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Abstract

Climate change and rapid urbanization have presented significant challenges to urban livability, particularly in
cold and arid climates. Despite numerous studies examining the impacts of urban form and spatial characteristics
on climatic conditions, this topic remained underexplored in the context of Iran’s cold and arid microclimates.
This study aimed to analyze the influence of urban form indices on outdoor climatic comfort in cold climates,
focusing on a deteriorating urban area in Shahrekord. Using ENVI-met software, 3 scenarios—existing
conditions, detailed plan, and proposed plan—were simulated and analyzed. The results indicated that macro-
scale design, which preserved the organic urban fabric while minimizing extensive interventions, optimizing the
Height-to-Width (H/W) ratio of streets, aligning pathways perpendicular to prevailing cold winds, and regulating
building height patterns, significantly enhanced thermal comfort. The proposed model featuring reduced linear
pathways and adjusted building heights demonstrated superior heat retention during midday and evening hours,
while the detailed plan created more favorable conditions in the morning and nighttime. These findings
underscore the importance of climate-responsive design and can serve as a valuable guide for urban planning in
cold climates.
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Rapid urbanization and intensified climate change in recent decades have significantly impacted the livability of
cities, particularly in cold regions where harsh weather conditions restrict the effective use of outdoor public
spaces. Urban microclimates, which play a crucial role in enhancing the quality of public life, are heavily
influenced by elements of urban form. In cold climates, thermal discomfort deters pedestrian activity and social
interactions, thereby undermining the vitality of public life. In this context, climate-sensitive urban design
emerges as a vital strategy for improving Outdoor Thermal Comfort (OTC), especially in Iranian cities, such as
Shahrekord. The aim of this research was to investigate the influence of key urban form indicators on outdoor
thermal comfort in cold climates. The central research question was: Which urban form components at the macro
scale have the greatest potential to enhance thermal comfort in cold-climate urban spaces? To explore this, a case
study was conducted in the deteriorating urban fabric of Shahrekord, a high-altitude city nestled in Iran’s cold
mountainous region.

Materials & Methods

This applied research adopted a quantitative-comparative methodology. The study began with a review of
theoretical and empirical literature to identify critical urban form variables, including the Height-to-Width ratio
(H/W) of streets, street orientation, and building massing. These variables were integrated into 3 urban scenarios:
the current condition (MACL1), the approved detailed plan (MAC2), and a proposed intervention (MACS3).
Simulations were conducted by using ENVI-met 5.6.1 microclimate modeling software. A 200x400-meter area
was modeled, utilizing 30 years of climate data for Shahrekord with February 2 chosen as the coldest day of the
year. Environmental and meteorological data were obtained from Ladybug Tools. The thermal comfort indices
employed in the analysis were the Physiological Equivalent Temperature (PET) and the Universal Thermal
Climate Index (UTCI), both widely recognized in studies of outdoor comfort. These indices were simulated at a
height of 1.5 m above ground level to accurately represent the pedestrian experience.

Research Findings

The findings indicated that the proposed design (MAC3) outperformed the other two models during midday and
afternoon periods by reducing direct wind exposure and optimizing solar gain in central public spaces.
Specifically, lowering building heights around central areas to 6 m enhanced solar access in winter, creating a
thermally favorable environment for pedestrian activity. In contrast, the detailed plan (MAC2) featured
orthogonal street layouts that improved natural ventilation and increased comfort during the morning hours.
Comparative analysis based on PET revealed that MAC3 performed best at 2 PM, when heat retention was most
critical, while MAC2 was more effective in the early morning and evening due to its superior airflow and shading
patterns. Street orientation also had a significant impact; streets aligned along east-west and north-south axes facilitated
optimal sunlight exposure and wind control in MAC2, whereas the more irregular but strategically oriented layouts in
MACS3 allowed for localized heat retention. Additionally, building massing strategies varied considerably across the
three scenarios. MAC2 employed a stepwise height transition from 9 to 18 m across the site, which effectively
modulated cold wind flow while maintaining solar access in certain zones. In contrast, MAC3 featured lower heights
in the central zone and taller buildings at the periphery, creating a protective enclosure that retained warmth while
reducing wind penetration. UTCI-based simulations corroborated the PET findings, indicating that both MAC2 and
MAC3 provided enhanced comfort compared to the existing conditions. However, the effectiveness of MAC3 in
minimizing thermal discomfort during peak cold periods in public spaces positioned it as a more resilient design
solution. These results align with findings from Ahmadi et al. (2019) and Midiller et al. (2023), who highlighted the
importance of compact design and morphological adjustments in enhancing thermal comfort in cold climates. Despite
these advancements, none of the scenarios emerged as a universally optimal solution; each model demonstrated
strengths at different times of the day. MAC2 was better suited for morning and evening conditions due to its superior
airflow and staggered massing, while MAC3 excelled during midday when solar radiation was at its peak. This
underscored the necessity for integrated, context-sensitive urban design that effectively balanced sun exposure, wind
flow, and building massing strategies.

