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Abstract

:

Urban heat islands (UHIs) are negatively impacting the quality of the urban environment and outdoor thermal comfort (OTC) levels, which have raised concerns regarding their impact on urban health and well-being. Understanding of OTC level is crucial, particularly in tropical cities with year-round high temperatures and humidity. A study was conducted in Kuala Lumpur (KL), Malaysia, to determine the OTC level in a selected urban area through microclimate measurements and questionnaire surveys with 1157 respondents. Over half of the urban dwellers reported thermal discomfort, with a high perceived OTC level, indicating strong thermal adaptive behaviours among the urban dwellers despite the physiological stress. Confounding factors such as urban morphology, land cover and human activity patterns also influence the OTC level in the tropical city. The findings emphasize the need for interventions to improve the urban environment and promote better outdoor thermal comfort for city dwellers through measures such as green infrastructure, UHI mitigation and increasing public awareness.
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1. Introduction


The Intergovernmental Panel on Climate Change (IPCC) warns that anthropogenic activities have increased global temperatures by about 1 °C and has forecasted a further increase by 1.5 °C between 2030 and 2052 if the current situation persists unmanaged [1]. The 2019 Global Risk Report highlighted that the extreme weather events and failure of climate-change mitigation and adaptation measures will be catastrophic, with a high likelihood of occurrence in the near future [2]. In addition to global climate change, the heating phenomenon is intensified in urban areas due to the formation of urban heat islands (UHIs) [3,4,5]. The UHI effect is a type of urban thermal pollution that happens due to higher ambient air temperatures in densely-built environments compared to their rural peripheries [6,7,8,9,10,11,12,13,14]. Consequently, urban dwellers are prone to higher and longer levels of heat exposure, which cause the deterioration of outdoor thermal comfort (OTC) levels [15,16,17,18,19] and impact their well-being [20]. A constant rise in temperature will also lead to the aggravation of heat-related illnesses and mortalities [21,22,23,24].



Currently, more than 50% of the world’s population is living in urban areas [25] and half of the world’s population is concentrated in the tropics [23,26]. Therefore, studies are focusing on identifying new strategies to enhance the liveability in tropical cities [27,28]. Considering the large population within tropical regions where it is constantly hot and humid throughout the year, knowledge of OTC has become imperative to intervene in the expected rise of heat stress in the future. Limited studies on human OTC in the tropics [29,30,31,32,33,34,35] emphasize an urgent need for more scholarly studies identifying the severity of the issue and the need for intervention. Furthermore, a thorough understanding of the UHI impacts on society, economy and environment is important, especially among stakeholders, to plan and carry out effective UHI mitigation measures [28,36,37].



In line with this, the present study describes the findings from field measurements and a questionnaire survey to examine the OTC levels of urban dwellers in Kuala Lumpur (KL), Malaysia, one of the fastest-growing metropolitan cities in the tropics. The influence of the urban microclimate on the OTC level is expressed as physiological heat stress and perceived OTC. Of note, the urban area in this study was carefully chosen to represent heterogeneous urban morphology based on its built types and land cover types as suggested in the local climate zone scheme [38]. The OTC assessment approach of Fong et al. [21], which accounts for thermal adaptive behaviour in the tropical region of Southeast Asia, was used in this study.




2. Materials and Methods


2.1. Description of Study Area


Kuala Lumpur (KL) is one of the fastest-growing cities in tropical Southeast Asia. KL experiences a tropical rainforest climate (Af) characterized by near-uniform monthly mean temperature (26.8–27.0 °C) and high mean relative humidity (63–68%) [35,39]. For microclimate studies, a radius of 200 to 500 m is recommended for the air temperature to form a stable internal boundary layer that does not overlap with adjacent thermal climate zones [38]. Following this recommendation, Masjid Jamek (MJ), located at the city centre of KL, was chosen for microclimatic measurements within a 500 m radius in this study. MJ was chosen due to its role as the centre of an economic hub which also has a multifunctional role in commercial, transportation and educational aspects. Moreover, MJ is adjacent to Dataran Merdeka, which was found to be the hottest (highest ambient temperature of 37 °C) among the 75 locations measured in the KL city centre [40].



