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Thermal comfort is an important parameter in determining the pedestrian satisfaction 
dealing with daily routine activities in the outdoor environment. Therefore, the 
objective of this study is to investigate the outdoor thermal comfort of an urban 
university campus in Kuala Lumpur, Malaysia. Thermal comfort assessment is done by 
the field measurement and survey for different physical activities such as sitting, 
walking, and standing at the outdoor and semi-outdoor condition. This study was 
carried out from March to May 2017 during the daytime at seven zones that being 
most attracted gathering places for the on-campus students. The zones represent the 
locations of the field measurement. The thermal sensation results shown that most of 
the respondents voted for slightly warm (28‒34%) and warm (29‒34%) for the outdoor 
condition and 13‒15% and 35‒36% voted for slightly warm and warm respectively for 
the semi-outdoor condition. The respondents’ thermal comfort for the semi-outdoor 
condition were improved where the respondents voted for slightly cool (19‒21%) and 
yet no respondent voted the very hot scale for the outdoor condition. In term of the 
thermal acceptance, 38‒42% and 47‒51% voted the acceptable scale for the outdoor 
and semi-outdoor conditions respectively. As for the thermal preference, 35‒36% and 
33‒34% prefer slightly cooler and cool considerably for the outdoor condition. While 
for the semi-outdoor condition, 47‒52% and 17‒20% prefer slightly cooler and cool 
considerably respectively. In general, the overall comfort of the respondents were 
neutral with 54‒62% and 79‒81% for the outdoor and semi-outdoor conditions 
respectively. In conclusion, this study proved that the occupants who live in a hot and 
humid climate specifically within a build-up area were adapted to and comfort with the 
higher temperature humidity level. 

Keywords:  
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1. Introduction 
 

Nowadays, the rapid increase in the earth surface temperature due to increase in the energy 
consumption and carbon dioxide (CO2) emission in the city. This problem is rising in the cities since 
many of the world’s urbanizations are taking place in the tropics. Thus, it is being a crucial demand 
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of the outdoor thermal comfort for the people living in the cities. Many previous studies [1–7] have 
been done in understanding the human thermal comfort in the different outdoor spaces under a 
wide range of climatic condition. However, lack of significant studies observed on the outdoor [8–11] 
than indoor [12‒17] human thermal comfort for the tropical regions since these regions focus more 
on the economic growth. As instant, Yang et al., [10] had reported the inhabitants in Singapore able 
to tolerate with the outdoor microclimatic condition ranged from 26-32°C as an acceptable 
temperature range for the shaded condition of resting places. The studies were conducted at 13 
different areas that represent different microclimatic conditions, functions and locations of the urban 
area. It included the physical measurement and subjective assessment at the outdoor spaces. In 
contrast, Makaremi et al., [8] conducted the physical measurement and subjective assessment at the 
outdoor spaces specifically for the shaded area. The study was conducted at two areas i.e. central of 
courtyard that encompass of two spaces each. The study pointed out that the physiological 
equivalent temperature (PET) under a shaded condition was higher than the comfort range (PET< 30 
°C) and the acceptable conditions (PET< 34 °C) that only existed on early of a morning and late 
afternoon. Besides, Nasir et al., [11] had revealed that the respondents are physiologically and 
psychologically adapted to the higher temperature range with 21-39°C than comfortable 
temperature range with 18-23°C in the temperate regions based on physical measurement and 
subjective measurement at an outdoor park. Yet, for further research, wider sampling is proposed to 
determine the adaptations of subjects to the microclimate [9, 10]. According to the aforementioned 
studies, the information on the outdoor human comfort in tropical emerging countries is still less and 
need to be explored. Therefore, the comprehensive field survey of the outdoor thermal comfort was 
conducted in an urban university campus in Kuala Lumpur, Malaysia. We are aiming to determine the 
outdoor thermal comfort for various outdoor activities listed as sitting, walking, and standing. It 
considered the outdoor and semi-outdoor conditions with wider sampling.  