Discussion of Results & Conclusion
In terms of practical recommendations, this study suggested several strategies to enhance thermal comfort in
cold climates:

1. Reducing direct street alignments and implementing curved or staggered street patterns to mitigate cold
wind corridors

2. Lowering H/W ratios in central spaces to increase wintertime solar gain without compromising spatial
enclosure

3. Varying building heights to create microclimate zones and protect sensitive areas
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4. Orienting buildings to maximize passive solar heating while minimizing long winter shadows

Additionally, this research underscored the potential of ENVI-met and similar tools to support evidence-
based urban design in climate-sensitive contexts. It also calls for future studies to incorporate the behavioral,
psychological, and socio-cultural dimensions of thermal comfort, areas that were beyond the scope of this
analysis due to technical and temporal constraints. The findings from PET and UTCI analyses indicated that both
models performed differently according to the time of day and prevailing climatic conditions and they should be
used in an integrated approach in the final design to maximize thermal comfort for users. In cold climates, urban
design must effectively balance solar radiation, natural ventilation, and heat retention. In the proposed model,
adjustments to the H/W ratio of the streets and orientation of the buildings helped achieve a more balanced
ambient temperature in the afternoon and evening, while the detailed design offered increased shade, thereby
improving comfort during the morning and evening hours. Furthermore, the elevation system in the proposed
model maintained heat within the central space, whereas the detailed design model provided better airflow and
ambient temperature control through its varied building heights. Consequently, both models had distinct
advantages and limitations depending on the time of day and climatic conditions.

This study demonstrated that macro-scale urban form variables—particularly H/W ratio, building orientation,
and massing—significantly impacted thermal comfort in cold climates. The proposed model achieved greater
heat retention during the afternoon, while the detailed plan provided better thermal balance in the colder morning
and evening periods. These insights are crucial for policymakers and urban designers seeking to create climate-
adaptive, livable, and inclusive public spaces in cold regions. The findings indicated that urban form indices at
the macro scale, including the H/W, street orientation, and building elevation systems, decisively influence the
climatic comfort of outdoor spaces in cold climates. Analyses conducted with ENVI-met software in the
deteriorating urban fabric of Shahrekord revealed that the proposed model, by reducing straight streets and
adjusting building heights, created a more balanced temperature during the afternoon and evening hours, thus
enhancing thermal comfort. In contrast, the detailed design, which utilized direct streets and varied heights, was
more effective in improving thermal comfort in the morning and evening hours. However, limitations like
insufficient software data, prolonged simulation times, detailed design requirements, and ownership issues
hindered a comprehensive examination of all urban design components. Additionally, the lack of assessment of
psychological, social, and cultural factors due to time constraints restricted a more nuanced analysis of climatic
comfort. This study emphasized the necessity of climate-responsive design that aligned with local characteristics.
It suggested that future research should focus on integrating climate factors into urban planning while examining
design, attitudinal, and organizational barriers. Such efforts can lead to a comprehensive framework for
designing urban spaces in cold climates that better balances thermal comfort with urban vitality.
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Table 1 - The most important components and indicators of the form affecting climatic comfort
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Table 2 - Software input data at the macro scale
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Table 3 - Geographical and General Characteristics of Shahrekord
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Table 4 - Climatic Characteristics of Shahrekord
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Table 5 - Characteristics and Problems of the Dilapidated Urban Fabric of Shahrekord
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Figure 1 - Geographical Location of the Study Area (1: Location of Chaharmahal and Bakhtiari Province in the
National Administrative Divisions Map, 2: Location of Shahrekord in the Province Map, 3: Location of the
Dilapidated Urban Fabric in the Shahrekord Map, 4: Location of the Study Area within the Dilapidated Urban
Fabric, 5: Study Area) (Source: Research Findings, 2024)
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Figure 2 - Initial Modeling Using ENVI-met Software in Three Scenarios: a) Current Situation, b) Detailed Plan,
¢) Proposed Plan (Source: Research Findings, 2024)
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Table 6 - Comparison of Three Models Based on Climatic Comfort Indicators
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Figure 3 - Thermal Comfort Conditions Based on the PET Index at 9 AM on January 22, 2023, in Models MAC1,
MAC?2, and MAC3 According to Analysis with ENVI-met Software (Source: Research Findings, 2024)
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Figure 4 - Thermal Comfort Conditions Based on the PET Index at 2 PM on January 22, 2023, in Models MACL,
MAC?2, and MAC3 According to Analysis with ENVI-met Software (Source: Research Findings, 2024)
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Figure 5 - Thermal Comfort Conditions Based on the PET Index at 7 PM on January 22, 2023, in Models MAC1,
MAC?2, and MAC3 According to Analysis with ENVI-met Software (Source: Research Findings, 2024)
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Chart 1 - Thermal Comfort Conditions Based on the PET Index at 9 AM, 2 PM, and 7 PM on January 22, 2023, in