In terms of built types, the study area represents a heterogeneous built type that is characterized by high-rise and mid-rise buildings. High-rise buildings in this study area consist of condominiums, residential suites, business suites and office towers, whereas mid-rise buildings consist of schools, temples, churches, hospitals and commercial lots. There are 40 buildings in the study area. The highest building in the study area is 60 m tall, while the lowest building is 3 m tall. The mean building height in the study area is 17 m, or about 6 floors (1 floor is approximately 3 m in height). The land cover type consists of a mixture of dense trees near the Kuala Lumpur Eco Forest reserve and scattered trees of bushes and shrubs along the roadsides. In addition, there is heavy human and traffic activity in this study area, especially during the peak hours due to the central bus station at Kota Raya and the Mass Rapid Transport stations of Pudu Raya and Masjid Jamek interchange stations. Other local hotspots in Masjid Jamek are shown in Figure 1b. There are also several prominent roads passing through this area, such as Jalan Tun Perak, Jalan Raja Chulan, Jalan Pudu, Jalan Tun Tan Cheng Lok and Jalan Petaling. In short, MJ was chosen due to its urban morphology representing heterogeneous built-type and land cover properties which are commonly found in KL and other tropical cities. A map of the study area is shown in Figure 1.




2.2. Urban Microclimate Measurements


Two automated weather stations (AWSs) were deployed to collect key meteorological data such as air temperature (Ta), relative humidity (RH), wind speed (WS), wind direction (WD) and solar radiation (SR) in the selected study area (Figure 1b) from January to December 2018. The height of the instrument was set to 1.5 m above the ground surface to record urban heat exposure at a human-height level [21]. The list of parameters collected by the AWS along with their specifications is presented in Table 1. The meteorological data were collected at 5 min intervals and stored in the data logger before being transmitted and kept in the cloud storage. To ensure the accuracy and reliability of data collected by the AWS, the calibration of sensors was conducted twice a year. The AWS model, Vantage Pro2™ (6152, 6153) (Davis Instruments Corporation, Hayward, CA, USA). along with its integrated sensors are made in the United States of America by Davis Instrument. The setup of AWS is shown in Figure 2.




2.3. The Assessment of Outdoor Thermal Comfort


An adaptive steady-state approach is adopted in this study to provide a thorough understanding of the OTC level in the study area [41,42,43,44,45,46]. The adaptive approach in OTC assessment evaluates physiological heat stress and perceived OTC.



2.3.1. Evaluating Physiological Heat Stress via Physiological Equivalent Temperature Index


The Physiological Equivalent Temperature (PET) index is selected to express physiological heat stress. PET is the air temperature where the heat balance of the human body is equalized between two human body nodes (core and skin) under typical indoor settings equal to the complex outdoor conditions being assessed [47,48,49]. Meteorological data which are collected and collated from the AWS were used for the estimation of PET via the RayMan model (Version 1.1). The average clothing value is assumed to be 0.30 clo (1 clo = 0.155 °C m2/W), while the metabolic rate was assumed to be 1.4 met for standing (1 met = 58.15 W/m2) [50].




