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Abstract 
 

This study investigates comfort in public open spaces in Bandung by 
linking measured environmental conditions with visitor perceptions collected 
through questionnaires. Logistic regression was applied to model the relationship 
between the two data sets. The model achieved good discriminatory power for 
predicting comfort, with Area Under the Curve (AUC) of 0.752, accuracy of 
0.679, precision of 0.884, and sensitivity of 0.686. Five parameters emerged as 
significant predictors of comfort: L90, relative humidity, DGI, wind speed, and 
temperature. Higher comfort is associated with lower values of L90, DGI, and 
temperature, while increasing relative humidity and wind speed improves 
comfort. These results confirm that overall comfort in outdoor urban environments 
arises from multisensory interactions. Understanding these interactions 
provides urban planners and architects with a practical basis for developing 
strategies to improve the quality and livability of public open spaces. 
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INTRODUCTION 
 

Comfort is a feeling of satisfaction with the quality of the surrounding environment; therefore, it is an essential 
factor that influences the use of space (Lai et al., 2020; Rohde et al., 2020). Our environment consists of various 
physical conditions that cause numerous sensations, ranging from thermal sensations (hot, cold, humid, dry), visual 
sensations (brightness, glare, color), audio sensations (loudness, pitch, timbre), and also olfactory sensations (aroma, 
scent, smell). We feel all these sensations simultaneously, leading us to determine whether the space we occupy is 
comfortable. Overall comfort refers to our overall assessment of the combined sensations experienced due to 
environmental conditions (Du et al., 2023; Yang & Moon, 2019). 

Research on comfort begins by examining the relationship between comfort perception and objective physical 
parameters, defining comfort as a measurable variable (Mamani et al., 2022; Riffelli, 2021). The research typically 
evaluates a single sensory modality, isolating its effects on comfort perception from interference by other sensory 
modalities. Many studies primarily focus on auditory, thermal, and visual aspects as the main stimuli. Several indices 
have also been produced and widely used to assess environmental quality (ANSI/ASHRAE, 2013; Hopkinson, 1972; 
Kep-48/MENLH/11, 1996; Wienold & Christoffersen, 2006). 

Noise indices have been developed to assess the quality of the sound environment and are widely used in 
regulatory frameworks. A study comparing perceived sonic environmental quality in city parks and suburban parks 
concluded that, for city parks to be perceived as having sonic quality equivalent to suburban parks, noise levels (Leq) 
should not exceed 50 dB(A) (Nilsson & Berglund, 2006). Other studies have also examined factors influencing 
soundscapes in urban environments (Acun & Yilmazer, 2019; Cao & Kang, 2021). Some studies have also used the 
concept of sound masking to improve auditory comfort (Axelsson et al., 2014; Lu et al., 2025; Puyana-Romero et al., 
2021). It demonstrates how soundscapes have a role in shaping auditory comfort by a combined approach with noise 
evaluation. 

https://creativecommons.org/licenses/by/4.0/
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Visual comfort indices related to photometric and colorimetric have also been developed and widely used for 
indoor environments. Metrics such as illuminance, luminance, and glare quantify the amount of light and its quality. 
These indices have been adopted as standards for indoor lighting along with discomfort glare index from the CIE 
(CIE 117, 1995) and the IES Lighting Handbook (Illuminating Engineering Society of North America, 2000). 
Outdoor visual comfort, on the other hand, is often assessed based on visual preferences and qualitative aspects. 
Glare, however, is an important factor not only indoors but also outdoors (Spieringhs et al., 2022; Tyukhova, 2024). 
It evaluates the contrast between different surfaces and vocal point in the environment. Research also shows that 
other factors, such as daylighting, shading factors, and light uniformity in pedestrian areas, contribute to visual 
comfort and enhance the experience in urban public spaces (Wänström Lindh & Jägerbrand, 2021). 

