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ABSTRACT

The limited research on obstruction-driven daylight reduction continues to hinder efforts to optimize natural daylight
in compact mid-rise residential buildings. This study systematically examines how features of nearby obstructions,
such as height, surface reflectance, and distance, along with street width, affect indoor daylighting in tropical
residences. It employs an integrated approach combining climate-based simulations with occupant perception
surveys for validation. Using IES-VE with RadiancelES, climate-based daylight modeling was conducted at the Sri
Aksalaya mid-rise apartment complex in Tirupur, India. A total of 1,152 simulation scenarios were performed, varying
the room layout orientation (north-east and south-west), road width (4-10 m), obstruction height (G to G+3), and
facade reflectance (30—65%). Daylight performance was assessed using two metrics: Spatial Daylight Autonomy
(sDA300/50%) and Daylight Glare Probability (DGP). The results were validated through structured surveys of 57
residents across all floors. Findings indicate that external obstructions are the primary factors impacting daylight
performance; those located closest to the building (4 m from the building) reduce sDA by up to 67% compared to
open conditions. The proximity of obstructions results in insufficient daylight (sDA < 50%) on the lower floors, whereas
the upper floors experience excessive glare (DGP > 0.40). The middle floors are most affected by fagade reflectivity,
with the probability of glare increasing by 250% as reflectance rises from 30% to 65%. Statistical analysis revealed
a strong correlation between simulation metrics and occupant satisfaction (R?= 0.84, p < 0.001). Window performance
was orientation-dependent; from the selected room layouts, 1, 3, and 4 performed best for north-east, while layouts
2, 3, and 6 were ideal for south-west. Overall, urban morphology greatly influences daylight access and visual comfort
in tropical homes. The study highlights the importance of context-specific fenestration design, facade reflectance,
and floor-level strategies to optimise daylight and minimise glare in multi-floor residences in tropical settings.
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1. INTRODUCTION

The presence of urban obstructions significantly impacts the
quality of indoor daylight, which, in turn, affects a building's
energy performance. Understanding obstruction geometry helps
architects decrease dependence on artificial lighting and optimize
facade and massing configurations to enhance natural
illumination. In compact urban forms, this evaluation supports
design choices that balance daylight performance with spatial
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density and visual comfort needs [1-3]. Since cities account for
about 70% of global energy use, improving daylight access in
high-density areas is a practical way to cut lighting-related energy
consumption and greenhouse gas emissions [1,4-6].

Advances in computational daylight modelling have broadened
the scope of daylight analysis. The focus has shifted from
examining individual fagade components to evaluating complex
urban environments that influence daylight, such as obstruction
geometry and fagade interactions [2,3]. This development
addresses the key limitations of traditional sky view factor
methods, which often overlook the influence of surrounding
morphological variables. In contrast, the new framework
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NOMENCLATURE

sDA Spatial Daylight Autonomy

DF Daylight Factor

UDI Useful Daylight llluminance

DGP Daylight Glare Probability

UGR Unified Glare Rating

WWR Window-to-Wall Ratio

SHGC Solar Heat Gain Coefficient

CPWD  Central Public Works Department

DTCP Directorate of Town and Country Planning

ASHRAE American Society of Heating, Refrigerating and
Air-Conditioning Engineers

EPW Energy Plus Weather

CIE International Commission on Illumination
(Commission Internationale de | I'Eclairage)

G Ground Floor

NE North East

SE South East

Sw South West

NW North West

integrates multiscale urban geometric parameters, such as height-
to-width ratios (H/W), setback distances (S), fagade reflectance
(pf), and obstruction shading [7-9].

Urban morphological parameters, such as nearby buildings,
canyon geometry, and urban facade reflectance, significantly
influence solar access and indoor lighting distribution [10,11].
Research examines whether geometric factors, such as setback
distances and building heights, have a greater impact on visual
comfort than material properties, such as facade reflectance and
glazing types [12]. The lack of unified guidance for location-
specific daylighting continues to hinder the development of
reliable standards tailored to local conditions, often resulting in
inadequate daylight and increased reliance on artificial lighting
[13,14]. Adapting architectural fenestration strategies to the urban
context is essential for improving daylight access, visual comfort,
and energy efficiency [15].

2. LITERATURE REVIEW: URBAN MORPHOLOGY
AND DAYLIGHTING PERFORMANCE

Current residential daylighting simulation studies increasingly
evaluate occupant visual comfort by considering urban context
and facade design variables [7,16,17-21]. Their results indicate
that both the urban environment and individual building
parameters collectively influence daylight performance. Key
urban factors, such as building height, spacing (H/W ratio),
density, street orientation, and obstruction geometry, determine
daylight access, distribution, and quality [22-24]. At the building
level, fagade attributes such as window-to-wall ratio (WWR),
glazing type, reflectivity, and shading configuration directly
impact daylight metrics (DF, sDA, UDI), glare potential (DGP,
UGR), and lighting energy use [20,25,26]. Both simulation and
field studies consistently demonstrate that urban canyon
geometries, especially the height-to-width ratio, solar-oriented

street alignment, and setbacks, limit sky visibility and reduce
daylight penetration on the lower floors of denser settlements
[20,27,28]. Some research has shown that adjusting setback
distance and WWR can effectively improve daylight performance.
Additionally, increasing the sky-view factor and lateral daylight
entry, along with the use of appropriate external shading
strategies, helps reduce glare discomfort and lower reliance on
artificial lighting [15,29].

2.1. The urban obstructions

Research indicates that fagade character and vegetation cover can
impact indoor daylight levels by up to 40%, primarily due to
variations in canopy density and surface albedo [1,26,30,31].
Obstructions from neighboring buildings in dense urban areas
block 20-35% of the sky view and, consequently, reduce indoor
daylight availability. This underscores the impact of urban
obstructions on the quality of daylight access to indoor spaces
[32]. Shading helps reduce glare and limit summer heat gain in
urban areas. However, excessive shading from nearby buildings or
dense vegetation can block daylight, leading to suboptimal indoor
lighting. Comparative studies across various climate regions have
shown that lighting energy demand increases with increasing
canyon aspect ratio [1,16,33,34]. Consequently, compact urban
areas need a balanced approach that considers both daylight
utilization and energy management.

2.2. Obstruction effects and performance metrics

The nature of urban obstruction, such as morphological character
and facade properties, affects indoor daylight by altering sky view,
inter-reflections, and the balance between diffuse and direct sky
components. All these, in turn, directly influence key daylight
assessment metrics, including sDA, DF, UDI, and vertical
illuminance at the occupant’s eye level [10,25,35-38]. Daylight
modelling studies based on local weather data further show that
several urban parameters impact daylight performance. Solar
orientation, street-canyon aspect ratio, surface reflectance, and
shading within urban canyons influence daylight sufficiency, glare
potential (e.g., DGP), and incident solar exposure [1,20,22,39]. To
address urban daylight issues, recent research combines
parametric geometry modelling (e.g., Grasshopper) with
Radiance/Daysim simulations and multi-objective optimisation
methods such as genetic algorithms and ML-based surrogate
models. This integration allows exploration of solutions that
increase useful daylight while reducing glare [40-45]. Simulation
tools such as Daysim, Radiance, Ladybug Tools, and Design
Builder enable fair comparisons across different orientations,
massing configurations, glazing types, and shading systems. They
provide comparable results using standard daylight metrics, such
as sDA, UDI, and DGP, by maintaining consistent boundary
conditions [2,15,38,41,42,46]. The window-to-wall ratio (WWR)
remains a key constrained variable. Larger window areas improve
daylight penetration but can also increase glare and solar heat
gains. Optimal daylight designs strive to balance opening
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geometry with glazing transmittance and SHGC. They use fixed
or responsive shading to keep target illuminance levels [47,48].
Empirical modelling by Kim and Kim [49] highlights the
interaction effects among key fagade variables, demonstrating that
window dimensions, visible transmittance, orientation, and
obstruction angles collectively determine annual daylight
availability rather than acting as isolated factors [4].

