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 Urban overheating and limited daylight access are persistent challenges in 

rapidly densifying tropical cities. This study examines the influence of urban 

canyon geometry—including building width-to-length ratio, corridor width, 

and lateral spacing—on surface temperature dynamics and daylight 

performance. Using Autodesk Forma, 27 building massing configurations 

were simulated under standardized conditions with a fixed building height of 

30 meters and a footprint of 900 m². Surface temperatures were measured at 

corridor and rear façade points at 10:00 a.m. and 2:00 p.m., while daylight 

performance was assessed using sun hours and daylight potential indicators. 

The results indicate that compact building forms with minimal spacing 

exacerbate heat accumulation and restrict daylight access, whereas 

configurations with greater spatial permeability enhance both thermal and 

lighting performance. The optimal configuration featured an elongated 

building ratio of 1:3, a narrow corridor width of 15 meters, and wide lateral 

spacing of 30 meters, achieving corridor surface temperatures as low as 33°C 

and daylight performance values of up to 66%. Beyond its analytical findings, 

this study highlights the practical applicability of Autodesk Forma as an 

accessible and user-friendly tool for early-stage massing studies. Compared 

to more complex simulation platforms such as ENVI-met or CFD, Autodesk 

Forma enables architects and designers to conduct simple yet effective 

climate-responsive analyses during the initial phases of building and site 

design, thereby supporting sustainable urban development in tropical 

contexts. 
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1. INTRODUCTION  

The geometric configuration of urban environments plays a pivotal role in determining microclimatic 

conditions, particularly in tropical humid cities where elevated moisture levels exacerbate heat stress. Among 

the most influential urban form parameters are building aspect ratio (height-to-width ratio of an urban canyon), 

canyon width, and the spacing between buildings. These factors collectively shape airflow, solar exposure, and 

heat accumulation. High aspect ratios reduce the sky view factor, limiting both longwave radiation loss and air 

circulation, thereby intensifying the urban heat island (UHI) effect and increasing near-surface air temperatures 

[1], [2] In narrow canyons, inadequate ventilation hampers convective heat dissipation and traps anthropogenic 

heat, which raises cooling energy demand and reduces outdoor thermal comfort [3], [4].  

Canyon width has a dual role in thermal performance. Narrow corridors enhance shading, reducing direct 

solar radiation on buildings and pedestrian areas, which in turn lowers cooling loads [1], [5]. However, 

excessive narrowness impedes air circulation and prevents heat dissipation, especially in humid tropical 

climates where latent cooling is already limited [4] [2]. Consequently, urban designers must consider not only 
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geometrical proportions but also supplemental cooling strategies, such as the integration of vegetation and 

water elements, which can alter wind dynamics and improve the surface energy balance [6]. Similarly, the 

spacing between buildings significantly affects urban thermal dynamics. Wider spacing facilitates airflow and 

reduces heat buildup, but it also exposes surfaces to greater solar radiation, potentially increasing surface 

temperatures [1] [2].  Conversely, compact arrangements increase shading and reduce radiative gain but may 

restrict ventilation, causing stagnant heat zones [4], [5]. This underscores the necessity for balanced spatial 

arrangements in tropical design, optimizing both shading and ventilation to mitigate thermal discomfort [3] 

[6].  

Urban densification is widely acknowledged as a major contributor to elevated surface temperatures and 

the intensification of UHI effects. High-density development, characterized by extensive impervious surfaces 

and minimal green cover, limits natural cooling mechanisms and increases heat retention. These changes in 

land use and surface material explain why rapidly growing urban centers often experience significantly higher 

land surface temperatures than adjacent rural areas [7]. In metropolitan cores, reduced vegetation and increased 

thermal mass exacerbate these effects [8].  Furthermore, building height, particularly in high-rise environments, 

interacts with form and material to shape energy flows and thermal storage. While density influences daytime 

heating, building height governs nighttime heat retention [9].  Effective thermal management in such contexts 

requires height-sensitive solutions, such as reflective materials, shading devices, and ventilation corridors. 