Similarly, thermal comfort is also typically assessed in indoor settings. Thermal comfort indices, such as PMV 
and PPD (International Organization for Standardization, 2005), evaluate conditions based on microclimatic 
variables (temperature, humidity, and solar radiation) and human physiological factors. Several studies have 
demonstrated modifications of thermal comfort indices such as UTCI (Jendritzky et al., 2012), PET (Höppe, 1999), 
and SET (Zhang & Lin, 2020) for use in outdoor environments. Moreover, thermal comfort has become an 
increasingly important aspect to observe due to climate change (Bartesaghi-Koc et al., 2021; Lehnert et al., 2021). 
Several studies have shown that cities are beginning to use landscape elements such as plants, water features, and 
shading to improve thermal comfort in public open spaces (Gachkar et al., 2021; Nasrollahi et al., 2021; Triyuly et 
al., 2021). 

While existing research has provided fundamental knowledge of comfort perception, it requires more research 
on the interaction between sensory modalities and how these interactions affect overall comfort. Several studies have 
examined bimodal interactions, such as audio-thermal, visual-thermal, and the more common audio-visual 
interactions. For example, research on streetscapes found that auditory aspects produced a more significant restorative 
effect than visual aspects, and observing their interaction provides a more comprehensive understanding (Lu et al., 
2025). Other research also examined the interaction of audio-visual-thermal aspects in urban parks and produced a 
model of overall comfort that combines all three aspects (Nitidara et al., 2022). These studies provide initial evidence 
of a multisensory relationship between the auditory, visual, and thermal comfort aspects. 

The study explained in this paper is interested in observing multisensory interactions, especially for public open 
spaces in urban areas. While most research has primarily focused on indoor settings, outdoor environments present 
more challenges as they cannot be controlled or modified to the same extent. Creating comfortable outdoor spaces is 
thus more challenging. This study proposes that a multisensory approach may offer a better framework for 
understanding overall comfort in public open spaces. 

This study builds on our previous research that objectively measured the conditions of public open spaces in 
Bandung and compared these with visitor perceptions collected via a questionnaire. That earlier work described the 
existing conditions of public open spaces in the city (Nitidara, 2022) and a Structural Equation Model that explains 
the relationship and interaction between audio–visual–thermal aspects and overall comfort (Nitidara et al., 2022). In 
this paper, we utilize those data to create and validate a predictive model that connects objective parameters with 
overall comfort perceptions using logistic regression. Furthermore, we also identify which objective parameters most 
strongly influence changes in overall comfort. Finally, we present case studies demonstrating the model’s 
applicability and its design implications.  
 

METHODS 
 
Data Sources and Study Design 
 

This study used the same dataset as the initial study. This dataset contains environmental conditions derived 
from measurements and visitors’ perceptions obtained from questionnaires. Details of the data collection process are 
described in that study (Nitidara, 2022), while this paper provides more detail on the data modelling process. The 
main aim of this paper is to capture visitors’ overall comfort perception and connect them with the environmental 
conditions that affect these perceptions. 

A total of 420 data were collected from eight public open space locations in Bandung. Data were collected only 
when visitors were present at each location, at different times of day during the rainy season (October–December) 
and the dry season (June–August). Data collection times were not standardized across locations because our goal was 
to observe the conditions under which people reported overall comfort rather than to compare raw parameter values 
across locations. Variability in the environmental conditions (audio, visual, and thermal) was therefore essential for 
the analysis. 

 

Objective Measures and Target Variable 
 

This study simultaneously observed environmental conditions, including audio, visual, and thermal aspects. 
Audio aspects were observed using environmental noise parameters L10, L50, L90, and Leq (dB(A)). The parameter 
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values were obtained from soundscape recordings taken at the visitor's location on site. Visual aspects were observed 
using glare index parameters, namely DGP and DGI (–). These parameters were derived using pixel-based techniques 
on calibrated HDR images from the data collection site. Thermal conditions were assessed using air temperature (°C), 
relative humidity (%), and wind speed (m/s). These parameters were measured at the observation site with an 
environmental meter and an anemometer. The detailed process of field data collection and processing is described in 
the initial study (Nitidara, 2022). In total, these nine objective parameters served as predictors in the modeling. 

