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ABSTRACT: In the last years, the thermal comfort in outdoor spaces has been widely researched in Brazil and abroad. 

Squares, parks, woods, passing environments, streets, neighbourhoods, the possibilities are many, however, the situations 

found in these environments, when compared with indoor environments, are much more complex, once they involve a 

greater variation of environmental factors. There are a few studies involving workers in outdoor environments, with most 

of them focused on leisure activities. The evaluation of thermal comfort in outdoor spaces requires that it takes into 

account solar radiation, not seen in indoor environments. Other researchers in the area as Nikolopoulou (2004) and 

Labaki et al. (2009), shows that psychological factors are not always taken into account, but are important in the 

perception of thermal comfort in open spaces. Moved by the sense of welfare, especially in sunny weekends, many people 

confuse this feeling with comfort. The objective of this research was to analyze the thermal comfort conditions in the 

street markets that take place in Indaiatuba / SP, on weekends. The methodology consisted of the measurement of 

environmental parameters and questionnaires to the workers and users, to identify the activity performed, clothing, 

thermal sensation and satisfaction. The results allowed to correlate the actual thermal sensation (ASV - actual sensation 

vote) described by Nikolopolou et al. (2001), to the PET (physiological equivalent temperature) described by Höppe 

(1999), and also demonstrated the difference between the actual thermal sensation between workers and users. This 

difference may be a sign of psychological influence.  
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INTRODUCTION  

Thermal comfort has been the subject of many 

studies, especially indoors, since these climatic conditions 

are more controllable. Spagnolo and de Dear (2003) 

attribute the greater number of researches in these indoor 

environments to the fact that in developed countries, 

where most research has been carried out, people spend 

most of the time indoors, in workplaces, in which thermal 

comfort is directly related to productivity. In Brazil, 

thermal comfort has been the subject of many studies 

since the 80s, traditionally focused on indoor 

environments. However, research in outdoor 

environments in urban areas has been attracting a 

growing interest (Ahmed, 2003; Givoni et al, 2003; 

GOMEZ, GIL and JABALOYES, 2004; 

NIKOLOUPLOU & LYKOUDIS, 2006). Nikolopoulou 

& Steemers (2003) claim that investigating the comfort 

conditions in urban outdoors has thrown some light on 

the complexity of the issues involved. Microclimatic 

parameters strongly influence thermal sensation, but the 

psychological factors, which are not always taken into 

account when determining the external indexes, are 

important in the perception of comfort. 
 

The complexity of evaluating the thermal comfort in 

external spaces can be attributed to a large variation of 

three climate variables: solar radiation, which is the main 

source of energy and heat, the relative humidity, which 

controls the evaporation, and the speed of air, which 

strongly influences the heat exchange by convection and 

heat loss by evaporation of sweat. 
 

Thermal comfort is one of the factors that influence 

the use of urban spaces. Lois and Labaki (2001), in a 

review on thermal comfort, found that these spaces 

provide many possibilities: travel, leisure, sport, stroll and 

work. For leisure activities, there is the option to choose 

the best time: sunny days in winter or cool nights in 

summer. However, for human work activities, there is not 

the possibility to choose the most comfortable time. 

Mailmen, security guards, street cleaners and construction 

workers work under the sun or rain. In this context, the 

street market is the object of this study, since it 

contemplates the possibility of observing the thermal 

sensation and comfort of people who are working as well 

as people who are buying, activity performed by many 

users as leisure. 

 

 

OBJECTIVE 

This article aims to evaluate the thermal comfort in 

outdoor spaces as well as the thermal sensation of 

comfort between workers and users in the same external 

environment.  
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METHOD 

 This study evaluates the thermal comfort in outdoor 

spaces and compares the feeling of comfort between 

workers and users by comparing the real comfort, actual 

sensation vote (ASV), described by Nikolopoulou et al 

(2001) and the calculated comfort, physiological 

equivalent temperature (PET), described by Höppe 

(1999). Two street markets were evaluated: the street 

market of Jardim Morada do Sol, which takes place on 

Saturdays, and the City Center market street, which 

happens on Sundays - both in the morning. The following 

parameters were measured: air and globe temperature, 

relative humidity, air velocity and direct solar radiation. 

The measurements took place in July and December 2010 

and January 2011, always in the morning. Simultaneously 

with the acquisition of climatic data, questionnaires were 

applied to the users and workers of the space studied. To 

characterize the profile of the respondents, the questions 

were about age, weight, height and gender. 
 
 

The site and the measurement points 

The work took place in the city of Indaiatuba/SP, 

which is located in the state of São Paulo, about 110 km 

far from the capital. The climate is classified as tropical 

of altitude, with average annual temperature of 22 ° C, 

dry winter and rainy summer. The street markets of 

Jardim Morada do Sol and the City Center were chosen 

because they are the two largest markets, in order to cover 

the largest possible measurement period, from 8 a.m. to 

12 p.m., and the possibility of interviewing the greatest 

number of users and workers. 

