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Introduction 

• Biometeorological indices are applied to understand 

thermal comfort and its effects on human being 
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Physiological Equivalent Temperature index  

PET 

“the physiological equivalent temperature at any given place 

(outdoors or indoors) is equivalent to the air temperature at which, in 

a typical indoor setting, the heat balance of the human body (work 

metabolism 80W of light activity, added to basic metabolism; heat 

resistance of clothing 0.9 clo) is maintained with core and skin 

temperatures equal to those under the conditions being assessed” 

(Höppe, 1999 page 73)  



Introduction 

• People with different cultures, and adapted to 
different climates, may react differently to the 
same thermal conditions, indicating that the 
thermal, emotional and perceptive evaluation of 
a physical place can be influenced by 
psychological and sociocultural processes 
(Knez; Thorsson, 2006).  

 

• Thermal comfort indices may not be applicable 
in different cultural/climate areas without 
adaptations, if they do not consider 
psychological processes involved in the 
environmental evaluation (Knez; Thorsson, 
2006).  
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Objectives 

 

• Calibration of the PET index for cities located in 

different cultural/climate zones 

– Belo Horizonte (Brazil) 

-   Salvador (Brazil) 

– Freiburg and Kassel (Germany) 

 

• Comparison of the thermal comfort perception of 

subjects living in these cities, within the same 

PET intervals  
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Cuting Points Freiburg / Kassel Germany 

Source: KLIMES project 



Deutscher Wetterdienst; Umweltbundesamt (German Weatherservice; 

Environmental Adminitration Germany)  

 

perceived temperature heat stress o C: 

 

strong  > 32  with some days of duration 

extreme  > 38 low nocturanl cooling 

 

 



Study areas 
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Belo Horizonte 

Kassel 

Freiburg 

Salvador 



Study areas 
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Liberdade Square                            Sete de Setembro Square                Belo Horizonte 

       Germany                 Freiburg Vauban                             Opernplatz Kassel 



SALVADOR CITY, 

Latitud -13°  

Cayrú Sqaure Piedade Sqaure 



Areas in Freiburg 

 

Wiehre 

Vaubaun 

Rieselfeld 



Methods 

• Microclimatic data  

– Air temperature, relative humidity, mean radiant temperature 

(globe temperature, 40mm-diameter gray globe) and wind 

speed, all of them at 1.10m (ISO 7726, 1998), collected on 

sunny and shaded places 

• Interviews with people on site about their thermal perceptions 

– Adults between 20 and 59 years old 

– Questionnaire including individual (weight, height, age, gender, 

acclimation to the environment, physical activities and clothing) 

and subjective variables (perception of thermal sensation) 

• Valid questionnaires Belo Horizonte: 1182  

• Kassel and Freiburg: 776 
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Results 
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Graph of perception of thermal sensation for 

each range of PET values (°C) 

Belo Horizonte Kassel / Freiburg 



Results 
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Calibration of the PET index 

 for Belo Horizonte and Kassel / Freiburg 

Thermal Perception 
PET (oC)   

Belo Horizonte Kassel / Freiburg 

Very Cold - below 8 

Cold below 12 8 to 12  

Cool 13 to 15 13 to 17 

Neutral 16 to 30 18 to 28 

Warm 31 29 to 34 

Hot 32 to 35 35 to 38 

Very Hot over 36 over 38 



Methods Salvador 



1 2 3 4 5

PET  (°C) Hot Warm Slightly Warm Comfortable Slightly Cool

↓ Node ↓

≤ 26.8 3 9.0 16.8 21.9 48.8 3.5

26.8 - 29.4 4 15.2 24.9 21.4 36.7 1.7

29.4 - 34.1 5 27.6 36.2 15.4 20.8 0.0

≥ 34.1 6 51.5 25.8 13.6 9.1 0.0

(%)

Category

 →

  Decision Tree results (%) in relation  

to PET (°C) intervals 



Conclusions 

• The response to thermal stress in cities in moderate 

and tropical climates can be quite different.  

• An understanding of the sociocultural and 

psychological factors that influence the perception of 

thermal environments is essential for proper 

evaluation of comfort conditions and to make 

decisions in open space design. 

• For city design of open spaces in colder climates 

some warm places should be kept as long they do 

not lead to heat storage, for hot climates, as 

expected, shadow is important at any case.  
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more conclusions 



Thank you! 
• Antje Katzschner 

• Daniele G. Ferreira 

• Eleonora S. Assis 

• Lutz Katzschner 

• Simone Q. S. Hirashima 

• Antje Katzschner 
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