The target parameter in this study was overall comfort perception, obtained from visitor questionnaires. Overall 
comfort was expressed as a binary condition: comfort (1) and discomfort (0). Details regarding the questionnaire can 
also be found in the initial study (Nitidara, 2022). All questionnaires and environmental parameters were collected 
at the same time. 

 

Statistical Data Processing and Logistic Regression Modeling 
 

 We combined environmental condition data obtained from field measurements with the perception score of 
overall comfort from questionnaires to create a predictive model. The modeling was performed using logistic 
regression because the target parameter, overall comfort, is a binary condition between comfort (score = 1) and 
discomfort (score = 0). Thus, a complete data set consisting of nine objective parameters (L10, L50, L90, Leq, DGP, 
DGI, temperature, relative humidity, and wind speed) and one overall comfort score. 

We start with data preprocessing, taking into account missing data, multicollinearity, and data standardization. 
The model used 321 complete data sets obtained from a total of 420 questionnaire surveys, after removing some 
missing data. The nine objective parameters were then tested for multicollinearity using Pearson correlation. 
Parameters with high correlations (greater than 0.65) were reduced and represented by one of the stronger parameters. 
Due to a high correlation to L90, we discarded parameters Leq, L10, and L50 from the model. DGP and DGI also show 
a strong correlation, so the DGI parameter was selected as a representative parameter because its scale is more 
comparable to the ranges of the other parameters. As a result, the total number of parameters was decreased from 9 
to 5. Additionally, the values for these five parameters were z-standardized before modeling. 

All data processing was performed using Orange software with a workflow as shown in Figure 1. Logistic 
regression was performed using the logistic regression widget with the ridge (L2) regularization method. Due to the 
unequal distribution of the target variable, where approximately 80% of the data indicates comfort, we applied 
balanced class weight during model fitting in the logistic regression widget. Performance of the model was evaluated 
using the test and score widget with a 10-fold stratified cross-validation method. We then report the results of the 
Receiver-operating characteristic curve (ROC) and its Area under the curve (AUC), specificity, accuracy, precision, 
and sensitivity. We also observed the nomogram to visualize the contribution and direction of each predictor to 
overall comfort. Additionally, we utilized FreeViz widget to assess location-wise patterns and illustrate the 
influence/direction of the contributing objective parameters. 

 
Fig. 1. Orange workflow 

(Source: author) 

 

RESULTS AND DISCUSSION 

 
On-site measurements showed that public spaces in Bandung had temperatures ranging from 24–34 °C, humidity 

levels between 40–65%, in the dry season, temperature ranged between 27–34 °C with relative humidity between 
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40–55%, while in the rainy season, temperature was lower (24–26 °C) and relative humidity higher (55–65%). Wind 
velocities are relatively similar in both seasons at 0–3 m/s. Leq values range from 55–85 dBA, and visual discomfort 
is noticeable within 50% of the data. Many of these conditions exceeded common standards for thermal, acoustic, 
and visual comfort. However, our earlier study found that about 80% of visitors still reported feeling comfortable in 
these spaces (Nitidara, 2022). This mismatch between objective indicators and subjective evaluations underscores 
the need for a predictive approach that accounts for the interaction of multiple factors. The following sections present 
the performance of the logistic regression model, identify the most influential predictors, and discuss their 
implications for design. 

 

Model Performance 
 

The logistic regression model showed an AUC value of 0.752, as shown in the ROC curve in Figure 2. This 

AUC value indicates that the model provides good performance and discriminatory power to separate comfortable 

and uncomfortable conditions. Table 1 shows the confusion matrix of the 321 data points used for modeling. The 

model has an accuracy of 0.679, a precision of 0.884, and a sensitivity of 0.686. Accuracy indicates the overall 

proportion of correctly predicted cases across both comfortable and uncomfortable conditions. Precision shows how 

reliable the model is when it predicts a space as comfortable, while sensitivity measures the ability of the model to 

correctly identify uncomfortable conditions. Based on our model, higher precision than sensitivity values indicates 

that the model is better at predicting comfortable conditions than uncomfortable ones. The class imbalance between 

comfortable and uncomfortable is the leading cause of the lower sensitivity, even though the modeling process 

included a class-balancing algorithm. For the application of the model in environmental design and prediction, both 

precision and sensitivity metrics are equally important. Precision enables us to create guidelines for conditions 

considered comfortable, while sensitivity ensures we do not overlook conditions that cause discomfort. 

