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ABSTRACT: The outdoor places are receiving more importance being contributing in the social cohesion and 

sustainability within societies. Providing comfortable sustainable urban places is an important factor affecting their 

success especially in multicultural areas where climatic conditions are perceived differently according to the diversity of 

users. Different design elements such as design form proved to be able to improve the outdoor thermal comfort. However, 

the integration of the climate dimension in the design process of outdoor places is lacking due to insufficient 

interdisciplinary work between urban climatology, and urban design. The main aim of the research is to examine the 

influence of cultural and climatic background on users’ thermal sensation and comfort within the same context. The 

methodology of the research is provided through quantitative analysis of a case study in Melbourne, Australia as one of 

the global cities characterized by the diversity and plurality of its population. The case study approach is adopted in 

order to examine the users’ thermal comfort within its contextual variables. Multiple sources of evidence such as climate 

measurements, questionnaires and observations are used to ensure the validity of results. The findings are to contribute to 

the quality and equality of design for outdoor urban places. 
Keywords: Thermal comfort, Urban places, Multicultural cities, Cultural aspects (diversity), Thermal adaptation. 

 

 

INTRODUCTION  

The outdoor thermal comfort has significant influence on 

human attendance, usage and behaviour in open places 

with different climatic characteristics [1]. Researches 

indicated that the people living in places dominated by 

different cultural backgrounds 

(racial/geographical/climatic zones) have different 

responses to different climatic variables.  

 

 Global cities are characterised by a plurality of 

cultures which created new challenges in urban places. 

Shared public places need to be designed in a way to 

celebrate the cohabitation of people with different 

cultural background. In order to create such a successful 

and meaningful public open space, urban designers need 

to address variations of thermal comfort needs [2, 3]. The 

need to respond to users’ cultural background adds to the 

complexity of outdoor thermal comfort assessments. 

 

 The main aim of this study is to examine the 

influence of cultural background, in terms of racial origin 

and climatic history, on thermal sensation and 

preferences within the same outdoor places. 

 

 The paper examines whether the users’ cultural 

background affects their perceived thermal comfort in 

shared public places. The paper analyses the collected 

data of the case studies through triangulation of 

qualitative and quantitative methodology. The findings of 

thermal comfort investigations could be applied to 

improve the quality of urban areas in order to increase 

participation of different population in outdoor activities 

and use of outdoor places. 

 

 

METHODS 

The paper examines the thermal comfort of different 

cultural groups through examination of a case study. The 

adopted methods include both objective measurements 

and subjective evaluation. 

 

 Gathered data include environmental measurements 

as well as human monitoring in the selected study. The 

different climatic parameters affecting human thermal 

comfort are measured using electronic sensors and the 

outcomes are analysed concurrently with results recorded 

from questionnaire.  

 

Study area  
Melbourne city in Australia is selected as a major global 

city and as the fastest growing city in Australia. 

Melbourne is located at 37.7611° S; 144.9884° E with an 

altitude 47 metres. 31 % of Melbourne’s population are 

born overseas in 2006 and its climate is classified 

temperate in Köppen climate classification. Within 

Melbourne, the federation square is one of the main 

public places and continues to be the most visited urban 

place (Fig. 1). The square has received more than 50 
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million visitors since it was opened in 2002. This square 

is a gathering place for different people with diverse 

cultural background. The field survey took place in two 

different summer days (one weekday and one weekend) 

in order to enable exploring a global pattern of usage.  

 

 

 

Figure 1: Federation square in Melbourne (the case study) 

 

 

Meteorological measurements  
The climatic parameters influencing the human thermal 

comfort were measured from 9:00 am to 5:00 pm using a 

mobile laboratory (MABEL equipments) consisting of 

two comfort carts installed in federation square (Fig. 2). 

The recorded meteorological parameters, the global 

temperature (Tg in ºC) and air temperature (Ta in ºC), are 

measured with three linear thermistor with an accuracy 

of 0.1 º C, the   air velocity (V in m/s) measured with an 

omni-directional anemometer. The relative humidity (RH 

in %) were measured with an integrated humidity sensor 

having 2 % accuracy. The global, direct and diffuse 

radiations (R in w/m
2
) were also measured using a 

standard pyranometer. The mean radiant temperature 

(Tmrt) is calculated based on the conversion of globe 

temperature data measured with a globe thermometer 

having a 38 mm diameters black tennis table ball 

covering a thermocouple wire. 

 

The data logger in the two comfort carts are programmed 

to record the measured data at 1 minutes and 15 minutes 

intervals at three different heights (0.1 m, 0.6 m and 

1.1m respectively). 

 

 

Figure 2: Mabel equipment used in climatic measurements. 