Urban design should respond to the thermal contributions of high-rise structures through sustainable material 

selection and energy-efficient configurations [10]. 

Remote sensing studies provide robust evidence supporting the link between urban geometry and 

microclimatic outcomes. Gerçek et al. demonstrate that compact urban forms with limited vegetation and high 

impermeability strongly correlate with increased UHI intensity [11]. Similarly, Ridwan et al., using Landsat 

data, show that the spatial concentration and morphology of built environments significantly affect thermal 

retention, with denser areas showing more pronounced UHI effects [12]. These findings reinforce the need for 

urban form reconfiguration as a complementary strategy to vegetation-based cooling. Morphological studies 

further highlight how building layout, orientation, and block positioning affect ventilation and convective heat 

transfer. Rana et al. found that the spatial arrangement of buildings influences airflow paths and thus the 

effectiveness of outdoor cooling [13]. Yang et al. add that urban expansion and densification contribute to 

global warming through the reinforcement of UHI [14]. Braun et al. argue that deliberate management of 

building density and integration of green infrastructure are essential to reduce urban heat and achieve spatial 

efficiency [15]. Despite growing literature in this field, there remains a lack of studies exploring the 

simultaneous effects of aspect ratio, canyon width, and spacing on thermal performance in tropical cities. This 

study aims to address that gap by assessing the combined influence of these geometric variables on surface 

temperature in humid environments. 

The hypothesis guides the present research that optimal combinations of building form and spacing can 

effectively lower surface temperatures and enhance microclimatic comfort, even within dense urban 

configurations. While previous studies often examine individual parameters in isolation, this study employs a 

combinatorial approach that reflects the complexity of real urban conditions. By simulating different urban 

geometries, the study seeks to generate empirical evidence supporting climate-responsive urban design. To 

achieve this objective, the research employs a combination of parametric modeling and performance-based 

environmental simulation. Unlike conventional studies that focus on isolated variables, this approach integrates 

multiple geometrical dimensions in assessing their thermal effects. The focus on high-rise configurations 

typical of tropical urban centers ensures the study's relevance to cities undergoing rapid densification, such as 

those in Indonesia. The integration of architectural form with environmental data contributes to a broader 

sustainability agenda by providing design recommendations that reduce UHI and energy use. This study 

highlights how accessible digital tools support data-driven early design and foster collaboration for climate-

responsive urban planning. 

This study employs Autodesk Forma, a cloud-based platform enhanced with artificial intelligence, to 

simulate surface temperature, daylight potential, and sun hours under diverse urban canyon configurations. 

Models were standardized with a 30-meter building height and a 900 m² footprint, while corridor widths (15 

m, 30 m, 45 m) and side spacing (0 m, 15 m, 30 m) were systematically varied. Simulations at 10:00 a.m. and 

2:00 p.m. captured diurnal solar exposure. Although previous studies have explored individual parameters such 

as aspect ratio, orientation, or canyon width, few have investigated their combined effects in tropical high-

density contexts. Moreover, most existing analyses employ advanced tools like ENVI-met or CFD, which 

remain complex and less accessible to practitioners, leaving a gap in early-stage design applications. 

Addressing this gap, the present study demonstrates how integrated geometric variations, specifically width-

to-length ratio, corridor width, and side spacing, shape both thermal and daylight performance. The findings 

aim to provide architects, planners, and policymakers with evidence-based strategies for climate-responsive 

urban design, while contributing to the broader discourse on environmental resilience. This approach simplifies 
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early-stage design by linking microclimate data with spatial logic, enabling practical decisions without 

advanced technical tools. It bridges academic insights and professional workflows to support livable tropical 

cities. 