 

 
Fig. 2. ROC curve from logistic regression model with AUC = 0.752 

Table 1 Confusion matrix of the logistic regression model 
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 0 1 

0 43 23 

1 80 175 

 

Predictor Importance and Interaction 
 

In addition to observing the model's performance, we were also interested in determining which environmental 

parameters significantly influence comfort. The nomogram in Figure 3 displays the five predictors ranked by their 

influence on comfort, along with the direction of that influence. In order of most influence, they are as follows: L90, 

relative humidity, DGI, wind speed, and temperature. L90, DGI, and temperature all show a decreasing trend. As the 

values of these three parameters decrease, the likelihood of comfort increases. Meanwhile, relative humidity and 

wind speed show an increasing trend, meaning that increasing the values of these two parameters also increases the 
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likelihood of achieving comfort. By using this nomogram, we can better observe that overall comfort is indeed a 

multisensory interaction. 

 
Fig. 3. Nomogram of the Logistic Regression Model, Showing Scale of Importance and Direction of Influence for Each Predictor 

 

 
Fig. 4. Analysis of the Overall comfort based on observed locations 

 
To further explore the interactions between predictors, we visualized the data using FreeViz (Figure 4). The top 

three parameters (L90, relative humidity, and DGI) are depicted as axes. Wind speed and temperature are included in 

the model, but they have a lesser impact and are therefore not plotted as additional axes in the diagram. This decision 

helps maintain a clear visual representation of the directionality of each parameter, making the data easier to interpret. 
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Each point represents measurement data plotted on the axes based on the environmental conditions of each parameter. 

Red indicates comfortable conditions, while blue indicates uncomfortable conditions. Different shapes represent 

different data collection locations. From this diagram, we can observe several things: 1. The number of uncomfortable 

data is indeed smaller than the number of comfortable data. 2. Uncomfortable data appear in areas with high L90 and 

DGI values. 3. Comfortable data are primarily found in areas with high relative humidity. This visualization 

reinforces the nomogram results and illustrates how multiple predictors interact to shape perceived comfort. 

 

Site Patterns and Design Implications 
 

The interactions between parameters, as shown in Figure 4, also help us identify which locations visitors 

generally describe as comfortable or uncomfortable. Among the eight site locations, Babakan Siliwangi is considered 

comfortable because its microclimate has a relatively high relative humidity with a low L90. Although it is surrounded 

by main roads, the traffic is not as heavy, and the area is covered with trees and vegetation, which reduces noise by 

acting as a sound barrier while also enhancing the microclimate conditions. Conversely, Lapangan Gasibu and Teras 

Cikapundung are often considered uncomfortable, primarily due to their high L90 values and low relative humidity. 

These areas, particularly the Lapangan Gasibu, are exposed to heavy traffic. 

The analysis presented earlier reveals that human perception of overall comfort is not a simple, single-

dimensional concept but encompasses multiple aspects. If we look at these aspects in isolation, we will find that in 

some conditions the environmental conditions do not comply with the standard. However, when asked to evaluate 

their overall experience, visitors will report feeling comfortable in the public open space. This result indicates that 

visitors' assessment of the environment is holistic and does not isolate any particular aspect. Each physical aspect 

contributes to overall comfort, meaning that trade-offs are likely to occur; if one aspect of the environment is lacking, 

it can be compensated for by improvements in other areas. 