 

 

Human monitoring 

To enlarge the knowledge of the complicated 

relationships between the thermal environment and the 

evolved subjective human reactions, questionnaires and 

observations were collected concurrent with the 

recording of environmental measurements. The 

questionnaire is divided into three parts. The first part is 

related to demographic information (e.g., age, gender and 

race), the numbers years spent in Australia. The second 

part investigated the physical and psychological 

adaptation such as the usual visit time to the place and 

the recent thermal history. The third part examined the 

people’s perception and preferences of the overall 

thermal comfort and for individual weather parameters 

(air temperature, humidity, wind speed and solar 

intensity).  Thermal comfort was rated on ASHRAE 7-

point thermal sensation vote scale (-3, cold; -2, cool; -1, 

slightly cool; 0, neutral; 1, slightly warm; 2, warm; and 

3, hot). The respondents were also asked to rate their 

comfort status.  

 

 The site observations helped monitoring the clothing, 

food consumption and metabolic rate of the interviewee 

as well as their pattern of usage (i.e. how many people 

accompany them, what activity they are doing and if they 

stay in the sun or the shade). The number of attendance 

was also checked through images that were taken every 

half an hour.   

 

Unit of analysis 
The OUT_SET* [4, 5] and PET [6] indexes are two 

examples of indexes that have been purposely developed 

to assess the outdoor human thermal comfort. In this 

study, the PET index is chosen to be used as it is 

straightforward in automation and interpretation as it is 

calculated in ºC. The PET also takes into consideration 

the interrelation between human body energy balance 

and short- and long-wave radiation fluxes of outdoor 

settings. It has also been used in examining the 

relationship between the different climatic variables and 
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the thermal comfort in various environmental conditions 

[1]. The Rayman software package version 1.2 was used 

to calculate the PET thermal comfort index. The PET 

classification calculated by Matzarakis and Mayer [7] 

were used a reference for thermal perceptions 

identification for temperate regions.  

 

     The mean radiant temperature (Tmrt) is one the main 

parameters that is found to significantly influence on the 

energy balance and thermal comfort of human body; 

therefore, it is included in the calculation of the PET 

thermal comfort model. In this study Tmrt is based on the 

conversion of globe temperature data measured by using 

globe thermometer consisting of a thermocouple wire 

held at the middle of a 38 mm diameter black table-

tennis ball. This conversion is based on Thorsson et al. 

[3] equation. 

 

 

RESULTS 

The field study included 523 valid questionnaires that 

were gathered during two days in the square. 193 

questionnaires were collected on the first day (weekday) 

and 330 on the second day (weekend). Although the 

Federation square is busy all week, the weekend day was 

more occupied than the weekdays.  

 

 The cultural profiles of the interviewees are 

categorised according to the Australian bureau of 

statistics, which divides the population into nine different 

cultural backgrounds other than the native Australian. 

Eight groups are included in the analysis due the limited 

response of the sub Saharan African group. The 

percentage of age distribution of respondents is quiet 

balanced within different cultural group as each group 

cover at least three different age ranges (Fig. 3). 

 

 

 
 

Figure 3: Age distribution within race groups. 

 

 

The percentage of gender distribution within the cultural 

groups was also quiet balanced (Fig. 4). 

 

 

 
 

Figure 4: Gender within race groups. 

 

 The air temperature in the two days varied between 

21 and 29 º C, the relative humidity was between 33 and 

79%, the air velocity ranged from 0.15 to 0.7 m/s and the 

global radiation ranged from 46 to 903 w/s
2
 (Table 1).  

 

 
Table 1: the measurements of microclimatic variables. 

 

Day Tg  

(C) 

Ta 

(C) 

RH 

(%) 

V 

(m/s) 

R 

(w/m2) 

Day 1 min 22 21 53 0.3 46 

Day 1 max 28 25 62 0.7 404 

Day 1 mean 25 23 57 0.5 180 

Day 2 min 21 21 33 0.15 238 

Day 2 max 34 29 79 0.43 903 

Day 2 mean 28 26 54 0.3 595 

 

 

The thermal comfort classification for temperate regions 

is utilised as a reference for thermal comfort assessment 

[7]. In the view of that, thermal comfort range would 

correspond to PET values between 18 and 23ºC (Table 

2). The climatic data show that the two days lie between 

the Neutral and Warm ranges. 

 

 
Table 2: thermal perception classification for temperate region. 