 

2. METHOD  

The influence of building geometry, orientation, and distance on the urban thermal climate is gaining 

attention in architectural and environmental research. Simulation methods such as parametric modeling and 

CFD are important for understanding the interaction between building form and microclimate behavior. These 

approaches allow researchers to explore the impacts of urban form on environmental parameters such as solar 

radiation, airflow, and thermal comfort [16], [17], [18]. To initiate a consistent simulation framework, 

parametric urban configurations must be developed. Variations in height-to-width (H/W) ratios, spatial layouts, 

and orientations are systematically modeled using simulation tools such as ENVI-met and CFD-based 

platforms [19], [20]. These configurations are evaluated using standardized thermal comfort indices, including 

the Physiologically Equivalent Temperature (PET), Universal Thermal Climate Index (UTCI), and Predicted 

Mean Vote (PMV) [17], [21], [22]. By examining diverse morphological typologies such as linear blocks, 

courtyards, and dispersed forms, researchers can identify how combinations of design parameters influence 

microclimatic conditions. 

A critical component of simulation-based research is model calibration and validation. To ensure 

analytical accuracy, simulated outputs, such as surface temperatures and wind velocities, must be validated 

against empirical field data. Several studies have achieved such validation through in-situ measurements within 

urban canyons or along pavements [18], [23], confirming the reliability of simulation tools for informing 

architectural decision-making. Recent advancements integrate machine learning algorithms to capture non-

linear dynamics between urban form and thermal behavior, further refining model accuracy and interpretability 

[24], [25]. These techniques facilitate a nuanced understanding of how urban geometry affects pedestrian-level 

sun exposure and ventilation [16], [26].  

Contemporary research has moved beyond single-variable studies toward multidimensional analyses that 

reflect the interaction of multiple urban design factors. By embedding meteorological data into three-

dimensional parametric models, simulations can replicate real-time thermal environments across diverse urban 

morphologies, from dense commercial zones to low-rise residential areas [27]. This allows for dual-scale 

evaluations, for example, assessing the cooling benefits of courtyards in winter or the advantages of larger 

setbacks during summer. These methods emphasize the integration of thermal comfort considerations into early 

urban design processes, linking spatial planning with environmental performance and energy efficiency [6]. 

This study adopts Autodesk Forma as the primary simulation platform. As a cloud-based, AI-supported design 

environment, Autodesk Forma enables early-stage environmental assessments and spatial planning within a 

Building Information Modeling (BIM) framework. Its application in architectural research has grown, 

especially for analyzing how modifications in form and layout impact urban microclimates. 

In their work on Local Climate Zones and morphological thresholds, Silva & Ferraz (2024) employed 

Autodesk Forma to simulate various land-use patterns, showing how spatial and vegetative interventions can 

significantly reduce air temperatures [28]. Similarly, Kurniawan et al. demonstrated how Autodesk Forma was 

used in an integrated design approach for the IKN Nusantara project, allowing designers to visualize and assess 

multiple design strategies rapidly [29]. By enabling precise modeling of massing and façade characteristics, 

Autodesk Forma facilitated iterative evaluation of energy and thermal performance. 

One of Autodesk Forma’s strengths lies in its ability to simulate complex urban conditions, including 

solar radiation, wind dynamics, and heat retention. This capability allows designers to explore and optimize 

various geometric configurations, such as building orientation and spacing, for improved outdoor thermal 

comfort. When used alongside parametric tools or machine learning algorithms, simulation data from Forma 

can support high-resolution urban-scale thermal analyses. 

This study used three massing models to represent different building width-to-length ratios: Model A 

(1:1), Model B (1:2), and Model C (1:3), as shown in Figure 1. Each model maintained a consistent building 

height of 30 meters (equivalent to five stories) and a footprint of 900 m². The models were differentiated by 

variations in frontal and lateral spacing,  15 m, 30 m, and 45 m for the former; 0 m, 15 m, and 30 m for the 

latter, resulting in configurations resembling urban canyons. Orientation was inherently addressed through 

corridor alignment. 

The simulation examined surface temperature, sun hours, and daylight potential as key dependent 

variables, representing environmental performance and outdoor thermal comfort. These metrics were evaluated 

under the specific climatic conditions of central Malang, East Java, Indonesia. Simulations were conducted for 

two distinct time intervals 10:00 a.m. and 2:00 p.m. to account for diurnal temperature fluctuations and 

pedestrian-level microclimatic dynamics. 
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A descriptive comparative method was employed to analyze and contrast results across all simulation 

scenarios. The output was visualized using Autodesk Forma’s built-in tools, including heat maps and tabular 

data, to illustrate the spatial distribution of thermal variables. These visualizations facilitated the identification 

of thermal performance trends under different morphological configurations, particularly within a tropical 

humid context.  