In the case of Lapangan Gasibu, for example, rather than viewing this exclusively as an environmental noise 

problem, we can adopt a comprehensive approach using the multimodal principle. If high noise levels are difficult to 

avoid in Lapangan Gasibu and adding a sound barrier might negatively affect the area's aesthetics, we should instead 

focus on improving overall comfort by altering the microclimate in the vicinity. These solutions include adding more 

vegetation (Gachkar et al., 2021; Van Renterghem, 2019; Van Renterghem & Botteldooren, 2016) or incorporating 

water features into the area (Axelsson et al., 2014; Puyana-Romero et al., 2021). By understanding this multisensory 

interaction, city planners and architects can develop alternative strategies to address various issues. 

 

Limitation and Future Work 
 

This study has several limitations. First, the environmental measurements and questionnaire responses were not 

fully time-synchronized across sites. This limitation makes it difficult to compare sites directly. However, it does 

reflect the actual dynamics of public spaces: visitors have the freedom to choose whether to stay or leave, which in 

itself serves as an indicator of comfort. This dynamic also explains the class imbalance in the dataset, with comfort 

reported more often than discomfort. While this skews model sensitivity, it also underscores the ecological validity 

of the data. In this study, the model has already achieved high precision, and future work could aim at improving the 

sensitivity to achieve a more balanced predictive performance. Second, the study did not account for contextual 

variables such as activity type, duration of stay, or social setting, all of which may shape comfort perceptions. Their 

omission may limit the explanatory power of the model. Lastly, while measurement data were collected during both 

the dry and rainy seasons, the perceived comfort data for the rainy season were not sufficient to build a separate 

model. Therefore, the current model may be more representative of dry season conditions, and future studies should 

aim to validate it across different seasonal contexts. 

Future research should address these gaps through controlled experiments where conditions and responses are 

measured in real time. Multisensory virtual environments provide a controlled way to vary thermal, visual, and 

acoustic conditions, while also allowing for the recording of physiological and perceptual data. Such environments 

could also help rebalance the representation of uncomfortable conditions, ensuring models capture the full spectrum 

of comfort. In addition, incorporating contextual information about activities and social interactions would provide 

a more comprehensive understanding of comfort in urban spaces. 

 

CONCLUSION 

 
This study developed a logistic regression model to link environmental conditions with perceived comfort in 

urban public spaces in Bandung. The model achieved good discriminatory power (AUC = 0.752) and identified five 

key predictors of comfort: L90, relative humidity, DGI, wind speed, and temperature. Higher comfort was associated 
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with lower L90, DGI, and temperature, while higher relative humidity and wind speed contributed positively to 

comfort. These results confirm that outdoor comfort emerges from multisensory interactions rather than single-

domain parameters. 

Despite some limitations, this study presents a new insight for urban designers and architects. The model 

provides a framework for identifying design strategies that combine the influences of audio, visual, and thermal 

conditions. It emphasizes multisensory observations to assess overall comfort in their projects and explores how 

interactions between different sensory modalities can help mitigate certain shortcomings. Future studies should 

validate the model under different temporal and spatial contexts to strengthen its applicability in diverse urban 

settings. 

 

ACKNOWLEDGEMENT 

 
The author(s) would like to thank Institut Teknologi Bandung for their support. The author(s) also used 

Grammarly for proofreading and minor language editing; all analysis, interpretations, and conclusions remain entirely 

the responsibility of the author(s). 

 

REFERENCES 
 

Acun, V., & Yilmazer, S. (2019). Combining Grounded Theory (GT) and Structural Equation Modelling (SEM) to analyze 

indoor soundscape in historical spaces. Applied Acoustics, 155, 515–524. https://doi.org/10.1016/j.apacoust.2019.06.017 

ANSI/ASHRAE. (2013). Standard 55-2013: Thermal Environmental Conditions for Human Occupancy. ASHRAE. 