 

Thermal perception thermal perception 

classification for temperate 

region 
Cold  4 - 8 

Cool  8 - 13 

Slightly cool 13 - 18 
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Neutral 18 - 23 

Slightly warm 23 - 29 

Warm  29 - 35 

Hot 35 - 41 

 

 

Responses according to thermal sensation votes 

A one way between groups analysis of variance 

(ANOVA) was conducted to explore the impact of race 

origin on thermal sensation votes recorded in the 

questionnaire. Respondents were divided into nine 

groups according to their race as explained before. The 

analysis shows a statistically significant difference at the 

p < .05 in thermal sensation scale for nine race origin (F 

(9, 513) = 5.726, p = 0.00). The actual difference in mean 

votes between the groups was calculated using Eta 

squared (0.09).  Therefore, the effect size of the racial 

origin on thermal sensation vote is quiet reasonable. The 

mean thermal sensation vote scores for the different 

groups are plotted of the mean plot (Fig. 5). It is clear 

from the figure that the thermal sensation votes for the 

users of “Oceania” and “North West Europe” groups are 

voting toward feeling warm in comparison to the other 

groups. The comfort of the “Australia” group remains 

within the comfort neutral range and the “South and 

Central Asia” group are the group having the thermal 

sensation votes towards the cold direction. The groups 

having a tropical and desert climatic history tend to 

tolerate feeling cold and vice versa for the groups having 

cold climatic history.  

 

 

 

Figure 5: mean of thermal sensation votes for different race 

 

 

 The relation between the calculated PET and the 

thermal sensation votes of the first day recorded by the 

“North West Europe” and “South East Asia” groups is 

plotted with the “Australia” group in figure 6. It is clear 

from the figure that the “Australia” group votes lies 

within the comfort range, however, the majority of votes 

for the “North West Europe” range between slightly 

warm and warm. On the other side the “South East Asia” 

group votes are towards slightly cold. The percentages of 

thermal sensation votes for different races confirm the 

same results (Fig. 7). 

 

 The results are in accordance with other researches 

that were examining the culture influence on thermal 

sensation in different context having similar climatic 

characteristics [2, 8]. 

 

 

 

 

Figure 6: the PET and thermal sensation votes of three 

different races (Australians, North West Europe and South East 

Asia) on day one. 

 

 

 

 

Figure 7: the percentage of thermal sensation votes for 

different races. 

 

 

Responses according to thermal preference votes 

Another one way between groups analysis of variance 

(ANOVA) was conducted to explore the impact of race 

origin on the thermal preference for the respondents. 

There was a statistically significant difference at the p < 

.05 in thermal sensation scale for nine race origin (F (9, 

513) = 14.18, p = 0.00). The actual difference in mean 

votes between the groups was calculated using eta 

squared that was 0.19.  Therefore, the effect size of the 
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racial origin on thermal preference vote is quiet high. 

The mean thermal preference votes for the different 

groups are plotted of the mean plot (Fig. 8).  

 

  

 

 

Figure 8: mean of thermal preference votes for different race 

 

 

The figure indicates that the racial group with a cold 

climatic history tend to prefer the warm weather, and 

vice versa the other groups having a hot climatic history 

prefer neutral to cold weather. 

  

Responses related to clothing difference 

Clothing insulation is expressed in CLO and defined as 

the resistance to sensible heat transfer provided by a 

clothing ensemble. In order to explore the impact of race 

origin on the clothing of the users that were observed 

during the questionnaire an ANOVA test was 

implemented. The checklist of calculated clothing was 

extracted from ASHRAE Standard 55 -2004 and ISO 

Standard 7730 [9, 10].  The clo for the nine racial groups 

was having statistically significant differences at the p < 

.05 for the different groups (F, (9, 513) = 2.8, p = .03). 

The actual difference in means scores between the 

groups calculated using the eta square is .05 which is 

quite a reasonable effect. The means of clo indicated that 

the “North West Europe” and “Southern and Eastern 

Europe” were having lighter clothing than the other 

groups. However, the “North East Asia” and “North 

Africa & Middle East” were wearing warmer clothing. 

These results might be explained by the different cultural 

rules related to the race origin; however, it is still clear 

that the groups having the higher clothing insulation are 

still tending to feel cold in outdoor places.  

 

 

CONCLUSION 

This study has shed light on the complexity of issues 

involved in thermal comfort in outdoor places. The paper 

aimed to examine the influence of cultural and climatic 

background on users’ thermal sensation and comfort 

within the same context. Preliminary analyses were 

obtained of the sample of subjective and objective data 

over two days in the Federation Square in Melbourne as 

one of the main outdoor places characterized by the 

diversity and plurality of its users.  

 

 The findings support the fact that the physiological 

approach is not enough to describe the outdoor human 

thermal comfort. Other factors related to the term of 

thermal adaptation also are to be taken into consideration 

while assessing the thermal comfort. The overall 

assessment of outdoor human thermal comfort identifies 

a significant difference between different races regarding 

the perception and preference of climatic settings. These 

differences also include the clothing insulation and affect 

the users’ attendance and activities. These findings are in 

accordance with the results of previous studies [8, 11] 

that indicated that thermal assessment may be linked 

with psychological and cultural process rather than fixed 

by general thermal indexes based on the physiological 

heat balance models. 

 

 Finally, it is important that the urban designers take 

into considerations the different aspects influencing the 

thermal comfort perceptions in designing the outdoor 

places in order to increase their use, and thus strengthen 

the social interaction between citizens leading to 

sustainable diversity within global cities. 
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