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Objective: The inherent complexity of urban microclimates drives proposed strategies for
enhancing habitability and comfort into pathways that often yield multiple, sometimes conflicting
effects; thus, optimizing one comfort metric can inadvertently degrade others. This is crucial, as the
improper placement of any urban element can cause mitigation strategies to produce effects contrary
to their intended purpose. A sustainable and resilient urban environment can be achieved when
optimal parameters are quantified and applied with consideration for all dimensions of comfort and
livability.

Method: To address the identified gap, this research utilized ANSYS CFX CFD software to
calculate and benchmark the performance efficiencies of common urban morphological components
against various microclimate comfort metrics. Subsequently, a multi-criteria decision-making
framework was applied to logically integrate these quantitative performance metrics, thereby
identifying the optimal morphological configuration that satisfies the required balance of all comfort
factors. This research established a foundational selection basis by first categorizing urban building
block elements based on shared structural characteristics. The categories were then systematically
compared based on their influence on street canyon temperature, pressure, and wind velocity.
Finally, a comprehensive ranking system was derived to guide the selection of the optimal form and
strategy aligned with specific urban texture conditions. The prevalence of a common structural
typology across all examined groups helped the accurate quantification of the percentage of
usefulness gained from modifying specific building geometries. Given the critical air quality of
Tehran, all simulation input values were proportionally calibrated to the city’s climate profile,
ensuring the derived solutions were directly relevant to improving its environmental health.
Results: Across all tested variables, changes to the fundamental building block form and geometry
proved to be the dominant factor in improving holistic street canyon environments, resulting in
performance efficiencies reaching 70% compared to standard designs. Conversely, strategies
focused on localized volumetric changes or facade-based flow modification achieved significantly
lower effectiveness, improving street-canyon comfort metrics by 40%.

Conclusions: This study subsequently introduced a ranking mechanism to systematically evaluate
and prioritize intervention tools according to their measurable impact on street-canyon microclimate
performance. Focusing the analysis on the primary drivers—temperature, wind speed, and
pressure—allows researchers to clearly demonstrate how macro-scale structural modifications exert
a greater control over these fundamental factors, thereby minimizing inherent inter-variable
conflicts.
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Introduction

By altering urban microclimates, particularly within street canyons and dense regions, urban blocks
significantly impact pedestrian and citizen comfort across various thermal, pollution, and movement dynamics
(Bas et al., 2024; Wu & Chen, 2023; Zhang et al., 2025). The structure of urban blocks and their impact on the
surrounding environment are determined by several interacting components. By quantifying the impact of each
factor on microclimates, planners can make more effective and targeted decisions. This understanding is
paramount for optimizing resource allocation across diverse urban sectors by providing a predictive framework
for built environment performance. Alterations in these factors often introduce trade-offs and paradoxical
outcomes regarding environmental comfort conditions (Karimimoshaver et al., 2025). Consequently,
establishing an optimal equilibrium among the manifold factors influencing comfort conditions is essential.
Given the complexity discussed, the absence of an integrated assessment and prioritization protocol for optimal
urban configurations mandates an in-depth subsequent study. Consequently, to remedy this deficit, this study
systematically collated the prevalent design scenarios for improving urban microclimate conditions found in
the extant literature and categorized these compiled strategies by shared attributes, followed by an assessment
and comparison of their effects on micro-climate comfort metrics. Hence, the study focused on the quantitative
assessment of the effect of principal, established morphological features on comfort states, establishing a clear
hierarchy among these impacts. By incorporating multiple, sometimes divergent, points of view on comfort,
this research uniquely provides comprehensive coverage of the often-competing needs inherent in urban
morphology. Ultimately, the findings of this research furnished a structured methodology for achieving an
optimal equilibrium among disparate comfort factors. In pursuit of these aims, the study involved the
computational modeling of 28 scenarios, and the subsequent comparison quantified the impact of each design
mode on critical microclimate determinants. Subsequently, a component ranking was derived based on the
scenarios’ demonstrated efficacy across the multifaceted spectrum of comfort indices.

Method

To investigate the optimal and standardized metric, it is necessary to confirm its suitability against the specific,
real-world operational context. Accordingly, this study aimed to select the input data and the orientation of
street canyons in alignment with the city’s current operational requirements. Since this study investigated how
building shapes affect comfort conditions in street canyons, isolating the precise impact of each form required
placing them within a canyon engineered to provide optimal multi-aspect conditions. This approach ensured
that the variables were isolated and changes were introduced only to the building form, while the street canyon
aspect ratio remained invariant. The chosen forms must also be practical and free from undue implementation
complexity. To identify the optimal building forms for climate adjustment and temperature reduction, the
simulation scenarios were categorized into three groups. The first set of cases involved changing the gross
volume of the buildings, thereby affecting the canyon’s temperature through the induced alteration of wind
flow characteristics. The second group examined scenarios in which emptying portions of the building volume
created channels to facilitate wind movement, simulating wind suction and deflector effects. The third group
focused on scenarios where the wind flow was manipulated by adding distinct elements to the building volume
and facade. These elements included traditional wind catchers, facade or roof-mounted shells, and various
vertical, horizontal, or angular protrusions integrated onto the building surfaces. Collectively, these
experimental configurations were systematically classified into three distinct groups, defined by their
underlying shared geometric or aerodynamic principles. The inclusion of the standard, unmodified urban form
(benchmark) across all simulation groups enabled the calculation of the effective percentage change
attributable to the geometry modifications. To reach the research objectives, following the scenario definitions,
airflow patterns and their impact on local temperature and human comfort were simulated and quantified via
the computational fluid dynamics platform, ANSYS CFX. Once the simulations yielded data on temperature
fluctuations, pressure fields, and wind-flow modifications for each scenario, a critical analysis was performed
to assess the human comfort levels within the street canyon. To this end, the defining limits for comfort levels
and the metrics used to assess street canyons were established based on temperature, wind speed, and pressure.
Subsequently, a score ranging from 1 to 10 was assigned to the metrics for each scenario set. The scenario
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exhibiting the higher potential for comfort regarding the studied factor ranked higher and obtained a better
score.