In each street market, four measurement points were 

selected alternating sun and shade. The measurement 

lasted 30 minutes at each point, and moving to the next, 

as follows: 8 a.m. to 8.30 a.m. at point 1, 8.30 a.m. to 

9.00 a.m. at point 2, 9 a.m. to 9.30 a.m. at point 3 and 

from 9.30 a.m. to 10 a.m. at point 4, returning to point 1 

and making the measurement at all points again. 

 

 

Equipment and measuring instruments 

For the measurement of environmental variables, we 

used two sets of equipment: a set consisting of a tripod 

with two sets of automatic data logging, and a gray globe 

connected to them by a sensor, as shown in Figure 1 (A). 

The other set  is a mobile weather station, (B), formed by 

an anemometer (automatic device to record temperature 

and humidity), a gray globe connected by a sensor and a 

pyranometer and pyrgeometer. 
 

 
(A)           (B) 

Figure 1: Equipment and measuring instruments 

 
 

Instrument for obtaining the personal variables 

Simultaneously with the acquisition of climatic 

data, we applied questionnaires to the users and workers 

in the space studied. To characterize the profile of the 

respondents, the questions were about age, weight, height 

and gender. The thermal comfort real (ASV), and the 

thermal preference were obtained during the application 

of the questionnaire with a ruler, which represents the 

scale of seven-point method Predicted Mean Vote 

(Fanger, 1970), used by Skubs ( 2009). The preparation 

of this questionnaire was based on the questionnaire used 

in the survey conducted in cities in the interior of São 

Paulo. (Labaki et al ', 2009).  
 
 

Method of data collection 

Data were obtained from measurements in July and 

December 2010 and January 2011, on the weekends, on 

the following days: 03 and 04, 10 and 11, 18, 24 and 25 

of July, 04 and 05, 11 and 12 of December; 15 and 16 of 

January. The environmental variables were obtained 

using the equipment shown in item 3.2 every 5 minutes, 

from 8 a.m. to 12 p.m. 

The ISO 7726 (1998) recommends that, for 

measurements of environmental variables, the heights of 

equipment for people on feet should be 0.1 m, 1.1 m and 

1.7m. For this work, however, we used the height of 1.1 

m from the floor. 

It was chosen a fixed point to the station while the 

tripod was taken to the chosen points, moving from point 

to point every half an hour; the questionnaires were 

applied next to the tripod, under equal conditions. 
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Method of data analysis 

This research used the PET due to domain of the 

interpretation of this index by researchers around the 

world. It was also used the ASV which is an index 

obtained empirically by means of a questionnaire. The 

ranges of PET temperature were compared to ranges of 

comfort, according to calibration performed by Monteiro 

and ALUCCI (2007), recognizing as comfortable the 

range of 18°C to 26°C, the same used by Labaki et al 

(2007). For the calculation of PET, it was used the 

software Rayman (MATZARAKIS and Rutz 1999), 

which also offers the possibility to calculate the PMV and 

insert hemispherical photos for calculating the FVC 

(Factor Vision of Heaven). 

The users' responses were separated from workers’ 

responses, allowing to observe the different perception of 

comfort sensation among them. The frequency of 

responses obtained by ASV was compared with the 

comfort range of the theoretical index, PET. 
 
 

ANALYSIS OF RESULTS 

Analysis of climatic variables 

Figure 2 shows the average of measurements taken at 

the street market of Jardim Morada do Sol in winter (A) 

and summer (B). It is possible to notice in chart "A" the 

variation of the globe temperature as the point of 

measurement changes. The air temperature maintained a 

constant high, and humidity, as expected, a steady 

decline. There were no significant changes in humidity 

regarding to the change of point. Graph "B" is about the 

same location, but in summer, and the same measuring 

points. However, a "constant high" can be observed, and 

somewhat uniform, that is, without the "peaks" observed 

in the temperature of the globe, measured in winter. 

 

 
Figure 2: Average values of air temperature, globe temperature 

and humidity in the street market of Morada do Sol, in the 

winter (A) and  summer (B). 

 

Figure 3 shows the averages of measurements taken at 

the street market of the City Center in winter (A) and 

summer (B). It can be observed the variation of the 

average globe temperature in winter, as the point of 

measurement changes. Greater amplitude in the 

temperature of the globe can be noticed between P1 and 

P2, P2 and P3, P3 and P4. P1 was shaded in the first 

measurement, while P2 already received sunlight. P3 was 

considered the coldest point of measurement in winter, 

because it was shadowed throughout the morning. P4 was 

considered warmer, once it received the sun throughout 

the morning. From the second measurement on, at 10.00, 

where P1 was receiving sunlight, the amplitude of the 

globe temperature was more subtle, showing reductions 

only in the shift from P2 to P3. The humidity showed 

little high during the first period measured at P3, but it is 

not very representative in the final results. 
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Figure 3: Average values of air temperature, globe temperature 

and humidity in the street market of the City Center, in the 

winter (A) and  summer (B). 

