ thermal experience through the simultaneous control of solar radiation,
natural ventilation, and heat and moisture exchange. The low-density, low-rise fabric of Dehkadeh
Olympic, due to a higher sky view factor, spatial continuity, and the presence of vegetation,
provides a more uniform temperature distribution, more stable ventilation, and a balanced
humidity regime. In contrast, the dense, high-rise fabric of Zibadasht, despite localized shading,
is prone to thermal heterogeneity and the accumulation of heat and moisture due to airflow
obstruction and spatial enclosure. The results emphasize that thermal comfort in urban open
spaces is the outcome of a multi-level, non-linear causal chain rooted in the spatial and physical
logic of the city. This underscores the necessity of establishing a dynamic balance among density,
building height, street geometry, and strategic vegetation placement, and highlights microclimatic
simulation as an effective tool for supporting urban design decisions in response to thermal stress.
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ntroduction: The increasing pressures of urbanization and climate change necessitate a deeper
Iunderstanding of urban microclimates and their impact on human thermal comfort. Current research
highlights significant gaps in precisely quantifying the relationship between the three-dimensional (3D)
structure of cities and the thermal experiences of people within them, particularly at the neighborhood
scale. Traditional urban planning approaches often fail to adequately consider the dynamic interplay
between the built form and local climate conditions, leading to environments that can be uncomfortable
and unsustainable, especially during periods of heat stress. This study frames the problem by defining three
interconnected analytical layers: urban morphology (the physical structure of the city), urban microclimate
(the resulting local climate conditions), and thermal comfort (the human perception of these conditions).
The research is structured around two main objectives: The first objective is to analyze urban morphology
as an active mechanism and not merely a physical context, to understand how microclimatic patterns are
shaped; this interdisciplinary approach links the boundaries of urban planning and design, climatology,
and environmental analyses, and examines the complex interaction between urban geometry (Including
length, width, height, aspect ratios, area, volume, form complexity, position and orientation, distance,
distribution, regularity, and complexity in both 2D and 3D), spatial density (Such as compactness, the ratio
of spacing to height, surface coverage ratio, and open space ratio), vegetation cover (Including surface and
soil permeability, height, type, and density of vegetation), and climatic parameters. In the second step, the
research focuses on the thermal comfort of urban open spaces during the summer season, as summer
creates the most thermal stress and temperature dispersion in urban open spaces and has the greatest
impact on users’ experience in using open spaces and environmental design needs. Examining summer
conditions allows for the identification of critical thermal comfort patterns and sensitive urban areas that
are vital for heat-resilient design and planning.

aterials and Methods: The present research is applicable in terms of objective; quantitative-
Manalytical in terms of approach; hierarchical conceptual-analytical in terms of nature; and cross-
sectional in terms of temporal dimension. The main focus of the research is to analyze the relationship
between the physical-spatial configuration of the city and microclimatic variables in two neighborhoods,
Olympic Village and Zibadasht Town, in District 22 of Tehran, relying on numerical data obtained from
environmental simulations and spatial analyses using ENVI-met software. The selection of these two
areas was based on significant differences in construction patterns, the ratio of open to built-up areas,
characteristics of the street network, and spatial configuration; in a way that allows for a comparative analysis
of the impact of urban morphology on microclimate conditions and thermal comfort. The simulations were
conducted for a representative day (July 12, 2025, local time between 15:30 and 17:30, air temperature
between 32 and 33°C, relative humidity between 14 and 15%, wind speed of 3.1 m/s at a reference height
of 10 meters, wind direction from the southwest at an angle of 225 degrees, specific humidity of 8 g/kg at
an altitude of 2500 meters, and a micro-surface roughness of 0.10 meters) to reveal the highest level of
thermal stress and the difference in morphological performance between the two textures.

indings: The analysis focuses on identifying the spatial patterns of thermal comfort and stress
Fdistribution and their relationship with the morphological differences between the two textures:
— Temperature: Zibadasht displays unstable and uneven temperature distribution, despite experiencing
lower temperatures in some areas. Olympic Village, while generally warmer, offers better uniformity,
thermal balance, and overall climatic quality. The open layout, low building height, and extensive
greenery in Olympic Village effectively reduce temperature and enhance thermal comfort. Conversely,
Zibadasht’s compact structure and limited green space lead to temperature instability and reduced
thermal efficiency.
— Wind: Olympic Village features a calm, balanced, and dispersed wind flow due to its villa-style texture,
wide streets, and abundant green spaces. While wind speeds are moderate, air stagnation is largely
avoided, promoting natural ventilation over a wider surface for stable conditions and increased thermal
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comfort. Zibadasht, characterized by high density and scarce open spaces/greenery, experiences
contrasting and unstable airflow, with some areas facing strong winds and others near stagnation. This
imbalance disrupts natural ventilation, creating localized hot spots and degrading climatic quality.

— Humidity: Olympic Village’s open texture, low building density (36-m), wider streets, and extensive
vegetation support plant evapotranspiration and moisture exchange, resulting in lower and more
uniform relative humidity. This enhances climatic resilience against thermal stress and prevents
localized high humidity areas. Zibadasht, with its denser texture, taller buildings (912-m), and narrower
streets, exhibits higher relative humidity due to confined airflow and limited plant evaporation. This
leads to increased humidity zones, impaired heat exchange, and reduced climatic resilience to future
thermal stresses.