Axelsson, Ö., Nilsson, M. E., Hellström, B., & Lundén, P. (2014). A field experiment on the impact of sounds from a jet-and-

basin fountain on soundscape quality in an urban park. Landscape and Urban Planning, 123, 49–60. https://doi.org/ 

10.1016/j.landurbplan.2013.12.005 

Bartesaghi-Koc, C., Haddad, S., Pignatta, G., Paolini, R., Prasad, D., & Santamouris, M. (2021). Can urban heat be mitigated in 

a single urban street? Monitoring, strategies, and performance results from a real scale redevelopment project. Solar Energy, 

216, 564–588. https://doi.org/10.1016/j.solener.2020.12.043 

Cao, J., & Kang, J. (2021). The influence of companion factors on soundscape evaluations in urban public spaces. Sustainable 

Cities and Society, 69, 102860. https://doi.org/10.1016/j.scs.2021.102860 

CIE 117. (1995). CIE 117-1995 Discomfort glare in interior lighting. International Commission on Illumination (CIE). 

https://doi.org/10.25039/TR.117.1995 

Du, M., Hong, B., Gu, C., Li, Y., & Wang, Y. (2023). Multiple effects of visual-acoustic-thermal perceptions on the overall 

comfort of elderly adults in residential outdoor environments. Energy and Buildings, 283, 112813. https://doi.org/10.1016/ 

j.enbuild.2023.112813 

Gachkar, D., Taghvaei, S. H., & Norouzian-Maleki, S. (2021). Outdoor thermal comfort enhancement using various vegetation 

species and materials (case study: Delgosha Garden, Iran). Sustainable Cities and Society, 75, 103309. https://doi.org/10. 

1016/j.scs.2021.103309 

Hopkinson, R. G. (1972). Glare from daylighting in buildings. Applied Ergonomics, 3(4), 206–215. https://doi.org/10.1016/0003-

6870(72)90102-0 

Höppe, P. (1999). The physiological equivalent temperature – a universal index for the biometeorological assessment of the 

thermal environment. International Journal of Biometeorology, 43(2), 71–75. https://doi.org/10.1007/s004840050118 

Illuminating Engineering Society of North America. (2000). The IESNA Lighting Handbook: Reference & Application. 

Illuminating Engineering Society of North America. https://books.google.co.id/books?id=0Ot4QgAACAAJ 

International Organization for Standardization. (2005). Ergonomics of the thermal environment—Analytical determination and 

interpretation of thermal comfort using calculation of the PMV and PPD indices and local thermal comfort criteria. ISO. 

https://www.iso.org/standard/39155.html 

Jendritzky, G., de Dear, R., & Havenith, G. (2012). UTCI—Why another thermal index? International Journal of Biometeorology, 

56(3), 421–428. https://doi.org/10.1007/s00484-011-0513-7 

Kep-48/MENLH/11. (1996). Keputusan Menteri Negara Lingkungan Hidup KEP-48/MENLH/11/1996 Tentang Baku Tingkat 

Kebisingan. Menteri Negara Lingkungan Hidup. 

Lai, D., Chen, B., & Liu, K. (2020). Quantification of the influence of thermal comfort and life patterns on outdoor space 

activities. Building Simulation, 13(1), 113–125. https://doi.org/10.1007/s12273-019-0565-x 

Lehnert, M., Brabec, M., Jurek, M., Tokar, V., & Geletič, J. (2021). The role of blue and green infrastructure in thermal sensation 

in public urban areas: A case study of summer days in four Czech cities. Sustainable Cities and Society, 66, 102683. 

https://doi.org/10.1016/j.scs.2020.102683 

Lu, X., Xu, J., Lange, E., & Cao, J. (2025). Which Factors Enhance the Perceived Restorativeness of Streetscapes: Sound, Vision, 

or Their Combined Effects? Insights from Four Street Types in Nanjing, China. Land, 14(4), 757. https://doi.org/10.3390/ 

land14040757 

Mamani, T., Herrera, R. F., Muñoz-La Rivera, F., & Atencio, E. (2022). Variables That Affect Thermal Comfort and Its 

Measuring Instruments: A Systematic Review. Sustainability, 14(3), 1773. https://doi.org/10.3390/su14031773 



DIMENSI:  Journal of Architecture and Built Environment, Vol. 52, No. 2, December 2025, pp. 121-128 

128  

Nasrollahi, N., Namazi, Y., & Taleghani, M. (2021). The effect of urban shading and canyon geometry on outdoor thermal 

comfort in hot climates: A case study of Ahvaz, Iran. Sustainable Cities and Society, 65, 102638. https://doi.org/10.1016/ 

j.scs.2020.102638 

Nilsson, M., & Berglund, B. (2006). Soundscape Quality in Suburban Green Areas and City Parks. Acta Acustica United with 

Acustica, 92, 903–911. 