Current daylighting assessments typically use metrics such as
spatial Daylight Autonomy (sDA), useful daylight illuminance
(UDI), and daylight factor (DF). These are often enhanced with
solar radiation analysis and detailed illuminance measurements to
capture both temporal and spatial performance [36,37,50,51].
Recent studies have advanced this analytical framework by
integrating visual comfort indicators such as DGP, UGR, and
luminance-contrast thresholds. These are incorporated with
spectral analyses that account for both photopic efficacy and
melanopic stimulus. Together, these approaches link daylight
performance to both visual and non-visual human responses [13,
52,53]. The effects of nearby buildings are captured using context-
based metrics such as the PSW index and vertical daylight-
luminance measures. These evaluate the impact of facade
orientation, sky condition, and obstruction geometry on indoor
daylight performance in high-density residential contexts [54,55].
Post-occupancy studies indicate that context-sensitive metrics
more accurately reflect reported daylight satisfaction than
traditional luminance-only measures. They are more effective in
translating simulated daylight performance into perceived comfort
and user experiences.

2.3. Energy implications and sustainability

Enhancing daylight access in residential buildings reduces lighting
energy consumption and promotes sustainability. Research
indicates that effective daylighting reduces reliance on artificial
lighting, resulting in a 30% decrease in energy consumption, and
enhances occupant comfort [2,5,6,33,54,56]. However, urban
environments often limit the effectiveness of daylight. Tall
buildings, narrow streets, and dense urban canyons can restrict sky
visibility and daylight entry, resulting in higher indoor lighting
needs [2,5,6,33]. Consequently, dense urban areas tend to raise
lighting energy costs and operational expenses, while also creating
social and environmental challenges. In low-income
neighborhoods, limited daylight access can raise lighting costs and
deepen energy poverty, impairing comfort and fairness [11,16,57].
Urban design strategies that optimize building spacing,
orientation, and facade treatment can improve energy efficiency
and promote sustainable, equitable living environments [59].

2.4. Research gaps and theoretical framework

Research on tropical daylighting often overlooks the impact of
urban environments and nearby structures on the quality of indoor
daylight. Most studies focus on temperate regions, often
emphasizing just one factor, with limited surface material
diversity and simplified models. These constraints hinder a

detailed understanding of how site conditions and material
complexities affect indoor daylight access in dense urban areas.
Moreover, the absence of occupant perception data diminishes the
models' accuracy and restricts their applicability for evidence-
based daylight planning.

Enhancing indoor daylight quality in buildings involves more
than just designing fenestrations. An effective daylight analysis
should consider site-specific massing, the urban environment, and
user experience to optimize daylight autonomy [60]. This study
combines climate-based daylighting analysis with urban
morphology principles into a comprehensive framework that uses
standardized metrics to assess daylight performance
[19,29,35,47,61]. Performance indicators such as sDA and DGP
are utilized, taking into account obstruction geometry, building
orientation, and surface reflectance [36,62]. Including occupant
perception data strengthens the analytical framework. Also offers
validation to the study through real user experiences in tropical
residential settings. Using this framework, the research explores
three primary questions:

e How do variations in obstruction geometry, such as
distance, height, and reflectance, influence window
performance across multiple floors [28]?

e In what ways do urban geometric factors and surface
reflection affect visual comfort [54]?

e Do standardized daylighting metrics accurately indicate
occupant satisfaction in obstructed tropical environments
[63]?

These questions guide the research methodology by connecting
urban and building parameters to achieve daylight performance
goals. Therefore, the study focuses on enhancing daylighting
while minimizing glare in compact tropical residence
environments.

3. METHOD

A mixed-methods approach was employed to investigate the
impact of urban obstructions on indoor daylight performance in
compact, mid-rise tropical residential areas. This study combines
daylight simulations, occupant perception surveys, and statistical
analyses to evaluate the connection between urban context and
daylight satisfaction. Daylight availability was measured using
standardised metrics such as sDA and DGP. Occupant feedback
provided qualitative validation of sDA and DGP simulation. Thus,
bridging the gap between simulation and perceptual responses.
Neighbouring obstruction geometries, defined by distance, height,
and surface reflectance, were systematically varied, and their
effects were assessed across different floor levels to understand
vertical variations in sDA and DGP. It integrates macro-level
urban morphology parameters with micro-level daylight
optimization for context-sensitive daylight design in tropical
residential environments.

Daylight simulations were carried out using a climate-based
modeling tool, specifically IES-VE (with Radiance) and DIVA-
for-Rhino. The simulation was performed at a 0.75 m height
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analysis plane (standard work-plane height) inside typical rooms
on all floors. Material properties were assigned according to
standard specifications: an interior wall and ceiling reflectance of
70%, a floor reflectance of 20%, and an exterior facade (concrete)
reflectance of 50% [12]. Glazing was modelled as clear glass
(visible light transmittance 82%, reflectance 9%) in accordance
with CPWD/ASHRAE standards. The DGP was calculated from
luminance fisheye renders in Radiance (DIVA/IES-VE). The
viewpoint was fixed at an eye level of 1.20 m, approximately 0.60
m behind the centerline of the work plane, facing the window with
a 180° field of view. Radiance settings ensured convergence in
urban scenes with reflections (-ab 5, -ad 4096, -as 1024, -aa 0.10,
-ar 256).

Annual daylight modelling was employed to ensure
comparability with previous studies in tropical environments. A
total of 1,152 simulation cases were conducted and validated using
occupant survey responses (n = 57). Figure 1, illustrates the
seasonal/hourly daylight levels on the third (top) floor,
representing the worst obstruction scenario. Simulations used the
local EPW weather file for annual daylight analysis, with variable
parameters listed in Table 1. Daylight analysis was performed
under a CIE sky model at four times (08:00 am, 10:00 am, 12:00
noon, and 4:00 pm) to observe diurnal variations. The research
design addresses three methodological objectives:

e Systematically evaluate the effect of urban obstructions on

daylighting performance through parametric simulations.

e Evaluating visual comfort using validated glare prediction

models; and

e Utilise occupant perception data to verify computational

results and evaluate real-world applicability.

3.1. Study context and climate characterization

The Sri Aksalaya apartment complex in Tirupur, Tamil Nadu,
India (11.11°N, 77.34°E), has been selected for this research. It is
a typical mid-rise tropical residence featuring a Stilted + 4-Floor
RCC frame structure, brick infill walls, and standard windows. On
three sides, it is surrounded by roads, and on the fourth side, a
similar type of building adjoins it. Tirupur experiences significant
seasonal variations, with hot months from February to May and
monsoon months from July to October, classified as a tropical
savanna climate (Koppen-Geiger: Aw). Climate data for the study
were obtained from validated EPW files, which enabled detailed
annual analysis.