 

 

Analysis of thermal comfort at street markets 

160 people were interviewed in winter and 101 people 

in summer, of whom 124 were under the "sun" and 137 

were under the “shade." It can be seen in Figure 4 that the 

fact that respondents were under the "sun" or the “shade” 

did not influence significantly the sensation of real 

comfort of the respondents. 
 

 
Figure 4: Real comfort of respondents in sun and shade 

(summer and winter) 

 

Regarding the ASV, stratified by gender, according to 

Figure 5, it can be seen that the female respondents are 

much more sensitive to low levels of comfort (-2 and 3) 

than the male respondents. Furthermore, there is a greater 

number of male respondents feeling comfortable. 

In the case of ASV, stratified by season, as shown in 

Figure 6, the results were more or less expected. A larger 

number of people felt cold in winter and a larger number 

felt warm in summer. It can also be observed that a larger 

number of respondents felt more comfortable in winter 

than in summer, indicating that people are more sensitive 

to high temperatures than to low temperatures, in general. 

However, it is important to consider that the average air 

temperature recorded during measurements in winter was 

22,15ºC, which does not characterize a severe cold. You 

should also consider the issue of acclimatization. 
 

 
Figure 5: Real comfort of respondents by gender (winter and 

summer) 

 

 
Figure 6: Real comfort of respondents by season (winter and 

summer) 

 

It is observed through in Figure 7, which is the sum of 

all respondents in both, winter and summer streets, the 

divergence between the real comfort of respondents in the 

street market of Jardim Morada do Sol and the City 

Center together in winter, and the calculated comfort 

expressed by  PET index. 
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Figure 7: Comparison of real comfort (ASV) and calculated 

comfort (PET) in winter and summer 

 

In Figure 8, the agreement between the calculated 

comfort (PET) between workers and users can be 

observed, with no significant difference in the winter. It is 

also possible to be noted that the difference between 

workers and users interviewed, comfortable and 

uncomfortable, is more than double. 
 

 
Figure 8: Comparison of the calculated comfort (PET) between 

workers and users in winter 

 

In Figure 9, the graph shows that over 60% of 

employees surveyed felt uncomfortable in winter, while a 

little over 50% of users surveyed felt comfortable, 

according to the ASV, contrasting with the previous 

chart, of calculated comfort, in which almost 70% of 

respondents were uncomfortable. It is also interesting to 

note that the difference between the workers interviewed, 

comfortable and uncomfortable, is approximately 30 

percentage points, while the difference between the users 

interviewed, comfortable and uncomfortable, is 

approximately 10 percentage points. 
 

 
Figure 9: Comparison of the real comfort (ASV) between 

workers and users in winter 

 

It was noticed in Figure 10 in the comparison between 

the real comfort and the calculated comfort that the 

calculated comfort indicates a higher percentage of 

discomfort. This difference is not so great in real comfort.  
 

 
Figure 10: Comparison between the real comfort (ASV) and the 

calculated comfort (PET) in summer 

 

Comparing the calculated comfort (PET) between 

workers and users, according to Figure 11, the two 

indexes almost agree with each other, demonstrating that 

a little over 70% of both workers and users, felt 

uncomfortable in the summer. 
 

 
Figure 11: Comparison of the calculated comfort (PET) 

between workers and users in summer 
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The graph in Figure 12 provides a comparison 

between the real comfort of users and workers in the 

summer, confirming that, in fact, workers feel less 

comfortable than users. 
 

 
Figure 12: Comparison of the real comfort (ASV) between 

workers and users in summer 

 
 

CONCLUSION 

According to the statistical analysis of real comfort in 

street markets of Jardim Morada do Sol and the City 

Center together in the winter and summer, it was 

concluded that the fact that the respondents were under 

the sun or shade, during the interview did not exert 

significant influence on respondents' answers. 

In the case of real comfort stratified by season, winter 

and summer, it was found that respondents felt more 

comfortable in winter than in summer. This indicates that 

people are more sensitive to high temperatures than to 

low temperatures. 

The comparison of real comfort between workers and 

users showed that, in fact, workers felt less comfortable 

than users under the same thermal conditions, which may 

be a sign of psychological influence. 

Comparing the calculated comfort (PET) and the 

actual comfort (ASV), PET demonstrated divergence 

from the real comfort in most cases. 
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