 
2. Methodology 
2.1 Site Description  
 

This present study was conducted at Universiti Teknologi Malaysia Kuala Lumpur (UTMKL) which 
its coordinate located at 3°8'20.41"N and 101°41'12.68"E with the total area of 192,468 m2. Seven 
different zones based on the most visited places by the pedestrian were selected for the 
measurement purposes as shown in Figure 1. Each measurement zones consist of the outdoor and 
semi-outdoor conditions. The outdoor condition is typically referred to a measurement directly under 
the sun. In contrast, the semi-outdoor condition is referred to the place that fully covered on its top 
such as a pedestrian walkway, canopy, pergola and building shaded. The first zone is an open space 
surrounded by various types of vegetation that received direct sun light and reflect the solar radiation 
from the nearest high-rise building. The second zone is located at the highest office building with 83 
m height that surrounded with various types of vegetation and a water body section. The third, fifth 
and sixth zone are the open space areas with shaded waiting areas and minimal vegetation. In 
contrast, the forth zone that dims under the trees for the un-shaded condition with less solar 
penetration. The seventh zone is a high-rise residence that surrounded with other low-rise residences 
that received a direct solar radiation and the reflection of the solar radiation from the surrounding 
high-rise buildings.  
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Fig. 1. Seven field measurement zones in Universiti Teknologi Malaysia Kuala Lumpur. (Numeric refer to 
the seven different zones) 

 
2.1 Data Collection 
 

A series of measurement campaigns were performed from 9:00 am to 16:00 pm between 
February to May 2017. The micro-climatic monitored on the basis of zone by zone due to the 
instruments limitation. Each measurement zone takes about 3 to4 days of completion. This field 
study conducted for the different physical activities such as sitting, walking and standing under two 
different conditions i.e. outdoor and semi-outdoor for each zones. Two mobile stations were installed 
simultaneously for both outdoor and semi-outdoor areas.  The first station was placed at the semi-
outdoor condition and equipped with the HOBO U-series data logger and thermistor thermo recorder 
(TnD5i) sensor to measure the air temperature (Ta), globe temperature (Tg), and relative humidity 
(RH). The globe temperature is measured with an external temperature sensor (TMC1-HD) with a 
black painted table tennis ball of 40 mm in diameter. The wind speed (WS) and wind direction (WD) 
are recorded using the 2D Ultrasonic Anemometer (Delta Ohm HD32TML) data logger. Meanwhile, 
the second station was placed for the outdoor condition and equipped with the same instrument 
except for the wind speed and wind direction. The 2D Ultrasonic Anemometer (RM Young 86000) 
data logger installed for the wind speed and wind direction while the pyranometer (Kipp and Zenon) 
used to measure the solar radiation (SR).  All devices and sensors complied with the ISO 7726 
standard [18] and all parameters were continuously measured at one minute time interval. 
Specifically, the instruments were placed at a specific 1.1 m height above ground level and the 
distance between the outdoor and semi-outdoor conditions were within 3 m radius. The instruments 
setup described above are shown in Figure 2 with the detail specifications of the instruments 
presented in Table 1. 
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(a) (b) 

Fig. 2. Measurement instruments setup for the (a) semi-outdoor condition and; (b) outdoor 
condition 

 
Table 1  
Measured meteorological data, instruments and sensor accuracy and range 
Meteorological Data Symbol Unit Instrument Accuracy Range 

Air temperature Ta °C HOBO U-series and 
thermistor thermometer 
(TR-52i) data logger 

± 0.35 °C from 0 to 50 °C 
and ± 0 °C from 0 to 50 °C 

-20 to 70 °C 
and -40 to 
 80 °C 

Globe temperature Tg °C HOBO U-series and 
thermistor thermometer 
(TR-52i) Data Logger 

± 0.35 °C from 0 to 50 °C 
and  ± 0.5 °C from 0 to 50 
°C 

-20 to 70 °C 
and 
 -40 to 80°C 

Wind speed 
(Outdoor) 

WS m/s 2D Ultrasonic Anemometer 
– RM Young 86000 

 ±0.1 m/s (30 m/s), ±3% 
(70 m/s) 

0 to 70 m/s  

Wind speed (Semi-
outdoor) 

WS m/s 2D Ultrasonic Anemometer 
– Delta Ohm 

± %, ±0.1 m/s (30 m/s), 
±3% (60m/s) 

0 to 60 m/s 

Relative humidity RH % HOBO U-series data logger ± 2.5% from 10% to 90% 
RH 

5% to 95% 
RH 

Solar radiation SR W/m² PyranomterKipp&Zenon 
(LP PYRA0.8BL) 

7 to 14 µV/W/m² ≤4000 W/m² 

 