This study employs Autodesk Forma not only for its capacity to simulate solar exposure and thermal 

conditions but also to demonstrate its practical applicability for architects and designers during early massing 

studies. Unlike advanced research-oriented tools such as ENVI-met or CFD, which are often complex and 

primarily used in academic contexts, Autodesk Forma is freely accessible and user-friendly, making it suitable 

for practitioners. By utilizing this platform, the study highlights how simple simulations can guide architects 

toward climate-responsive design decisions at the initial stages of building and site planning. 

 

  
 

Figure 1. Urban Canyon and Building Configuration Simulation Model 

 

 

3. RESULTS  

This study investigates the microclimatic performance of various building configurations by 

simulating 27 combinations of width-to-length ratios, corridor widths, and side spacings using Autodesk 

Forma. These configurations were evaluated under tropical conditions for their influence on surface 

temperature, solar exposure, and daylight potential. Results were obtained through standardized simulations at 

two time points: 10:00 a.m. and 2:00 p.m. (Figure 2), representing morning and afternoon peak heating periods. 

This section presents key findings structured into five themes. 

Together, these findings aim to inform passive design strategies that enhance urban livability in dense tropical 

environments. 
 

3.1. Impact of Building Width-to-Length Ratio 

The ratio between a building’s width and length substantially affects how sunlight is distributed across 

urban canyon surfaces. Models with elongated proportions (1:3) recorded lower surface temperatures, 

especially during the morning period. For instance, Model C3.1, with a 1:3 ratio, showed corridor temperatures 

of 33°C at 10:00 a.m., while a compact 1:1 configuration like Model A1.1 maintained higher readings at 34°C. 

Elongated buildings offer longer façades and deeper canyons that enable solar exposure to be staggered 

throughout the day, reducing radiant concentration. This phenomenon has been recognized in previous studies 

emphasizing that form influences solar irradiance and air ventilation within canyons [22]. More rectangular 

layouts allow for improved airflow, especially when combined with effective corridor spacing, which helps 

dissipate accumulated heat. Conversely, compact forms (1:1) create tightly enclosed spaces that retain more 

heat, particularly during afternoon hours. 

 

3.2. Influence of Corridor Width and Side Spacing 

Corridor width and building side spacing are significant modifiers of thermal performance. Narrow 

corridors (15 m) provided enhanced shading from adjacent buildings, reducing direct solar penetration and 

contributing to lower corridor temperatures. For example, Models with 15 m corridors and 30 m spacing (e.g., 

C3.1) consistently produced morning temperatures 1°C cooler than their 45 m counterparts (e.g., C3.3). This 

finding supports previous claims that while wider corridors can facilitate airflow, they also expose more 

surfaces to sunlight, especially when paired with minimal side spacing [30], [31]. In terms of side spacing, 

configurations with 30 m gaps yielded rear façade temperatures 1°C lower than zero-spacing cases. This effect 



Vol. 6, issue No. 1 e-ISSN: 2775-7528 17 

 

Urban Canyon Configurations for Sustainable Tropical Cities: A Simulation for Design Practice  

(Wasiska Iyati, Andika Citraningrum & Jono Wardoyo) 

stems from enhanced air movement and reduced surface-to-surface radiant exchange, as supported by [32], 

[33]. 

 

3.3. Diurnal Variations in Surface Temperature 

A consistent trend across all configurations was a rise in surface temperature from morning to 

afternoon. Rear façade temperatures often increased slightly more than those of the corridor, indicating 

differential heat retention. For example, Model C2.1 showed an increase from 33°C to 34°C in corridor 

temperature and from 35°C to 36°C in rear façade temperature between 10:00 a.m. and 2:00 p.m. These diurnal 

dynamics underscore the importance of building geometry and orientation. Although orientation was held 

constant in this study, geometric variation alone created notable differences in thermal behavior. Prior research 

emphasizes that urban blocks with reduced sky view factors (SVF) tend to trap heat more intensely, particularly 

in the afternoon [34], [35]. 