2.3.2. Evaluating Perceived Outdoor Thermal Comfort via Questionnaire Survey


The questionnaire survey on perceived OTC was conducted involving urban dwellers within the study area (Figure 1b: Site 4 and 6). The bilingual questionnaire consisted of three sections including socio-demographic information, OTC assessment and human health implications due to urban heat exposure. The findings of human health implications due to severe urban heat exposure are published separately elsewhere [22]. In the sociodemographic section, in addition to obtaining basic information, respondents were also asked about the average duration spent outdoors and the main outdoor activities that they usually do in a day. In the OTC assessment section, respondents were required to express their thermal sensation, preference, acceptability and comfort levels using established Likert scales in accordance with ISO 10551: “Ergonomics of The Thermal Environment-Assessment of The Influence of the Thermal Environment Using Subjective Judgement Scales” [51]. The Modified ASHRAE scale of “+2” and “+3” representing “hot” and “very hot” was found to better define the hot conditions in a tropical climate as compared to “+2” and “+3” representing “warm” and “hot”, respectively [52]. Therefore, this modified ASHRAE scale is referred to in this study.




2.3.3. Sampling Method


A clustered random sampling was used for the preliminary screening of respondents to be included in the study. Respondents who fulfilled two inclusion criteria were invited to answer the questionnaire. Firstly, respondents had to be urban dwellers found within the selected study area. Secondly, the respondents had to be exposed to the outdoor environment for at least 10 to 15 min prior to answering the questionnaire. To minimize the influence of thermal adaptation, the methodology of Kurazumi et al. [53] was adopted in this study. Respondents that did not fulfil the two criteria were eventually excluded from the study. The variations in UHI intensity in KL were found to vary between 08:00 and 20:00 h [7]. To address the variations in microclimatic conditions within a day, the period for data collection was set for 12 hours from 08:00 to 20:00 h following the UHI intensity variations in KL. Heat fluxes are also found to be significantly influenced by precipitation [54]. Hence, the time frame of data collection was carefully chosen to avoid rainy days, as they will influence the surrounding thermal environment and subsequently the OTC level. Weather forecasts from the Department of Meteorology, Malaysia (MetMalaysia), were referred to in advance so that the data collection could be conducted on clear and non-rainy days.




2.3.4. Ethical Consideration


This study was approved by the University of Malaya Research Ethics Committee (UM.TNC2/UMREC-691). Informed consent was obtained verbally. Respondents were informed that their participation is voluntary, and any information obtained from the survey is kept confidential and will only be used for this study.





2.4. Data Analyses


All statistical evaluation was conducted using SPSS software (version 25). SPSS is a Windows-based program that can be used to perform data entry and analysis. It is capable of handling large amounts of data and can perform a wide range of quantitative and qualitative analyses. To control the influence of wet days on heat flux, the data from the AWS were extracted and pre-processed to only include meteorological parameters from non-rainy days. Descriptive statistics were conducted to identify the temporal variations in urban microclimate and sociodemographic profiles. In addition, the prevalence of physiological heat stress and perceived OTC among urban dwellers were determined as well. Univariate binary logistic regression was conducted to identify the association between physiological heat stress and selected sociodemographic variables.





3. Results


3.1. Variations in Urban Microclimate at Masjid Jamek


Continuous monitoring of the urban microclimate was carried out from January to December 2018. The mean and standard deviation of the urban microclimate are presented in Table 2.



The monthly average of Ta ranged from 26.97 to 29.27 °C, whereas the monthly average of RH ranged from 64.73 to 77.69%. It was observed that the coolest month was January 2018 while the hottest month was August 2018. In terms of humidity, August 2018 was found to be the driest, and January 2018 was the wettest month. In terms of SR, the monthly average ranged from 241.24 to 364.18 W/m2 while the daily average of SR was 98.21 W/m2 (SD = 119.74 W/m2).



The WS in the selected study area was found to fluctuate from 0.00 to 3.01 m/s while the average WS was 0.63 m/s (SD = 0.57 m/s). In general, the selected study area experiences light air flow movement throughout the year according to the Beaufort wind force scale [55]. Light air activity representing WS of 0.5 to 1.5 m/s is predominant (43.3%) in the study area, followed by calm air (39.5%) and light breeze (16.9%). The urban microclimate variation is summarized in Figure 3.