3.2. Seasonal and hourly variations in daylight
intensity

Figure 1, illustrates an integrated daylight-autonomy profile for
the study area, displayed at the representative fourth-floor level to
show both daily and seasonal variations. The background heatmap
reveals daylight intensity, which rises sharply after 08:00 am,
peaks between 12:00 noon and 2:00 pm, then decreases
significantly after 4:00 pm across all months. Daylight
performance varies by season. The summer season exhibits the

highest average daylight autonomy of 74.8% =+ 8.6%,
characterised by intense midday illumination exceeding 85%. The
monsoon period has comparable performance at 72.4% + 7.9%.
Post-monsoon months reach moderate levels of 68.2% + 6.3%,
while winter months are the lowest at 54.7% =+ 5.4%, with midday
levels remaining below 60%. The results indicate a 30% seasonal
difference in daylight autonomy between periods of maximum and
minimum daylight availability.

Seasonal analysis reveals excessive daylight and glare during
the summer, as well as increased glare during the monsoon.
Conversely, due to limited daylight, winter mornings and evenings
often need artificial lighting. Urban obstructions in tropical cities
intensify both excessive glare and daylight deficiency, worsening
seasonal imbalances. Although several studies have examined
daylighting, the combined daily and seasonal effects of
obstructions on visual comfort remain poorly understood. This
study employs a case-based approach to assess the impact of urban
obstructions on daylight autonomy and glare in the design of
tropical mid-rise housing.

3.3. Computational simulation framework

Daylighting simulations were conducted using calibrated IES-VE
software with integrated Radiance IES engines, while additional
analyses were performed in DIVA for Rhino. The Radiance Monte
Carlo ray-tracing algorithm simulated the behaviour of light and
inter-reflections in an urban environment. The study divided
functional spaces into 1 m X 1 m grids using DIVA (Rhino) and
IES-VE to analyse daylight autonomy and illuminance in detail.
Measurements were taken under CIE overcast sky conditions at
four different times daily 08:00-10:00, 10:00-12:00, 12:00-
14:00, and 14:00-16:00 for various window orientations.
Obstruction distance and height were systematically adjusted to
identify the optimal window orientation for maximizing daylight
distribution and visual comfort. The study also examined how
obstruction height and surface reflectance influence daylight and
glare risk, while excluding the effect of the compound wall, as the
stilt floor reduces its impact on daylight.

Key simulation parameters included: (a) an analysis plane
height of 0.75 m, representing typical work-plane elevation; (b)
material reflectance values with internal surfaces like the roof and
ceiling at 70%, the floor at 20%, and external surfaces such as the
roof at 10%, the building facade at 50%, the opposing fagade at
35%, and the ground at 40% [64]; (¢) glazing properties featuring
a visible transmittance of 82% and reflectance of 9%; (d) sky
conditions modelled using a CIE overcast sky for baseline
calculations, with advanced metrics utilizing annual dynamic
climate data; and (e) an analysis grid resolution of 1 m x 1 m to
ensure comprehensive spatial coverage. Daylight performance
was evaluated with the EPW weather file over a whole year,
totalling 8,760 hours of simulation. Occupancy was assumed from
08:00 am to 6:00 pm local time, representing typical daytime in
residences.
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Visualization of Seasonal and Hourly Daylight Intensity
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Seasonal Profiles
== Monsoon
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Daylight Intensity (%)
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Fig. 1. Seasonal/hourly daylight illustrated at a representative fourth floor.
Table 1. Parametric variable configuration.
Parameter Category Variable Range Levels

Window Configuration
Obstruction Distance
Obstruction Height

WWR: 20%, 40%, 60%
4m,6m,8m, 10 m

Facade Reflectance 30%, 50%, 65%
Floor Analysis Levels

Cardinal Orientations NE, SE, SW, NW

G (3 m), G+1 (6 m), G+2 (9 m), G+3 (12 m)

Ground Floor, 1st Floor, 2nd Floor, 3rd Floor

~ B LW s AW

Layout 1 Layout 2 Layout 3

4mx6m 4mx6m 4mx6m

W1-1200mm W1-1000mm W1-1000mm
[ —==x ===

Fig. 2. Window placement reflecting local practice.

During these occupied hours, DA and sDA300/50% were
measured. This method captures daily and seasonal variations in
daylight during occupied periods.

3.4. Parametric variable configuration

The parametric analysis systematically varied key design and
contextual variables. Each variable was adjusted within realistic
ranges that reflect typical conditions of tropical urban
development. The systematic variation of these parameters is
summarised in Table 1.

Simulations were conducted using six typical room layouts from
local residences, with fenestration meeting the standards set by the
Central Public Works Department (CPWD) in India. The layouts
analyzed in this study are shown in Fig. 2. These configurations

Layout4 LayoutS Layout 6

4mx6m 4mx6m 4mx6m

W1-1000mm W1-1000m W1-1000mm

W2-1800mm W2-1800mm W2-1800mm
——

are based on standard window placement practices observed in the
study area. The room size remains constant at 4 m x 6 m, but the
layouts differ in window size and placement. These configurations
were then modeled and simulated using standardized sky
conditions to assess daylight access and occupant visual comfort
across the floor level. The simulation considered an obstruction
height of up to 15 m, which corresponds to the maximum building
height allowed under local standards set by the Directorate of
Town and Country Planning (DTCP, India), permitting structures
with G+3 floors or stilt plus four floors. As a result, external
obstruction scenarios include height variations from ground floor
level (G) up to 12 m or three additional floors (G+3), along with
distance variations that reflect typical urban setback constraints.
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Fig. 3. Study Context - the study area and its surroundings.

Daylight Autonomy for North-East Oriented Rooms
with Varying Obstruction Heights and Road Widths

Daylight Autonomy - Road width 4m Daylight Autonomy - Road width 6m

Y @
S S

Daylight Autonomy (%)
N
S

Daylight Autonomy (%)

~
)
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Obstruction Layouts Obstruction Layouts
Daylight Autonomy - Road width 8m Daylight Autonomy - Road width 10m
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Daylight Autonomy (%)
Daylight Autonomy (%)
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Obstruction Layouts Obstruction Layouts

Obstruction Height
- G —e= G+1 e G2 =o G+3

Fig. 4. DA performance for NE rooms across six layouts.

To examine orientation effects, the building was rotated to NE,  (b) the typical floor plan, and (c) a building section illustrating
SE, SW, and NW relative to the obstructions. Since the site  obstruction heights (G to G+3) and the road width.
receives high solar exposure on the NE and SW facades, the
discussion focuses on daylight performance for these orientations.  3.5. Performance evaluation metrics

Comparative analyses were conducted to examine the
relationships among glare, obstruction variables (e.g., surface
reflectance, height, and distance from the building), and visual
comfort, as measured by a questionnaire survey. The relevant
building contexts are shown in Fig. 3, including: (a) the site plan,

The study used sDA and DGP, widely recognised metrics for
assessing daylight quality. Spatial Daylight Autonomy
(sDA300/50%) measures the percentage of the area that receives
at least 300 lux for half of the occupied hours over the year [65].
DGP was used to evaluate perceptual glare levels, with thresholds
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of DGP > 0.35 indicating intolerable glare and DGP > 0.40
indicating unbearable glare [66]. All values for this metric were
obtained from hourly simulations using EPW weather datasets that
consider tropical climate variability and seasonal changes [67].