2.3 Outdoor Thermal Comfort Survey 
 

 A total number of 3024 questionnaires were completed from 507 students for the seven zones. 
This survey conducted for three physical activities and two conditions. In total, approximately 81% of 
the respondents were males and 19% were females at the age range from 18 to 22 years old. The 
survey form was distributed simultaneously to the volunteered university students during the period 
of measurement. Each participant needs to do three physical activities that are sitting, walking and 
standing for the outdoor and semi-outdoor conditions. Each activity consumed about 15 minutes for 
the adapting time exposure and five minutes for answering the survey form. Each participant spend 
about two hours to complete all physical activities for both conditions. The questionnaires consisted 
of three sections. The first section is about the demographic. The second section listed the question 
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on the subject’s sensation, acceptance, and preference, 15 minutes past activity and also the 
subject’s countermeasure such as find a sunshade area, wearing an umbrella, wearing cap and etc. 
Moreover, respondents clothing insulation were also surveyed through the questionnaires based on 
the clothing items worn during the measurement from undergarment, socks, shoes, top, and bottom 
based on ASHRAE [19] clothing insulation value in the third section. The evaluation is based on 9-
point scales for the thermal sensation and 5-point scales for the thermal acceptance, preference and 
overall comfort as shown in Table 2. 
 
Table1 
Thermal sensation, acceptance preference and overall comfort for outdoor thermal comfort scales 

Parameters Scales 
Thermal Sensation 
(TSV) 

Thermal Acceptance 
(TAV) 

Thermal Preference 
(TPV) 

Overall Comfort 
(OC) 

Thermal 4 Very hot    
3 Hot    
2 Warm Very uncomfortable  Cooler considerably Very uncomfortable 
1 Slightly warm Uncomfortable  Slightly cooler Uncomfortable 
0 Neutral Acceptable No change  Acceptable 
-1 Slightly cool Comfortable Slightly warmer Comfortable 
-2 Cool Very comfortable Warmer considerably Very comfortable  
-3 Cold    
-4 Very cold    

Note - TSV: thermal sensation vote, TAV: thermal acceptance vote, TPV: thermal preference vote, OC: Overall comfort 
 

2.3 Thermal Comfort Index 
 

In this studies, PET index was used to measure the comfort thermal since it takes into account on 
both microclimates measurement (Ta,Tg, RH, WS, SR) and human subject based on a questionnaire 
survey of sensation, acceptance, and preference. In this study, PET was calculated from the 
aforementioned parameters using the RayMan software [20‒22]. 
 
3. Results  
3.1 Outdoor Climatic Parameters Monitored 
 

Table 3 summarises the mean and standard deviation (S.D.) of the Ta, Tg, RH, WS, and SR for the 
outdoor and semi-outdoor conditions of all zones during the period of measurement. The 
temperature and relative humidity range from 30°C to 36°C and 50% to 61% for the outdoor 
condition whereas 28°C to 31°C and 60% to 73% for the semi-outdoor condition. The wind speed 
varies from zero to 2 m/s for both conditions and this might due to the vegetation and surrounding 
structures which blocked the wind and mitigate its speed. As for solar radiation, the range is from 40 
to 1100 W/m² during sunny days at daytime. The overall weather condition during the measurement 
was sunny and calm. 

 
3.2 Thermal Sensation and PET  
 

The summary of statistical data for thermal sensation vote (TSV) and PET for the outdoor and 
semi-outdoor conditions at different zones are shown in Table 4. Most of the respondents voted for 
the neutral (0) and slightly warm (+1) scales for all activities for the semi-outdoor measurement 
zones. In contrast, the respondents voted the slightly warm (+1) and warm (+2) scales for the outdoor 
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condition. In term of PET index, the temperature range was approximately 35°C to 38°C and 32°C to 
34 °C for the outdoor and semi-outdoor conditions respectively. 
 