3.2. Sociodemographic Attributes of the Respondents at Masjid Jamek


In total, 1,157 eligible responses were collected and included for data analysis. More than half of the participants were females (n = 634, 54.8%), while males constituted the other 45.2% (n = 523) of the total respondents in this study. In terms of age distribution, the majority of the respondents were adults (n = 948, 81.9%) between the ages of 19 and 64 years old. The mean age was 27 years (SD = 10.6 years). In terms of ethnicity, the majority were Malays (n = 511, 44.2%), followed by Chinese (n = 436, 37.7%), Indians (n = 81, 7%) and other ethnicities (n = 129, 11.1%).



The respondents in the study area consisted mainly of the daytime population. Hence, it is difficult to clarify the length of residence in the city. Alternatively, a question was asked about the duration of hours spent outdoors and the purpose of being outdoors. On average, the respondents spent nearly 6 h (SD = 4.0 h) outdoors in a day for activities such as commuting (n = 681, 58.3%), working (n = 145, 12.4%) and doing sports and leisure (n = 343, 29.3%). The sociodemographic characteristics of the respondents are presented in Figure 4.




3.3. The Outdoor Thermal Comfort Level of Urban Dwellers in Masjid Jamek


3.3.1. The Prevalence of Physiological Heat Stress in Masjid Jamek


The mean PET was found to be 29.45 °C (SD = 2.11 °C) which corresponds to “slight heat stress” according to the PET heat stress classification [44]. The prevalence of physiological heat stress was also identified through the clustering of the 7-point thermal sensation scale into two groups representing positive thermal sensation (slightly warm to very hot) as well as neutral and negative thermal sensation (neutral to very cold). Although there are 1157 eligible respondents, only 864 sets of microclimate data were included for the assessment of physiological heat stress. This is because there are situations where more than one respondent answers the questionnaire within the same 5-minute timeframe. Hence, the duplication of microclimate data was excluded in subsequent data analysis. It was found that the majority (n = 543, 62.8%) of the respondents reported neutral and negative thermal sensations, while only 37.2% (n = 321) reported positive thermal sensations. In further analysis, the association of physiological heat stress with selected sociodemographic variables is summarized in Table 3.



In terms of association, only ethnicity (p = 0.002) was found to be significantly associated with expressing physiological heat stress, while gender (p = 0.670), age group (p = 0.113) and duration spent outdoors in a day (p = 0.814) were not significantly associated. Malays were 1.9 times (OR = 1.89, 95% CI: 1.00, 3.55) more likely to report positive thermal sensation as compared to other ethnicities. In comparison, Chinese were found to be 1.1 times (OR = 1.07, 95% CI: 0.56, 2.05) more likely while Indians were found to be 1.5 times (OR = 1.54, 95% CI: 0.71, 3.37) more likely to report positive thermal sensation as compared to other ethnicities.




3.3.2. The Perceived Outdoor Thermal Comfort Level in Masjid Jamek


The findings of perceived OTC from the questionnaire survey are summarized in Table 4.



It was found that 74.0% (n = 856) of the respondents reported positive thermal sensations while 24.9% (n = 288) reported neutral and negative thermal sensations. In terms of thermal acceptance, a majority (n = 828, 71.6%) of the respondents found the thermal environment to be acceptable, while only 27.9% (n = 323) found the thermal environment to be unacceptable. In terms of thermal preference, a majority (n = 806, 69.7%) wanted a cooler environment, as opposed to only 9.9% (n = 114) who wanted a warmer environment. Meanwhile, 20.1% (n = 232) of the respondents preferred the thermal environment how it is. Lastly, it was found that more than half of the respondents (n = 633, 54.7%) expressed thermal discomfort in MJ.