Nitidara, N. P. A. (2022). Pengembangan model persamaan struktural dari interaksi aspek fisis aural, visual, dan termal 

terhadap kenyamanan multisensori di ruang terbuka publik [Doctoral Dissertation]. Institut Teknologi Bandung. 

Nitidara, N. P. A., Sarwono, J., Suprijanto, S., & Soelami, F. X. N. (2022). The multisensory interaction between auditory, visual, 

and thermal to the overall comfort in public open space: A study in a tropical climate. Sustainable Cities and Society, 78, 

103622. https://doi.org/10.1016/j.scs.2021.103622 

Puyana-Romero, V., Maffei, L., Brambilla, G., & Nuñez-Solano, D. (2021). Sound Water Masking to Match a Waterfront 

Soundscape with the Users’ Expectations: The Case Study of the Seafront in Naples, Italy. Sustainability, 13(1), Article 1. 

https://doi.org/10.3390/su13010371 

Riffelli, S. (2021). Global Comfort Indices in Indoor Environments: A Survey. Sustainability, 13(22), 12784. https://doi.org/ 

10.3390/su132212784 

Rohde, L., Larsen, T. S., Jensen, R. L., & Larsen, O. K. (2020). Framing holistic indoor environment: Definitions of comfort, 

health and well-being. Indoor and Built Environment, 29(8), 1118–1136. https://doi.org/10.1177/1420326X19875795 

Spieringhs, R. M., Phung, T. H., Audenaert, J., & Hanselaer, P. (2022). Exploring the Applicability of the Unified Glare Rating 

for an Outdoor Non-Uniform Residential Luminaire. Sustainability, 14(20), 13199. https://doi.org/10.3390/su142013199 

Triyuly, W., Triyadi, S., & Wonorahardjo, S. (2021). Synergising the thermal behaviour of water bodies within thermal 

environment of wetland settlements. International Journal of Energy and Environmental Engineering, 12(1), 55–68. 

https://doi.org/10.1007/s40095-020-00355-z 

Tyukhova, Y. (2024). Discomfort glare in outdoor environments after dark – A review of methods, measures, and models. 

Building and Environment, 263, 111850. https://doi.org/10.1016/j.buildenv.2024.111850 

Van Renterghem, T. (2019). Towards explaining the positive effect of vegetation on the perception of environmental noise. 

Urban Forestry & Urban Greening, 40, 133–144. https://doi.org/10.1016/j.ufug.2018.03.007 

Van Renterghem, T., & Botteldooren, D. (2016). View on outdoor vegetation reduces noise annoyance for dwellers near busy 

roads. Landscape and Urban Planning, 148, 203–215. https://doi.org/10.1016/j.landurbplan.2015.12.018 

Wänström Lindh, U., & Jägerbrand, A. K. (2021). Perceived Lighting Uniformity on Pedestrian Roads: From an Architectural 

Perspective. Energies, 14(12), 3647. https://doi.org/10.3390/en14123647 

Wienold, J., & Christoffersen, J. (2006). Evaluation methods and development of a new glare prediction model for daylight 

environments with the use of CCD cameras. Energy and Buildings, 38(7), 743–757. https://doi.org/10.1016/j.enbuild.2006. 

03.017 

Yang, W., & Moon, H. J. (2019). Combined effects of acoustic, thermal, and illumination conditions on the comfort of discrete 

senses and overall indoor environment. Building and Environment, 148, 623–633. https://doi.org/10.1016/j.buildenv. 

2018.11.040 

Zhang, S., & Lin, Z. (2020). Standard effective temperature based adaptive-rational thermal comfort model. Applied Energy, 

264, 114723. https://doi.org/10.1016/j.apenergy.2020.114723 

 