 

 
Figure 2. Surface Temperature for All Models at 10:00 a.m. and 02:00 p.m. 

 

 

3.4. Identification of Optimal Configuration 

Among all models, C3.1, combining an elongated form (1:3), narrow corridor (15 m), and wide side 

spacing (30 m) delivered the most balanced thermal performance. This model achieved 33°C in the morning 

and only 34°C in the afternoon in corridor zones, with rear façades peaking at 36°C. The cooling efficiency of 

this configuration lies in its spatial porosity and vertical shading. Narrow corridors maximize shadowing, while 

wide lateral gaps enhance airflow. These findings reinforce recommendations from previous studies suggesting 

that integrated manipulation of width-to-length ratios and spacing yields the best thermal outcomes [22], [36]. 

 

3.5. Daylight Potential and Sun Hours Analysis 

Daylight simulations highlighted the trade-off between spatial compactness and solar access (Figure 

3). Compact configurations (e.g., Model A1) yielded the highest daylight performance, with over 60% of 

surfaces scoring above 37 in daylight potential. However, they also exhibited extreme sun hour polarization, 

with a large share of surfaces receiving either minimal or excessive sunlight. To visualize these differences, 

Figure 4 presents the total surface area exposed to various durations of direct sunlight, revealing the dominance 

of either very short or very long exposure in compact models. Figure 5 complements this by showing the 

percentage distribution of sun exposure per model, helping identify configurations that achieve more even 

sunlight access. Finally, Figure 6 compares the performance of all models across three key exposure categories: 
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low (0–1 hours), optimal (3–6 hours), and high (9+ hours), offering a clear benchmark for evaluating sunlight 

accessibility.  Models such as B2 and C2, which featured moderate corridor width (30 m) and side spacing (15 

m), demonstrated more balanced solar exposure profiles. These results align with research by [2], who found 

that geometric moderation improves daylight quality while avoiding overheating. Furthermore, Huang et al. 

(2021) stress that an optimal corridor width provides a beneficial compromise between shading and visibility 

of the sky dome [25]. Across all models, configurations with greater spacing generally shifted sunlight 

exposure towards intermediate durations, improving daylight quality without compromising thermal comfort. 

Models B3 and C3 confirmed this by achieving consistent daylight scores and avoiding extremes seen in more 

compact alternatives. 

 

 
Figure 3. Sun Hours Simulation Results 
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Figure 4. Distribution of Sunlight Duration Across Building Models 

 

 
Figure 5. Percentage Distribution of Sunlight Duration per Model 

 

 
Figure 6. Sunlight Exposure Performance Comparison Across Models 
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This analysis confirms that geometry alone, even without material or vegetation interventions, has a 

significant influence on urban canyon microclimates. Key takeaways include: 

1. Elongated buildings perform better in dissipating heat. 

2. Narrow corridors enhance shading but must be paired with lateral spacing for ventilation. 

3. Spatial permeability improves both thermal and daylight performance. 

4. Model C3.1 offers the best overall configuration for hot, humid urban contexts. 

These results form the empirical basis for the subsequent discussion, which will explore the theoretical, 

practical, and policy implications of these findings. 

 

 

4.      DISCUSSION 

This study set out to explore how variations in urban canyon configurations influence microclimatic 

performance in dense tropical environments. By simulating 27 geometric arrangements using Autodesk Forma, 

the research offers evidence-based insights into how building form, corridor width, and side spacing interact 

to shape surface temperatures and daylight access. As reflected in the article’s objectives, this discussion 

highlights the simulation’s role in informing design strategies that contribute to thermal comfort and urban 

sustainability. 