4. Discussion


4.1. Urban Microclimate Variations in Masjid Jamek


Despite the microclimate variations in MJ from January to December 2018, the selected study area experienced a distinctive hot and humid tropical climate with high Ta (   x ¯    = 30.23 °C, SD = 3.90 °C) and RH (x = 69.09%, SD = 13.75%). MJ also receives ample SR with a daily average of 98.21 W/m2 (SD = 119.74 W/m2). In addition to the hot and humid thermal environment, light air activity representing WS of 0.5 to 1.5 m/s is predominant (43.3%) in the study area, with the average WS recorded at 0.63 m/s (SD = 0.57 m/s).



The existence of high-rise buildings, rough pavement surfaces and other obstructing objects are influencing factors which determine the thermal environment [56] in MJ. The introduction of these elements alters the aspect ratio and surface roughness of the urban morphology, which contributes to the deterioration of the urban environment [36]. The low WS in the study area is evidence for such man-made alterations. Higher WS is associated with higher effectiveness to remove urban heat and simultaneously contribute to better OTC levels [15]. Unfortunately, there is only a 0.2% occurrence of gentle breeze representing WS of 3.4 to 5.5 m/s that can dissipate heat from urban areas. As a result, this leads to the deterioration of OTC levels among urban dwellers in MJ.




4.2. Outdoor Thermal Comfort Level of Urban Dwellers in Masjid Jamek


The findings from physiological heat stress suggest that the majority (n = 543, 62.8%) of the urban dwellers physiologically experience neutral and negative thermal sensations while only 37.2% (n = 321) experience positive thermal sensations. However, the urban dweller in MJ is expected to feel ‘slight heat stress’ with a mean PET of 29.45 °C (SD = 2.11 °C). In this study, a heat stress index such as the Universal Thermal Climate Index (UTCI) was not used because there are moments with no wind speed in the study area (i.e., 0 m/s). As a result, the UTCI value could not be quantified and is therefore not used to express the physiological heat stress of participants in this study. It is important to note that the physiological heat stress is an indication of what the human body feels as opposed to the perceived OTC, which is an indication of what the mind thinks about the thermal environment. How a person perceives the urban environment may not be coherent with the thermal stress experienced [57].



In terms of perceived OTC, findings revealed more positive thermal sensation responses from the questionnaire survey. Interestingly, a majority (n = 856, 74.0%) who reported a positive thermal sensation contradicted the findings of physiological heat stress where only 37.2% (n = 321) reported experiencing a positive thermal sensation. From this study, it was found that there is a tendency for the physiological OTC assessment approach to under-report the actual OTC level in any given thermal environment. The finding from this study is in line with the findings of several other studies [58,59,60,61]. In addition, this comparison also indicates that only accounting for physiological OTC is insufficient to investigate the OTC levels of urban dwellers [21].



In terms of thermal acceptance, a majority (n = 828, 71.6%) of the respondents had accepted the thermal environment despite having about 74% (n = 856) who reported positive thermal sensation. Based on the field observations and survey findings, the respondents are expected to report a higher unacceptance rate as they claimed the environment to be warm and hot. The mean PET identified from this study (i.e., 29.45 °C (SD = 2.11 °C)) is within the acceptable range of ambient temperatures from a similar study in the same region (i.e., 25.9 °C and 32.3 °C PET) [62]. This finding is also similar to the findings of Chow et al. [30] and Nasir et al. [63], who conducted OTC assessments in other tropical cities in similar climate settings. One possible explanation could be the very limited amount of control that one possesses over the dynamic outdoor environment. Realizing this, respondents would choose to accept that there is nothing that could be done on an individual level. Consequently, the urban community would lower their expectation level and conclusively accept the thermal environment.



The findings also revealed that the majority (n = 806, 69.7%) wanted a cooler environment. The higher preference towards a cooler environment contradicts the high thermal acceptance votes. This finding supports the earlier finding that an individual will choose to accept the hotter environment because of the very limited amount of control they possess over the urban environment. However, if they were given a choice, they would prefer a cooler environment. This recalls the importance of psychological or perceived OTC assessment when assessing the physiological heat stress, as these key determining facts would be missed by only assessing the physiological OTC level. Lastly, it was found that only 45.0% (n = 520) of the respondents expressed that they are at thermal comfort levels while the others expressed thermal discomfort.