3.6. Simulation model calibration

To validate the simulation, spot measurements were collected on-
site in representative rooms under clear skies. Horizontal work
plane illuminance at 0.75 m was measured with a calibrated lux
meter during morning, midday, and afternoon. IES-VE and
Radiance simulations were carried out for these same periods,
maintaining consistent sky and solar conditions. The point-by-
point agreement was within +£10% at all measurement points. For
instance, an on-site reading of 480 1x compared to a simulated 520
Ix at noon on the same floor showed an 8% difference. This
suggests that the material properties, glazing transmittance, and
simulation settings accurately reflect the actual site conditions. All
subsequent sDA and DGP analyses were then performed using this
calibrated model.

3.7. Occupant perception survey and validation

A survey of occupant perceptions was conducted to validate
daylighting and visual comfort simulations. A total of 57 valid
responses were collected, comprising 56% males and 44%
females. The responses showed vertical spatial distribution across
four levels (Ground floor: 15; First floor: 14; Second floor: 14;
Third floor: 14) and demographic variation among age groups (16
to 24 years: 15; 24 to 35 years: 15; 35 to 46 years: 14; 46 to 60
years: 13). The survey was carried out in person over one week in
March, from 09:00 am to 4:00 pm, mainly under clear skies. This
aimed to capture typical daylight conditions and minimize bias
caused by dawn, dusk, or overcast weather.

The survey focused on six key areas: daylight sufficiency,
lighting changes over time, glare frequency and intensity,
satisfaction with views, and adaptive behavioural strategies. A
comprehensive statistical analysis was performed using R
software (version 4.3.2). The study included multivariate
regression, ANOVA, and correlation tests. Statistical significance
was considered at p < 0.05, and effect sizes were measured using
Cohen’s guidelines. Tukey’s Honest Significant Difference (HSD)
test was used for post hoc comparisons in multiple tests. Pearson’s
correlation analysis was also conducted to ensure the simulation
results matched the survey data, thereby establishing the

relationship between model predictions and residents’
experiences.
4. RESULTS

4.1. Daylight autonomy performance with urban
obstructions

An analysis of sDA was conducted to examine how various
features of urban blocks, such as heights, proximity, and road
width, influence daylight availability. The study revealed that
orientation has a significant impact on daylight performance.

Rooms facing northeast and southwest exhibit different daylight
autonomy patterns, which are also influenced by factors like road
width, obstacle height, and setback. Six layouts were evaluated for
each orientation, considering scenarios with obstruction heights up
to G+3 and distances and road widths ranging from 4 to 10 meters.

4.2. Combined effects of road widths and obstruction
heights

The analysis shows that roads 4 meters wide significantly limit
daylight access in both directions, and narrow setbacks, which
decrease daylight performance. In NE orientations, the G+3
obstructions lower ground-floor daylight autonomy (DA) to less
than 10%. SW rooms have even lower performance due to
afternoon solar angles. Layout 6 has the lowest DA values because
of its compact design and corner placement. Increasing the road
width to 6 m results in only slight gains in DA. The first and
second floors reach 60% to 80% daylight performance under G
and G+1 height obstructions. Third floors usually exceed 70%,
while ground floors remain low at 10% to 25%. Daylight access
improves with street widths of 8 meters. Across various layouts,
ground floors attain 35% to 50% DA, and first and second floors
reach 50% to 65% DA under G+2 obstructions. The third floor
consistently exceeds 70% sDA, indicating that wider streets
reduce obstruction effects and improve daylight access. Statistical
analysis demonstrates that daylight performance improves
significantly as road width increases from 6 m to 8 m. When the
road width reaches 10 m, daylight performance stays stable even
with G+3 obstructions. The third floor maintains 70% to 80%
sDA, while the ground floors reach only 40% to 55%, nearly
quadrupling the performance of compact layouts. Variance
analysis (o < 8%) indicates consistent daylight distribution across
floors, underscoring the need for wider setbacks to ensure
equitable daylight access.

4.3. Specific influence in the North-East oriented room

Figure 4, illustrates how obstruction height (G, G+1, G+2, G+3
floors) and road width (4 m, 6 m, 8 m, 10 m) together influence
daylight autonomy (DA) in rooms facing northeast. The
comparison across the six layouts reveals clear differences in
daylight performance. A narrow 4-meter-wide road with taller
obstructions (G+2 or G+3) causes sDA values to drop below
acceptable levels. This highlights how dense urban environments
limit access to daylight. In contrast, layouts with wider road
setbacks of 8 m or more tend to have more stable sDA values.
Even when surrounded by taller obstructions, these layouts still
achieve adequate daylight. This shows that increased urban
spacing improves daylight access. In north-east-oriented layouts,
numbers 1, 3, and 4 demonstrated higher daylight autonomy when
obstructions were placed 8 m and 10 m from the building.
Conversely, nearby obstructions caused a significant decrease in
daylight on the ground, first, and second floors. Under these
conditions, Layout 4 performed relatively better, while Layouts 5
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Daylight Autonomy for South-West Oriented Rooms
with Varying Obstruction Heights and Road Widths
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Fig. 5. DA performance for SW rooms across six layouts.
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Fig. 6. Average sDA across road widths. NE vs. SW.

and 7 consistently showed poor daylighting results across all
tested scenarios.

This analysis confirms that the geometry of urban obstructions
plays a crucial role in daylight autonomy, particularly for rooms
located in the northeast corner.

4.4. Specific influence in the South-West oriented room

The results for southwest-facing rooms (Fig. 5) indicate a notable
sensitivity of sDA to both obstruction height and street width. In
all layouts, increasing the obstruction height from G to G+3 floors
results in noticeable decreases in sDA, especially at lower levels
where shading from the obstruction is more pronounced. The
reduction is particularly significant on narrow roads (4 m wide),

where sDA values often fall below the recommended daylight
sufficiency threshold.

Figure 5, illustrates Daylight Autonomy for rooms facing
southwest, with varying obstruction heights and road widths.
Narrow streets, measuring 4 meters, combined with tall
obstructions (G+3), result in the lowest sDA values, especially on
the ground and first floors, indicating limited natural light. On
wider roads (10 m), upper floors can reach about 80% sDA in
some layouts, even with G+3 obstructions. This suggests that
increasing setback distances can partly reduce the impact of taller
nearby structures on daylight access.
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Fig. 8. Reflectance-induced glare.
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Fig. 9. Annual glare in NE-facing rooms.

In summary, units facing northeast are slightly more resistant to
obstructions for sDA because of better morning sunlight and less

intense afternoon sun. In contrast, southwest-facing layouts

M Intolerable glare DGP >.45 Disturbing glare .45 > DGP >.4 [] Perceptible glare .4>DGP>.35 [] Imperceptible glare .35>DGP

experience more significant performance drops when obstructed
by the intense afternoon sun.
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Fig. 10. Annual glare in SW-facing rooms.

In contrast, wider roads or setbacks of 8 m and 10 m
significantly improve daylight access, reducing the effect of taller
obstructions. This promotes a more even distribution of daylight
across layouts. Seasonal shading from the southwest orientation
makes lower floors more vulnerable, as they receive less daylight
than upper floors. This shows that orientation, obstruction height,
and street width collectively affect overall daylight performance.