 

4.1. Geometrical Influence on Microclimatic Dynamics 

Urban canyons are defined by the spatial interplay between buildings and the voids they frame. The 

results demonstrated that elongated building forms (1:3 width-to-length ratio) consistently achieved better 

thermal outcomes than compact (1:1) forms. These configurations distribute solar exposure across longer 

façades, reducing localized heat accumulation and enhancing airflow, both of which are critical for tropical 

cities where overheating is prevalent [22].  The thermal efficiency of elongated forms affirms that sustainable 

urban design is not solely dependent on materiality or vegetation, but can also be achieved through deliberate 

shaping of built form. This supports the broader agenda of urban sustainability by promoting passive cooling 

solutions that reduce energy demand for mechanical ventilation [37].  

 

4.2. The Role of Corridor Width and Side Spacing in Urban Canyon Design 

Corridor width and side spacing emerged as key spatial parameters with direct influence on thermal 

behavior. Narrow corridors (15 m), especially when paired with 30 m side spacing, yielded the lowest surface 

temperatures during morning and afternoon simulations. These findings counter conventional assumptions that 

wider spaces always improve ventilation and comfort [30]. Instead, the interaction of narrow, shaded corridors 

and well-ventilated lateral gaps proved most effective. As highlighted by [31], building shade can be just as 

crucial as air movement in mitigating heat. Additionally, studies by [32], [33] confirm that increased spacing 

improves the SVF, facilitating radiative cooling and better convective airflow. These findings have major 

implications for early-stage design in tropical cities, where land pressure often encourages compactness at the 

expense of thermal comfort. 

 

4.3. Heat Retention and Temporal Microclimate Dynamics 

The consistent increase in surface temperatures from 10:00 a.m. to 2:00 p.m. across all models 

illustrates typical diurnal heat accumulation patterns in urban environments. However, the rate of increase 

varied significantly by configuration. Models with greater spatial permeability, especially Model C3.1 which 

exhibited more moderate thermal fluctuations. In contrast, compact, tightly spaced models retained more heat, 

particularly at rear façades. This aligns with findings by Bajšanski et al. (2019) and Roslan et al. (2018), who 

reported that low SVF and restricted airflow limit the ability of surfaces to release absorbed heat [34], [35]. 

These temporal behaviors reinforce the need for designers to anticipate not just peak-hour conditions, but the 

thermal lag and retention characteristics of different urban canyon forms. Such insights are critical for 

sustainable tropical urbanism, where 24-hour comfort can reduce the need for energy-intensive cooling systems 

and improve livability. Incorporating these principles during the design phase contributes directly to the 

sustainability goals outlined in the article’s title. 

 

4.4. Thermal and Daylight Trade-offs in Canyon Configurations 

A central tension in urban canyon design is balancing shading (which reduces heat) with daylighting 

(which reduces energy use for lighting). The study found that compact forms like Model A1 delivered high 

daylight scores but also experienced extreme sunlight exposure disparities. Conversely, configurations like B2 

and C2 showed more balanced solar exposure without substantial losses in daylight potential. These results 
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echo the observations of Wu and Liu (2023), who noted that daylight access and thermal comfort are often in 

conflict within dense urban morphology [2]. Huang et al. further emphasized that corridor width modulates 

both sun hours and daylight scores [25]. As such, designers must calibrate massing and spacing to mediate 

these competing priorities. In the context of design practice, this trade-off becomes a crucial parameter. Instead 

of relying on aesthetic or density-driven templates, simulation tools like Autodesk Forma enable data-informed 

decisions that harmonize light, heat, and space, which are key features of sustainable tropical design.  

 

4.5. Performance Validation of the Optimal Scenario (Model C3.1) 

An elongated block with 15 m corridor width and 30 m side spacing of model C3.1 emerged as the 

most efficient configuration in balancing thermal and daylight performance. Its ability to maintain corridor 

temperatures of 33–34°C while achieving moderate daylight levels makes it a compelling model for tropical 

cities aiming to reduce energy use without compromising comfort. This finding validates theoretical 

frameworks that advocate for integrated form-based solutions. Studies by Khraiwesh & Genovese (2023), Devi 

et al. (2023), and Xu et al. (2019) argue that geometry can serve as a passive regulatory mechanism in climate-

responsive urbanism [22][36][38]. By aligning these findings with practical simulation outputs, the research 

bridges theoretical knowledge with design application. 