In summary, it can be concluded that the thermal environment of MJ has led to the deterioration of OTC levels among urban dwellers. Although there are contradictions to the findings between the physiological heat stress and perceived OTC, it can be agreed that urban dwellers are experiencing thermal discomfort with slight physiological heat stress.




4.3. The Prevalence of Outdoor Thermal Comfort with Selected Sociodemographic Variables


Through univariate binary logistic regression analysis, ethnicity (p = 0.002) was found to be significantly associated with physiological heat stress. One of the possible explanations for this result is clothing behaviour. It was observed that the clothing behaviour of the urban dwellers is influenced by ethnicity and religion. For example, Malay females are commonly found to be wearing a head scarf covering their hair because of their religious beliefs and needs. In addition, their clothing choices are also to ensure modesty, which includes the covering of the arms and legs. This may not necessarily be followed by others with different ethnic and religious backgrounds. The amount of clothing on a person has a direct influence on the thermoregulation system, which subsequently affects the reported OTC. However, these deductions are merely observations, as the clo value was not collected in this study. This is one of the limitations of this study. More in-depth study is needed to understand the influence of ethnicity towards OTC levels in a tropical city. Similarly, a more in-depth study can also be dedicated to unravelling the reasons explaining the insignificance of gender (p = 0.670), age group (p = 0.113) and duration spent outdoors in a day (p = 0.814) in expressing physiological heat stress.



Interestingly, the duration of outdoor exposure, which is predicted to have a linear relationship with OTC, was not found to be significantly associated with expressing physiological heat stress. This is because individuals are relatively perceptive to environments depending on the level of their awareness and exposure [64]. The fact that there are no significant associations hints at two possibilities. First, the temporal changes in the urban microclimate were deemed to have negligible influence on the urban dwellers despite the long hours of exposure. Secondly, urban dwellers may have developed a mentality to falsely accept the environment by adjusting their perception towards the thermal environment which is a type of adaptive behaviour. Further in-depth OTC studies can be dedicated to exploring the knowledge gap pertaining to this matter.




4.4. The Influence of Thermal Adaptive Behaviour in Distorting the True Outdoor Thermal Comfort Level


The OTC findings from this study emphasized that any OTC research should not be conducted by simply depending on either a physiological or psychological approach alone due to the complexity of what the mind perceives as opposed to how the body feels. Although control measures were taken to reduce the influence of thermal adaptation in this study, the contradicting findings of physiological heat stress with the findings of perceived OTC show that there are strong thermal adaptive behaviours among urban dwellers in MJ.



Adaptation is practised consciously or subconsciously at an individual level to cope with hot and humid urban environments. The adaptation to thermal comfort can either be a physical and/or a physiological process [65,66] distinguished according to three categories: behavioural, physiological and psychological [67,68]. Other influencing factors such as cultural background, experience, expectation of the thermal environment, active body heat control and exposure time can also directly influence the adaptation of a person to the thermal environment [53]. However, due to the nature of the current study, the thermal adaptation features could not be further explored. Future research is highly suggested to bridge the knowledge gap on the topic of thermal adaptive behaviour in a tropical climate.





5. Conclusions


The present study was conducted to identify the OTC status of the urban dwellers in MJ, a selected urban area of KL. According to the urban microclimate observation in MJ, it experienced a distinctive hot and humid tropical climate with high Ta (   x ¯    = 30.23 °C, SD = 3.90 °C), RH (   x ¯    = 69.09%, SD = 13.75%) and daily SR (   x ¯    = 98.21W/m2, SD = 119.74 W/m2). The urban morphology in MJ is characterized by high-rise buildings, rough pavement surfaces and other obstructing objects contributing to the drastic reduction in air activity, which facilitates urban heat mitigation. As a result, the deterioration of OTC levels among urban dwellers in MJ was prevalent in the form of physiological heat stress and as expressed as perceived OTC. Although there are contradictions to the findings between physiological heat stress and perceived OTC, it can be agreed that more than half of the urban dwellers (n = 633, 54.7%) experienced thermal discomfort characterized by slight physiological heat stress (   x ¯    = 29.45 °C PET, SD = 2.11 °C PET).