Table 3 
Average and standard deviation of local meteorological data during measurement period 

Zone 
Outdoor Semi-outdoor 

Ta (°C) RH (%) WS (m/s) SR (W/m²) Tg (°C) Ta (°C) RH (%) WS (m/s) Tg (°C) 

1 
30.4 
(1.7) 

60 
(6.0) 

1.7 
(1.3) 

170 
(1.3) 

32.0 
(2.3) 

29.0 
(1.3) 

62 
(6.0) 

1.5 
(1.7) 

29.7 
(1.3) 

2 
33.3 
(3.3) 

58 
(7.0) 

0.9 
(0.5) 

263 
(1.2) 

36.5 
(4.3) 

29.8 
(1.8) 

63 
(7.0) 

0.4 
(0.3) 

30.7 
(2.0) 

3 
35.9 
(3.6) 

52 
(10.0) 

1.3 
(0.4) 

317 
(2.5) 

38.6 
(5.0) 

31.6 
(2.0) 

62 
(7.0) 

0.7 
(0.5) 

33.1 
(1.8) 

4 
31.0 
(1.3) 

59 
(5.0) 

0.4 
(0.3) 

44 
(0.4) 

32.9 
(1.5) 

29.1 
(1.5) 

69 
(6.0) 

0.3 
(0.2) 

30 
(1.7) 

5 
33.1 
(2.1) 

57 
(8.0) 

1.1 
(0.6) 

560 
(1.5) 

35.8 
(3.9) 

30.9 
(1.6) 

6 
(7.0) 

0.7 
(0.4) 

31.8 
(1.9) 

6 
35.5 
(3.1) 

55 
(10.0) 

0.6 
(0.3) 

800 
(1.2) 

35.9 
(3.2) 

31.1 
(1.5) 

65 
(7.0) 

0.6 
(0.4) 

32.1 
(1.6) 

7 
34.7 
(3.7) 

61 
(16.0) 

0.7 
(0.3) 

1100 
(1.1) 

34.9 
(5.8) 

28.6 
(1.7) 

73 
(8.0) 

0.7 
(0.4) 

28.7 
(1.5) 

Note – Ta: air temperature, Tg: globe temperature, RH: relative humidity, WS: wind speed, SR: solar radiation. Values in 
the bracket refer to the standard deviation. 

 
Table 4 
Average and standard deviation of the TSV and PET indices for the different phyiscal activities at the outdoor 
and semi-outdoor conditions 

Activity Condition Parameter 
Zone 

1 2 3 4 5 6 7 

Sitting 

Outdoor 
TSV 

1.41 
(0.87) 

1.45 
(1.23) 

1.68 
(1.19) 

1.90 
(1.08) 

1.31 
(0.82) 

1.44 
(0.98) 

1.60 
(1.14) 

PET 
35.2 
(3.5) 

35.8 
(5.9) 

37.3 
(6.7) 

37.9 
(5.6) 

35.2 
(3.6) 

36.0 
(5.1) 

36.8 
(5.6) 

Semi-
outdoor 

TSV 
0.47 
(0.75) 

0.42 
(1.25) 

0.99 
(1.41) 

0.91 
(1.07) 

0.53 
(0.87) 

0.71 
(0.81) 

0.74 
(1.11) 

PET 
32.4 
(2.3) 

32.0 
(3.8) 

34.3 
(4.5) 

34.0 
(3.3) 

32.8 
(2.8) 

33.0 
(2.4) 

33.2 
(3.4) 

Walking 

Outdoor 
TSV 

1.44 
(0.93) 

1.38 
(1.21) 

1.58 
(1.33) 

1.56 
(1.03) 

1.51 
(0.90) 

1.51 
(1.10) 

1.53 
(1.09) 

PET 
35.2 
(3.7) 

35.6 
(5.9) 

36.8 
(6.8) 

36.5 
(5.0) 

35.9 
(4.0) 

35.9 
(5.0) 

36.1 
(4.9) 

Semi-
outdoor 

TSV 
0.47 
(0.88) 

0.42 
(1.25) 

0.97 
(1.42) 

0.88 
(1.11) 

0.58 
(0.84) 

0.65 
(0.84) 

0.68 
(1.12) 

PET 
32.4 
(2.5) 

32.3 
(4.0) 

34.1 
(4.5) 

34.1 
(3.7) 

32.9 
(2.6) 

33.0 
(2.4) 

33.1 
(3.6) 

Standing 

Outdoor 
TSV 

1.67 
(0.90) 

1.61 
(1.16) 

1.71 
(1.41) 

1.54 
(1.15) 

1.51 
(1.11) 

1.57 
(0.98) 

1.49 
(1.09) 

PET 
36.4 
(4.3) 

36.7 
(5.8) 

36.9 
(6.9) 

36.8 
(6.1) 

36.1 
(4.9) 