4.5. Daylight autonomy comparative analysis
4.5.1 General trends

A strong positive correlation exists between road width and
daylight autonomy (Pearson’s r = 0.87, p < 0.01). Wider
streets (=8 m) significantly reduce the shading effect of nearby
buildings, whereas narrower streets ( < 6 m) intensify it.
Regression analysis confirms a strong linear relationship (R?* =
0.82), emphasizing road width as a key factor influencing daylight
autonomy.

Figure 6, presents a summary chart of the average sDA for six
layouts, comparing NE and SW orientations. Ground floors
consistently have the lowest values, ranging from below 10% at 4
m (G) to between 40% and 55% at 10 m (G+3). ANOVA analysis
confirms that these differences across widths are statistically
significant (F-test, p < 0.05). Effect size assessments (Cohen’s d >
0.8) indicate substantial improvements when moving from narrow
to wide streets. The first and second floors show significant gains
for roads or setbacks 6 m to 8 m wide (post-hoc p < 0.01).
Meanwhile, third floors remain high above 70%, with SW spaces
generally underperforming compared to NE due to later solar
angles.

4.5.2 Obstruction sensitivity

Figure 7, shows the relationship between obstruction sensitivity
and sDA across different road widths and orientations (NE and
SW). Figure 7, indicates that obstruction height has the most
significant impact on narrow roads (4 m wide), where steep slopes
result in very low sDA values (<30% to 35%). As the road width
increases, the slopes become gentler, reducing the impact of
obstruction height. Consequently, sDA values improve, with NE

layouts reaching approximately 65% to 80% and SW layouts
around 55% to 70% at a 10 m width.

An apparent effect of orientation becomes clear. The SW
consistently shows steeper slopes and lower sDA, indicating a
more substantial influence of afternoon solar angles. Meanwhile,
NE demonstrates greater resilience, maintaining higher daylight
sufficiency across all road widths. The combination of slope
reduction and higher sDA levels at streets wider than 8 meters
underscores the importance of street width in reducing obstruction
effects. These findings highlight that setback regulations should
not be applied uniformly and must consider orientation-specific
performance trade-offs in dense tropical housing.

4.5.3 Layout performance

Layouts 2 and 4 show improved daylight performance compared
to layouts 1, 5, and 6. This is because rooms in the centre receive
more evenly distributed sunlight, while corner rooms are more
prone to shading effects. Regression analysis indicates that
approximately 20% of daylight variation is attributed to layout
effects, while over 60% is caused by road width, highlighting the
significant influence of street geometry. Orientation also affects
daylight performance. Northeast-facing rooms experience
consistent increases in sDA from the ground floor to upper levels,
especially when road widths are 8 m or more. Conversely,
southwest-facing rooms tend to have higher sDA on upper floors
but are more affected by obstruction height and dense urban
layouts. SW rooms also face the dual challenge of lower sDA and
a higher risk of glare in the late afternoons. These findings
emphasize the importance of road width, obstruction height, and
orientation in influencing daylight performance. They emphasise
the importance of planning strategies that incorporate minimum
road-width standards, setback rules, and orientation-specific
window placement. Implementing these measures can enhance
daylight access and improve visual comfort in tropical residential
buildings.

4.6. Daylight glare probability analysis

Daylight glare and autonomy were consistently assessed using
DIV A-for-Rhino simulations and confirmed with IES-VE. For the

2383-8701/© 2026 The Author(s). Published by solarlits.com. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution 4.0 License.


https://creativecommons.org/licenses/by/4.0/

M. Sundaram A & J. Luthra

Journal of Daylighting / Volume 13, Issue 1/ 5 January 2026 11

glare assessment, key viewpoints were set at an eye level of about
1.2 m, located near the center of each room and facing the window.

This approach ensured that the Daylight Glare Probability
(DGP) was measured from the view most affected by glare looking
directly at the brightest window in every scenario. The analysis
included urban obstruction geometry, obstruction distance,
orientation, and surface reflectance properties to predict DGP in
real-world conditions accurately. Results indicate that although
external reflectance influences glare intensity, the primary factors
affecting daylight glare comfort are orientation and the distance to
obstructions.

4.6.1. External surface reflectance

Glare performance was assessed at two external reflectance levels:
30% and 65%, representing the typical lower and upper limits of
facade reflectance in the region. Figure 8, displays the results for
both levels. At 30% reflectance, facade surfaces reflected minimal
daylight into indoor spaces, resulting in moderate glare primarily
around window areas.

Simulation results indicated that intolerable glare (DGP=>0.45)
occurred in less than 15% of occupied hours. Perceptible glare
(0.35<DGP <£0.40) and disturbing glare (0.40 <DGP <0.45)
together made up about 25% to 30% of total occupied time. At
65% reflectance, secondary reflections from nearby urban surfaces
significantly increased luminance contrast, creating bright patches
and expanding glare zones. Under these conditions, the occurrence
of intolerable glare rose to 30% to 35% of occupied hours, with
disturbing glare exceeding 25%. This indicates that while
reflective surfaces enhance daylight penetration, they also increase
glare discomfort, particularly in densely populated urban areas
where reflective surroundings amplify secondary light effects.

4.6.2. Orientation effects

Orientation significantly affects both the timing and duration of
glare, with notable differences between the north-east and south-
west directions. In the North-East Orientation (Fig. 9), glare was
most noticeable in the morning (06:00 am to 10:00 am), when
direct sunlight entered the space. During this time, perceptible
glare (0.35< DGP< 0.40) occurred for 40% to 55% of occupied
hours, while disturbing glare (0.40< DGP< 0.45) was seen for up
to 20%. Short bursts of severe glare (DGP>0.45) occurred mainly
during summer, accounting for about 10% of the morning hours.
After 10:00 am, over 80% of the day had minimal glare (DGP<
0.35). This shows that the north-east orientation provides
sufficient daylight with minimal glare, especially in the early
morning.

In the South-West Orientation (Fig. 10), intolerable glare (DGP
=>0.45) occurred from 8:00 am to 6:00 pm, accounting for about
60% to 70% of occupied hours annually. The highest glare levels
were recorded between March and September, coinciding with
periods of intense solar exposure. During early mornings and
evenings, glare levels were moderate. Approximately 20% to 25%
of the day experienced either disturbing glare (0.40< DGP<0.45)

or perceptible glare (0.35< DGP< 0.40). Consequently, less than
10% of the time was visually comfortable. These findings confirm
that south-west orientations consistently cause glare problems,
regardless of reflectance levels, making them the most significant
for visual discomfort.

4.6.3. Urban obstruction geometry

Glare probability was analysed across six obstruction
configurations by varying building heights (G, G+1, G+2, G+3)
and road widths (4 m, 6 m, 8 m, 10 m). The results shown in Figure
10 demonstrate that the geometry of obstructions has a significant
influence on the distribution and intensity of glare. On the
northeast ground floor, Rooms (Fig. 11), the G+3 building with a
4-meter-wide road causes severe glare, with a DGP > 0.45,
affecting up to 25% to 30% of the morning hours. Additionally, it
causes glare disturbance 20% of the time, with a DGP ranging
from 0.40 to 0.45. As road widths increase from 8m to 10 m,
excessive glare drops to under 15% during morning hours, shifting
more than half of the occupied time into the perceptible or
imperceptible range. On the upper floors, especially the 2nd and
3rd levels, intolerable glare rarely exceeds 10% with wider
setbacks. This indicates that increasing obstruction spacing can
effectively reduce glare for north-east facing orientations.