The respondents in this study were found to exhibit traits of adaptive thermal comfort when they perceived the environment to be better as compared to measured microclimate conditions. In further analysis, it was found that ethnicity (p = 0.002) was significantly associated with expressing physiological heat stress, while gender (p = 0.670), age group (p = 0.113) and duration spent outdoors in a day (p = 0.814) were not. A possible explanation supporting this finding may be the clothing behaviour of urban dwellers in MJ, which is influenced by ethnicity and religion. More studies are needed to bridge the knowledge gap on adaptive thermal comfort identified through this study.



There are several limitations to this study. The main limitation of this study lies within the subjective assessment of OTC. As the interaction between the environment, built environment and human biometeorology is deemed complex, the findings from the OTC assessment may be subjected to bias and inconsistency because of thermal adaptation. Nevertheless, protocols to minimize the influence of such adaptive behaviours were implemented in this study to improve the reliability of the findings. The second limitation of this study is that all information obtained from the survey was self-reported, and reporting bias due to socially desirable attitudes and behaviours might exist. Despite these limitations, the findings from the current study have shed light on the OTC status in MJ, one of the hotspots of KL. The outcome of this study would be beneficial to various stakeholders and urban policy makers to plan effective intervention measures to ensure good liveability standards in a tropical city. The collective output is expected to benefit the public in the long run, in tandem with the vision of transforming KL to be among the top 20 most liveable cities in the world and to achieve the 11th goal of the United Nations’ Sustainable Development Goals, which is to make cities inclusive, safe, resilient and sustainable by 2030.
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Figure 1. (a) The location of Kuala Lumpur, Malaysia (3°09′ N; 101°44′ E). (b) The selected study area, Masjid Jamek (3°8′43.57″ N, 101°41′56.59″ E). Source: Google Earth (2023). 
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Figure 2. Automated weather station (AWS) for urban microclimate measurements. 
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Figure 3. The microclimate variations in Masjid Jamek from January to December 2018. (a) Air temperature (°C) and relative humidity (%); (b) wind speed variation (m/s); (c) solar radiation (W/m2); and (d) wind direction (°). 
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Figure 4. The sociodemographic characteristics of the respondents in the study area. 
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Table 1. Specifications of sensors in AWS.






Table 1. Specifications of sensors in AWS.





	Parameters
	Sensor Type
	Resolution and Units
	Range
	Accuracy





	Air temperature (Ta)
	PN Junction Silicon Diode
	1.00 °C
	−40 °C to +65 °C
	±0.50 °C above −7 °C



	Relative humidity (RH)
	Film capacitor element
	1.00%
	1 to 100%
	±3% (0 to 90% RH);

±4% (90 to 100% RH)



	Wind speed (WS)
	Wind cups with magnetic switch
	0.10 m/s
	1 to 80 m/s
	±1 m/s



	Wind direction (WD)
	Wind vane with potentiometer
	1°
	0 to 360°
	±3°



	Solar radiation (SR)
	Silicon photo diode
	1.00 W/m2
	0 to 1800 W/m2
	±5%
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Table 2. The microclimate variations in Masjid Jamek from January to December 2018.
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	Month
	Ta (°C)
	RH (%)
	WS (m/s)
	SR (W/m2)