36.7 
(4.5) 

36.2 
(5.0) 

Semi-
outdoor 

TSV 
0.63 
(0.86) 

0.45 
(1.26) 

0.81 
(1.60) 

0.71 
(0.99) 

0.56 
(0.75) 

0.73 
(0.89) 

0.71 
(1.14) 

PET 
32.9 
(2.8) 

32.2 
(3.9) 

33.7 
(4.7) 

33.6 
(3.4) 

32.9 
(2.5) 

33.0 
(2.4) 

33.2 
(3.4) 

Note – TSV: thermal sensation vote; PET: physiologically equivalent temperature. Values in the bracket refer to the 
standard deviation. 
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3.3 Thermal Sensation, Acceptance, Preference and Overall Thermal Comfort  
 

Figure 3 illustrates the percentages of votes in term of the thermal sensation, acceptance, 
preference, and overall thermal comfort for the different physical activities at the outdoor and semi-
outdoor conditions. For the outdoor condition, the respondents voted for the neutral (18‒19%), 
slightly warm (28‒34%), warm (29‒34%), hot (13‒14%) and very hot (4‒6%) ranges of scale. While 
for the semi-outdoor condition, respondents voted for the slightly cool (14‒15%), neutral (27‒30%), 
slightly warm (13‒15%), warm (35‒36%) and hot (6‒7%) ranges of scale. The result in Figure 3(a) 
shows that most of the respondents voted for the slightly warm and warm for the outdoor and semi-
outdoor conditions. While for the semi-outdoor condition, the respondents’ thermal comforts were 
improved. This is shown by the votes for the slightly cool (19‒21%) chosen by the respondents. As 
expected, no respondent voted for the very hot scale as for the outdoor condition.  

 

 

 

a) Thermal sensation (b) Thermal acceptance 

 

  

(c) Thermal preference (d) Overall thermal comfort 

Fig. 3. Percentages of vote for (a) thermal sensation, (b) thermal acceptance, (c) thermal preference, 
(d) overall thermal comfort 

 
Figure 3(b) shows the distribution of the thermal acceptance votes, the result indicated that 

38% to 42% and 47% to 51% voted for the acceptable scale for the outdoor and semi-outdoor 
conditions respectively. While for the thermal preference for the outdoor condition, the 
respondents preferred slightly cooler and cool considerably which ranges between 35% to 36% and 
33% to 34% respectively. For the semi-outdoor condition, 47% to 52% and 17% to 20% preferred 
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slightly cooler and cool considerably as shown in Figure 3(c). In general, the respondents overall 
comfort was neutral with 54% to 62% and 79% to 81% for the outdoor and semi-outdoor conditions 
respectively as illustrated in Figure 3(d). 

 
4. Conclusions 
 

In this paper, the field measurements of the urban microclimatic parameters (i.e., air 
temperature, relative humidity, wind speed, wind direction, solar radiation) in Kuala Lumpur were 
measured simultaneously with the distributed questionnaires. The summary of the findings as 
follows. 

i. For the thermal sensation, the respondents voted for neutral (18‒19%), slightly warm (28‒
34%), warm (29‒34%), hot (13‒14%) and very hot (4‒6%) at the outdoor condition and voted 
for slightly cool (14‒15%), neutral (27‒30%), slightly warm (13‒15%), warm (35‒36%) and hot 
(6‒7%) for the semi-outdoor condition.  

ii. For the thermal acceptance, 38‒42% and 47‒51% voted for the acceptable at the outdoor 
and semi-outdoor conditions respectively. 

iii. For the thermal preference, 35‒36% and 33‒34% prefer slightly cooler and cool considerably 
at the outdoor condition while for the semi-outdoor condition voted for the same scale in the 
ranges of 47‒52% and 17‒20%. 

iv. For the overall thermal comfort, majority of the respondents voted for the neutral scale with 
54‒62% and 79‒81% for the outdoor and semi-outdoor conditions respectively. 

In conclusion, this study shows well distributed thermal environment of the urban area in 
Malaysia under the outdoor and semi-outdoor conditions.  These were depended on the different 
combination and configuration proportions of the environmental factors such as climate, 
environment, and vegetation which might influence the thermal perception, acceptance, and 
preferences among different peoples. This study helps to further understand the thermal comfort in 
creating a better outdoor condition for future enhancement in the hot, humid climate region. 
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