In the South-West rooms (Fig. 11), daylight was more
significantly affected by the distance of obstructions. On the
ground floor, with G+3 obstructions and 4-meter-wide streets,
glare was unbearable for over 70% of the occupied hours, while
less than 10% of hours experienced imperceptible glare. Widening
the road from 8m to 10m reduced the unbearable glare but did not
eliminate it. The glare persisted for 50% to 55% of the day,
highlighting the persistent intensity of southwest exposure. On the
second and third floors, glare levels remained high. Severe glare
occurred for 60—65% of the day, despite widening the road to 10
m. These findings suggest that while increasing the spacing
between obstructions can decrease glare, it does not eliminate it in
this orientation.

Results indicate that rooms in the northeast experience a
significant reduction in glare as road widths increase. At higher
floors, NE reaches acceptable glare levels (<10% intolerable
glare) with a 10m street width. Conversely, southwest rooms
remain highly susceptible to glare, with unacceptable levels
consistently exceeding 45% to 70%, even at the same road widths
and with lower obstructions. This emphasizes the need for
adequate daylight in dense tropical urban areas. The heat map (Fig.
12) reveals unacceptable glare levels in northeast- and southwest-
facing rooms, which are affected by various obstruction heights
(G-G+3) and setback widths (4m to 10 m). Data show that
northeast rooms generally stay within comfort thresholds, with
intolerable glare below 15% at road widths of 8m to 10 meters and
even under G+3 obstructions. Conversely, southwest-facing
rooms consistently experience high glare, with values exceeding
40% to 70% across all obstruction scenarios, underscoring their
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vulnerability. The heatmap illustrates how orientation and urban
form influence visual comfort. These findings highlight the
importance of adopting orientation-specific adaptive daylighting
strategies in tropical city environments.

4.6.4. Orientation-wise comparative analysis of DGP

The study demonstrates how obstruction geometry and surface
reflectance jointly influence indoor daylight access across various
orientations. North-east orientations receive diffuse morning
sunlight, offering balanced daylight autonomy with only a
moderate risk of glare. Conversely, rooms facing southwest
receive intense afternoon sunlight and are much more prone to
glare, particularly on upper floors. Surface reflectance of

obstructions has a significant impact on glare in both orientations.
As obstruction reflectance increases from 30% to 65%, glare
intensifies on every floor and across all layout types. This effect is
especially pronounced in upper-level layouts facing narrow road
widths.

Table 2, reveals substantial daylighting differences between
north-east and south-west orientations. North-east rooms strike a
balance, providing adequate daylight with moderate glare,
especially on upper floors. Conversely, south-west rooms
experience persistent high glare levels, despite good daylight
autonomy. This discomfort worsens on higher floors due to
afternoon sunlight and nearby reflective surfaces. These insights
indicate that NE orientations require strategies to balance daylight
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and glare. In contrast, SW orientations necessitate stronger glare-
control measures, such as low-reflectance facades, external
shading, and orientation-sensitive fenestration.

4.6.5. Occupant perception

The occupant survey, with 57 participants, revealed notable
variations in daylight perception across floors. The sample had a
balanced gender distribution (56% female, 44% male) and
included diverse occupational backgrounds: 40% professionals,
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29% homemakers, 13% students, and 4% retirees. Results showed
that 50.9% of participants are sensitive to glare, highlighting it as

a primary comfort issue.

The occupant survey (Fig. 13) revealed clear differences

between floor levels. Ground-floor residents (n =

15) mainly

reported insufficient daylight (92%) due to obstructed sky views
and limited natural light penetration. In contrast, third-floor
occupants frequently reported glare and overheating, which aligns
with their higher exposure to daylight. The middle floors had a
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more balanced perspective: residents on the first and second floors
generally found conditions acceptable, although they occasionally
experienced glare during peak sunlight hours.

User observations specific to each floor largely aligned with the
simulation results. Ground-floor units were often described as
receiving “too little light,” while upper floors experienced
consistent midday glare, matching the models' predictions of
vertical daylight stratification. Notably, occupant feedback was
closely aligned with the simulation recommendations. In 85% of
cases, residents identified the same window configurations as
optimal that the models predicted, confirming the accuracy of the
simulation outcomes.

5. DISCUSSION
5.1. Spatial daylight autonomy

Analysis of 1,152 simulations revealed a strong correlation
between obstruction proximity and daylight sufficiency (R? =
0.87, p < 0.001). Daylight performance decreases significantly in
tropical urban areas with narrower streets or nearby obstructions.
In northeast-facing locations, a 4 m setback resulted in a 67%
reduction in sDA compared to unobstructed conditions. In such
situations, daylight sufficiency often fell below 30%, failing to
meet the recommended standards. When the setback distance or
road width increased to 10 m, daylight loss reduced to 23%. This
indicates that larger spacing between buildings greatly improves
daylight performance.

The heatmap (Fig. 14) clearly shows orientation-related
differences in daylight autonomy. NE-facing layouts consistently
achieved good sDA values above 45% even with G+2
obstructions. When the road width increased to 10 m, their SDA
values improved further to 65-77.5%. Conversely, SW-facing
layouts performed well at wider separations, reaching up to 80%
sDA. However, their performance sharply declined to below 25%
as the road width decreased to less than 6 m. The most critical
scenario was with a 4 m road and a G+3 obstruction, where SW
orientations dropped to 5% sDA, while NE orientations still
maintained 17.5%.

5.2. Vertical and horizontal daylight stratification

The sDA analysis revealed a clear vertical stratification pattern
across all street-width scenarios. Ground floors exhibited the
lowest performance with a mean sDA of 28.4 + 5.2%, which is
below the recommended adequacy threshold of 50%. Daylight
levels increased on the first (41.7 = 8.1%) and second floors (47.9
+ 7.3%), but both remained under the threshold. From the second
floor upward, daylight sufficiency reached 582 + 6.4%,
accompanied by a noticeable rise in glare. Tukey’s HSD post-hoc
tests (Table 3) confirmed significant differences between all floors
(p < 0.01), indicating substantial vertical variation in daylight
performance.

A two-way ANOVA was conducted with floor level (G to G+3)
and road width (4 m, 6 m, 8 m, 10 m) as the variables. The results
(Table 4) showed significant effects of both floor level (F (3,384)

=156.8, p<0.001, n?>=0.51) and road width (F (3,384) = 112.6,
p <0.001, n*> = 0.42). A significant interaction was also observed
(F(9,384)=18.3,p<0.001,11?=0.17), indicating that both factors
jointly influence daylight, rather than acting independently.

The study confirms that both obstruction height and street width
significantly and interactively affect daylight penetration in
interior spaces in dense tropical areas. This highlights the essential
vertical and horizontal design standards to improve sDA
performance across the floors of mid-rise buildings in tropical
high-density environments.

5.3. Visual comfort and glare assessment

The ground floor has very little glare at 2%, as nearby obstructions
shield it from direct sunlight. This matches occupants' reports of
insufficient daylight rather than discomfort due to glare. Glare
levels rise significantly with height, increasing from 4.3% on the
first floor to 6.7% on the second floor, then sharply jumping to
20.4% on the third floor. This creates a clear divide between the
second and third floors, where glare becomes the primary visual
concern.