— Radiation: Average radiant temperature distribution in Olympic Village is heterogeneous, with high
values in open, unshaded areas and decreases near buildings and vegetation. Zibadasht, however,
shows a more cohesive and uniform pattern of average radiant temperature. The regular arrangement
of buildings, semi-enclosed spaces, continuous shading, and consistent vegetation cover significantly
reduce average radiant temperature across a substantial portion of its open spaces.

iscussion and Conclusion: This comparative simulation study reveals that the causal relationships
Dwithin the conceptual framework are evidentin both studied areas. Differences in urban morphological
elements (buildings, blocks, street networks, open/green spaces), characterized by their dimensions,
geometry, density, spacing, surface cover, and materials, significantly alter microclimatic processes. These
include radiative exchange, heat storage/release, airflow dynamics, and evapotranspiration. Ultimately,
these changes manifest in microclimatic variables such as air temperature, radiant temperature, wind
speed, and relative humidity.
The arrangement of buildings, urban block sizes, street network patterns, and the continuity of open/green
spaces in the Olympic Village (sparse, low-rise) and Zibadasht (dense, high-rise) directly influenced spatial
metrics like building height, street width, height-to-width ratios, building separation, and form continuity.
They also affected density and spacing metrics, including compactness, spacing-to-height ratios, and built-
up vs. open area ratios. These distinct morphological characteristics in turn directly impacted microclimatic
parameters and, consequently, thermal comfort.
Overall, interpreting the results within the conceptual framework indicates that the Olympic Village’s
morphological features—lower height-to-width ratios, greater building separation, continuous open
spaces, and extensive vegetation—promote radiative exchange, reduce heat storage, enhance air
mixing, and increase evapotranspiration. This leads to more uniform temperature distribution, effective
ventilation, and reduced hot/humid spots. Conversely, Zibadasht’s high density, tall buildings, reduced
sky view, limited open spaces, and lack of vegetation weaken radiative exchange, increase heat storage,
destabilize airflow, and cause localized moisture accumulation, resulting in greater thermal vulnerability.
The findings underscore that urban morphology’s impact on thermal comfort arises from the simultaneous
interaction of geometric, density, and surface-related indicators. No single indicator can explain the
microclimatic conditions; their combination determines microclimatic processes and final variables.
The research’s innovation lies in presenting a framework based on morphological features as comparable
units for urban microclimate analysis. It shifts focus from individual elements to the spatial and physical
logic of urban form, emphasizing the spatial distribution patterns of microclimatic variables and their
fluctuation ranges at the pedestrian scale. The study highlights the multi-dimensional and sometimes
conflicting nature of morphological interventions (e.g., simultaneous vertical shading and vegetation for
temperature/ventilation moderation) and stresses the need to avoid single-variable solutions for urban
heat stress. This multi-dimensional approach enables the identification of optimal scenarios across
different design and planning levels, assisting urban researchers and designers in modeling and predicting
the simultaneous effects of physical and spatial parameters on thermal comfort.
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Highlights

- Developing a conceptual framework effective on the causal and simultaneous interaction of urban morphology, microclimate, and
thermal comfort indicators

- Quantitative simulation of the impact of urban morphology on microclimate and thermal comfort of urban spaces using ENVI-met
software

- Emphasis on microclimate simulation as a supporting tool for urban design interventions against thermal stresses.

ith the intensification of climate change and the growing thermal stress, analyzing the role Received 26/01/2026
Wof urban morphology in shaping microclimatic conditions and outdoor thermal comfort has Revised 12/03/2026
become a fundamental challenge of urban planning and design. The aim of research is to elucidate Accepted 26/03/2026
the active and dynamic role of urban morphological characteristics in generating microclimatic Available Online 21/06/2026

patterns and to examine the causal and simultaneous relationships between three-dimensional
morphological indices, microclimatic variables, and users’ thermal comfort at the neighborhood
scale. The study adopts an interdisciplinary approach within a hierarchical conceptual-analytical
framework. To this end, numerical microclimate simulations using ENVI-met software were
combined with quantitative spatial analyses. Two urban fabrics with distinct morphologies in
District 22 of Tehran (Dehkadeh Olympic and Zibadasht), which exhibit significant differences in
geometric configuration, building density, and vegetation cover, were selected as case studies.
The findings indicate that urban morphology plays a decisive role in shaping microclimatic
conditions and users’ thermal experience through the simultaneous control of solar radiation,
natural ventilation, and heat and moisture exchange. The low-density, low-rise fabric of Dehkadeh
Olympic, due to a higher sky view factor, spatial continuity, and the presence of vegetation,
provides a more uniform temperature distribution, more stable ventilation, and a balanced
humidity regime. In contrast, the dense, high-rise fabric of Zibadasht, despite localized shading,
is prone to thermal heterogeneity and the accumulation of heat and moisture due to airflow
obstruction and spatial enclosure. The results emphasize that thermal comfort in urban open
spaces is the outcome of a multi-level, non-linear causal chain rooted in the spatial and physical
logic of the city. This underscores the necessity of establishing a dynamic balance among density,
building height, street geometry, and strategic vegetation placement, and highlights microclimatic
simulation as an effective tool for supporting urban design decisions in response to thermal stress.

Urban morphology
Urban microclimate
Thermal comfort
ENVI met simulation
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