 

4.6. Implications for Design Practice Using Autodesk Forma 

The integration of Autodesk Forma in this study exemplifies how simulation tools can inform early 

design decisions. Compared to more complex and time-consuming platforms like ENVI-met or CFD software, 

Forma offers a balance of usability and environmental accuracy, suitable for iterative design evaluations. 

Rodrigues Silva & Barbosa Ferraz (2024) and Kurniawan et al. (2024) highlight the role of such platforms in 

democratizing environmental modeling, especially for practitioners without access to high-performance 

computing [28], [29] In this study, Forma was used to visualize and quantify subtle differences in thermal 

behavior and lighting exposure across building layouts, enabling designers to explore “what-if” scenarios 

before physical construction begins. This approach directly supports the article’s objective of using simulation 

for design practice, and positions Forma as a practical tool for architects and planners addressing urban heat in 

tropical regions. 

 

4.7. Contribution to Sustainable Tropical Urbanism 

By demonstrating how basic form manipulation can significantly alter microclimatic outcomes, this 

study offers a scalable, cost-effective strategy for tropical urban sustainability. Rather than relying on post-

occupancy solutions (e.g., mechanical cooling or retrofitted shading), the research advocates for proactive 

geometric calibration in the planning phase. This aligns with the broader literature that calls for climate-

responsive planning rooted in morphological logic [18], [37]. As cities in the tropics grow denser and hotter, 

the need for integrated, low-tech solutions becomes ever more urgent. Moreover, the emphasis on configuration 

over construction materials allows these insights to be applied in resource-constrained settings, making the 

research both globally relevant and locally actionable. 

 

4.8. Limitations and Directions for Further Research 

While the study successfully isolates geometric influences, it does not account for material 

reflectivity, wind dynamics, or vegetation, which also shape microclimates. Future research should include 

these variables and test configurations in multiple tropical cities with varying urban densities and cultural 

contexts. Field validation through in-situ data collection could further strengthen the applicability of these 

findings. Additionally, integrating human comfort indices such as PET or UTCI would extend the 

environmental data into experiential metrics. 

This discussion reinforces the core message of the article: urban canyon configurations are a vital 

determinant of environmental quality in tropical cities. Through simulation-driven design practice, designers 

can optimize building forms not just for density or aesthetics, but for thermal comfort, daylighting, and 

sustainability. The results affirm that sustainable tropical urbanism can be achieved through spatial intelligence, 

particularly when tools like Autodesk Forma are embedded early in the design process. As exemplified by 

Model C3.1, small adjustments in geometry yield significant benefits, providing a replicable strategy for cities 

facing the compounded challenges of heat, density, and limited resources. 

 

 

5.      CONCLUSION 

This study aimed to examine how variations in urban canyon geometry namely building width-to-

length ratio, corridor width, and side spacing, which affect surface temperature and daylight potential in tropical 

urban settings. Simulation results revealed that the most thermally comfortable configuration featured an 
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elongated building form (1:3), a narrow corridor (15 m), and wide lateral spacing (30 m), achieving corridor 

surface temperatures as low as 33°C and daylight scores up to 66% in the highest category. Conversely, dense 

layouts with minimal spacing produced higher surface temperatures, up to 36°C, and reduced daylight 

performance. Models such as C3.1 consistently demonstrated superior microclimatic outcomes across both 

thermal and lighting metrics. These findings underscore the critical role of spatial permeability and form 

orientation in enhancing urban environmental quality. The study’s use of 27 massing configurations enabled a 

comprehensive evaluation of interaction effects between massing and spacing, offering a robust comparative 

framework. Importantly, Autodesk Forma was employed not only for its capacity to simulate solar exposure 

and thermal conditions but also to demonstrate its practical applicability for architects and designers during 

early massing studies. Unlike complex research-oriented tools such as ENVI-met or CFD, Autodesk Forma is 

free, accessible, and user-friendly, making it suitable for practitioners. By leveraging this platform, the study 

highlights how simple simulations can guide architects toward climate-responsive design decisions at the initial 

stages of building and site planning. 
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