The fagade reflectance intensifies the vertical distribution of
glare across floors. When reflectance increases to 65%, mid-level
floors experience a 250% increase in glare compared to 30%
reflectance, despite adequate daylight levels (sDA 55-65%). This
indicates that glare at intermediate levels is highly sensitive to
surface reflectivity, with sufficient daylight overlapping the
discomfort risk. On higher floors, glare is primarily caused by
direct sunlight (DGP > 0.35), indicating that shading strategies are
effective.

The study also found that glare is strongly affected by
orientation. SW-facing layouts experienced nearly three times
more glare than NE-facing ones (p < 0.001), mainly because of
intense tropical afternoon solar exposure. NE-oriented rooms are
filled with diffuse morning light, keeping DGP values below 0.30
in most cases. On the other hand, despite wider roads, SW-facing
rooms exceeded glare comfort limits. This shows that orientation
influences glare as much as obstruction distance, highlighting the
importance of direction-sensitive daylight strategies.

The results revealed a clear trade-off between daylight and
glare. Wider streets improved daylight autonomy on all floors. At
the ground level, sDA increased from 17.5% at 4 m to over 50%
at 10 m. At the same time, DGP values on the upper floors rose
from 0.32 (6 m) to 0.42 (10 m). This indicates that increasing
daylight access can also raise the risk of glare. The analysis
identified two key thresholds in daylight performance.

e A minimum street width of 8 meters or more is set to ensure
sufficient daylight, ensuring that the sDA exceeds 40% on
lower floors.

e  Starting from the third floor, buildings consistently achieve
high daylight sufficiency (sDA > 70%) but also suffer from
persistent glare (DGP > 0.35). This suggests that upper
floors are naturally more prone to glare, regardless of the
obstruction's shape or placement.
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The results confirm that daylight sufficiency and glare risk are
interconnected and must be managed together. Effective daylight
design must balance both. First, a minimum street width of 8
meters is necessary to maintain daylight sufficiency with
appropriate glare control. Beyond the second floor, glare must be
controlled using shading devices, low-reflectance urban fagades,
or adaptive glazing. In dense tropical settings, optimizing building
orientation and urban form through integrated design ensures
visual comfort and equitable daylight access across all floors.

5.4. Validation of sDA and glare analysis

Validation aims to identify the connection between simulations
and occupant responses (Table 5). The study showed a strong link
between sDA and occupant daylight satisfaction (p = 0.82, p <
0.001, n = 57). A 30% sDA threshold was identified as a critical
point; below this level, over 90% of ground-floor residents
reported insufficient daylight. This finding is important because it
confirms that the simulation threshold aligns with user perception.
On the ground floor, where sDA fell below 28% due to G+2 and
G+3 obstructions, 92% of occupants said their spaces had “too
little light”. This supports the predictive reliability of the sDA
benchmark.

DGP analysis showed a strong link between DGP values and
occupant glare perception (p =0.79, p <0.001). A DGP threshold
of 0.35 was identified as the point at which glare discomfort
increased significantly. This threshold was consistently exceeded
on the second and third floors, with DGP values ranging from 0.36
to 0.45, aligning with occupant reports of glare discomfort.
Although the sDA exceeded 70%, meeting LEED and EN 17037
standards, 78% of residents on the third floor still experienced
persistent glare issues. This indicates that daylight sufficiency
alone does not ensure occupant comfort without effective glare
management.

The study found that urban obstructions affect indoor daylight
performance in tropical compact mid-rise apartments in both
positive and negative ways. On lower floors, taller obstructions
(G+2, G+3) reduced daylight sufficiency (sDA < 30%) but helped
prevent glare (DGP < 0.25). Conversely, on upper floors, shorter
obstructions increased daylight autonomy (sDA > 70%) but
caused persistent glare (DGP > 0.35). Occupants managed these
conditions with blinds, curtains, and balcony shading, which
matched the simulation results. This study demonstrates that
comparing survey data with simulation results shows these metrics
genuinely reflect real human experiences rather than just
theoretical performance indicators.

Along with the affirmation of sDA and DGP simulated with
occupant response (Table 5), the following key occupant
perceptions strongly support the floor-specific stratified daylight
guidelines.

e 92% of ground floor occupants reported inadequate

daylight, consistent with sSDA < 30% and low glare.

e  On the first floor, lighting is perceived as “sufficient,” with

sDA 40-55% and occasional glare (DGP = 0.25-0.32).

e On the second floor, residents experienced adequate
daylight (sDA 55-65%) but noted increasing glare
complaints, especially where DGP exceeds 0.35 under
G+2/G+3.

e On the third floor, occupants experience high daylight
availability (sDA > 70%), but frequently encounter glare
discomfort, with DGP values between 0.38 and 0.45.

The results demonstrated a strong correlation between the
simulation outputs and occupant feedback. Eighty-five percent of
residents agreed with the predicted optimal layouts, confirming
that the model accurately reflected perceived visual comfort.
Overall, the study affirms sDA as a reliable measure of daylight
adequacy and DGP as an effective predictor of visual discomfort
in tropical housing.

5.5. Summary of findings compared to previous
research

In line with previous studies, daylight distribution in the selected
mid-rise apartment is significantly influenced by the shapes,
distances, street layout, floor heights, and orientations of
obstructions [68-72]. This study confirms a nonlinear relationship
between daylight sufficiency (sDA) and glare probability (DGP),
consistent with earlier research indicating that brighter spaces
generally have a higher glare risk [69,70]. In SW rooms on the
second and third floors, DGP values ranged from 0.38 to 0.45,
surpassing the discomfort threshold of 0.35 due to intense
afternoon sunlight. Surveys confirmed these findings, with 78% of
upper-floor SW residents reporting frequent discomfort due to
glare. This pattern aligns with orientation-specific trends observed
by Chien & Tseng [68] and Sun et al. [70]. NE-oriented rooms
proved more effective under similar obstructions, showing 25%
higher sDA and DGP values below 0.30, supporting previous
urban canyon studies [68,70].

A 4-meter-wide street with G+3 obstructions reduced the
ground-floor sDA to 17.5%, but expanding the street to 10 meters
increased it by over 30%. This change in daylight performance
relative to street profile aligns with previous research on the H/W—
SVF relationship [1,23,73,74], suggesting that wider streets
improve the sky-view factor and enhance daylight access. Wider
spacing obstructions improved daylight access but increased DGP
from 0.32 to 0.42 at upper levels, confirming the daylight—glare
trade-off reported in prior studies [69-71]. As observed by Sprah
et al. [13], beyond the third floor, direct solar gains exceeded the
effects of reflectance. Raising reflectance to 65% increased DGP
by as much as 250% on mid-level floors, confirming Sprah, et al.
[13]'s findings that bright fagades enhance luminance contrast in
canyon environments. Therefore, adding moderate reflectance
(30-45%) along with upper-level shading elements such as
overhangs, fins, and selective glazing, as recommended by
Czachura et al. [23,75] and Sprah & Kogir [76], can improve
daylight conditions.
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Table 3. Tukey HSD floor-level comparisons of sDA.