	Jan.
	26.97
	77.69
	0.86
	0.87



	Feb.
	28.65
	65.41
	1.12
	1.28



	Mac.
	27.51
	68.19
	0.88
	1.31



	Apr.
	28.96
	72.10
	1.01
	1.23



	May
	28.32
	76.33
	1.01
	1.06



	Jun.
	28.90
	69.20
	1.20
	1.09



	Jul.
	28.86
	69.93
	1.19
	1.07



	Aug.
	29.27
	64.73
	1.31
	1.31



	Sep.
	27.55
	73.71
	1.09
	1.15



	Oct.
	27.65
	76.63
	1.05
	1.08



	Nov.
	27.92
	76.90
	1.02
	1.13



	Dec.
	27.83
	77.03
	0.99
	1.14
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Table 3. Prevalence of physiological heat stress with selected sociodemographic variables.
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Variable

	
Participants

	
Physiological Equivalent Temperature

	
OR (95% CI)

	
p-Value




	
Positive Thermal

Response

	
Neutral and Negative Thermal Response




	
n (%)

	
n (%)

	
n (%)






	
Gender (n = 864)

	

	

	

	

	
0.670




	
Male

	
401 (46.4)

	
152 (17.6)

	
249 (28.8)

	
1.06 (0.81, 1.40)

	




	
Female

	
463 (53.6)

	
169 (19.6)

	
294 (34.0)

	
Reference

	




	
Age group (n = 858)

	

	

	

	

	
0.113




	
<20 years

	
311 (36.2)

	
120 (14.0)

	
191 (22.3)

	
1.45 (1.01, 2.09)

	




	
20–23 years

	
138 (16.1)

	
53 (6.2)

	
85 (9.9)

	
1.44 (0.92, 2.25)

	




	
24–31 years

	
184 (21.4)

	
75 (8.7)

	
109 (12.7)

	
1.59 (1.06, 2.39)

	




	
>31 years

	
225 (26.2)

	
68 (7.9)

	
157 (18.3)

	
Reference

	




	
Ethnicity (n = 846)

	

	

	

	

	
0.002 *




	
Malay

	
406 (48.0)

	
176 (20.8)

	
230 (27.2)

	
1.89 (1.00, 3.55)

	




	
Chinese

	
323 (38.2)

	
98 (11.6)

	
225 (26.6)

	
1.07 (0.56, 2.05)

	




	
Indian

	
65 (7.7)

	
25 (3.0)

	
40 (4.7)

	
1.54 (0.71, 3.37)

	




	
Others

	
52 (6.1)

	
15 (1.8)

	
37 (4.4)

	
Reference

	




	
Duration spent outdoors in a day (n = 840)

	

	

	

	
0.814




	
<3 h

	
197 (23.5)

	
75 (8.9)

	
122 (14.5)

	
0.92 (0.61, 1.39)

	




	
3–5 h

	
275 (32.7)

	
98 (11.7)

	
177 (21.1)

	
0.83 (0.56, 1.22)

	




	
5–9 h

	
191 (22.7)

	
72 (8.6)

	
119 (14.2)

	
0.90 (0.59, 1.37)

	




	
>9 h

	
177 (21.1)

	
71 (8.5)

	
106 (12.6)

	
Reference

	








* Correlation is significant at the 0.01 level (2-tailed).
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Table 4. Summary of the findings of perceived outdoor thermal comfort levels.
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Perceived OTC

	
Value

	
n (%)






	
Thermal sensation

	
Positive thermal sensation

	
856 (74.0)




	
Neutral and negative thermal sensation

	
288 (24.9)




	
Thermal acceptance

	
Acceptable

	
828 (71.6)




	
Unacceptable

	
232 (27.9)




	
Thermal preference

	
Warmer

	
114 (9.9)




	
No change

	
232 (20.1)




	
Cooler

	
806 (69.7)




	
Thermal comfort

	
High discomfort

	
75 (6.5)




	
Little discomfort

	
558 (48.2)




	
No effect

	
229 (19.8)




	
Little comfort

	
236 (20.4)




	
High comfort

	
55 (4.8)
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