Results

The observed effects indicated that scenario performances were not uniform when evaluated against the
spectrum of comfort indices. For example, while a component might considerably improve a certain aspect of
comfort, it could simultaneously reduce comfort in other areas or offer little improvement overall. Likewise, a
particular scenario might improve wind flow in one section of the canyon, yet in another area within the same
canyon, it led to thermal discomfort issues. Hence, it was essential to select a mode that enhanced comfort
from multiple perspectives, in line with the intended urban setting and key conditions. It is also worth noting
that comfort needs themselves may occasionally contradict one another. For example, while stronger winds
are beneficial for cooling, if their speed surpasses a specific limit, they can become problematic for pedestrians.
Generally, while increased wind velocity enhances thermal comfort by lowering the temperature, this same
increase negatively impacts wind-related comfort and exacerbates pressure fluctuations, thereby decreasing
pressure-related comfort. However, this trend does not hold in every situation; the specific morphology can
change the nature and magnitude of these effects. In general, the comfort factors interact in complex ways to
create optimal conditions for passers-by. A similar complexity is observed in the morphological elements that
govern these factors. As a result, pinpointing the optimal values and forms for achieving comprehensive
comfort in microclimates is challenging. Consequently, this research aimed to find a compromise by
integrating quantitative and qualitative methods to define comfort conditions. The outcomes of this evaluation
demonstrated that comfort conditions in street canyons could be enhanced by general modifications to the
volume of building blocks and by altering their geometry by 70%. Effectively, a routine urban structure could
achieve only 30% of the desired comfort levels when juxtaposed with geometrically optimized designs.
Compared to buildings that incorporate internal air channels or external facade elements, this benchmark form
would deliver 60% of the comfort levels. This was likely attributed to intricate, small-scale details obstructing
airflow by creating pockets and heat traps, causing heat or pollution to become stagnant in various parts of the
street canyon. Furthermore, the presence of voids beneath or within the volume of certain scenarios created
suction and negative pressure in the airflow, resulting in a vacuum effect across different parts of the building
blocks and thus disrupting user comfort. The findings indicated that interactions between various comfort
factors led to complex situations, such that one strategy might boost one comfort factor while simultaneously
causing disorder in others. Consequently, optimal and sustainable comfort for residents could be secured by
first prioritizing area-specific needs and subsequently establishing balance among these diverse factors.

Conclusions

Driven by the need for a robust evaluation and ranking system to select urban morphological characteristics,
this research aimed to provide a comprehensive and scalable solution. This framework was designed to achieve
optimal values that successfully integrate various facets of urban microclimate comfort. This study presented
a new method and a morphological classification system for assessing street canyons, enabling the
accomplishment of optimal design values with superior precision and efficiency across heterogeneous urban
settings. The proposed method underpins the achievement of sustainability and resilience by successfully
mediating the trade-offs inherent between disparate, often conflicting urban demands. To this end, selected
key morphological elements that define street canyon structure were prioritized based on their influence on
microclimate-altering factors and their efficacy in improving comfort criteria, specifically concerning heat and
air movement. Quantifying how urban morphological features affect microclimate conditions is the key to
predict the performance of built environments. This allows designers to tailor the geometry of street canyons
to balance and achieve an optimal configuration of different comfort criteria. By employing a methodology
that integrates the varied requirements of city dwellers with increased sustainability, we can fundamentally
change the design and regulatory policies for built environments. If applied appropriately, changes in the
macro-form of building blocks demonstrate the highest capacity to enhance urban microclimate conditions,
showing potential improvements of up to 70% over conventional forms. This research indicates that
morphological elements adopt a context-dependent role, shifting their influence from beneficial to detrimental
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concerning their interplay with the immediate environment. The morphological classification system detailed
here offers the flexibility to be scaled up, refined, and customized according to the needs of individual projects.
Consequently, this methodology renders a ‘one-size-fits-all’ prescription obsolete, allowing information to be
updated seamlessly with even minor modifications.
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1. Shear-Stress Transport (SST)
1. Navier-Stokes Equations
2. 1st-order Upwind
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1. Beaufort scale
2. Physiological equivalent temperature (PET)
3. Wind chill factor
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