Comparison Mean Difference (AsDA % 95% CI (Lower—Upper) p-value Significance
%)
Ground — First -13.3 -15.7t0 -10.9 <0.001 HoHk
Ground — Second -19.5 -22.1t0-16.8 <0.001 HoHk
Ground — Third -29.8 -32.2t0-27.3 <0.001 Hxx
First — Second -6.2 -8.41t0-3.9 <0.01 **
Second — Third -10.3 -12.7t0-7.8 <0.001 HoHk
Table 4. Two-Way ANOVA for Daylight Autonomy (sDA).
Source of Variation df F p-value UR
Floor Level 3,384 156.8 <0.001 0.51
Road Width 3,384 112.6 <0.001 0.42
Floor x Road Width 9,384 18.3 <0.001 0.17
Error 384 — — —
Table 5. Validation of obstruction effect on sDA and DGP with occupant feedback.
Floor sDA (Simulated) DGP (Simulated) Obstruction Effect Occupant Response
Ground Floor (G) 20% (low daylight autonomy)  0.20 (minimal glare) Severe daylight blockage 92% reported insufficient
caused by G+2 and G+3 daylight- they described it as
obstructions. 'too little light,' and minimal
glare;
G+1 Floor 50% (adequate daylight, 0.28 (occasional glare) Moderate obstruction impact;  Lighting is generally 'about
obstruction dependent) daylight improves with right'; occasional glare; some
increased setbacks. privacy concerns.
G+2 Floor 60% (good daylight 0.36 (>0.35 under G+2, G+3;  Moderate to high obstruction Daylight usually suffices, but
penetration) glare risk increasing) that increases glare. complaints about glare are
rising.
G+3 Floor 75% (high daylight 0.42 (frequent glare >0.35) Minimal obstruction effect on ~ High daylight sufficiency;

autonomy)

daylight, but significant glare
exposure.

frequent glare; use of blinds
and balconies.

Ground floors in compact areas experience low sDA (<30%)
with minimal glare, while first- and second-floor units have
moderate sDA (40-65%) and higher glare levels (DGP 0.25-
0.36). These results align with those reported by Chokhachian et
al. [73] and Nasrollahi & Rostami [1]. Additionally, this study
observed that upper floors achieved high daylight autonomy (sDA
> 70%) and persistent glare (DGP > 0.35), as noted by Chien &
Tseng [68] and Koster et al. [74]. Taller G+2—G+3 obstructions
reduce ground-floor daylight sufficiency (sDA < 30%) and lower
mid-level glare by up to 40%, consistent with findings by Sun et
al. [70], Aydin & Unver [51], and Nasrollahi & Rostami [1]. Using
height modulation and site-specific setbacks effectively balances
daylight access and visual comfort, as noted by Ng [77]. This
confirms that obstructions serve as contextual regulators rather
than mere barriers, influencing both daylight adequacy and
comfort. In line with previous research, this study demonstrates
that daylight levels vary by floor height and emphasizes that
daylight design should be tailored to local conditions.

As suggested by Czachura et al. [23,75], Hraska & Curpek [78],
Sprah & Kosir [76], and Kilig & Yener [79], this study examined
daylight performance by integrating performance-oriented,
context-specific factors. The findings support the adoption of
performance-oriented daylight frameworks, utilising context-
specific benchmarks (e.g., modified VSC or EN 17037), which are

crucial for managing daylight and glare in multi-story residential
environments [79-81].

5.6. Knowledge contribution and practical implications
for daylight design and urban policy

This research emphasizes spatial Daylight Autonomy (sDA) and
Daylight Glare Probability (DGP) as key benchmarks for daylight
performance in tropical housing. An sDA below 30% indicates
inadequate daylight, while a DGP above 0.35 suggests potential
glare discomfort. Occupant surveys showed 85% agreement with
the simulation results, demonstrating that these thresholds
effectively reflect user experience. On an urban scale, a street
width of at least 8 meters is required to ensure sufficient daylight
reaches the lower floors in mid-rise apartment layouts. Research
also shows that facades with reflectance exceeding 65% can
increase glare by up to 250%, underscoring the importance of
regulating facade reflectance in dense urban environments.
Daylight and glare levels vary significantly between different
floor levels, requiring tailored design strategies. Lower floors
should incorporate wider setbacks (=8 m), reflective surfaces, and
strategically placed windows to enhance daylight access. Middle
floors require a balance between daylight penetration and glare
reduction, which can be achieved through orientation-based
shading and moderate facade reflectance. Upper floors, although
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receiving ample daylight, should incorporate features such as
louvres, adaptive glazing, or low-reflectance materials to
effectively reduce glare. The study found that simulation-based
thresholds closely match occupants' perceptions. This validates
their use in tropical daylighting standards and urban planning
guidelines, fostering balanced, human-centred daylight design.

6. CONCLUSION

This study investigated the impact of urban obstructions on indoor
daylight in a tropical mid-rise apartment. A total of 1,152
simulations were conducted using IES-VE with RadiancelES to
assess the effects of varying orientations, street widths, and fagade
reflectance levels (30%-65%) on daylight quality. The results
showed that daylight sufficiency is highly affected by the distance
to the obstruction. At 4 m setbacks, sDA decreased by 67%, while
upper floors maintained sDA over 60%, revealing vertical daylight
inequality. Glare levels increased by up to 250% on the first and
second floors when fagade reflectance rose from 30% to 65%.
Analysis of orientation indicated that NE layouts benefited from
diffuse morning light, whereas SW layouts experienced more
glare. The findings suggest that the proximity, height, orientation,
and surface reflectance of nearby buildings significantly influence
daylight and glare, underscoring the importance of context-
specific daylight design over conventional window-to-wall ratio
methods.

The simulation results were verified using perception surveys
from 57 occupants, showing an 85% correlation between the
simulated and perceived daylight conditions. Significant
correlations were found between sDA and daylight satisfaction (p
= 0.82) and between DGP and glare perception (p = 0.79),
demonstrating the reliability of computational daylight metrics in
tropical housing. By combining simulations with user feedback,
this study developed a validated framework for assessing indoor
daylight autonomy in a tropical multi-floor residence.

Based on these findings, the study recommends the following
evidence-based strategies to ensure sufficient indoor daylight in
compact tropical mid-rise apartments.

e Fenestration design should be context-sensitive, accounting

for obstruction height, reflectance, and proximity, rather
than depending on standard ratios [51].

e The daylight performance assessment should take into
account the larger urban context from the early stages of
design [82].

e Guidelines for regulating fagade material reflectance at an
urban scale are essential to minimize overall glare in
tropical, multi-storey, dense urban housing [83].

e Daylight strategies should be customized for each floor,
such as increasing daylighting on lower levels and
controlling glare on upper floors with louvres or adaptive
glazing.

e Opverall, achieving effective multi-scale coordination is
crucial for optimizing daylight in the compact multi-storey
residence. This involves harmonizing various urban

planning regulations related to setbacks, height limits,
surface reflectance, and urban design approaches, along
with architectural elements such as fenestration, shading,
and materials [84].

In summary, this research demonstrates that enhancing
daylighting in tropical multi-storey residential buildings requires
integrated urban—architectural strategies rather than isolated
building solutions. The study’s methodological framework and
guidelines offer practical approaches for architects and urban
planners to enhance daylight access in multi-story residential
buildings. Future research could explore notable differences in
daylight access and glare in high-rise building types. Additionally,
the current study could be expanded to assess adaptive fagade
systems, conduct long-term monitoring of occupant experiences,
and apply advanced glare indices for more precise evaluations. A
coordinated design approach that integrates urban planning and
facade strategies is essential for ensuring daylight resilience in
tropical, compact cities.
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