Three Models According to Analysis with ENVI-met Software for Virtual Receiver A (Source: Research
Findings, 2024)
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Chart 2 - Thermal Comfort Conditions Based on the PET Index at 9 AM, 2 PM, and 7 PM on January 22, 2023, in
Three Models According to Analysis with ENVI-met Software for Virtual Receiver B (Source: Research
Findings, 2024)
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Figure 6 - Thermal Comfort Conditions Based on the UTCI Index at 9 AM on January 22, 2023, in Models
MAC1, MAC2, and MAC3 According to Analysis with ENVI-met Software (Source: Research Findings, 2024)

jﬂ."J_& Jj—ré-.’ )b a&;.iLw )J ‘d}-‘v\ﬁ rbu‘ Mbdﬂ QL«;.: -\ Jg.;' )J a.l...i.:djb‘ 6&4.«;.2.’ )b UTCI u..a.>-LJr ‘_5»-»!)‘)-’

&:M.W.:YJv\.ﬁ)b|)6}@W}uﬂ-ud‘cQu;fjbok))ijw‘)|.«\§ﬁs‘bc&p)b‘_;)‘ﬁ &.LWT
LS o sl Y Jde @

e 1630
e 5T

sMAC2 ; MACL slade 13 V80) e Y 53, bV e csle n UTCH asls lil 5ol nlel Ll s -y s

OEF (G g (slaasil i) Can gl Sl8le 5 b sl MAC3
Figure 7 - Thermal Comfort Conditions Based on the UTCI Index at 2 PM on January 22, 2023, in Models
MAC1, MAC2, and MAC3 According to Analysis with ENVI-met Software (Source: Research Findings, 2024)
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Figure 8 - Thermal Comfort Conditions Based on the UTCI Index at 7 PM on January 22, 2023, in Models
MAC1, MAC2, and MAC3 According to Analysis with ENVI-met Software (Source: Research Findings, 2024)
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Chart 3 - Thermal Comfort Conditions Based on the UTCI Index at 9 AM, 2 PM, and 7 PM on January 22, 2023,
in Models MAC1, MAC2, and MAC3 According to Analysis with ENVI-met Software at Point A (Source:
Research Findings, 2024)
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Chart 4 - Thermal Comfort Conditions Based on the UTCI Index at 9 AM, 2 PM, and 7 PM on January 22, 2023,
in Models MAC1, MAC2, and MAC3 According to Analysis with ENVI-met Software at Point B (Source:
Research Findings, 2024)
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